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Chapter 27 ®)
Design Thinking Instructions e
and Cognitive Processes

Apoorv Naresh Bhatt, Lavannya Suressh, and Amaresh Chakrabarti

Abstract In the era of the 4th industrial revolution, new jobs demand that the work-
force should have several essential skills such as problem-solving, creativity, critical
thinking and innovation skill. School education is the right time to impart these skills
in young children who are members of the future workforce. Literature shows that
several cognitive processes are at the core of these skills. These cognitive processes
are also mentioned to be at the heart of the design thinking process, justifying the
need for teaching design thinking process at the school education level. In the peda-
gogic context, the revised Bloom’s taxonomy defines 19 specific cognitive processes
and classifies these into six major categories. With the help of this taxonomy frame-
work, an attempt has been made to find the association between the instruction for
activities within the ‘IISC design thinking’ process (a specific process that aims to
optimise design thinking) and the cognitive processes. Results indicate that following
the above instructions while performing IISC design thinking activities enable most
of the cognitive processes recommended by Bloom, covering all his six categories.
This has the potential to support the development of higher-level cognitive skills that
are required for the twenty-first-century workforce.

27.1 Introduction

According to Merriam-Webster dictionary, skill is ‘a learned power of doing some-
thing competently: a developed aptitude or ability.” Unlike specific skills (e.g.,
factoring polynomials and solving square-root problems), skills like problem-solving
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and critical thinking are general skills because they are useful in acquiring a range
of cognitive, motor, and social skills [1]. Authors have reviewed various research
papers, international reports, as well as articles and identified the 21%-century skills,
which are essential for the workforce to have and be developed by students during the
education [2—6]. All the above sources are primarily emphasising creativity (ability to
produce a novel outcome), critical thinking (ability to analyze and evaluate informa-
tion), problem-solving (ability to choose means to reach toward a goal), adaptability
(ability to adjust to new conditions) and collaboration (ability to work together) skills
as essential skills. In addition, there is a coherence between the skills required from
a workforce and the skills needed to be developed by students. [7] noted that in order
to develop creative, critical, and innovative thinking, the required core skills are not
limited to remembering skills but also focusing, information gathering, organizing,
analyzing, integrating and evaluating skills [7]. Thus, school education is the right
time to inculcate those skills in young children who are the future workforce.

27.1.1 The Current Indian Education System

Current teaching and assessment techniques in the Indian education system empha-
size rote learning over meaningful learning. During teaching and assessment, more
importance is given to retention skills. Moreover, repetitions of questions throughout
exams indirectly hinder the transfer of knowledge to students. This leads to a lack of
inculcation of higher-level cognitive processes in children. According to the National
Education Policy 2016 (draft), Ministry of Human Resource Development, Govern-
ment of India, quality of the education imparted is a critical challenge in the educa-
tion sector [8]. In most cases, the assessment of learning achievement focuses on
memory-based learning and testing the students’ ability to reproduce content knowl-
edge [8] where more emphasis is given to the retention of explicit written instruc-
tions and leaves no scope for development of essential skills (i.e., creativity, crit-
ical thinking and problem-solving skills). Moreover, in the classrooms, learning is
receptive (where teacher demonstrates, describes or writes the teaching content and
information passes one way), and the assignments given ask students to work indi-
vidually. This inhibits the development of collaboration and communication skills in
students. The above discussion leaves the scope of assessing the current education
system and its effects on the development of different skills.

27.1.2 Design Thinking Process, Activities, and Instructions

Design thinking (DT) is the cognitive process from which design concepts emerge
[9]. It is an iterative process which involves identifying goals (needs), generating
proposals to satisfy the goals, and improving both the goals and proposals [10]. In
the previous work, the authors have described a design thinking model known as
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*Abstract process model, i.e.
IISC Design Stages  l|dentify-ldeate-Consolidate-
Select

*Systematic step by step
procedure resulting into
overall design process

Design activity Steps
within each stage

«Detailed information about
Instructions for how to collect and process
carrying out each relevant information and

design activity step how to produce intended
outcomes.

Fig. 27.1 IISC design thinking model: stages, activity steps and instructions

[ISC by analysing and combining various activities from existing models [11]. The
IISC design thinking model (developed at the Indian Institute of Science, Banga-
lore) consists of four broad generic stages: Identify, Ideate, Consolidate and Select.
Each stage is further divided into several activity steps. IISC design activities direct
students and that leads to the generation of solution. Each activity of IISC design
thinking has specific instructions which help students or learners to generate different
outcomes like a list of requirements, ideas, concepts and prototypes in an effective
manner (see Fig. 27.1). In previous work, the outcome produced by the students was
assessed by the experts, and mentors’ and students’ feedback were taken. The results
revealed the effectiveness of IISC design thinking as a useful tool for problem-finding
and problem-solving [12].

27.2 Elementary Cognitive Operations in Design

Various attempts were made to link steps/activities of DT phases with other theoret-
ical constructs. For example, by conducting a review of the literature [13], shown
how specific design thinking processes and tools help decision-makers to reduce
their individual-level cognitive biases, and to increase the potential for improving
innovation outcomes. [11] established the link between the DTP steps and their
potential impact on learning objectives and subsequently derived their favorability
to the learning approaches. Similarly, [14] established the link between the activities
of the design thinking process with the various constructivist learning principles.
On the one hand, design approaches help us produce a specific outcome in the
form of a product (artefact), process or service, which can be novel and have a social
value. On the other hand, performing design activities helps designers or learners to
acquire certain kinds of skills and instil a school of thought which may contribute
to the development of the twenty first-century skillset. From the literature, authors
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Table 27.1 Elementary operations in the design process

Elementary operations in the design process

See Observe Read Listen Interpret
Measure Remember Keep in mind Recall Speak
Explain Write Report Sketch Draw
Dimension Set up parts list Calculate Note, annotate Order, classify
Compare Combine Analyze Synthesise Abstract
Concretize Establish analogy Invert Induct Deduce

have tried to identify the skills/operations/mental processes that can be acquired
by performing design activities. Hubka and Eder [15] explained the structure of
possible activities in the design process, in which they argued that various elementary
operations are used in the design process (As shown in Table 27.1) [15].

Taylor et al. [16] developed a design education program to enable individuals to
acquire behaviours related to the following five ‘mental processes,’ i.e., (1) problem
solving, (2) creative thinking, (3) visual thinking, (4) group interaction, and (5)
communication skills [16]. Based on a review of top technologists, Halfin iden-
tified a total of 17 mental processes used by design practitioners. These mental
processes consist of the following: defining the problem or opportunity opera-
tionally, observing, analysing, visualising, computing, communicating, measuring,
predicting, questioning and hypothesising, interpreting data, constructing model and
prototypes, experimenting, testing, designing, modeling, creating and managing [17].
Further, Hill developed and tested a technique for assessing these mental processes
as used by students who participated in instructional learning activities in technology
education [18]. Similar kinds of work were found in the literature where the effective-
ness of technology education in increasing students’ cognitive abilities with respect
to problem-solving was evaluated by using Halfin’s code of mental process [19].

Authors, however, found the following issues in the Halfin’s code and definitions
of mental processes, as explained below:

e Many of the above that are currently described as mental processes (e.g.,
communicating) are skills and not mental processes.

e Many mental processes (e.g., defining a problem, constructing models and proto-
types, testing) are design activity steps rather than mental processes, and may
contain physical and mental processes to be carried out.

e Only afew of the processes (i.e., predicting and hypothesising) are non-compound
in nature. For instance, ‘observing processes’ not only stimulate the senses but
also ‘differentiate’ between relevant parts of a piece of information, and ‘retrieve’
and ‘compare’ knowledge from long-term memory that is consistent with external
information.

The above confusions created by the current use of overlapping terminology makes
it difficult to distinguish between basic and compound cognitive/mental processes
(which may or may not involve physical operations), and to investigate as to how
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these processes relate to and are supported by two systems of interest: the current
system of education and the broad activities of design thinking.

In order to resolve this, we propose a common approach for assessment of the
current education system as well as design thinking instructions, both using the lens
of cognitive processes proposed in the revised Bloom’s taxonomy. From a pedagogic
point of view, the revised Bloom’s taxonomy is a systematic classification for cogni-
tive processes. The revised taxonomy consists of six major cognitive categories (Viz.
remember, understand, apply, analyze, evaluate, and create) under which it defines a
total nineteen cognitive processes (viz. recognizing recalling, interpreting, exempli-
fying, classifying, summarizing, comparing, inferring, explaining, executing, imple-
menting, differentiating, organizing, attributing, checking, critiquing, generating,
planning, producing) [20]. The revised taxonomy is used heavily across the educa-
tion domain, and it is useful not only for aligning education goals, instructions, and
assessment but also for assessing student’s abilities [21].

The focus of this work, therefore, is to seek the relationships between these cogni-
tive processes and the two systems of interest: (1) the current teaching activities (in
the Indian school education context); and (2) the design thinking activities. The first
goal is to understand the extent to which the current school education promotes the
cognitive processes. The second goal is to understand the extent to which design
thinking has the potential to promote these cognitive processes. This study has been
conducted with the following objectives: (1) to understand as to how the questions
used in the test papers of Indian school-leaving examinations are associated with
(testing of) the revised Bloom’s cognitive processes; and (2) to understand as to how
the instructions used for carrying out design thinking activities are associated with
(promotion and practice of) these cognitive processes.

Based on these two research objectives, the following are taken as the research
questions for this study.

Research Questions

1. Do the questions asked in school-leaving examinations have the potential to
assess higher-level cognitive processes?

2. Do the instructions for carrying out design thinking activities have the potential
to promote higher-level cognitive processes?

In order to answer these questions, the definitions of the cognitive processes, and
test questions, and the instructions for [ISC DT were analyzed in detail. Then, each
question/instruction was mapped with the cognitive processes of the revised Bloom’s
taxonomy framework. As a rudimentary evaluation of the mapping procedure, an
inter-coder reliability test was conducted. The results and future work have been
discussed in the subsequent sections.
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27.3 Analysis of Question Papers

CBSE is the national board of education followed by a majority of the public and
private schools in India. There are approximately 21,000 schools in India and 220
schools in 28 foreign countries affiliated to the CBSE. The board exams conducted
annually for class 10 and 12 is a uniform mode of testing throughout the country.
As CBSE 10th board exams are conducted over a large number of schools, it is
appropriate to investigate the current status of school education by taking CBSE board
as a benchmark and analyzing the 10th class CBSE board science question papers
assuming that assessment questions are aligned with the curriculum and teaching
activities. A detailed analysis of these question papers and their curriculum has been
done to evaluate how these exams test a student’s brain. The questions in the CBSE
class 10, science papers from 2015 to 2019, were classified based on which cognitive
category it tests the brain. During the analysis, wherever required, the questions have
been divided into sub-questions for a more precise classification. For simplification,
association of marks/points with the questions has not been taken into consideration
during the analysis.

27.3.1 Key Findings and Inferences from the Analysis

The results of analyzing year-wise data have been shown below in Table 27.2.
Whereas number of questions in exams and associated cognitive categories and
processes have been shown in Fig. 27.2.

Following a comprehensive analysis of the question papers over the past five
years using the Bloom’s taxonomy on the cognitive dimension, it was found that the
CBSE questions covered mainly three categories: ‘Remember,” ‘Understand,” and
‘Apply.” There were very few questions that tested ‘Analyze,” and hardly any that tried
‘Evaluate’ or ‘Create’ categories. Based on the nature of questions asked in CBSE
board exams, the material provided by CBSE was looked into and the questions asked

Table 27.2 Results of analyzing year-wise data: Percentage of questions to test different cognitive
categories over five years

Category Academic year Average (Roundoff)
2015 2016 2017 2018 2019

Remember 32 35.7 32.6 37.5 31.3 34

Understand |46 40.5 48.8 479 479 46

Apply 14 19 11.6 8.3 104 13

Analyze 6 4.8 7 6.3 2.1 5

Evaluate 2 0 0 0 8.3

Create 0 0 0 0 0
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Fig. 27.2 Number of questions to test different cognitive categories and processes over the period
of five years

as exercises in the textbook, and the NCERT exemplar book (containing practice
questions offered by CBSE) were analyzed, so as to check the extent to which the
questions in these textbooks matched the questions asked in the papers. Based on
the nature of the questions asked in the materials provided by CBSE, three main
categories were created:

‘Exactly the same questions from study material’, ‘Similar to questions asked in
the study material (change in values, specifics)’ and ‘Unfamiliar questions’. Each
category of questions was analyzed separately and categorized to see the extent to
which the questions match with the CBSE provided material.

From the findings, it is clear that, among the five-year questions, the percentage
of precisely the same questions and similar questions from the textbook as well as
exemplar book was about 73% of the total questions. This shows that majority of the
questions asked were familiar to the student in some way before. According to [15]
if the assessment task is identical to a task or example used during instruction, one is
probably assessing remembering, despite one’s efforts to the contrary. Unless more
unfamiliar questions are asked, one cannot ensure that a higher level of cognitive
processes rather than remembering is being assessed.

Authors have also observed that some questions have a proxy/auxiliary (optional)
question, and it allows students to choose one question to attend out of two. Many of
these questions test different categories, e.g., even if CBSE asks questions that test
the application part of the brain, the students still have an option not to answer it and
answer the proxy question that is purely memory-based. So, between the students
who answered the application testing question and the students who answered the
remembering type question, both will be evaluated similarly for the given question.
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The findings indicate that the assessment questions hardly covered higher-level
categories like analyze, evaluate and create. Moreover, the presence of familiar ques-
tions might have encouraged students to focus on retention skills instead of on transfer
skills.

27.4 Association of the Design Thinking Activity
Instructions and Cognitive Processes

This study identifies the instructions of IISC design activities and the underlying
cognitive process. Authors have distinguished a total of 52 different instructions
covering all steps of IISC design thinking process which are used by a learner while
performing design activities. For the consistency and reliability, two authors have
comprehended the definitions and examples of the cognitive process dimensions
of revised Bloom’s taxonomy, and based on their understanding, they have tagged
each design instruction with the cognitive process and category independently. The
similarity report has been made with the percentage agreement of 81% as a result.

The document was made where the definition of each cognitive process is given
along with the example of design activity instruction. The example of each process
is shown in Table 27.3.

27.4.1 Results and Inferences

Association of instructions of IISC design thinking activities and cognitive processes
shows that out of 19, a total of 17 cognitive processes are mentioned in the Table
27.3 which covers all the six cognitive categories (Fig. 27.3). A significant number
of instructions cover the higher level of cognitive categories like analyze, evaluate,
and apply (Table 27.4).

Moreover, while mapping the instructions with cognitive processes, authors have
identified that:

Some instructions may associate with more than one cognitive process, and
one process usually occurs in conjunction with other processes, e.g., making an
analogy from any event/object is associated with comparing and inferring along
with implementing.

Though exemplifying and inferring processes are not tabulated, they are inher-
ently present in some of the instructions. For example, while observing any
process/person/object in a given habitat, one may anticipate the possibility of occur-
rence of a problem. The process of predicting a problem is nothing but inferring.
Thus, those instructions are implicitly associated with the inferring process.

As there are specific cognitive processes underlying the instructions which help
in generating design outcomes, the design thinking steps do not only help to produce
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Fig. 27.3 Design thinking instructions and associated cognitive processes and categories

Table 27.4 Percentage of instructions of design thinking activities that cover different cognitive
categories

Category Remember | Understand | Apply | Analyze |Evaluate | Create

Percentage of instructions | 13 27 8 27 15 10

outcomes that lead to a solution of the given problem but also can be used as a tool for
fostering different cognitive processes. Also, from the above discussion, we can say
that IISC design thinking process allows students to get engaged in different activities
that contain instructions of a higher level of cognitive processes. Performing which
learners may improve their higher-order cognitive processes and these processes can
lead to the development of skills which are requisite for the twenty-first-century
workforce.

27.5 Conclusion and Future Work

An attempt has been made to examine educational opportunities in India. This has
been done by analyzing the last five years of the CBSE board science question
papers and classifying them into cognitive categories defined by the revised Bloom’s
taxonomy. The results suggest that the test questions put a heavy emphasis on the
retention abilities and do not demand higher levels of cognitive categories which
may lead to the lack of development of skills like critical thinking, creativity and
complex problem-solving.
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The same taxonomy was used to identify the association between instructions
which are used in performing IISC design thinking activities and the cognitive
processes. The results show that attaining instructions while performing design activ-
ities enables most of the cognitive processes and cover all six cognitive categories,
which can lead to the development of skills. Given that students need to develop
higher-level cognitive processes to be competent, design thinking seems well suited
to prepare a twenty-first-century workforce. Therefore, teaching design thinking
should be an essential component of K-12 education system in India.

However, the work is still preliminary in that while overall results are encouraging,
there is a scope of covering more instructions which are present in IISC design
thinking process. In addition, the presence of the cognitive processes can be identified
by carefully observing and studying the learners’ activities while they are solving
design problems. Also, observation of these cognitive processes may also help in the
evaluation of the learners’ performance and corrective feedback.

The above results, even though found in the context of school education, are
likely to be similar to those in regular engineering and other graduate-level education
in India, where rote learning and descriptive content dominate. These will have a
consequent impact on the workforce.
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