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Abstract

The current practice in teaching Chemistry subject is found to be teacher-centered where teachers engage
actively in transmitting knowledge while students act as passive recipients of knowledge. This might affect
students’ mastery in learning three representation levels of Chemistry (macroscopic, microscopic and symbolic).
As a result, students tend to form a non-scientific understanding and develop an alternative concept. The shift to
Blended Problem-based Learning (BPBL) is therefore potential to help overcome this problem. Thus, this study
is aimed at investigating the roles of teacher and students in overcoming the formation of alternative concepts
for three representation levels of Chemistry in BPBL. This study applies a case study research design. Two
teachers and 20 students from two different Fully Residential Schools are selected using purposive sampling
technique. Data are collected through observations and students’ documents, and analysed thematically. Overall,
the findings of this study shows that teacher acts as mediator in giving immediate feedbacks and corrections on
students’ alternative concept while students act as evaluator in analyzing and evaluating other group’s answers.
As a conclusion, the implementation of BPBL is found beneficial to overcome the formation of alternative
concept and thus helps to improve students’ mastery of three representation levels of Chemistry.
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INTRODUCTION

Poor mastery of three representation levels of Chemistry has resulted in poor achievement in this
subject. Macroscopic, microscopic and symbolic are related to one another (refer Figure 1) and failure
to understand this complex relationship will lead to confusion and misunderstanding [1,2]. The
macroscopic representation level refers to the phenomenon that can be touched, viewed and smelt,
such as seeing the colour changes as the result of chemical reaction [3,4]. The microscopic
representation level is related to atomic matter theory, which is in relation to atoms, molecules and
ions [5,6]. The symbolic representation level includes chemical equations and formulas representing
microscopic representations [7,5].

Macroscopic

Microscopic Symbolic

Figure 1: Three Representation Level of Chemistry
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Studies on this issue have discovered that the lack of understanding of this concept is rooted from
poor ability of students in connecting these three representation levels [8, 9, 10]. As a result, students
tend to form an alternative concept [6], which is misleading. Students tend to rely on this concept that
is part of their existing knowledge, and thus limiting their ability to master the correct concepts [11,
12]. As viewed by [13] in his Cognitivist Theory, a new knowledge can only be constructed from the
existing knowledge. Therefore, it is pivotal to ensure students acquire a correct understanding as the
foundation to develop their new knowledge.

In addition, providing students with opportunities to share their existing knowledge with each
other in discussing a particular problem [14], such as in Problem-Based Learning (PBL) is very
beneficial [15, 16, 17]. This is because, collaborative learning in PBL allows students to solve
problems efficiently [18], and is proven to be beneficial in correcting students’ alternative concept
[19, 20].

Unfortunately, these scenarios do not occur in the current teaching and learning in schools
where students are mostly acting in a passive manner; depending on the teacher’s instruction and
guidance [21, 20] including high achiever students in fully residential schools (Sekolah Berasrama
Penuh) [21, 20]. Hence, there is a need to transform a teacher-centered teaching approach to PBL.
This is because, PBL is highly potential to help address the issue of alternative concept formation
among students in learning three representation level of Chemistry [19, 22].

Besides, in line with the 21st century learning, technology integration through a combination
of face-to-face and online learning modes known as the Blended PBL (BPBL) approach, is potential
to enhance the existing PBL learning process [23, 24]. This is because the combination of face-to-face
and online learning mode helps to strengthen the benefits of existing PBL and at the same time
overcome the weaknesses in both learning modes [23, 25, 26].

Realizing its potential in overcoming the above issue, it is worth to further investigate roles of
teacher and students in a students-centred learning of BPBL. The findings are pivotal to further
highlight BPBL strengths in developing mastery of the three representation levels of Chemistry
concept.

RESEARCH OBJECTIVE AND QUESTION

The current study aims to investigate the roles of teacher and students in overcoming alternative
concept formation in three representation levels of Chemistry via BPBL. Hence, the research question
is: What and how are the roles of teachers and students in overcoming the formation of alternative
concept of three representation level of Chemistry concept via Blended Problem-Based Learning?

METHODOLOGY

This study applied a case study research design as proposed by [27]. He further elaborated that this
design is relevant to further explore and understand a unique case related to an issue. Relevant to the
aim of the current study, the selected schools are unique as it implements BPBL compared to other
fully residential schools that practice teacher-centred classroom. The selection of these schools is
aligned with the aim of the Ministry of Education of Malaysia to upgrade fully residential schools as
the bench mark and example to all schools in Malaysia [28].

For this study, two teachers and 20 students from two fully residential schools were selected

using purposive random sampling technique. This sampling technique is selected as the initial
selected schools have met the criteria for this study, which: i) are relevant to be a model school for
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excellence, and ii) have Form Four students who study Chemistry subject. Next, a random draw
technique as suggested by Chua (2010) has been utilized to pick two schools from 69 possible schools
that have met the criteria.

Data was collected from two instruments: (i) Data from observation (direct and online forums
discussion), and (ii) student documents (FILA Chart). Data was analysed thematically as suggested by
[29], as shown in Figure 2.

Data Initial code Initial theme Final theme

By referring to the facts
powthecta | | meses
5|:|_u:|ez_1t5 denoted "How  L__| food cangivean L ideas ]=51:I:*d-i"l. order to
the cold food can give effect to cuns-trucr.]-eal:nin
an effect to Ahmad’s Ahmad's teeth] . nng
tepth?” issues
Students analyse the
[~ | others' group answer
Students analyse and
Students denotes that [Ahmad has a evaluate the facts and
“Ahmad has a toothache toothache when ideas listed in order to
when eating the cold having cold 1 construct learning
food frioid ] issues

Figure 2: Example of thematic data analysis

Figure 2 shows an example of thematic data analysis implemented in this research. There are four
stages of data analysis which are: (i) data, (ii) initial code, (iii) initial theme, and (iv) final theme. In
step i, the data from all instruments was transcript. Then, in step ii, the transcript data was read few
times in order to classify them into groups known as ‘initial code’. Next, in step iii, all the initial
codes, which have the same pattern, will be grouped in the same ‘initial theme’. Lastly, in step iv, all
the initial codes were checked again. Those, which have the same pattern, will be combined together
as the new theme known as the ‘final theme’.

In this study, the BPBL learning process was implemented based on BPBL Model proposed
by [22] as presented in Figure 3.

11


http://ojs.upsi.edu.my/index.php/EJSMT/index

The Roles of Teacher and Students via Blended Problem-Based Learning: Improving Students’ Mastery of Three
Representation Levels of Chemistry

Face-to-face | Online

(iii) Problem follow-

e

Figure 3: Blended PBL Model adopted from Mohd Mokhzani et al., (2016)

According to [22], there are four steps in BPBL model: (i) problem scenario, (ii) learning issues
solving phase, (iii) problem follow-up and presentation, and (iv) post-problem reflection. Step iii was
done via face-to-face mode while step i, ii and iv were done both in face-to-face and online mode. But
in this paper, only step i (problem scenario) will be discussed into details. This is because alternative
concept formation typically occurred in this phase, and failure to address this issue will affect the
overall learning process [19]. Step i, iii and iv were implemented during class session while step ii
was implemented both during class and after class. For the purpose of implementation, the BPBL
environment has developed in the online platform as presented in Figure 4.

1%t Problem Scenario
= Introduction to the Problem
Scenario
= Problem Scenario
Fill in FILA Chart
Discussion of FILA Chart
The improvised version of FILA Chart

+ = +

= Solutions to the Learning Issues

4+ References

<+ Experiment Report
+ Problem Follow-Up

<+ Presentation
+ Post-Problem Reflection

Figure 4: The Blended Problem-Based Learning Environment
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Figure 4 shows an example of the BPBL learning environment which has been developed in the
Modular Object-Oriented Dynamic Learning Environment, also known as MOODLE [30]. Online
forum discussion and hyperlink are some features of MOODLE which potentially enhance students’
social interactions [31, 32], and thus, have been applied in this research. Students were divided into
groups of five. Each group needed to appoint a leader, a secretary, observers and scribes. Each
position has its own task as illustrated in Table 1. Then, the learning process began with a problem
scenario given by the teacher. The problem scenario is about a conversation between a school boy
who was having a toothache and a dentist at a clinic (refer Appendix 1). The problem covers the acid
and base chapter, which is included in the form four chemistry syllabus designed by Curriculum
Development Centre Malaysia (2012).

Table 1: The Task to Each Position

Position Task
Leader Lead the discussion session
Secreatary Post (upload) the FILA Chart to the online forum
Observer Actively enggage in the discussion session
Scribe Write down all the main points during discussion session.

In helping students to analyse the problem, a FILA chart (Facts, Ideas, Learning Issues and Actions)
which adapted from [33] as in Figure 5, was given. Here, the three representation levels of Chemistry
(macroscopic, microscopic and symbolic) were emphasized in the ‘Idea’ column. The explanation for
the FILA chart is given in Table 2.

Facts Ideas Learning Issues Actions

Macroscopic | Microscopic Symbolic

Figure 5: FILA Chart adapted from Tan Yin Peen and Mohammad Yusof (2013)

Table 2: Explanation of the FILA Chart

Coloumn Explanation

Facts Information extracted from the problem scenario.

Macroscopic Ideas | Any ideas about the problem based on facts identified.

Microscopic Ideas | Theory at particulate level

Symbolic Ideas Related to any symbols, for example chemical equation.
Learning Issues Things that need to be found to solve the problem.
Action Ways/Methods/ Activities to be taken in order to get the answer for learning

issues which has discovered earlier.

In groups, students discussed with each other to complete the FILA chart. Next, the secretary of each
group needed to upload the FILA chart in the online platform. During the online forum session, each
group must give feedback on others’ FILA chart. Students reviewed with their group members on
their FILA charts if any amendment needed, after the online discussion session ended. Next, the
secretary of each group uploaded the revised FILA chart on the online platform again. Overall, BPBL
took six weeks to be implemented as presented in Table 3.
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Table 3: The Duration of the Implementation of BPBL

Learning Phase Learning activity Duration

Problem e Assigning the task between group member Week 1 and week 2
scenario e FILA chart (1)
¢ Discussion forum
o FILA chart (2)

Learning issues | e Discussion in group in order to solve the Week 3 and week 4

solving phase learning issues
Problem follow- | e Intra and inter group presentation Week 5

up and
presentation
Post problem | e Student complete the post problem Week 6
reflection reflection form.
e Interview

RESULTS AND DISCUSSIONS

In this study, after the implementation of BPBL, it is found that the teachers were able to help
students overcome the formation of alternative concept during learning sessions. Students, on the
other hand, were able to work collaboratively and independently in developing an accurate mastery of
three representation levels of Chemistry during the lessons. As aforementioned, the students will first
discuss among their group members to complete the given FILA Chart (1) and post it into the online
forum as shown in Figure 6.

Facis lczas Leamnmg Actions
=smes
Macroscopic Microscopic Symbolic
* Alhmad has * Pepsi coniams * Bugar aced corrodes ¢ | ¢ Caleium, Ca * Howcold | * Discussion
toothacks when an high maoant WA hmad's teeih and i * Carhonate, foind can with {he
eatmg oold tood od swgar causes him to kave | O gIve an groups’
=ensitive ieeth. s Carken © effect to membsers
* Abmad Jove to eat * Pepsiis an _______________j Ahmad's
packle 1sofomk crinks tpeih?
* Ahmad always * Teeth alzo
drmk pepsa knovam as
calcium
* Ahmad always use carbonate
difterent tootpaste
beard.
Alternative
concept

Figure 6: Students’ alternative concept on microscopic level in FILA Chart (1)
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Figure 6 shows an example of the alternative concept on microscopic level done by student in FILA
Chart 1. In the third column at microscopic idea, students have given an answer as ‘Sugar acid
corrodes Ahmad’s teeth and causes him to have sensitive teeth’. It is found that, the teacher stimulated
students to justify microscopic ideas that led them to identify alternative concept (the use of incorrect
term, sugar acid) as the example in Figure 7.

Student A:
Sugar Acid? Can you explain about it?

Teacher:
| am also interested to know more about sugar acid. Can anyone from your group explain about it in
detail?

Student B2:
Sugar acid, what we meant is actually acetic acid, CH;COOH

Student A:
Can acetic acid be called as sugar acid?

Student B2:
For me, both of them are the same.

Figure 7: Example of students’ alternative concept for ‘sugar acid’ on microscopic level.

Based on the above example, the discussion started when Student A asked explanation on ‘sugar acid’
term. Instead of providing answer, the teacher prompted a question: “Can anyone from your group
explain about it in detail?”. Clearly, the prompted question functions as thought-provoking question
that encourages students to justify their statement through discussion. This is in line with what has
been highlighted by [34], as an advantage to use this approach in encouraging students’ active
participation and reasoning in learning.

Students are also responsible for analyzing and evaluating other group’s answer on Fact, Idea,
Learning Issue and Action (FILA) charts in order to gain justification regarding ideas on microscopic
level. This discussion begun when Student A asked for further explanation on the term 'sugar acid'
used by his group (“Can acetic acid be called as sugar acid?). However, Student B2 simply concluded
that both terms were correct (“For me, both of them are the same”). This is an example of formation
of alternative concept. [35, 36], justified that this situation happened due to informal learning that
occurred outside classroom, and thus affecting how these students form their understanding.

In addition, the formation of alternative concepts on symbolic level among students is also
shown in Figure 8 below.
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Facis ldeas Leamning Issues Actions
Macroscopic Mucroscopic Symbolic
Ahmad has * Ahmad has * Calcium, Ca & [lucose: * Why Ahmad * hscussion
topthacks when sensilive iecth. * Carbonate, 0 has with tke
eating cold food s [arbon £ Lo Hiz O tocthache!? growps”
" Acad corrodes membsers
Abmad eat five Abmad'sbeetk. | 4 * What type af
timic & day. actd contains
* Abmad has m pepsi’
* Ahmad loves strong feeth.
packle.
*  Abmad brush his
teeth when ke is
free.
Alternative
concept

Figure 8: Students’ alternative concept on symbolic level through FILA Chart (1)

Figure 8 shows an example of the FILA chart, which has been uploaded by students into online forum
discussion. In the fourth column at symbolic idea, students have given answer as ‘Glucose: Cs, Hiz,
Os’. This shows that the student assumed glucose (Cs, Hi2, Os) can be separated simply into its
compositions. Again, the teacher stimulated students to identify the alterantive concept by posing
guestion as the following example taken from online forum discussion (Figure 9).

Student A:
Why the symbol of hydrogen is Hi,?

Student Al:
Haz is the fraction of glucose (CsH1206)

Teacher:
Can you simply separate an element from its compound?

Student Al:
Yes, by electrochemistry and heating process.

Figure 9: Example of students’ alternative concept on separation of element from its compound

Based on Figure 9, initially, Student A analyzed and evaluated the other group's answer by asking
'Why the symbol of hydrogen is Hi,?'. Student A1 was able to justify by explaining that: “Hiz is a
fraction of glucose (C¢H1206)”. The teacher prompted another question: “Can you simply separate an
element from its compound?”. The reason to this question was to direct the student to rethink on the
answer given, which was identified as an alternative concept. Student Al replied that it is possible to
do so: “Yes, through electrochemistry and heating process”. Even though the student’s response is
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categorized as an alternative concept for definition of chemical compounds (under chemical
bonding topic), the teacher’s question was able to direct students to rethink and provide
justification to reflect their understanding. It is undeniable that students’ understanding often
based on alternative concepts especially for the concept of chemical bonding [8, 37] but later after
undergone the BPBL learning, students were able to overcome this problem.

After discussing in online forum discussion, students analyzed and re-evaluated the facts,
ideas and issues of learning in carrying out the reflection process. This reflection process allowed
students to define ideas and learning issues that have been set before. Students also detailed
microscopic ideas by not listing ideas based on alternative concepts. For example, students no longer
used the term 'sugar acid' in the FILA chart as preseneted in Figure 10.

Facts lczas Lezarnmg Actions
lssues
Macroscopic Microscapac Symbaolic
Abmad has Pepsl cordams * Calerum, Ca * [lucose * Howcold | * Discussaon
loonthacks when an high mapant | » Carbonate, OO, [CsEL 2000 fopd can with 1ke
caimg cold tood of sugar o Carbon, O glve an groups’
effect to membsers
Alhmad love to cat Pepsl 15 an Ahmad's
packle Isotonik dricks teedh?
Abmad always Teeth also
drmk pepsa knowm as
caletum
Abmad always use carbonate
ditterent tontpaste
brand.

Figure 10: The correction of alternative concept at microscopic level through FILA Chart (2)

Figure 10 clearly shown that students have changed the alternative concept at microscopic level
(‘sugar acid’) to a more accurate answer which was Calcium (Ca), Carbonate (COs) and Carbon (C) in
FILA Chart 2. Students also changed the alternative concept at symbolic level as shown in Figure 11.

Facts lieas Learning [ssues Actions
Macroscopic Microscopic Symbolic
Abhmad has Abmad hax * Calerum, Ca * [lucose: * Why Almad * [nscussion
topthachke wien sensibive fecth. * [arbonate, U0y s with ke
eaimg codd tocd v [arbon O Dol toothache” groups”
Acad corrodes members

Abmad eaf frve
time a cay.

Abmad loves
packla.

Abmad brush his
leeth when ke 1s
Erese.

Almad's beelk.

Ahmad has

stroaog ieeth.

* What type af
actd contains
m pepst?

Figure 11
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Figure 11 shows the correction that has been done by the students at symbolic level in FILA Chart (2).
Students have corrected their alternative concept by giving a more accurate answer which was the
correct molecular formula of glucose (C¢H120¢).

During the face-to-face monitoring by teachers, the teachers initially failed to identify this
alternative concept during the discussion. However, the integration of online learning, which was
forum discussion, has allowed corrections for the alternative concepts. Clearly, the integration of
online platform offers an advantage over existing PBL, and at the same time enhances the roles of
teacher in monitoring students’ learning. This is in line with the findings in [23, 38] study, where they
appointed that online learning can enhance teacher roles in monitoring students throughout the
learning process. It is very important to identify students’ formation of alternative concept because it
will lead to poor mastery of the topic, as they build up their understanding from their existing
knowledge [13]. In short, it shows that teacher plays an important role to ensure that the
understanding and knowledge are accurate in helping to master the subject. Hence, this can be
achieved through BPBL.

Furthermore, it is found that through an online forum discussion, students can improve their
accommaodation process where they made changes to their initial understanding that were identified as
alternative concepts [39]. Social interaction is an important factor in improving the accommodation
process [39] and is highlighted in this study through the use of online forum discussion that allowed
students to discuss with group members and the whole class. On the other hand, questions raised by
teachers and students during online forum discussions are examples of scaffolding [18] which have
helped them to identify and further correct their alternative concepts.

CONCLUSION

As a conclusion, teachers acts as a mediator in order to stimulate students’ thinking in justifying their
responses during the implementation of BPBL. Hence, they indirectly help students to identify their
alternative concept by asking probing questions. On the other hand, students have analyzed and
evaluated other groups’ answers in order to identify and correct their alternative concept. Clearly, the
implementation of BPBL is found beneficial to overcome the formation of alternative concepts. Since
the current study has proven that the implementation of BPBL was able to improve students’ mastery
on the three representation levels of Chemistry, it is suggested for future researchers to implement
BPBL in the other school settings.
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Appendix 1

Dentist
Ahmad

Dientist

Ahmad

Dentist

Ahmad

cxplanation.

You are a dentist assigned to perform dental examinations at a school
in the Kluang arca. Ahmad, one of the students came to see you for advice

on his dental problems. Here is the dialog.

: Can 1 help vou? What is you problem?

: I have toothache cspecially when cating something

cold like an iced drink.

: Can you explain how vour daily diet works?
: 1 cat five meals a day and most of the food is rice.

1 also love citrus fruik and of course pepsi is always

one of the drinks especially during sunny day.

: Isee. How many times a day do you brush your

teeth?

: Mot necessarily. | only brush my teeth when I am

free. | also often change my toothpaste brand because

1 do not know whichis best.

As a dentist, how can you help Ahmad? Please provide wour full
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