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1 INTRODUCTION

One of the key competencies for engineers and product designers is the ability to understand and deal
with paradoxes, often encountered in ill-structured problem situations [1]. But, how could we help
students develop this capability in an academic context, other than through problem-based learning?
This paper discusses a case where the paradoxes that emerged in the process of implementing a design-
centric engineering curriculum were used to educate students. The methodology involves combining
visual tools such as Rich Pictures and Giga-maps with sociological perspectives.
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Figure 1. Content and structure of the paper
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2 RELEVANT LITERATURE
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Figure 2. Literature pertaining to paradoxes in design and engineering education
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3 PROBLEM SITUATIONS
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Figure 3. Introduction of design-centric engineering in a public-funded technology institution in India
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Figure 4. Trend in attitude of second-year engineering students towards design and engineering

Figure 4 depicts the rising conflict in the minds of students since the start of the new curriculum. The %
students who said they “like engineering & design” declined from 64% in 2014 batch to 42% in 2017
batch. This decline is matched by increase in those who said they “like design, not engineering” (12%-
26 %) or “like engineering, not design” (18%-27%).

4 METHODOLOGY

This research has been carried out as part of a course “Sociology of design” from 2016 to 2020. The
course objectives include: (a) help engineering students understand how users make sense of products;
and (b) how organizational contexts and tools shape the design work. The course content, as shown in
Figure 5, includes an introduction to sociological theories such as Symbolic Interactionism and Actor
Network Theory (ANT), followed by an exposure to ethnographic methods and semiotic analysis.
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Figure 5. The content of Sociology of Design

One of the methods that is introduced to the students to capture the social aspects of a problem situation
is the Rich Picture. Rich Pictures are generally used to surface the worldviews of key stakeholders,
usually in small groups [2]. Another method is the Giga Map, which aims to capture the entire
complexity of a problem situation.
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This paper discusses a methodology that combines the ideas of Rich Picture and Giga Map. The rest of
the paper discusses the application of the methodology to the 2018 batch of approximately 330 students.
The first step involves encouraging students to draw a Rich Picture of their perceptions about design-
centric engineering. An example of a Rich Picture drawn by a student is shown in Figure 6. It captures
the individual’s changing attitude towards design (from 2018 to 2020), other perceptions that pervade
everyday talk, and the overall feeling (confusion).
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Figure 6. Example of a Rich Picture drawn by a student

In step 2, the students are asked to categorize the pictures into ten themes using an improvised form of
Giga-mapping. Figure 7 depicts the details of the methodology.
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Figure 7. Methodology to categorize and make sense of the Rich Pictures
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5 RESULTS
Figure 8 shows a word cloud of the keywords identified by students in step 3.
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Figure 8. Word cloud highlighting keywords captured by students after self-organized giga-mapping

Further analysis of the keywords and Rich Pictures revealed five themes: (a) “I am in the wrong place”,
(b) “My daily life appears to be stuck in a routine”, () “design and engineering are not compatible -
frustrating, confusing”; (d) “design and engineering are complementary and critical for innovation”, and
(e) “I would rather try to distinguish good design from bad design”. Themes ‘c’ and ‘d’ represent cases
where the students saw the paradox as “EITHER Design OR Engineering” (39%) or “BOTH Design
AND Engineering” (30%) respectively. In other words, for these 69% students, the 17% of credits for
design subjects appeared like 50% while 82% of credits for engineering also appeared like 50% as shown
in Figure 9. The fifth theme ‘e’ suggests cases where there is a potential reframing of the paradox (13%).
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Figure 9. The anatomy of the paradox
To encourage students to reflect on how their micro-interactions created this paradoxical situation, the

author synthesized the Rich Pictures into four scenarios using the theory of Symbolic Interactionism.
These are depicted in the rest of the section.
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Figure 10. Scenario A - where both social interaction and individual interpretation promote the conflict
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Figure 11. Scenario B - where the social interaction is positive while individual interpretation is open to
doubt. Will the success repeat?
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Figure 12. Scenario C - Where there is conflict between social interaction and individual interpretation

Design Faculty

@
. :%
e BN
Questions on Why & e '
What need iteratio O\/
& tmmersion /

We failed, but learnt a
lot about product
design and engineerin,

N

We developed some shared
symbols like 'A4 sheets'. Enjoyed
working together. There was
mutual focus of attention

There were moments
that were
transformational

Figure 13. Scenario D - an ideal case where both social interaction and individual interpretation lead to
a deeper reflection and learning from failure
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Using the above scenarios, the students were asked to reflect on the real meaning of design-centric
engineering. It was clarified that the 17% credits devoted to a set of design and entrepreneurship subjects
were to encourage engineers to become self-directed learners, immerse in a situation, explore the
unknown, experiment, take risks, learn from failure, and frame ill-structured problems in creative ways.
In other words, it is to encourage engineers to embrace the design pedagogy. Most students appreciated
this discussion and acknowledged its positive impact on their thinking and relating. A key takeaway for
design and engineering educators is that exploring the contradictions in design-centric education itself
can be a good way of helping students develop the capability to deal with paradoxes, especially when
dealing with large classes.

6 CONCLUSIONS

One of the key competencies for engineers and product designers is the ability to identify and deal with
paradoxes. This paper presented a case where the confusion that emerged in the process of implementing
a design-centric engineering curriculum was used to help engineering students make sense of design and
paradoxes. Students were encouraged to use visual tools such as Rich Pictures to articulate their
perceptions. The Rich Pictures and their analysis were used to trigger a collective reflection on the real
meaning of design-centric engineering education.
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