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(1) Ranking of sustainable attributes is higher in the  (ii) Almportance of sustainable attributes relative to
test condition; smaller value indicates higher other non-sustainable attributes is greater in the test
ranking. -H3 condition. -H5

(iii) Attention to sustainable attributes is greater in the test condition. -H4a and H4b

Figure 5.8. The presence of ST features increases ranking of, importance of, and
attention to sustainable attributes ("." p<0.1, "*" p<0.05, compare test A to control B;
error bars show *1 standard error).

The other hypotheses are not supported: the presence of ST features does not
increase the difference in AWTP between a sustainable and “normal” toaster (H2), and
the trust of a toaster's sustainability (H6).

5.4.3. Disaggregated Results

Nominal logistic regressions were applied to Choice for each pair separately.
Figure 5.9 depicts frequency of a sustainable toaster being selected, and statistical
significance, for each pair. It shows that H1 is strongly supported by the results from

Pair 3, which has a larger energy usage difference of 4 WH, vs. 2 WH in the other pairs.
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Figure 5.9. Nominal logistic regressions reveal that hypothesis H1 is strongly
supported by choice in pair 3 (“*” p<0.05).

To check if ST features lead to differences of Ranking, Almportance, and
attention (F'7% and FFC%) on individual sustainable attributes, detailed ANOVAs were
conducted on energy usage and shipping method, without aggregation across the two
attributes. For Ranking, shipping method is ranked higher (lower value indicates higher
ranking) in test (test vs. control: 6.4 vs. 7.3, p<0.05), while energy usage is not (test vs.
control: 3.7 vs. 4.6, p>0.1). Almportance is tested to be larger in the test condition only
on energy usage (test vs. control: 0.13 vs. 0.11, p<0.05). For gaze data, only shipping
method attracts significantly more attention in test than in control (%FT: 7.9% vs. 6.3%,

p<0.1; %FC: 8.3% vs. 6.3%, p<0.05).

5.5. Discussion
The experiment supports hypotheses H1, H3, H4a, H4b, and HS5: sustainability-
triggering features increase choices of a sustainable product, mean ranking of sustainable
attributes in the list of desired attributes to be revealed, gaze attention to sustainable

attributes, and importance of a product's sustainability in choices. Note that hypotheses
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H1 and H4a are only marginally supported at p<0.1 level. As the overall trends in the
data leaned towards the support of the hypotheses, it is possible that with the collection
of more data, stronger statistical significance could have been reached. Hypotheses H2
and H6 were not supported: there was no difference in WTP or trust in sustainability
claims seen with the inclusion of ST features.

Results on H1 suggest that ST features altered subjects’ choices towards more
sustainable products weakly, but might get stronger when the difference in actual
sustainability is larger. It is likely that even though ST features trigger customers to think
about sustainability, whether or not this ultimately affects choice is highly sensitive to
the context and details of the choice at-hand. The significance in Pair 3, which has larger
difference in actual sustainability, might also be due to burn-in effect; i.e., without
randomization of orders presented, the frequency of seeing ST features is increasing, and
the triggering of sustainability considerations might get stronger and stronger.

Positive results on H3 and H5 partially explain why the alteration in choices
happens: ST features increase importance of a product's sustainability in choices, and
lead subjects to seek information on sustainable attributes. In addition, the analysis on
gaze data corroborates the subjective importance rating and ranking, and demonstrates
that subjects in the test condition did pay more attention to sustainable attributes, in
terms of percentage fixation time (H4a) and percentage fixation count (H4b). The
disaggregated analysis of Ranking, Almportance, and gaze data (FT% and FC%) varies:
all of them show significant increase either on shipping method or energy usage, but not

on both. It indicates a potential opportunity to research how ST features affect customer
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evaluations on different types of actual sustainable attributes, such as sustainable
attributes that are in line with customers' benefits (e.g., lower energy usage), and those
that bring inconvenience to customers (e.g., being shipped by boat). Combining results
from information search (Ranking) in Step 3, tracking eye movements on a survey (F7%
and FC%) in Step 4, and attribute importance rating (Almportance) in Step 5 provides a
preliminary understanding about how subjects evaluate sustainable attributes differently
when ST features present or not.

Section 5.4.1 suggests hypotheses related to willingness to pay and trust are not
supported, i.e., when both toasters within a pair have ST features, no evidence shows
that subjects are willing to pay more for a sustainable toaster or less for a "normal"
toaster, or more likely to trust a toaster’s sustainability. For willingness to pay, it is
possible that ST features caused subjects to pay more attention to shipping method
(ranking and eye-tracking data support this), and then they also took the actual
transportation cost (e.g., being shipped by plane costs more than by boat) into
consideration. Trust rating on sustainability does not show significant difference across
conditions. It is not sound to simply stretch ST effect and state that ST features can
increase trust of a toaster’s sustainability. Unlike communication or thought trigger, trust
is a complex construct that incorporates multiple dimensions, such as cognition,
emotion, and behaviors [117]. Design for trust requires an understanding of social
elements and human subtleties of trust perception [118]. More effort is needed on

investigating design features to increase trust.
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This study could be furthered by conducting a follow-up study on Amazon
Mechanical Turk to test ST effect on choices with a wider range of customers. Two
versions of a survey could be designed. The only difference between the two versions is
that toaster images have ST features or no ST features. Similarly, energy usage and
shipping method will be two sustainable attributes, together with other basic attributes,
but energy usage will only include two levels, 14 watt-hours and 18 watt-hours, as
reasoned in Section 5.5, paragraph 2. To reduce anchoring effect on known price,
willingness to pay question will be presented as the first part of the survey, showing one
toaster image with attribute information at a time. To reduce leverage of shipping cost on
WTP, all toasters in this part are shipped by boat but vary on energy usage and other
basic attributes. Next, subjects will be prompt to make purchase decisions. Six pairs of
toasters will be provided instead of three, as it is difficult to find a pattern with three
pairs as tested in Study 3 reported here. Part three will examine what information
subjects would like to know for facilitating a purchase decision. A list of attributes will
be provided and subjects will be asked to select all the attributes that they want to know
to help them make a choice. Part four will repeat Step 6 on trust rating of Study 3
reported in this chapter. Finally, the same post-experiment survey, with new questions
on subjects’ perceptions of energy usage and shipping method regarding their

desirability and sustainability, will end the study.

5.6. Summary
Chapter 5 shows that adding ST features increases choice for a sustainable

product at a weakly significant level, but strongly increases the importance of a product's
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sustainability in a purchase decision and leads subjects to search for information on
sustainable attributes. In addition, eye-tracking data provides insights into how
sustainable attributes are evaluated when ST features present or not. Percentage fixation
time and fixation counts corroborate that subjects did pay more attention to a
sustainability-related attribute, shipping method, in the presence of ST features. Note
that generalizing focus on shipping method and energy usage to focus on sustainable
attributes relies on a premise that subjects think shipping method affects a product’s
sustainability, although this is a common knowledge to engineers and tested as accurate
in pilot studies.

This study indicates that communication features can cause customers to evaluate
other product features, and change choices, and illustrates some of the user research
methods being used to investigate this issue. The promising results demonstrate that
engineers can do more by linking engineering to both economic profit and
environmental impact, that is, design and engineering products in a way that could
increase purchases and decrease environmental impact. It will also encourage
engineering designers to design products not just for the customer’s final choice, but also
to shape decision context and the construction of preferences. A combination of different
user research approaches used in this study enriches the ways in which engineer

researchers can explore customer preferences during design.
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6. CONCLUSION

6.1. Summary

This research offers a wide review of findings from related fields, such as
customer decisions and product design, and three empirical studies that address
sustainable design by accommodating construction of preference proactively: tailoring
product features to trigger sustainable preference constructions and facilitate customers
to make sustainable decisions. Researching on the interdisciplinary problem for
increasing customer sustainability considerations via design, Chapter 2 conducts a
review in four areas, including creative design methods for conceptual phase, commonly
used sustainable design methods, priming and its application in design, and customer
decision making, which provides a foundation for understanding the background of the
three studies presented in the dissertation.

Study 1 in Chapter 3 investigates the priming effect on designing for
sustainability communications. Two exercises for priming designers with heightened
sensory perceptions and sustainability focus were introduced: in the form of a collage
activity and in the form of a simple questionnaire. In the collage exercise, subjects
(designers) arranged pictures of sponges on a two-axis diagram to indicate their
preference and opinion about environmental impact of each product, and also matched
28 sensory words, such as bright, harsh, smoky, and bland, with the product images. In
the simple questionnaire, subjects answered a short questionnaire to write about three
examples of things they have done to reduce their environmental impact and describe the

sponge or cloth they use at home to clean dishes using five senses. After priming, they
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all worked on the idea generation task. The proposed priming stimuli and two
benchmarks were compared to no priming stimulus. Results show that only collage
significantly increased the number of effective features and effectiveness of features as
judged by experts to trigger sustainability considerations. Furthermore, results rated by
AMT judges only support that collage outperformed no priming stimulus in the number
of effective features generated. Study 1 indicates that priming stimuli can be targeted to
achieve specific goals in the design process, beyond increasing the sheer number and
novelty of features. It is an effective way to attain a fast change in the frame of mind.
Specifically tailored stimuli might have potential to address challenges found in
academic and industrial situations.

Chapter 4 proposes Study 2 to examine the relationships between product feature
design and customers’ thinking upon interacting with the products during simulated
purchasing tasks. Three approaches have been employed to elicit customer stated
preferences, namely: make a consider-then-choose decision, write an email (or UDE),
and be interviewed about additional information that they want to know. Two raters
coded the email responses and interview data on if subjects mentioned ST features and if
they mentioned sustainability-related information. Analysis on the coding data show that
products with ST features could trigger customers to think about sustainability at the
buying point, and prompt them to use sustainability as a purchase criterion. Study 2
exhibits that UDE is a useful approach to capture customers' thinking in reaching a

choice, and the promising results provide a new perspective on engineering design:
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tailoring design features not only for final choices, but also for changing customer
thoughts and leading them to seek related information.

To go further step on how ST features affect individual choices, Study 3 in
Chapter 5 addresses ST effect in a more realistic situation, where a list of attributes,
including hidden information on actual sustainability, were provided along with physical
prototypes. Subjects were randomly assigned to conditions with ST features present or
not, while working on a list of tasks: make purchase choices, evaluate willingness to pay,
indicate attributes to know, rate attribute importance and trust on sustainability, and
answer surveys on an eye tracker, which captured how they focused on the sustainable
attributes. The results are encouraging. Specially-designed ST features increased
importance of a product's sustainability in purchasing choices and led customers to seek
related information, although the final choices were weakly altered to sustainable
options. The analysis on eye-tracking data supported that subjects spent more time on
and more frequently looked at sustainable attributes, which corroborated the prediction:
ST features caused subjects to pay attention to sustainability-related information.
Chapter 5 demonstrates potential marketing value of trigger features: communication
features can cause customers to evaluate related product attributes and change choices;
and illustrates some of the user research tools and methods being used to investigate this
issue, which are new to the engineering design community.

These chapters serve as an attempt of incorporating constructions of preferences
in engineering design, with demonstrated studies in the sustainable product design field,

where customer preferences are complex and difficult to capture. The promising results
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from this research will encourage engineering designers to design products not just for
customer final choice, but also for changing their decision context, and thus contribute
on shifting customer decisions to a socially desired direction, and bridging the gap
between engineering and marketing regarding product development. The work also
exemplifies the usefulness of a number of human-subject experimental approaches in

engineering design research.

6.2. Open Questions

A number of open questions are suggested throughout the dissertation for future
work. Chapter 3 identified and tested priming as a useful technique to support designers
in communicating sustainability. Potentials to improve and enhance this technique are
interesting work for future. Positive affective priming showed a trend to help
sustainability communication. It is possible that combining the proposed priming with
positive affective priming in certain ways could pose bigger lift in ideation for
communication purpose. Designers tested in this dissertation are all engineering students,
who are relatively novice designers, without knowing the purpose of the priming
activities. In real design activities, designers are sure to know the purpose of each
method or technique they use. How to use priming stimulus purposefully and apply the
priming technique tested in the lab environment to real industrial design remains a
challenge. Research on how to adapt one stimulus to another for different
communication purposes, such as communicate safety or luxury, would enhance power

and flexibility of this technique.
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Chapter 4 tested that ST features triggered subjects to think about sustainability
by pooling possible and definite sustainability mentions as judged by two coders.
Sustainability mentions, both mentions of ST features or non-ST features, were
significantly increased. In future, the author will extend Study 2 to investigate modeling
customer decision rules on using these ST features and sustainable attributes with
consider-then-choose task. A wide range of product attributes will be combined into
large number of profiles with a balanced orthogonal experimental design. Hundreds of
subjects from different backgrounds will be recruited. The population of current study is
limited to a small town in US, where most people have higher education, with relatively
higher sustainability awareness. The population and sample size limited the
generalization of the findings from this study. Decision making rules as discussed in
Section 2.5.2 will be modeled on the data.

The main contribution of this dissertation is to link engineering design with
consumer research by three successive empirical studies. However, the last two studies
regarding customer decisions were still conducted by collecting stated preferences in lab
environment. In future, the author plans to conduct field studies and further test the
effect of ST features with revealed customer preferences. Cooperating with
entrepreneurs, the author will manufacture commercial products with ST features, and
sell them in real market. How to trigger sustainability considerations is a factor of
interest, which will be tested with three levels (conditions): marketing messages to

advertise sustainability, ST features manufactured on products, and none. Several retail
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stores in different cities will be randomly assigned to one of the three conditions. By

analyzing seasonal selling records, ST effects in real market might be supported.
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