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ABSTRACT: The permeation of computers in every aspect of human life has led to the recognition of the knowledge
of computers as a necessity. People in every domain are looking for automation of their tasks and solutions to their
problems through computers. It is therefore required that the generations to come are able to apply computational
approach to problem solving early on and hence to incorporate not only knowledge of computers but also
computational thinking in the curriculum at various stages in teaching-learning and a formal pedagogical device for it
would lead to effective imparting of knowledge in this domain. This paper discusses the pedagogical aspects of
Computational Thinking and drafts a pedagogical device for imparting computational thinking skills to the learners.
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I.  INTRODUCTION

Since computers have become an all-pervading tool to automate regular, repetitive tasks and solve complex,
voluminous problems their use as a problem solving and automating tool cannot be overemphasized in any domain. All
problem-solving thus seems to have become a computer programming exercise, and knowledge of Computer Science a
basic skill.

The science that scientists and researchers developed drawing inspirations from natural processes now looks to be
taking the center stage and reversely motivating them to decipher natural processes as computational activities. The
complexities that the computer can handle, the speed and the accuracy of results act as inspirations to think of complex
natural processes as computational tasks and researchers have been successful in identifying even the Computer
Science behind Natural Selection by thinking computationally.

The idea of Computational thinking is that of a thought process involved in formulating problems and their solutions
so that the solutions are represented in a form that can effectively be carried out by an information-processing agent. [1]

Computational thinking (CT) enables bending computation to one’s needs and is becoming the new literacy of the
21st century. A structured pedagogical framework is therefore necessary to facilitate effective learning of
Computational thinking. The 2011 workshop of the National Research Council on Pedagogical Aspects of
Computational Thinking [2] has been a pioneering step in this direction and has raised several key points on the theme
to trigger research and formulation of structures in this direction.

This paper is an early attempt to deliberate on the issue of inclusion of CT as a pedagogical device. Section 2
discusses the principles of computing and computational thinking section 3 views Computational Thinking from the
pedagogical perspective, Section 4 provides a broad framework for the application of CT as a pedagogical device and
section 5 concludes the paper while stressing the possibility for further research in this area.

II.  PRINCIPLES OF COMPUTING AND COMPUTATIONAL THINKING

Computation is an expansive term that includes diverse tasks, concepts and techniques. Similarly, computational
thinking involves an extensive set of approaches and skills, with applications in several disciplines.

Computational thinking (CT) is an expression coined by Jeannette Wing [3] to describe a set of thinking skills,
habits and approaches that are integral to solving complex problems using a computer and widely applicable in the
information society. CT involves defining, understanding, and solving problems, reasoning at multiple levels of
abstraction, understanding and applying automation, and analyzing the appropriateness of the abstractions made. It
shares elements with various other types of thinking such as algorithmic thinking, engineering thinking, design

Copyright to IJIRCCE DOI: 10.15680/IJIRCCE.2015. 0311104 11682



IJIRCCE)
ISSN(Online): 2320-9801
ISSN (Print): 2320-9798

International Journal of Innovative Research in Computer
and Communication Engineering
(An ISO 3297: 2007 Certified Organization)
Vol. 3, Issue 11, November 2015
thinking, and mathematical thinking and as such, draws on a rich legacy of related frameworks as it extends previous
thinking skills [4].

These elements of computational thinking, common to different scientific thinking domains are represented in Figure
1.
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Figure 1: Elements of computational Thinking
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The Great Principles of Computing, according to Denning [5] are: computation, communication, coordination,
recollection, automation, evaluation, and design. These seven principles form a foundation that is useful to recognize,
organize, and categorize instances of computational thinking and build a framework that can translate computational
thinking to contexts outside of Computer Science [6]. Figure 2 depicts these seven principles.
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Figure 2: Principles of Computing

The principles of computing find application in computational thinking, and computational thinking finds
applications in solving complex problems in several disciplines including in contexts outside of Computer Science. As
mentioned in [1], Computational thinking for everyone means being able to:

e Understand which aspects of a problem are amenable to computation,
Evaluate the match between computational tools and techniques and a problem,
Understand the limitations and power of computational tools and techniques,
Apply or adapt a computational tool or technique to a new use,
Recognize an opportunity to use computation in a new way, and
Apply computational strategies such as divide and conquer in any domain.
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It is to aid the development of computational thinking skills that a pedagogy interweaving the above functions with the
principles of computational thinking is necessitated.

. COMPUTATIONAL THINKING: APEDAGOGICAL PERSPECTIVE

Development of thinking skills has been identified as a necessity for classroom teaching to ensure that the students
do not merely turn out to be data repositories but are able to make effective and intelligent use of the data or
information at hand. Mike Fleetham [7] has set forth the necessity of imparting thinking skills in order to meet the meet
the demands of the evolving world that needs more and more problem solvers, decision makers and innovators.

A pedagogic device is described by Bernstein as the ensemble of rules or procedures via which knowledge is
converted into classroom talk, curricula and online communication [8]. Bernstein [9] identified three main fields of the
pedagogic device, namely, the field of production, recontextualization, and reproduction. These fields are hierarchically
related, in that, recontextualization of knowledge cannot take place without the original production of knowledge, and
reproduction cannot take place without recontextualization. Recontextualisation is a process that extracts text, signs or
meaning from its original context in order to establish it into a different context [10].

Bernstein’s ontological position can be interpreted in a number of ways [11], and the following interpretation is one
such version.

In the context of Computational Thinking, the original production of knowledge is consequent from Computer
Science, it is the recontextualization field that CT needs to focus so as to facilitate development of Computational
Thinking as a pedagogical tool. The idea is to introduce thought processes that parallel a computer’s processing and
enable students to be lifelong learners and incorporate computing tools.

The Knowledge Production field for Computational Thinking includes processes and competencies from Computer
Science. The Recontextualization field involves integration of the computational theories, concepts and processes with
fields in which these could be applied i.e. extraction of text, symbols, concepts, theory and meaning from Computer
Science to introduce it into another subject or context. The reproduction field includes specific instructional and
regulative discussions at different levels and in different contexts.

Iv. FRAMEWORK FOR COMPUTATIONAL THINKING AS APEDAGOGICAL DEVICE

The authors in [12] have defined a conceptual framework to be ‘a coherent system of concepts that flow from an
objective’. To devise a conceptual framework for CT as a pedagogical device, the source objective is to ideate
components that could provide a systematic direction to acquire and apply CT skills to different problems. While
incorporating CT as a pedagogical device, as stated in [13] the objective is to discover better ways of envisioning the
potential for CT across all disciplines and find ways to facilitate learning across and between these disciplines so that
students can be provided with the skills they need to solve current and future challenges. The need is to help computer
science professionals demystify their terminology to make it more widely understandable and inclusive, help teachers
find ways to integrate CT knowledge/skills with their current knowledge and practice, present ideas and materials in
terms/contexts that teachers will be comfortable with, and to communicate with educators using the
language/terminology  that is common in the educational environment.  Studies such as
[14][15][16][17][18][19][20][21] on application of CT as a didactic instrument and on planning the framework for CT
as a pedagogical equipment reflect steps in this direction.

Computational thinking facilitates new ways of seeing existing problems. It does this by emphasizing creating
knowledge rather than using information, presenting possibilities for creatively solving problems [22] and facilitating
innovation. Computational thinking has also been described as the use of abstraction, automation, and analysis in
problem-solving [1].

With the above objectives and concepts, an attempt is made to frame a conceptual pedagogy around the aspects of
Computational thinking described in [1],

Imparting Knowledge of fundamental concepts and principles of Computer Science, types of computational
problems, computational tools and techniques, problem solving, and abstraction is a pre-requisite.

o ldentify patterns in the problem, and divide the problem into sub-problems then find out which of these could

be solved using computational techniques. (ldentification).
o Learners should have knowledge of computational techniques and where these could be applied.
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e Evaluate the match between computational tools and techniques and a problem. (Abstraction).

o Learners should be able to map the problem to be solved and the techniques to be applied in the

context of the problem at hand.
e Understand the limitations and power of computational tools and techniques. (Analysis).

o  Students should be able to find out to what extent a problem could be solved using the computational

techniques/tools.
o  Apply or adapt a computational tool or technique. (Automation).

o Scholars should be able to solve the problem using computational tools/techniques and computerize

the solution to the problem.

e Apply or adapt a computational tool or technique to a new use, and Recognize an opportunity to use

computation in a new way. (Innovation).

o After acquisition of the above skills, the candidates could be expected to be able to apply

computational tools and techniques to new problems.

An illustration of the pedagogical device for computational thinking (PDCT) is given in figure 5.
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Figure 3: A pedagogical device for Computational Thinking

V. AN ILLUSTRATION OF APPLICATION OF THE DEVICE

The proposed pedagogical device is applied in the following text to a problem picked from the topics of the middle
school curriculum of Indian schools. The operation of the proposed pedagogical device could be refined further to suite

practical implementation.
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Problem: Identifying herbs, shrubs and trees.
The students are expected to learn the characteristics of different types of plants and distinguish between them and then

having understood the distinguishing criteria, they should be able to identify the varied plant types. They should be able
to think computationally and apply computational techniques to automate the identification process.

E [ Identification
o
d The students, after having been made aware of the characteristics of herbs, shrubs and
;' < trees, and having been educated about basics of algorithms, decomposition and patterns
t could be taken to the school premises/garden to take notes on the foliage while applying
L computational thought
" \
R ( Abstraction
e
f, Learners should be able to chart out the steps to be taken for systematic observation and
n recording of data, to break down the problem of identification of the foliage in to sub
t sections, and to spot the patterns in the vegetation.
e
f Analysis
u
a < Students should be able to find out to what extent the identification of plant types could
: be done using the computational techniques. What criteria could be used to define the
, scope of identification as per the computational techniques.
a
t Automation
I
f] Students should be able to identify the plant types using computational techniques and
\ subsequently computerize the identification.
R (
e
p Reproduction and Innovation
r
3 After solving the plant type identification problem, the learners should be able to apply
u < the computational techniques to new problems.
C
t They could be given assignments to solve such problems independently.
i
0
n \

Educating the learners about computational techniques and thinking computationally would equip them with a skill
to find easy solutions to problems using computers. In [23], the researchers have proposed a framework for integration
of computational thinking in the context of higher education and have illustrated examples of how computational
thinking can be taught in a variety of Liberal Studies courses.
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vl.  CONCLUSION AND FUTURE WORK

The objective of imparting Computational Thinking skills is to equip students with the ability to generate
computational solutions to problems.

Computational thinking skill as per its advocates will have to be developed like other basic skills of Language and
Mathematics. Attempts to formulate the pedagogy for integrating computational skills in school and college education
are already on. It is still some time and research though, for it to become a full-fledged discipline. CT however has
already been incorporated in the curriculum of some universities [24][25][26][27][28] and is recognized as an effective
pedagogical device [2]. Formal structures for pedagogy for CT are needed to have CT recognized as a basic skill
universally till it becomes an integral component of the subjects in which it finds it utility.

The proposed device is expected to act as a guideline for designing Computational Thinking instruction and is
groundwork for outlining a structured approach to CT teaching and learning. Each of the components of the device
could be further elaborated upon in the context of specific application domains. Use of computational perspective to
edify a wide range of subjects has been a focus of study in academic circles, some of these include
[29][30][31][32][33][34]. The incorporation of CT as a pedagogical tool would provide a formal base for building
subject based teaching tools for problems that can be solved using computers.
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