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Abstract
Neurophobia is a term coined to describe university students’ fear of neuroscience, which negatively affect learning. The
implementation of new technologies in higher education, such as new response systems, provide an opportunity to improve
neurosciences learning and teaching by engaging students. However, most response systems rely on student devices such as
clickers. The aim of this study is to illustrate the application of a new digital application for collection of real-time formative
assessment data in higher education. Results of this study support the utility paper-based response cards to foster engagement and
active learning in higher education, even with complex neuroscience topics, providing real-time formative assessment data
without the need for student devices.
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Introduction

Technological applications have transformed our lives and are
increasingly taking place in higher education enhancing the
learning and teaching process between professor and students
[1–3]. Furthermore, it has been reported that most professors
agree that expanding educational opportunities can be ad-
dressed through the use of technology [4–7]. Unfortunately,
most of them fail to implement those advances in their daily
classes.

Today more than ever is necessary reinvent the traditional
classroom lecture. In fact, there is increasing pressure in
higher education to promote students’ engagement and partic-
ipation during the lectures instead of just delivering content.
This is specially so, for students who are digital native or
millennials and for professors highly motivated to get students
more engaged in a meaningful interaction [8].

The new developments in digital technologies provide an
opportunity to tackle this challenge. For example, the use of
classroom response systems, which consist in any form or
technology that provides an opportunity to collect students’
answer then visual or graphically displayed to provide feed-
back, is based on the assumption that effective teaching is
directly related with the students’ total opportunities of active
engagement in class [9–13]. Therefore, the use of technology
in class may expand the opportunities of engagement and
active learning moving from traditional interaction focused
on raising-hands to more interactive technology-based class-
room response system such as the use of clickers [14–17]. In
fact, providing every student with opportunities to respond
may be considered an effective instructional approach for pro-
moting learning. In fact, effective learning and teaching are
directly related with the students’ total opportunities of en-
gagement and active learning [18–20].

The most extensive classroom response system is clicker, a
small device that beams a radio-frequency signal to a receiver
attached to the professor’s computer, allowing students to be-
come an active element in the lecture, and professor to track
their progress based onmultiple-choice questions [14–17, 21].
These go beyond typical recall questions for facts, and may
include conceptual understanding questions, for example, ask-
ing students to classify, match characteristics with concepts,
select the best explanation for a concept, or may include com-
plex application questions, asking students tomake a choice in
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a particular scenario, connecting contents with Breal-world^
situations, among others [18, 22]. One of the key features of
clickers is the anonymity in the students’ response, so even
introverted or shy students who may fear to be judged by peer,
can easily express their opinion and increase their
participation.

However, clickers rely in one device per student, which can
get relatively expensive in large classes. Plickers is a relatively
new classroom response system which is intended to also
provide immediate questions and feedback in class by using
Bpaper-clickers^. Unfortunately, this application has mostly
been used in primary and secondary education [23], and tis
utility in higher education remains unknown, in particular,
when teaching in relatively large classrooms while teaching
complex subjects such as neurosciences, based on the univer-
sity student’s fear of this field across countries [24].

The aim of this study is to illustrate the application a paper-
based card responses system in neuroscience higher educa-
tion, as an opportunity for improve formative learning, in-
crease interaction and foster active learning in class.

Methodology

Participants

Amedium class of the first year of the Degree inMedicine and
a class of the second year of the Degree in Psychology were
selected. Each with an average of 40 students each.

Instruments

Among all the potential applications, we selected Plickers,
which can be downloaded from App Store for Apple devices
or Play Store for Android devices. Its toolbar includes the
following tabs: First, Blibrary ,̂ where you can create ques-
tions to foster active learning, which can be stored and classi-
fied by classes; Breports^, to check students’s performance;
Bclasses^. BLive view^ shows, in real time, the questions
and answers being recorded. Finally, Bcards^, which basically
consist on four-sided QR codes, one by student, ready to be
printed and used by students to answer the questions asked
(Fig. 1).

Design and procedure

An exploratory cross-sectional descriptive study was
conducted.

First, the class roster is entered by the professor via the
web-based application. Each student is assigned a unique
number or name. Similarly, multiple-choice questions are di-
rectly typed in the web application, indicating the correct an-
swer. Survey questions are also allowed, where no correct

answer has to be identified. For example, to explore the per-
ception of utility with the application. Then, the response
cards are automatically generated by the application, ready
to print in paper. Each response card consists on a four-sided
QR code, one by student, used to answer the multiple-choice
or survey questions which were displayed in class using a
projector. Each response card contains the identification num-
ber or name for each student and the four answer options in
small print to avoid been detected by peers.

When the question is displayed, every student holds their
response card with the selected answer option (A, B, C or D)
upwards. Then, the professor scanned the QR codes of all
students simultaneously using the camera of his/her
smartphone or table via the Plickers application.

While scanning, student responses are instantly detected by
the web-based application and frequencies are displayed in
real time as a bar below each answer option below the corre-
sponding text, allowing both, professor and students professor
to explore the degree in which students agree or not with each
option for each question. The color code is as follows: green
for right answers, red for wrong answers and blue, when the
questions are set as survey, instead of multiple-choice ques-
tions. In addition, while scanning, the professor can privately
see the name or identification number of every student and
check if the answer is correct (coded in green) or not (coded in
red).

After the scan, student responses are displayed in real time
in a graphic bar below each answer option, so both, students
and professor can explore the distribution of responses among
the potential answers and keep track of which student has not
answered yet. When the evaluation includes survey questions
the color for answers is coded in blue. Furthermore, students
could change their answers, and only the last choice is record-
ed after scanned. In addition, results are shown in real time on
the professor smartphone or tablet, who controls if it is
projected or not on the screen for the classroom.

Finally, as a precautionary measure on the part of the pro-
fessor who is evaluating the students, if the results of the
different questions are projected on the computer of the class,
it is very important to always close the session (sign out), since
otherwise the professor leaves, the students could enter the
account and make any kind of modification. In addition, since
response cards have a code (number) associated to every stu-
dent, response cards should not be exchanged to keep track of
each student response.

Results

In sum, the small amount of time involved in showing the
multiple questions and scanning the response cards with
Plickers is outweighed by a number of benefits for promoting
students ‘engagement and more active learning (Fig. 2).
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First, anonymity creates a safer classroom, encouraging
student’s participation in class, since students’ responses using
card-responses are kept unknown for the rest of the class,
removing peer pressure for expressing their opinions even
with sensitive ethical, legal, and moral questions, avoiding
peer critiques or judgements. Furthermore, responses are
displayed grouped by answer choice, so even if it is wrong,
the responsibility of answering wrong is diffused and may
even increase the bond between students during the learning
process.

Second, it offers a digital feedback system in real time, so
the professor has the opportunity to poll and visually track the
degree of comprehension or misconceptions about complex
neuroscience-related contents in real time, providing an op-
portunity to adjust or review the class. For example, the score
sheet (Fig. 3) displays distribution of answers among the dif-
ferent options, which helps to identify potential misunder-
standings based on wrong options highly selected. This means
that it would be necessary to adjust the lecture Bon the fly^ or
open class-wide discussions, which can be a challenge for
some professors.

Third, the use of paper response-cards, provide an op-
portunity for breaking, the monotony of traditional class,
even in classrooms with a large number of students, in-
creasing interactivity, without rely on expensive clicker de-
vices, minimizing the costs, addressing some of the major
drawbacks of previous response systems, economic costs
and complexity. This is particularly important when teach-
ing complex contents in higher education to maintain stu-
dent’s attention during a lecture, since attention decreases
after approximately 15 min of passive listening, extending
the level of engagement for every student beyond the ones
that raise their hand.

Discussion

Plickers provides an opportunity to increase interaction with
students enhancing engagement and active learning at multi-
ple levels, ranging from keep track of attendance to formative
assessment by checking students understanding of key points
in class with the purpose of providing real time information

Fig. 2 Visualization from the
professor smartphone while
scanning students QR response
cards

Fig. 1 Example of paper-based
response cards used by students
(identified by the number) to
respond to the multiple choice
questions (alternative answers
corresponded with the small a, b,
c and letters) by holding upwards
the right alternative of answer
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about the learning progress to both, professor and students [8,
10]. This information can be used for revisiting or clarifying
some concepts in response to students’ feedback in real-time.

This is especially important in relatively large groups [9, 10,
18]. Indeed, this application becomes an instructional method
also in higher education [10–12, 22].

Fig. 3 Scoresheet with the distribution of selected answers for each item
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Even if learning outcomes do not directly improve, it pro-
vides opportunities for keeping the attention and flow of the
class needed for formative assessment. Consistent with previ-
ous studies, our students reported a positive reaction of this
application [11, 12, 24]. This response systems seems to in-
crease both, the level of engagement of the class in check their
students’ understanding of complex concepts related with
neurosciences [13, 25, 26].

The main drawback is the limitations of the free version.
The maximum number of questions per class is 4 and the
maximum number of students is 40. Number of responses
are forced to 4. An alternative open-source solution is needed
to overcome these limitations. Finally, it is important remem-
ber that technical problems can occur, and the utility of this
classroom response system is based on the effectiveness of
multiple-choice questions, which can be challenging to
elaborate.

Future research should explore the empirical support for its
use in controlled settings, measuring the impact of this re-
sponse card system by itself or in comparison with other ap-
plications. In general, other technology-based applications
mainly smartphones and tablets. This paper-based response
system represents a paper-based and cost-efficient alternative
to the use of traditional clicker response systems. It eliminates
the need for professors to collect student response data on
paper which are slow and can easily get lost [26].
Furthermore, students ‘responses are stored online so the pro-
fessor can get complete reports of students report to track their
progress and monitorize the progress of the class. Students
also can see the response results on the screen immediately
while keeping the answers anonymous.

Overall, the small amount of time involved in showing
the multiple questions and scanning the response cards
with Plickers is outweighed by a number of benefits for
promoting students ‘engagement and more active learning.
First, anonymity creates a safer classroom, encouraging
student’s participation in class, since students’ responses
using card-responses are kept unknown for the rest of the
class, removing peer pressure for expressing their opinions
even with sensitive ethical, legal, and moral questions,
avoiding peer critiques or judgements. Furthermore, re-
sponses are displayed grouped by answer choice, so even
if it is wrong, the responsibility of answering wrong is
diffused and may even increase the bond between students
during the learning process. Second, it offers a digital feed-
back system in real time, so the professor has the opportu-
nity to poll and visually track the degree of comprehension
or misconceptions about complex neuroscience-related
contents in real time, providing an opportunity to adjust
or review the class. For example, the distribution of an-
swers among the different options helps to identify poten-
tial misunderstandings based on wrong options highly
selected.

Conclusions

Overall, the use of this application provides an opportunity to
foster student’s engagement and active learning in neurosci-
ence education. It provides an opportunity to increase the in-
teraction with students enhancing engagement and active
learning at multiple levels, ranging from keep track of atten-
dance to formative assessment by checking students under-
standing of key points in class with the purpose of providing
real time information about the learning progress to both, pro-
fessor and students, so class adjustments can be implemented,
such as revisiting or clarifying some concepts in response to
the learning needs of the students, especially in relatively large
groups.

The incorporation into the classroom of innovative
teaching-learning methodologies, through the use of mobile
devices by students, favors and stimulates the process of uni-
versity education. These technological resources mixed with
active learning and assessment methodologies improve the
academic performance when the student submits to a contin-
uous evaluation of the knowledge that is acquired. Therefore,
the implementation of active methodologies requires good
planning to guarantee an inclusive space for students that al-
lows them to carry out their activities and express their knowl-
edge in a group and individual way.

One of the great advantages of this type of activity is that
the professor can detect the students who stand out most in
their learning compared to those who are slower; In this way
the professor can implement the strategies that he considers
appropriate to level the learning of the different students.
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