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ABSTRACT

Providing undergraduates with the best and most effective teaching methods has always been a concern.
Therefore, over the years several devices and new learning technologies have been introduced into the
classroom. Thus, to seek innovations in teaching, clickers, or personal response systems, were used in a
chemical engineering undergraduate course, specifically in the electrochemistry and corrosion class, at the
University of Campinas, Brazil. In the end of the course, the students answered a questionnaire about the
satisfaction and effectiveness of their use in the classroom. The responses were analysed and a greater
acceptance and effectiveness were reported by students.
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I. INTRODUCTION

Chemical Engineering is an area of
knowledge considered new, since its appearance
dates from the end of the 19th century. Faced with
the intense growth of industries, especially those
related to the oil industry, it is one of the most
important and attractive profession. The course of
Chemical Engineering of University of Campinas
(UNICAMP) was created by decree n° 52.255 of July
30, 1969, but its implantation happened only a few
years later, in 1975, when the chemical and
petrochemical pole in Paulinia city (Sdo Paulo,
Brazil) was established. The implementation of the
Paulinia refinery (Replan) gave rise to the largest
petrochemical pole in Latin America. As a result,
many other companies established in the region and,
the demand for qualified labour increased. The lack
of skilled workers led to their import from other
states and, this situation began to change when, the
Unicamp Chemical Engineering undergraduate
course was founded. The course of electrochemistry
and corrosion was introduced in the 1980s and,
aiming at the excellence, new teaching
methodologies have been introduced over the almost
40 years of its existence.

Teaching methodologies are constantly
debated, studied, and modified, always with the aim
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of improving and making the learning process more
dynamic (Brookshire, 2006). Teaching/learning using
direct interaction with students through electronic
devices began in the 1960s, and they were initially
applied in the exact science areas (Judson et al.,
2002). Rapid technological evolution has driven the
development of devices that help this interaction
between students and teachers during teaching.
Among these are clickers, known by a variety of
‘labels’, such as personal response systems (PRSS),
student response systems (SRSs) and or audience
response systems (ARSs) (McDonough et al., 2015).

Clickers were first used in US universities in
the 1980s in different areas of higher education, such
as chemistry, mathematics, political science, biology,
history, law, and philosophy (zZhu, 2007). They
consist of small transmitter devices that allow each
student to respond in a matter of seconds to multiple-
choice questions formulated by the teacher. These are
presented as slides, allowing students to receive
instant feedback of their answers during class time
(Varo, 2014).

Different forms of instruction that integrate
clickers are commonly found in the literature (Chien
et al., 2016). The simplest way to use them is to ask
students to answer a question individually. When the
instructor asks the question, which is usually
displayed on a screen, students can click on the
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buttons on their remote devices to answer it. A
receiver connected to a computer collects student
responses. The computer software records and
summarises them. The results are automatically
presented to the class in a visual format, usually
through a histogram. This feedback is visible to the
whole class, providing the teacher with information
on the level of understanding of the students and
guidance on how to adapt the content of the class,
allowing the teacher to assess the knowledge and
level of preparation of the students (Blasco-Arcas et
al., 2013; Sun, 2014).

Some studies report that students participate
more when devices are used in the classroom, and
they view positively the use of clicker-based
technologies because of their anonymity (Caldwell,
2007). The use of these resources in classrooms, in
addition to making the class more dynamic, allows
the teacher to verify whether the students have
actually done the reading of the content made
available for the lesson, so that they have a more
active attitude towards the learning process
(Richardson et al., 2015). Since the introduction of
clickers, ARS-based technologies have evolved in
terms of their forms, capabilities, and availability.
The technology has been adapted for use in mobile
handsets (e.g., GO and Socrative clicker) and directly

B

online through the internet (e.g.,
QuestionPress, etc.) (Hunsu et al., 2016).

The purpose of the present study was to
describe the use of clickers in electrochemistry and
corrosion classes and, analyse the improvement of
teaching (or lack of it) by the application of an
investigative questionnaire.

GoSoapBox,

Il. EXPERIMENTAL PROCEDURE

The clickers were used in Electrochemistry
and Corrosion classes (Acronym: EQ-622) in a
classroom of 54 students. The classes are taught by
addressing scientific-technological knowledge of
electrochemistry, chemical kinetics and
thermodynamics, always associating them with
practical cases of corrosion. The contents of the
discipline were: electrochemical reactions; electrolyte
solutions; transport of ions; electrochemical cells;
energy storage; forms and classification of corrosion;
electrochemical corrosion; and corrosion in the
chemical and petrochemical industry.

The clicker apparatus used was the Clicker
Handheld Student Response Device KG3EI (CPS
Pulse™: elnstruction® Corporation) with Response
software (version 6.73.148.70252; elnstruction®
Corporation) as shown in Figure 1.

Versao: 6.73.148.70252
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Figure 1. A: Clicker Handheld Student Response Device KG3EI; and B: Response software used for data
collection.

The teaching methodology consisted of
conceptual questions embedded in multimedia
presentations covering the course content. At the
beginning of theoretical classes, the clickers were
distributed to the students, who signed a receiving
list. At the end of the class, the clickers were
returned formally. During the classes, questions
were formulated and applied with the help of the
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clickers. The questions were of the following types:
multiple-choice, true-or-false, a series of answers, or
a short answer. When needed, the teacher could
instantly insert new questions regarding the topic
being taught.

The questions were prepared before the
classes on the subjects of the discipline's content.
Usually, they contained texts, or photographs of
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corroded pieces in industrial chemical processes, or
corrosion occurring in the students' daily life. When
questions involved photographs of corroded pieces,
for example, the discussions involved the types and
forms of corrosion, what factors had given rise to
the corroded piece or item of equipment, how
students could correlate the corrosion with the
description of an incorrect specification of the
material selected for that process fluid, and what
steps they would take as future engineers to prevent
that corrosion.

In this way, the clickers allowed the
students and teacher to receive instant feedback
during class time. Thus, the teacher was able to
assess the accuracy of the students’ responses and, if
any doubts were detected, he could re-explain the

Table 1. Questionnaire applied in the end of the course.

topic until he was sure that the class had fully
understood the subject.

At the end of the course, a questionnaire
was completed with questions about the practicality,
dynamism, efficiency, resolution of doubts, learning
process and self-evaluation of the use of these
devices during the classes. The objective of the
questionnaire (Table 1, responded to anonymously)
was to determine and quantify the success of using
the clickers in the classroom, as well as the
difficulty in handling them. In addition, the students
could write any positive and negative points and
give suggestions. The answers were analysed and,
based on the data obtained, a report was created on
the positivity of the wuse of clickers in
electrochemistry and corrosion classes.

effective learning.

Focus Questioning
Practicality Was the software used in class practical, providing simple and easy handling?
Dynamism The use of clickers has given more dynamism to the classes.
Efficiency The clickers were helpful in consolidating your knowledge, leading to more

Resolution of
doubts better resolved.

The use of clickers in the classroom prompted questions, allowing any doubts to be

Learning

The use of clickers facilitated your learning.

Self-analysis
classmates.

The use of clickers allows you to self-evaluate your knowledge in front of your

I1l. RESULTS AND DISCUSSION

The first aspect of clickers when used in
the discipline of Electrochemistry and Corrosion
was to analyse the practicality and the initial
difficulties of their use in a chemical engineering
classroom. At the beginning of the course,
principally in the first two classes, the students
underwent intensive training in the use of clickers.
In these classes where the use of clickers was
introduced, the time spent between the students’
arrival and the beginning of the class was greater,
reaching up to 15 minutes; this included the time
given for instructions on the use of the devices. One
of the main factors responsible for this delay was the
initial difficulty of installing the software and its
connection to the multimedia system. It took about
10 minutes to get the system up and running. This
delay was due to lack of practice in the use of the
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equipment. From the third class onwards, the clicker
system worked satisfactorily. In general, the time
between distributing the clickers and the beginning
of the class was 5-7 minutes.

About this aspect, when asked 72% of
students considered that the devices were easy to
handle and operate, as shown in Figure 2. The
purpose of this question was to find out whether the
students felt that the clickers were easy to handle
(very practical or practical) or whether they had any
difficulties regarding the manipulation of these
devices (impractical or strongly impractical). Only
8% of students said the technology was confusing
and 20% remained neutral. It can be concluded that
for the majority of respondents, clicker handling
was not an obstacle to the application of this
teaching methodology.
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Strongly impractical
Impractical

Neutral

Practical

Very practical

0% 10%

Was the software used in class practical, providing
simple and easy handling?

20% 30% 40% 50% 60%

Figure 2. Practicality of the use of clickers in the Electrochemical and Corrosion course as reported by the
students.

The second interesting aspect to relate was
that the students presented relaxed and motivated
behaviour, leading them to participate more in the
discussions of the different corrosion processes and
their implications in industry. It seems that
memorisation of the knowledge acquired was more
effective compared to a conventional class without
the use of clickers. This could be confirmed in the
subsequent classes: when a previously discussed
subject was re-addressed, the index of correctness of
these questions was high.

On the evidence of student motivation, when
questioned about 70% of the responses indicated that
clickers had a positive influence on the dynamism of
the classes, possibly caused by the greater dynamism

A The use of clickers has given more dynamism to the
classes.

Strongly disagree [l

Disagrec N

Neurral [N
Agree I
Strongly agrec

0% 10% 20% 30% 40%

of the classes caused by the clickers, while 15% were
neutral (Figure 3A). The remaining responses
showed that 15% of the students did not feel any
difference in the dynamism of the classes when it
came to the use of clickers. It was concluded that the
use of clickers in the classroom increased the
dynamism of the classes, causing the students to
participate more and, possibly, to learn more. This
data corroborates several other studies in the
literature that affirmed that clickers not only increase
the dynamism of classes, but promote a greater
participation and discussion in the classroom (Morin
et al., 2009; Stines- Chaumeil et al., 2019; Velasco et
al., 2013).

B The clickers were helpful in consolidating your
knowledge, leading to more effective learning.
Strongly disagree  INEG___
Disagree NI
Neutral NG ——
Agree EEEEEEE——
Strongly agree | INN_:—__

0% 10% 20% 30% 40%

C The use of clickers in the classroom prompted
questions, allowing the doubts to be better resolved.

Strongly disagree [l

Disagree |

Strongly agree [N

Newral [N —
Agree I

0% 10% 20% 30% 40% 50%

Figure 3. Data obtained in relation to A: dynamism; B: effectiveness in teaching; and C: resolution of doubts
through the use of clickers during the course.
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Concerning learning efficiency, Figure 3B
shows the students' opinions on whether clickers
influenced the transmission and assimilation of
knowledge, since this teaching methodology differs
from the traditional. The clickers were helpful in
consolidating the knowledge of 38% of students
(Agree and Strongly Agree), leading to more
effective learning. On the other hand,32% of
students (Disagree and Strongly Disagree) answered
that they did not contribute to learning. The
remaining 31% of the answers were neutral.

A possible conclusion on the outcome of
the responses may be based on the different ways in
which the students study. As some clicker questions
applied in the classroom were intended to review the
discipline given, the use of this methodology
favoured those students who systematically
followed the subject taught and studied the lessons
taught after the classes. The students who, by habit,
only studied on the eve of the tests chose to abstain
or did not notice a difference with the use of these
devices. In addition, we have the behaviour of the
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students in the classroom. Some students wanted
only to pass the course (in order to complete their
degree); that is, they did not undertake to acquire
that knowledge for use in professional life, although
many of the questions asked had that as their goal.

Figure 3C shows the influence of clickers
on clarifying doubts and the arising of questions
during class. So, 45% of respondents considered that
the use of clickers improved the clarification of
doubts during the class and led to effectiveness in
resolving them. The minority (12%) indicated that
the use of clickers did not clarify doubts more
effectively than did traditional classes. The
remaining 43% were neutral. However, the teacher
was able to note that the use of clickers encouraged
students to discuss further the topic debated in the
classroom, thus raising their critical sense and
promoting the resolution of doubts.

The last questions concerned the learning
process in general; that is, whether learning and self-
evaluation were facilitated by the use of clickers.
These results are shown in Figure 4.

B

The use of clickers facilitated your learning.
Strongly disagree [ NRE RN
Disagree |
Neura!
Agree
Strongly agree NN

0% 10% 20% 30% 40%

The use of clickers allow you to self-evaluate your
knowledge in front of your classmates.

Strongly disagree [N
Disagree [INNINEEGEERN
Neutral [
Agree I
Strongly agree NN

0% 5% 10%  15%  20%  25%  30%

Figure 4. A: the use of clickers in facilitating learning; and B: the effect of clickers in allowing self-evaluation
by students.

The students who favoured the use of
clickers as a teaching tool totalled 46% (Figure 4A),
while 28% maintained a position of neutrality. The
responses that considered that the clickers did not
facilities the process of learning amounted to
26%.The data in Figure 4A can be correlated with
that in Figure 3B.

Students who did not study the lessons
weekly, or who just wanted to complete the
discipline, may be included in the group who
declared that there was no improvement in the
efficiency of the transmission of knowledge and
learning, or were neutral. Another hypothesis for the
high neutrality rate in the answers given may be the
lack of comparation that is, the student cannot
compare Electrochemistry and Corrosion classes
with and without the use of clickers to determine the
difference between the two methods. In this sense,
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the literature lacks comparative research with
classes that used and did not use this method of
learning (Hunsu et al., 2016).

The research also addressed whether
clickers allowed the students to self-assess their
knowledge in front of their classmates. Because
everyone's response is computed, the student
quickly gets feedback as to whether he/she
understands the matter along with colleagues. So,
the clicker system shows the entire class the
percentage of students that had hit/miss the
questions. This automatically led to a review of the
responses given and, as a consequence, to self-
assessment. Regarding self-evaluation, Figure 4B
shows that 26% of the students said they could not
self-assess using clickers. In turn, 44% of the
students stated that the use of clickers was useful in
evaluating self-knowledge in the classroom.
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However, 30% of respondents said that using the
clicker system did not increase their self-evaluation,
but did not repress it. The majority agreed that their
self-assessment  was improved. Kulatunga &
Rameezdeen (2014) had already reported this
positive student perception when applied to their
Built Environment course. However, in their article,
more than 80% of the students held this view.

In summary, the main goals of the use of
clickers in this course, were the practicality and
dynamism that these devices offer. We can see these
data clearly in Figure 5. There seems to be a
consensus in the literature concerning these two
points as reported by students that, in general,
electronic classroom response systems are highly

accepted, promote dynamism and encourage greater
participation among students (Bartsch et al., 2011).
These characteristics were reproduced in this
chemical engineering course. However, it is not easy
to correlate the effects prompted by the use of this
resource with better performance by the students in
terms of acquired knowledge (Summerville et al.,
2017). In our results, this is expressed by the
difficulty of students in recognising other factors
directly correlated with an increase in performance
or learning. However, our results show that at least
40% of the students recognised that their learning
processes benefited. These data are motivators for
the continuance and improvement in the use of this
technique in this course.

Score of clickers use in eletrochemistry and corrosion
course

80%
70%

60%

0%

Practicality Dynamism Efficiency

50%
40%
30%
20%
10%

Improvement Improvement Improvement
of resolution of of learmning of the
doubts knowledge self-

analysis

Figure 5. Clicker use scores in the electrochemistry and corrosion course.

In an open question, students were asked
about the positives and negatives of using clickers
during the course. Selected answers are given in
Table 2. It is interesting to note the students'
perceptions of the positive points that reinforce those
already known about the use of clickers: tools for
reviewing material, detecting learning failures, giving
immediate feedback and increasing participation and
motivation during classes. In short, as positive points
in agreement with the literature, clickers were found
to be innovative and creative educational tools that
provide greater efficiency in learning, since they
require prior study of the class content and increase
the participation and motivation of the students in the
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classes, making it possible to identify questions they
may have and the difficulties they are experiencing
with a certain subject (Rana et al., 2016). On the
negative side, students reported the problem of
students who are not serious about their studies
because they cannot be identified. These may hamper
the smooth running of classes as well as result in
errors in teacher and student assessment of content
learning. Despite greater motivation, students also
reported problems with discussions unrelated to the
course content. However, this was not viewed by the
teacher as an important issue, since it was easily
controlled.
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Table 2. Main positive and negative aspects of using clickers in the Electrochemistry and Corrosion course as
reported by the students.

Positive points
v Appropriate methodology for
reviewing the material
v Detection of points with learning
difficulties
4 Immediate feedback of knowledge
v Increased motivation in class
4 Increase of interactivity between
teacher and students

Negative points
v Students who do not know the answer
make random choices
v Tumult in class during the distribution and
collection of devices
v Students who are not serious and cannot
be identified
v Allow parallel conversations not related to
the subject taught hindering the dynamism of the
class

Finally, the students could make
suggestions. One of them was to insert the ‘I do not
know’ option in response options. For true/false
questions, it appears that such an insertion would
depend on changes made in the software. For
multiple-choice questions, it is indicated in the
literature that the ideal number of these alternatives is
three or four(Bruno et al., 1995; Rogers et al., 1999).

Paula Melo for their readiness and assistance in using
these devices during classes.
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