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Abstract:Critical thinking is a learned skill that
requires instruction and continuous practice.
Engineering education instructor's levels can enhance
students' critical thinking skills by using instructional
strategies that actively engage students in the learning
process rather than relying on lecture and rote
memorization, focusing instruction on the process of
learning rather than solely on the content on theory of
Internet Of Things (IOT), and using assessment
techniques that provide students to develop a
prototype with an intellectual challenge rather than
memory recall. Several barriers can impede critical
thinking instruction. Lack of training, limited
resources, biased preconceptions, and time
constraints conspire to negate learning environments
that promote critical thinking. However, actively
engaging students in project-based or collaborative
activities can encourage students' critical thinking
development if instructors model the thinking
process, use effective questioning techniques, and
guide students' critical thinking processes. The
examples provided challenge instructors to think of
students as users of information rather than receivers
of information. Results and evidences are shown
where the students and faculty have engaged in a
collaborative work for building an 10T device for
various applications.
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1. Introduction

Critical thinking skills are important because they
enable students to deal effectively with social,
scientific, and practical problems. Critical thinking
students who are able to think critically are able to
solve problems effectively. Merely having knowledge
or information is notenough the most important part is
to design an innovative project which can inculcate
the process of learning and to be effective in the
workplace (and in their personal lives), students must
be able to solve problems to make effective decisions
which they must be able to think critically in designing
or developing a project on IOT[Synder et al.,
2008]&[Foshay et al., 2003].
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Figure 1: shows the sequence of critical thinking
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In the above figure 1, it clearly describes about the
behaviour where students and faculty must poses to
solve problem critically the first thing is reasoning,
evaluating the data or any analytics, problem solving
skills, decision making and analysing this process can
be done as individual work or a collaborative
work/group work. The below table 1 shows the
relationship between critical thinking attributes,
teaching/learning activities and challenges for critical

thinking

Critical Teaching/Learnin | Challenges for
Thinking g Activities Critical Thinking
Attributes
Look for Use multiple case Examine students to
multiple studies, programs, generate m  ultiple
answers, examples that opinions, views,
elucidations, | illustrate variation, | solutions,
opinions, comparison and investigation in
options, connection projects/assignment
solutions S
Evaluate Taking risk (by Give feedback
assess implementing (every day, every
concept, various strategies to | week) but the
planning, design an 10T process to be
methodology | project) continuous to make
, solutions the students gets
satisfaction of what
they are doing
Independent | Inductive teaching Provide students
and creative | rather than with necessary
thinking deductive teaching | information and
data or material for
which they can
identify the problem
and give various
solutions

2. Strategiesto Think Critically

There are various strategies to think critically and
most of this work may or may not be only individual
role but can be seen in group course work/ project
work in collaborative manner.

Continuous discussion between faculty and
students

Analyzing the problems through case studies and
providing necessary solutions

Reading lecture material and referring to research
articles from reputed journals

Use of software's to trace and track problems
wherever encountered in designing and building
files

Summarizing the concepts gathered from the date
of project given

Identifying the types of components to be used and
to list the working principles of those components

Asking question between different groups and
teams members

Resources/materials/data sheets to be used for the
products

Enumerate the possible aspects of outputs and
results

Instructors need to show some involvement when
the students get stuck completely and making them
to understand the situation and showing ways to
rectify the problems in their projects for real time
applications.

Online/offline mode of discussion between
students-student's interaction, faculty-student
interaction etc.

Self-correctness for identify, analyzing and
summarizing between theoretical and practical
concepts.

Should poses the caliber to manage time using
GNATT chart, PERT-1 chart, and PERT-2 chart or
must take advice from guide or supervisor for time
management between regular classes and project
works (mini and major project).

3. How to ask the right questions

Asking the Right Questions: Critical thinking is
best supported when instructors use critical
guestioning techniques and demonstrating the live
projects on 10T to engage students actively in the
learning process.

Sample questions from all these studies include the
following:

What do you think about this?

Why do you think that?

Whatis your knowledge based upon?
Whatdoes itimply and presuppose?

Whatexplains it, connectstoit, leads from it?
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How are you viewing it?
Should it be viewed differently?

These questions require students to evaluate the
clarity and accuracy of their thinking as well as the
depth and breadth of their thinking. Have they
considered all the alternatives? Do they know why
they think the way they do? Students need to
determine whether the content they are using is
relevant and if their thinking process is logical. By
guestioning their thought process, students can begin
thinking about their thinking. Research on
guestioning methodology also suggests that
instructors should wait for student responses too often
the students' silence is filled by the instructor re-
wording the question or asking a different student for a
response. However, most students need at least 8 to 12
seconds to process and formulate their response,
especially in critical thinking situations. If a question
is based on rote memory recall, speed may be relevant;
however, thinking requires time and patience. Give
students the time they need to think critically.
[Yearworthetal.,2013]

The 21st century skillsinclude
Personal and social responsibility

Planning, critical thinking, reasoning, and
creativity

Strong communication skills, both for
interpersonal and presentation needs

Cross-cultural understanding
Visualizing and decision making

Knowing how and when to use technology and
choosing the most appropriate tool for the task

4. Sequential Process of Critical Thinking

Thinking critically improves the ability of students
to think independently and can get the level of
confidence to develop their own real-time projects
where they can implement hardware and software in
classroom and in practical labs. Inacompetitive world
critical thinking allows engineering students to
analyse their projects in real time applications such a
manner that will help the society, environment and
sustainability.

JEET

Methods Used to Teach Critical Thinking

82%

66%

51%
& i
37%
I i :
Group Discussion Case Studies  Reading Questions Online Discussion Other

Figure 2: shows the methods used to
teach critical thinking.

For more about critical thinking refer [Daniel,
2007] to why it is hard to think critically. Thinking
critically is not only for students but faculty too need
to develop their own learning styles to think critically
it's not just ordering the students to develop but too
faculty must pose to think critically, to learn there are
several websites where student/faculty can find help if
they want to change the focus of any course to make it
more thinking skills [Diane, 1999] based. Many of
these sites are administered within individual
disciplines. In engineering education for electrical
components and principles (IOT applications) these
websites are best suited as per my knowledge
“electricaldyou” and “ieeexplore” these websites
must be registered by the engineering institutions
where students and faculty can get benefit out it and
can explore their ideas, thoughts to make any course in
engineering par with excellence where finding a
problem becomes simple task and analysing different
levels to solve that problem. It contains learning
activities designed to help students think critically
about issues in the respective field of engineering
education as mentioned in IEEEXplore journals and
electrical4you websites.One recent example from this
site provides instruction in the use of analysis and
experimental skills; critical thinking skills are applied
to course content, with explicit instruction in both the
skills and the content. Other teaching materials,
including syllabus, course contents, reading page
numbers, course materials, lecture-notes,
demonstrations, references, books and learning
activities.
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5. Results and Evidences

For designing an 10T application students worked
in collaborative manner for long hours without having
any basic background on programming, designing
and compiling projects on their own. Whenever the
students stuck in any problem faculty involvement
plays an important part for finding out the solutions
hence the results and evidences for designing projects
collaboratively and thinking critically are shown
below:

Figure 5: shows the various components tools
required for building, designing, analyzing the
10T project [Syed et al., 2017].

Figure 3: shows the students finding out different
ways to rectify problems in project.

Figure 6: shows the complete work on IOT project
on designing an obstacle detection robot using
Bluetooth and ultrasonic sensors [Syed et al., 2017].

6. Conclusions

The major goal for engineering educators who
want to instil critical thinking skills in their
classrooms is to think of their students not as receivers
of information, but as users of information. Learning
environments that actively engage students in the
investigation of information and the application of

Figure 4: shows the collaborative work knowledge will promote students' critical thinking
between students and faculty assisting skills. In engineering education any skill, critical
students to avoid problems. thinking requires training, practice, and patience.
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Students may initially resist instructional questioning
techniques if they previously have been required only
to remember information and not think about what
they know. They may struggle with assessment
guestions that are not taken precise from the book.
However, by encouraging students throughout the
process and modeling thinking behaviors, students'
critical thinking skills can improve. The effortis worth
the reward students who can critically think for
themselves and solve real-world problems [Snyder et
al., 2008].
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