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Abstract
Designing engineering systems to minimize their environmental impact is a very complex task.
Little exists to guide designers in developing products that are integrated into users’ lives thus
reducing the overall environmental impact at the system level. A better understanding of user
behavior will allow this knowledge to be better integrated into more complex, system level
models. As an initial step, this paper seeks an experimental framework to identify important
parameters to be measured. For many products, the use stage is where most environmental
damage occurs. The factors that may influence or obstruct a person to behave in a proenvironmental way are complicated. It is critical to train our future designers on those factors to
reduce environmental impact caused by engineered systems. This paper reports an experiment
that tests alternative products to disposable plastic water bottles to answer several eco-friendly
design questions. The experiment determines whether certain eco-friendly products are more
successful than others are and why this may be the case. This research includes the testing of
four different products. Student participants receive one product each to use for a one-week
testing period and then return to complete two questionnaires. Surveys measure the success of
the product and the level of environmental consciousness through various scales. With the
understanding of various factors influencing the market success of environmentally friendly
products, a set of guidelines for the design of such products can be developed.
Introduction
The care of our environment is an ever-growing topic among people today and some choose to
act upon this concern, while others remain doubtful. Whatever the case may be, the push for a
more eco-conscious society is evident everywhere. Recently, more eco-friendly alternatives to
products have become more widely available to consumers. A certain pressure has been placed
on designers to produce products that are friendlier to the world we all live in. Sauer and
Ruttinger1 also comment that, “While environmental friendliness of a product alone is certainly
no guarantee for commercial success, research has indicated that ecological criteria are important
to the decision-making process of consumers.” It is important for designers and our future
engineers to understand that they can make a substantial difference in the world, just by
considering environmental implications in their designs.
While it is true that designers have a great opportunity to make a difference, it is important for
them to understand the psychology behind people and their interactions with the environment.
Environmental psychology is complex and the factors that may influence or obstruct a person to
behave in a pro-environmental way are complicated. A brief background on environmental
psychology along with the relevant research pertaining to design for the environment is
presented later in this paper.
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While there are many different types of pro-environmental behaviors such as recycling, using an
alternative form of transportation to reduce pollution, and supporting environmental legislation,
this research will focus on the pro-environmental behavior of using eco-friendly products. The
problem exists that environmentally friendly products are still not widely accepted and used by

consumers. There may be many reasons as to why this is the case. A common complaint of
consumers is that they believe the quality and functionality of eco-friendly products are not
acceptable compared to their non eco-friendly counterparts2. Another possibility is that people
may have psychological barriers that prevent them in taking the necessary steps to take action3.
This paper takes the view that many other factors are likely to influence users’ acceptance.
This research will analyze several products and attempt to determine the factors that influence
their use with consumers. With these factors, certain design principles relevant to eco-friendly
design can be developed. Product designers will be able to use these design principles to create
eco-friendly products that consumers enjoy and are more willing to use in their daily lives. More
importantly, these principles can be included in our design courses so that our future generation
of engineers can create more environmentally friendly engineering systems.
Background
Environmental Psychology
The study of environmental psychology is an important research topic within the field of
psychology and deals with the interactions between people and their environment. It has been a
widely researched topic, but only recently has this science been applied to engineering design.
As stated previously, a possible reason why people do not accept eco-friendly products is
because they have psychological barriers that prevent them from even taking the first steps to
using the product. People are unaware of the problem, unsure of what to do, do not trust experts
on climate change, think the problem does not apply to them, are fixed in their ways, or believe
their actions will not make a difference3. Whatever the case may be, in order for a person to lead
a more eco-friendly life, they must learn to break their environment damaging habits and change
their behaviors.
The motivation to change behaviors can be influenced by many psychological drivers such as
needs, wants, goals, values, ideologies, beliefs, attitudes, worldviews, perceptions of prescriptive
and cultural norms, and identification to nature3. A very large amount of research addresses
influencers of pro-environmental behavior and there has been debate over whether a positive
environmental attitude leads to pro-environmental behaviors. One side claims that people who
have pro-environmental attitudes will thus exhibit pro-environmental behaviors such as recycling
and using eco-friendly products. Therefore, to create more eco-conscious people in the world, we
should change their attitude toward the environment. This theory seems very logical, but is a
quite outdated theory. Current research opposes this idea and claims that often there is a
disconnect between our attitudes and behaviors. This is referred to as the “value-action gap”4. So
if there is a gap between attitudes and behaviors, how do we get people to change their
behaviors? Many theories attempt to explain this phenomenon and give solutions to fix the
problem.
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There have been numerous models that describe the discretion between environmental awareness
and actually displaying pro-environmental behavior. A few of these models include early US
linear models, altruism, empathy and pro-social models, and sociological models5. It can be
concluded from these various theories and models that pro-environmental behavior is influenced
by many factors. The psychology behind a person’s decision-making is very complex and many

times not logical; so it is difficult to explain exactly why a person behaves as he/she does. Even
though the process of decision-making is complicated, there is a model developed by Dhalstrand
and Biel that describes a systematic process to changing poor environmental habits into proenvironmental habits6. They propose a series of sub-steps in behavior change so that a person
with a strongly established habit which is detrimental to the environment may develop a new
habit that is more beneficial to the environment. The steps include activation, attending present
behavior, considering alternative solutions, planning new behavior, testing new behavior, and
establishing new behavior. The results from their experiment demonstrate that an important first
step in behavior change is to realize that we should be responsible for our actions and exhibit
behaviors to protect the world we all live in. Once this realization is achieved, people may be
motivated in the process of changing their behaviors. Another important finding is that when a
new behavior is being tested and evaluated, the specific beliefs relating to the product determines
whether a new pro-environmental behavior forms6.
Designing for Behavior Change
Today, a substantial opportunity exists for designers to make a positive impact on the world.
Fuad-Luke7 emphasizes the importance of designers by claiming, “Designers actually have more
potential to slow environmental degradation than economists, politicians, businesses and even
environmentalists.” Designers must concentrate on the use stage of a product’s life cycle because
most of the environmental damage occurs there as a result of poor user behaviors8, 9. Fortunately,
research has shown that user behavior can be influenced through product design10.
Sauer and Ruttinger1 argue that poor behaviors during the use stage result from mismatches
between the user, product, and task. A functional problem occurs between the task and the
product so that the product does not contain the ecological features for the task. An efficiency
problem exists between the user and the product because the user does not know how to operate
an ecological feature on the product. The mismatch between the user and the task is known as an
effectiveness problem, which means the user does not know how to perform a task in an
ecological manner1. Elias et al.8 describe three strategies to increase the energy efficiency of
products used in the home. The first is consumer education where the user has access to
information about the environmental effect of the product on our environment and he/she
understands how to use it efficiently. The second strategy is product feedback, which provides
information to the user about energy consumption of the device, thus prompting the user to
change their behaviors accordingly. The final strategy is user-centered design, which analyzes
user behaviors and ergonomics to ensure that the product is used more efficiently8.
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A possible tool to aid designers in eliminating these environmentally erroneous behaviors is the
Design with Intent tool (DwI). This tool aids designers in developing eco-friendly products that
influence user behavior11. This method incorporates many of the theories described by
psychologists as well as designers from diverse backgrounds and translates them into applicable
design techniques. There are several “lenses” that correspond to the various views on behavior
change, and include architectural, error proofing, interaction, ludic, perceptual, cognitive,
Machiavellian, and security designs. These eight lenses help the designer to evaluate their design
problem from many different perspectives other than the ones they are typically accustomed to,
thus leading to a greater variety of solutions11.

Interaction design has become an important research topic in the world of environmental design
and has mostly been incorporated in the computer science industry, and is slowly being
introduced to product design. Here, the product-user interactions are studied so that the user’s
poor environmental behaviors can be identified. Once these behaviors are identified, the product
designer can develop interfaces within the product to lessen the chance that these poor behaviors
will occur. Oberender et al.10 illustrate this process through the redesign of a vacuum cleaner.
First, the environmentally relevant erroneous behaviors are found using the error-types and errorcauses-matrix as well as Eco-FMEA. A redesign of the vacuum cleaner is then developed so that
it includes a feedback device and the users consume the minimum amount of electricity while
vacuuming.
Another product developed to increase user awareness about electricity consumption is the
Power Aware Cord12. An important topic in eco-friendly product design is the awareness of
electricity we use every day. Electricity is sometimes a hard concept to grasp for people,
especially since it is invisible. Due to this, the creators of the Power Aware Cord have developed
a product that allows users visualize the electricity flow from their devices. The cord contains
electroluminescent wires that glow when energy is passing through it and the intensity of the
light changes as the amount of energy changes. The designers of this product hope that the visual
feedback display of energy will help to change user’s energy consumption behaviors12.
Applying these principles of environmental psychology on product design, designers can develop
eco-friendly products that are also widely accepted by consumers. The following sections briefly
describe research pertaining to the topic of designing for behavior change.
Method
For this experiment, four eco-friendly alternatives for disposable plastic water bottles were
chosen and tested by participants. Each participant was given one product to test for one week.
After this one week of use, they completed two surveys: one product evaluation survey and one
demographics survey.
Research Questions
The experiment presented in this paper is a pilot study and is exploratory in nature. The study
addresses the following research questions:
1. Are there some eco-friendly products that people are more willing to use than others?
2. If so, which products are more successful / accepted?
3. Why are some products more successful than others?
4. Will the participants be less motivated to use the eco-friendly products if they require more
user activities?
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5. Does a positive attitude toward the environment mean that the participants are more likely to
change their behavior and accept the product?

6. Is the product habit changing?
7. Which features are successful and which are unsuccessful?
The questionnaires and the environmentally friendly products for the experiment were carefully
chosen to answer these research questions. The process for choosing the appropriate products is
detailed in the following sections.
Products
The first step in this experiment was to select a popular base product with significant
environmental impact and had a variety of environmentally friendly alternatives. After
considering many options, a disposable water bottle was selected as the reference product. A
variety of alternative products that served the same function in a more environmentally friendly
manner were considered further. There were eight total products found. An activity diagram was
created for each of the eight products as well as one for a typical disposable water bottle. A list
of product features was also developed that included eight characteristics: easy set-up, easy
maintenance, short operation time, refillable, long filter life, indicates filter change, low cost, and
all-inclusive. The descriptions for each of these features are described below:
Easy Set-up: The product should be easy and fast to set up before use.
Easy Maintenance: The product should be easy to clean and not require frequent filter changes.
Short Time to Operate: The time to filter water should be fast and there should not be many
processes to operate the product on a daily basis.
Refillable: The product should be able to be refilled throughout the day so that the user can have
clean filtered water all day.
Long Filter life: If the product has a filter, it should have a long filter life so they do not have to
replace it frequently.
Indicates Filter Change: The product should alert the user when the filter needs to be changed.
Low Cost: The cost of the product should be low. The replacement filter cost may also need to
be considered.
All-Inclusive: The products should be all inclusive so that they do not require additional products
to function.

Page 24.114.6

The table comparing each product with a plastic disposable water bottle is shown in Table 1 with
the products selected highlighted. The final four products selected for the experiment were: the
Brita filtration water bottle, the 321 water bottle, the Botl filter, and the Filtrete water station.
Each product was unique with its own set of features. The only product that satisfied all the
criteria was the Brita water bottle. For a full experiment, having multiple products which varied
on features of interests would allow regression analysis to be used to determine which products
features influenced product usage/acceptance and to estimate the effect size.

Table 1. Comparison of each product based on product features

The process of selecting the products for the study included examination of all the product
activity diagrams along with the table of product features. In choosing the appropriate products
to test, the main concern was that the products needed to have features and user activities that
differed greatly from each other and from the disposable bottle. The products were purposefully
selected to be distinct so that the participants could test a wide variety of product features and
activities. Each product used in the experiment is described below.
The first product presented in Figure 1a is the 321 water bottle. This product is set-up by
inserting the filter at the end of the blue plastic piece in the center of the bottle. The filtration
system mimics a French press and works by filling the bottle with water and then pushing the
plunger slowly through the entire length of the bottle. Once this has been done, the water is ready
to drink. When the bottle is empty, the user must remove the plunger and repeat the filtration
process. As the 321 water bottle has an internal plunger system, the cleaning and maintenance
may seem complex and lengthy to the user. In addition, the time it takes to filter the water is long
because the plunger must be pushed slowly to avoid breaking the thin plastic rod.

Figure 1. (a) Picture of the 321 water bottle. (b) Picture of the botl filter. (c) Picture of the Filtrete water station. (d)
Picture of the Brita water bottle.
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The second product presented in Figure 1b is the Botl filter. This product consists of a small
metal tube with holes and two plastic end caps that are removable. As shown in the image, this
product comes with small filtration bags, which are inserted into the metal tube. Once the user

inserts the bag and closes the tube with both end caps, the Botl filter is simply placed in a water
bottle of their choice. The bottle is then filled with water and shaken several times. A
disadvantage to this product is that it is not all-inclusive since an additional product (a water
bottle) must be used in conjunction with the Botl filter. In addition, a single filtration bag should
be replaced every three days, which is a very short filter life. This means that the user must
purchase filter bags regularly to continue using the product. Benefits to this product are easy setup and short operation time.
The next product shown in Figure 1c is the Filtrete water station. This product consists of a stand
that holds four water bottles and a basin on top that holds a water filter. Once the product is
assembled, the user must place the water station under a faucet and fill the basin until the water
bottles are full. A disadvantage to this product is that once users take bottles with them, say to
work or school, they cannot refill the bottle with filtered water if they are away from the water
station system.
The final product used in this experiment is the Brita filtration water bottle and is shown in
Figure 1d. This product is simple to operate and takes a relatively short time to operate on a daily
basis. After the product is initially set-up, the user just needs to fill the bottle with tap water and
screw on the cap. To drink, the user must squeeze the bottle to push the water through the filter
and out the nozzle. The Brita water bottle is the only product that has all the product features
described earlier, though the bottle itself does not remind the user to change the filter but they
can sign up for reminders online.
Participants
The sample size for the experiment was 11, all between 20-33 years of age. All participants were
engineering students attending Texas A&M. The participants were recruited through their senior
level engineering design class and were offered class credit as compensation. The participants
were also allowed to keep the product they tested.
Procedure
Each student took home one product to test for one week. After using the product, they returned
and completed two surveys. A product evaluation survey was given to them for the product they
tested to measure success of the product along with many other variables. An additional survey
measured several demographic variables as well as environmental consciousness. Environmental
behavior was measured through the use of the Ecological Attitude Scale (EAS) and attitude
toward the environment was measured with the New Environmental Paradigm Scale (NEP).
Questionnaires
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The first survey given to the participants was the product evaluation survey, which determined
product success through asking questions about the participants’ weeklong experience with the
product. This survey was designed to determine whether certain products were more successful,
why this may be the case, and whether the product was habit changing. The first few questions
asked whether they would recommend the product to a friend or family member, whether they
would continue to use the product, and what they would rate the product on a 1-7 scale. The
“total success score” was created by adding all three responses together. The participants were

also asked whether they typically used plastic disposable bottles and if they thought the product
they tested would change their habit. A few specific questions were asked to determine whether
the set-up and maintenance of the product were difficult. These two features are thought to affect
the success of the product. The end of the questionnaire included a few short answer questions.
They were asked to describe what they liked most and least about the product and to explain
why. These questions were asked to determine the specific features that the participants
considered successful and unsuccessful. Another important question asked was whether the
product influenced them to become more eco-friendly in other aspects of their life.
The second survey measured environmental consciousness with the use of the New
Environmental Paradigm Scale or NEP13 and the Ecological Attitude Scale or EAS14.
Environmental attitude was part one of the survey, and was determined using the 15 Likert item
NEP scale. The participants were given a series of statements about the environment and were
asked if they strongly agree, mildly agree, are unsure, mildly disagree, or strongly disagree.
Environmental behavior was part two on the survey, and was calculated using the 30 true/false
items in the EAS scale. Part three of the survey was a single question used to evaluate selfdesignated environmental consciousness. The question was stated, “All things considered, would
you classify yourself as an environmentalist?” In part four, questions were asked to measure the
participants’ willingness to make life-style changes because of environmental problems. There
were nine life-style changes given and the participants were asked if they did those, willing to do
those, reluctant to do those, or even opposed to do those. The questions from part three and four
were based on the research of Krause15. It was expected that the environmental attitude would
moderate the use of the products and participants’ opinions about them.
Results and Discussion
The results of this pilot experiment demonstrate the basic experimental design and measures are
effective for pursuing an understanding of how product design influences user acceptance and
use of environmentally friendly products. The results also indicate that a number of unexpected
important factors for this particular set of products also influence the outcomes. The detailed
results are provided in the following sub-sections.
Lessons learned
Many issues in the experimental design became known after analyzing the data from the initial
pilot experiment. The most important realization is that there were many more variables than
anticipated that influence user behavior for even a simple product as water filtration system and
many were unaccounted for in the experimental design. This became apparent in the product
evaluation survey. The participants were asked to record what they liked most and least about the
product on the open-ended part of the survey.
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There were many features that were not measured in the experiment, therefore they are not being
controlled for. Factors such as aesthetics, bottle design, and lid design are examples of these
extraneous variables and are likely affecting participants’ opinion of the product greatly (Table
2). This is an unanticipated result of the experiment, and a simple solution can be implemented
so that many of the variables are controlled. The solution is to change the products that are tested
and keep the water bottle consistent in all conditions of the experiment. This way, the aesthetics,

bottle design, lid design, and size are controlled. For future experiments, the same water bottle
will be given to the participants for all the conditions, and the method of filtration will vary in
each condition. The water station and 321 water bottle will be removed from the experiment and
replaced with the Brita faucet filter and the Brita filter pitcher.
Table 2. Positive and Negative Features of Products
Positive product features Negative product features
Portable
Lid design
Aesthetics
Aesthetics
Multiple bottles
Bottle design
Quick to use
Poor filtration
Easy installation
Difficult installation
Size
Size

In addition to changing the products, it was decided that all the participants recruited for the
experiment should typically use disposable bottles as a main source of their drinking water. In
the first pilot, only three of the eleven participants reported that they typically use disposable
plastic water bottles. An important part of this study is to determine whether the new product
changes their habit of using disposable bottles. In order to measure this, all participants must
typically use disposable bottles.
In addition, an independent variable, operation time, will be added to the product evaluation
survey. This is because the time to operate each product on a daily basis is different for each
product and may affect whether the user accepts the new product in exchange for disposable
plastic water bottles.
Attitude Hypothesis Results
For the attitude hypothesis, it is assumed that a positive environmental attitude leads to proenvironmental behavior. For the statistical analysis, a logistic regression is performed with one
dependent variable (participants’ recommendation, their continuing use, their rating, and the
number of uses) at a time and the independent variable of environmental attitude. If the users
continue to use the product and their rating of the product were both significantly related to their
attitude.
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Table 3. Regression analysis results for attitude
Dependent Variable Chi-Square p-value
Recommendation
13.34
0.75
Continue to use
11.37
0.11
Rating
17.25
0.24
Number of uses
20.16
0.51

Figure 2. Average recommendations from participants

For the activity hypothesis, it is assumed that difficulty of product set-up and difficulty of
product cleaning/maintenance affect the participants’ overall opinion of the product and whether
they accept it. The same regression analysis has been done with the other two independent
variables: set-up difficulty and cleaning/maintenance difficulty (Table 4). There is significance
between set-up difficulty with rating, set-up difficulty with total success, and set-up difficulty
with number of uses. Based on the regression results, there may be a relation between difficulty
of product set-up and the participants’ overall opinion of the product, as well as how often they
use the product. No significant effects are seen for maintenance difficulty. Based on the results
for maintenance difficulty, the difficulty of cleaning or maintaining the product has little or no
effect on the participants’ opinion of the product.
Table 4. Regression analysis results for set-up difficulty
Dependent Variable Coefficient Standard Error p-value
Recommendation
-0.44
0.65
0.51
Continue to use
-0.44
0.39
0.28
Rating
-1.44
0.39
0.00
Total Success
-2.33
0.90
0.03
Number of uses
-3.17
1.49
0.06
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In addition to performing a regression analysis, several graphs that compare each product help to
determine whether there is a particular product that performs well or one that performs poorly.
Figure 2 shows the average recommendation for each product. Overall, the participants do not
recommend any of these products in particular. For a study like this, some of the products need
to be recommended by participants and there needs to be variation on this measure.

The participants are also asked to rate the product on a 1-7 scale where one is the best product
they have ever used and seven is the worst. Similar to the product ratings, the average total
success scores are about the same for all the products. This metric includes the scores from the
product recommendation, continue to use the product, and the product rating questions. The
average rating and average success scores are shown in Figure 3 and Figure 4 respectively.
Again, these are the measures that products must vary on in order to derive solid conclusions.
Also, the economic backgrounds of the participants vary which may affect their familiarity with
different products. This may bias the outcome from this question.

Figure 3. Average rating for each product

Figure 4. Average total success score

The participants were also asked to report how often they use the product in the week. Their
options are 1-2 days, 3-4 days, 5-6 days, and daily. The result for the average number of uses for
each product is given in Figure 5. From the results, it is clear that the 321 water bottle is not used
as much as the other three products. This may be because the participants find it difficult to setup and use it on a daily basis.
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Based on the results, the 321 water bottle scores consistently poorly on many of the comparisons
and this is unexpected since one of this product’s goals is to increase environmentally friendly
behavior. One of the students reported that it is both difficult to set-up and difficult to
clean/maintain. Another participant who tested the product reported that they do use disposable
plastic water bottles, but this product may not change this habit. The Brita water bottle scores

consistently well in all categories and is the only product to score one “strongly recommend” for
the product recommendation question. This product is expected to do well because it possesses
the entire list of positive product features described in Table 2.

Figure 5. Average number of uses (in days) with error bars +/- 1 standard error

Conclusions
Ultimately, product designers, especially novice designers and students, need to have an
effective set of guidelines and quantitatively models to guide their design of consumer products
such that the products reduce environmental impact. Little exists to guide designers in
developing products that are both accepted by users and integrated into their lives and thus
reduce the overall environmental impact at the system level. As an initial step, this paper seeks
an experimental framework to identify important parameters to be measured to assisting in
developing guidelines for product designers.
There are many lessons learned from this initial pilot experiment. The most important realization
is that when testing eco-friendly alternatives to products, it is essential that many of the features
of the eco-friendly alternative mimic the features of the non eco-friendly counterpart. In this
study, features such as aesthetics, bottle design, and lid design affected the participants in a
negative way. When the eco-friendly product resembles the non eco-friendly alternative as much
as possible, the participants are less likely to be affected by these undesirable variables present in
the products. This study also demonstrates that a number of factors influence eco-friendly
product acceptance. Consistent with prior research, this study also demonstrates that
environmental attitude is important. Initial product set-up and adding user activities may affect
product acceptance also.
The sample sizes for this pilot experiment are very small, yet they produce many critical results.
This shows that with a larger sample size, it is probable that the variables that are nearly
significant may prove to be significant. This also shows that the effect size of these variables is
very high and it is very likely that user behavior can be changed with suitable approaches to
product design. If engineering students can be trained in such approaches, they can reduce the
environmental impacts of the products through design.
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