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ABSTRACT

Chemistry is considered as a central science as it connects to all other sciences like physics, biology,
geology etc. Basic knowledge of chemistry helps even a common man to understand how things
around us are made and react. Hence learning chemistry is essential for a science student to explore
their core domain more effectively. Chemistry is a mystery to a majority of the students as it involves
equations and formulas which demand more attention and memory from the student. Students
especially engineering students give more priority to their core subjects and the faculty dealing the
subject experience tough time to get their interest towards chemistry. Hence there is a need to develop
new teaching and learning strategies to improve the learning process by the students. With the help of
active learning techniques which brings involvement of each and every student made it easy to
unravel the mystery of chemistry and make the study simple. Activities like crossword puzzle, word
search, match the following, concept maps have been designed on various threshold topics in
Engineering Chemistry subject and implemented. The response from students is enormous.
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INTRODUCTION

Knowledge of Chemistry is essential as it plays a major role in everyday life .1t is present in food we
eat in liquids we drink, in air we take in medicines we use and fabric we wear. Learning chemistry
according to present generation is memory based hence they are showing least attention towards
chemistry compared to other subjects which has some logic and reasoning according to the student
perception. Therefore it is essential to find new pedagogical methods to make chemistry more
interesting and useful. Teaching is one of the main components in educational planning which is a key
factor in conducting teaching methodologies [1].

At present discusses on the various methods or strategies adopted to teach some threshold topics
in chemistry through active teaching learning methods. These methods engage, involve in
understanding the concept and also help the students to improve their communication skills while
presenting their activity. Effective teaching always focuses to encourage students to realize their
responsibility for their own learning. Rapid changes in the modern world have caused and resulted the
higher education system to face a great variety of challenges in making the students, draw interest
towards the subject by developing novel pedagogical methods [2].

The methods adopted should pave the way for a student to reach his goal with confidence
supported by in-depth knowledge. Modern education system is encouraging creativity during teaching
the lessons [3]

As the traditional methodologies like chalk and talk demands memorization and repetition to make
students learn thoroughly while the modern methods engages the students through interaction and
hence is productive. Most of the recent research has been on “active learning methods” in comparison
to the traditional lecture method in which students are passive [4]. Additional teaching methods
supporting traditional teaching method improve learning styles [5]. Chemistry is a subject with
formulae and chemical equations which needs great memory. If the chemistry topics are designed in
the form active learning methods students spend a significant fraction of time in learning and can
avoid memorizing [6], Khairiyah [7]. This paper concentrates on interesting methodologies to make
chemistry learning easy and flexible. The end results of the students after implementation is found to
be quite remarkable and especially the involvement of weak students in these activities is quite
impressive. It is the need of hour for all the engineering teachers to expertise in active learning
technologies to enhance the learning styles of students [8]. When the conceptual learning is enhanced
innovations will make their way into the science arena [9, 10]. To make the chemistry learning lucid
and simple novel pedagogical methods in the form of activities have to be designed and implemented.
Active learning methods improve the performance of students [11]. Technology aids both teaching
and learning methodologies [12]. Usage of active learning techniques helps to understand the
mechanism in organic reactions [13]. The studies done by various researchers in different fields
inspired to implement activity based learning in chemistry.

MATERIALS AND METHODS

Creating different models as teaching aids is the primary phase of active learning methodology. A
number of activities have been designed to untangle the secret of chemistry. Though designing
different teaching methods chemistry is a gigantic mission but succeeded in creating simple yet
constructive activities. The various activity worksheets designed on various topics and implemented
are discussed below.

Activity-1 Pogil: Pogil is a student-centered, active learning style where students work in small
groups on material provided by the teacher [14]. It is a student centric activity where the teacher is the
facilitator. Lead acid battery is a rechargeable secondary battery used commonly in cars. So to make
the student learn the mechanism of reactions involved in charging and discharging reactions involved
in this battery the following Pogil activity (Process Oriented Guided Enquiry Learning) is designed
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and implemented in the classroom. The Class of 60 students are divided into 15 groups of 4 each and
asked to look into the picture and answer the questions related to that picture. Some prerequisites are
also given about the battery. The reactions involved in lead acid battery are made to understand from
the figure before teaching with the help of a small diagram and hints given in the question form.

VUrNIT—T

Lead acid Battery POGIL Activity

Figure 1. POGIL activity on Lead acid battery.

Activity-2 Concept Maps: Concept mapping is one of the instructional strategies that help the
learners to link key concepts by framing and analyzing information. Concept maps can be
successfully used to teach conceptual thinking, thus increasing students’ competence in critical
thinking in the modern paradigm. They are considered as the learning tools to deal with concepts like
classifications and type [15].

Corrosion in metals is a common phenomenon. Mechanism involved in corrosion is explained and
the factors affecting the rate of corrosion is given as an activity in the form of Concept map as shown
in the figure 2. A class of 60 students are made into 15 groups of 4 each and asked to discuss and
write briefly their findings in the map itself.
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Figure 2. Concept map on factors effecting rate of corrosion.

Activity-3 Word Search: Learning followed by memory is required to understand a concept in
complete manner [16]. Word search activity is an activity of building memory. It is kind of brain
exercise which improves the encoding skills of a student. Topics like superconductors
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.Nanotechnology involves new terminology hence to help the students learn those definitions and
other phenomenon in a lucid way through fun following word search activity is designed shown in
figure 3 and given to the students. This activity is done in groups of two each and time limit is given
for searching the answers with the help of clues given as fill in the blanks manner as shown in figure
4,

Word Search on Super s and

1. The expulsion of magnetic flux from the interior of a superconducting material is
known as

2. When silicon chips are replaced by ------------f Computers work 1000 times faster
than

normal computer
3.In the medical field supuerconductors are used for high resolution in -----------
4. Good insulators should have ------------| porosity
5. The temperature at which material transit into a superconducting material is
ki

7. Due to its diamagnetic property superconducting materials exhibit -----------effect
8. Thermal insulator which is soft, flexible and is used in ovens and vacuum cleaners

9. Type Il superconductors are also called as -----------superconductors
10. The ability of an insulator to store charge is called - constant.
11. Due to high surface area CNTs are used as good -- -
12. La;x Srx CuO;s acts as --------------- for alcohol vapours
13. Ability of a material to store charge is called ----
14. The resistance in a Superconducting material is -
15. Super conductors are not available as ------------ but are available as only tapes.
16.The only metal which does not react with superconductor materials is -----------
17. ------—-----——- thermal insulators which work upto a temperature of 150°C .
18. Leakage of electricity in an insulator leads to dielectric--------
19. CNTs are prepared by ------------ ablation method.
20. -------------- sheets are rolled into carbonnanotubes.
21. Carbon nanotubes are --------- than steel.
22. Due to ------meemeeeee like structure carbon nanotubes are used in drug delivery
systems in
medical field.
23. Top-Down and ----methods are used to prepare Nanomaterials.
24.1In - e ethod carbon nanotubes are produced by using graphite
Electrodes In the presence of ionised gas and 100 amp of current.
25. CNTs are used to store ----- ----gas to be used as fuel source.
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Figure 3. Word search on superconductors Figure 4. Clues as Fill in the blank.
and Nanotechnology.

Activity-4 Cross Word Puzzle: Cross word puzzles are considered as one of the active learning tools
[17], as they actively engage the student in the learning process and represent an interesting way for
students to learn threshold topics in chemistry.

Electrochemistry crossword puzzle

] Across Down
F — 3. nO2 cell is an example of lithium cell with 1. LaF3 crystal is used as a solid membrane in
— - ----cathode. ------—-electrode.
— — —/ 7. In an electrolytic cell Redox reactions are 2. cells in which cell reactions are not reversible are
called

8. The useful product obtained by the usage of fuel 3. Number of lead acid cells used to run a
[ cells in space ships is ca

10. is the anode during discharging process in a Lead 4. The cells in which high energy conversion takes

[ I [ [ "’ ‘ ‘ ‘ acid battery place and are ecofreindly ---------------
@ ‘ T — — — — 12. In electrochemical series electrodes are arranged 5. Recharge batteries are also called as ----------------
i 5 — in the order of their standard 6. A Good battery should have
L ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ L potentials [
[ e (. = 13. The potential difference between two electrodes 9, When 6 lead acid cells are connected in series the
‘ ‘ ‘ ‘ ‘ ‘ in an electrochemical cell gives -of the cell. voltage produced is-------
i [] ’ i 14, cell reactions arc made - by passing 11, Primary cell in which Zinc and carbon rod arc

F ‘ ‘ ‘ ‘ ‘ ‘ [ current in opposite direction. used as elecirodes

] | 16. In primary cells the cell becomes ----- when all 15, Electrodes used in Methanol ~oxygen Fuel cell
L the reactants are converted

ﬂ ’ ] [ ‘ rg . ‘ [ S ‘ ‘ ‘ [ [ ‘ 17. Ton sclective clectrodes are sensitive to a 17. Ni-Cd cell is an example of -----------------cell

[ N on 18. Anode in Ni-Cd cell -

19. Flow of charge in a material is called

X N ! 21. The most commonly used secondary battery
20. Ion selective electrode which is sensitive to among lithium cells

LT
1] ’” ‘ ‘ o Hydrogen ion conceatration 22. Does the cells work when the EMF of the cell is
~---difference developed at the  negative?
glass membrane is a measure of pH.

I [ - 25. Example of Fuel cell

23. The electrode potential can be determined by

equation.
- - - 28. Example of typical electrochemical cell ----------- 26, Dilute sulphuric acid is used as
‘ ‘ ‘ ‘ L ‘ ‘ ‘ ‘ ‘ ‘ (- 29. Two or more electrochemical cells when -------in lead acid storage battery.
L L connected in series electrically form a 27. light weight Primary cell with 3V capacity

28. Specific Conductance of a solution decreases
B P —

k] Gas is liberated at cathode in Ni-Cd cell. 34, Tn dry cells MnO2 acts as an

32. Battery commonly used in cars -
- 36. Ni-Cd cell is preferred because of its

increase in --

33. The main application of ical cells is voltz

i " to generate ---------energy. 37. Solar cells convert ---------------energy into
35. Electrolyte used in Ni-Cd cell ------smmreneen, clectrical energy

[] ] 37. Units of conductance 38. Primary reference electrode example in short

Figure 5. Crossword puzzle on Electrochemistry. Figure 6. Clues for the Cross word puzzle.
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Electrochemistry chapter for 1.B.Tech students contains the contents like electrode potentials,
types of electrodes working of different batteries like primary, secondary and fuel cells and their
applications. Hence to set attention and interest towards this chapter a cross word puzzle is prepared
as an activity and conducted in the class which brought good response from the students. Figure 5 and
figure 6 show the crossword puzzle and clues prepared in electrochemistry chapter which summarizes
the whole content of the chapter.

RESULTS AND DISCUSSION

Significant differences between the two categories of students have emerged in relation with the most
effective teaching strategies corresponding to traditional learning style category. Effective teaching
practices definitely promote a positive environment in the classroom and help to create interest in the
students towards active learning [18, 19].

A good teaching method helps the students to question their preconceptions, and motivates them
to learn, by putting them in a situation in which they come to see themselves as the authors of
answers, as the agents of responsibility for change [20]. Active learning methods motivate the
students to engage in learning process [21]. Hence Conceptual changes are required in the education
world which should provide learning by doing methodology [22]. Preparation of direct models for the
concepts is a challenge [23].

In POGIL activity students involve in interaction with peer mates during which they gain
knowledge on the concept and also improve their communication skills .This was proved when
POGIL activity on Lead acid battery was implemented. The working principle and reactions involved
in charging and discharging reaction are learnt thoroughly during the group learning process.

Conceptual learning is the key to success for a student. This is made easy by asking them to
prepare CONCEPT MAPS or mind maps of the topics. To study the factors effecting corrosion all the
factors based on metal and environment that influence the rate of corrosion in metals can be discussed
with the help of a single concept map. Students were asked to draw concept map after discussing the
factors in the classroom and they did it with ease.

As discussed brain do needs exercise to perform its function actively. Hence WORD SEARCH
activity framed on nanotechnology an emerging science attracted students and they did it with lot of
enthusiasm. Especially this activity could get the attention of 75% of the students in the class which
included mostly slow learners.

CROSSWORD puzzle actively engaged the student in the learning process and created an interesting
way for students to learn the concepts. Student response to the use of crossword puzzles in the
classroom has been highly positive during feedback.

Table 1 shows the percentage of students who are supportive to the activity based learning. From the
table below it is identified that about 80% of the students are supportive for Cross word puzzle
activity and only 20% opted for chalk and talk type of learning. Even power point presentations are
catching attention from only 30% of the students. As the visualization has more power than
imagination videos shown related to the applications of the topics covered 50% of the students are
found to be supportive. All the above activities are framed to involve and engage and enrich students
towards deep learning.

Least preference is given to chalk and board (20%) as shown in figure 5 and even the power point
presentations (30%) also becoming an unattractive tool in the modern education world. Activities like
crossword (80%) and word search (75%) catches the attention as involves fun and enthusiasm. The
role of a teacher is to facilitate the activity by encouraging the students to involve in the discussions in
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Table 1. Students support to various Instructional strategies

Instructional Strategy

Percentage of

Students Supportive
Chalk and board 20%
Power point presentation 30%
Videos 50%
Cross words 80%
Concept maps 60%
Word search 75%
POGIL activity 25%

m methodology
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Figure 5. Percentage of students in favor of various activities.

their team and also reminding the time left in between to ensure the completion of the activity in time.
From the literature study on active learning methods [24, 25], it is also confirmed that good active
learning methods simulate authentic problem solving, and therefore teaching with these methods
improves learning styles of all kinds of students.

CONCLUSION

The best teaching practice is a combination of student centric together with teacher centric, which
builds a good collaboration between student and teacher. As the number of research studies has
grown, it has become increasingly clear to researchers that active learning methods achieve better
educational outcomes The academic results of engineering chemistry at the end of the 1% B.Tech 1%
semester were found to be so promised that planning to design of more activities for all the topics are
in progress at present. Hence, this paper reiterates that student centric learning can be achieved easily
and can avoid the traditional concept of “I talk, you listen” style as the activity work sheets demand
attention from all the types of learners in the class.
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