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Abstract

Being concerned with the environmental impact of electrical consumer products. this article examines possibilities of influencing
ecological user performance through design features. Furthermore. it looks at the relationship of user characteristics and ecological

performance. The impact of level of automation and type of control |

abelling on ecological user performance was examined in a lab-

based experimental scenario with 36 users. In addition to performance indicators. a range of user variables (e.g., self-reported
domestic behaviour. environmental knowledge and attitude) was measured to assess their influence on user behaviour. The results
showed that low-level automation improved ecological performance whereas no such positive effect was observed for enhanced

display-control labelling. Furthermore. the results suggested th
limited. No relationship was found between environmental know

prevalence of habits in the domestic domain. The implications
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at the user’s mental model of ecological performance was rather
ledge, attitude and performance. The findings pointed at the strong
of the results for designers of consumer products are discussed.
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1. Introduction
1.1. Consumer products and ecological performance

Within the field of ergonomics, interest in the design
of consumer products has been growing over recent
years (Green and Jordan, 1999: Stanton. 1998). There
are a number of reasons why the importance of
consumer ergonomics is likely to increase further in
the future. First, the complexity of domestic appliances
is clearly rising (e.g.. intelligent refrigerators automati-
cally order foods that are about to run out). Second,
there will be a stronger integration of separate
appliances (e.g., heating may be remotely controlled
by a mobile phone). Third, there is a strong proliferation
of consumer products. with the number of household
appliances increasing steadily.

There are a number of aspects that need to be
considered in ergonomic design of consumer products,
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such as usability (e.g.. Green and Jordan, 1999) and
safety (e.g.. Norris and Wilson, 1999). A further
important aspect refers to the environmental impact of
consumer products, which may be described as the
aggregated environmental damage that a product causes
during different phases of its life cycle (e.g., toxic
emissions during production, energy consumption dur-
ing utilisation, toxic waste during disposal). The
environmental impact of electrical consumer products
is not negligible (Wenzel et al.. 1997). Due to the
proliferation of these products, the problem is likely to
increase in the future. Despite the growing importance
of this issue, there is little ergonomic research that has
addressed the environmental impact of consumer goods.
This article focuses on this neglected research area by
exploring possibilities of how user—product interaction
can be influenced with a view to reduce the environ-
mental impact of electrical consumer products.
Analyses have shown that the product utilisation
phase is generally most relevant for a consumer
product’s environmental impact during its life cycle
(Wenzel et al., 1997). Therefore. the environmental
impact during product utilisation becomes a central
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concern in ecological product design. The term ecologi-
cal performance refers to those criteria of human—
machine-system performance that have an environmen-
tal impact during product utilisation. Ecological perfor-
mance may be considered a multi-facetted concept,
including parameters such as resource consumption
(c.g.. energy, water) as well as emissions (e.g.. dioxins).
Although there has been no explicit reference to the
concept of ecological performance in the literature so
far. the concept has been employed implicitly since some
aspects of performance may also refer to ecological
facets of performance (e.g., an aircraft’s fuel consump-
tion). The advantage of using ecological performance as
a distinct term is that it provides the possibility to focus
research efforts more strongly on environmental issues
in system design. In the context of consumer product
use, the main aspects of ecological performance are
water and energy consumption. The latter will be the
focus of the present study.

1.2. Design features and ecological performance

To 1mprove ecological performance of electrical
consumer products during use. a number of design-
based measures may be implemented, such as automa-
tion, on-product information, redesign of controls,
enhancement of display-control labelling and enhance-
ment of system feedback (Sauer et al., 2001). Among
these. automation and display-control labelling are
discussed in more detail since they are relevant to the
present study.

1.2.1. Automation

There are several reasons for automation (Wickens
and Hollands, 2000). In the domestic domain, the
following two seem to be most relevant. (1) A function
is allocated to the machine because the human is unable
to perform the function because of inherent limitations.
(2) A function is allocated to the machine because the
human performs the function only very poorly. There
are a number of possible reasons for poor human
performance. It could be due to poor user knowledge. It
could also be due to disadvantageous habits. which are
likely to develop rapidly in the domestic domain since it
involves the completion of a large proportion of routine
activities (see Dahlstrand and Biel, 1997). These well-
established behaviour patterns are normally not subject
to conscious planning and are generally difficult to
break. Therefore, if the task concerned is assigned to the
machine, the habit may no longer impinge on perfor-
mance.

1.2.2. Display-control labelling

While automation removes the responsibility for
certain functions from the user, the effectiveness of
product information is contingent upon the user’s

willingness to take advantage of the information
provided. Product information is of particular impor-
tance if user knowledge is limited. There are several
types of product information, such as instruction
manuals (e.g.. Young and Wogalter. 1990) and on-
product information (e.g., McCarthy et al., 1995). Since
each type has specific strengths and weaknesses, the
implementation needs to be carefully considered.
Instruction manuals provide detailed information but
are often not read by users. The compliance rate may be
higher for on-product information (because of its
permanent visibility to the user) but space for informa-
tion presentation is very limited. Display-control label-
ling may also be considered an information-based
measure since it provides important user information.
Compared to on-product information and instruction
manuals, an advantage of information conveyance via
display-control labels is that the information provides
more action-specific support because it is clearly linked
to the setting of controls. Therefore, the user receives
direct behavioural guidance on how the controls are best
set under specific operational circumstances. While there
i1s generally little doubt about the utility of display-
control labels (Bullinger et al., 1997), their effectiveness
in the domestic domain still needs to be examined.

1.3. User variables

While design features are generally strong determi-
nants of human behaviour. a causal model of resource-
consumption behaviour presents a number of further
factors that are related to ecological behaviour, such as
external incentives. attitudes, knowledge, attention and
commitment (Stern and Oskamp. 1987; Gardner and
Stern, 1996). Gardner and Stern argue that a major
barrier to acting on a proenvironmental attitude is lack
of knowledge (e.g.. not knowing that blunt blades on a
lawn mower increases energy consumption). Further-
more, there are external barriers that lie outside the
control of the individual, which may also prevent
proenvironmental action in various ways (e.g.. no
recycling containers nearby, charges for recycling
refrigerators containing CFC). Since there are few
external barriers in the context of our study. attitude
(or environmental concern) and knowledge are consid-
ered as the two main factors that modify ecological
performance.

1.3.1. Environmental concern

The literature has not been unequivocal about the
correlation between environmental concern and ecolo-
gical behaviour. Overall, the association between
proenvironmental attitude and behaviour has been
found to be rather weak (Alwitt and Pitts, 1996). Spada
(1996) has identitied scveral reasons for the lack of
consistency between attitude and behaviour: comparatively
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low degree of priority despite pro-environmental atti-
tude (e.g., using a car to return more quickly to family
after work). well-established habits, lack of positive
reinforcement, and lack of competence to carry out pro-
environmental activity (e.g., being unable to ride a bike).
Others have argued that the weak relationship between
attitude and behaviour 1s due to measurement problems
and the fact that non-ecological factors (e.g., different
costs associated with environmental behaviour) were not
sufficiently considered (Kaiser et al.. 1999).

[.3.2. Environmental knowledge

A number of studies have indicated that environ-
mental knowledge is rather poor while general environ-
mental concern is high (e.g.. Arcury and Johnson, 1987).
This suggests that lack of knowledge of the relationship
between the many elements of the user—product system
may result in a low prevalence of proenvironmental
behaviour. Stern and Gardner (1981) have argued that it
is insufficient to encourage people to conserve resources,
they also need knowledge of how to operate the system.
A meta-analysis indicated that the correlation between
behaviour and knowledge is moderate at best (Hines
et al., 1986). However, most of the studies investigated
environmental knowledge at a very general level, similar
to attitude research that did not sufficiently distinguish
between different facets of environmental concern.

1.4. The present study

The work reported in this article has two principal
goals. First, it carries out an evaluation of design
modifications to measure their effects on ecological
performance. Second. it aims to examine the relation-
ship of user variables and ecological performance. In
this study, a distinction was made between knowledge-
related user variables (e.g., ecological knowledge of
user) and non-knowledge user variables (e.g., habits, low
motivation to show environmentally friendly beha-
viour). This distinction was made because of the
implications for design-based measures. If poor ecolo-
gical performance was due to insufficient knowledge,
different design-based measures would be needed than if
poor ecological performance was due to habits or poor
motivation. A further distinction between habits and
motivation was not made in this study because it was
not considered a primary research question.

For the purpose of this study, the vacuum cleaner was
selected as a model product. [t was chosen because of its
wide-spread use in the domestic domain, coupled with
considerable energy consumption during operation. For
a vacuum cleaner, the main environmental impact is
energy consumption. A technical analysis of vacuum
cleaners revealed that at a level of approximately 750 W
motor power, the ratio of energy consumption to
suction power is optimal (Dannheim. 1999). However,

virtually all models available permit considerably higher
settings, which often results in energy-inefficient settings
being chosen by the user. Nevertheless, it would not be a
good design option to remove the function “power
control” from the user by building an energy-efficient
750-W model with no adjustable power control; a model
with such a feature proved to be unsuccessful in the
market. This raises the central question of how users can
be encouraged to select energy-efficient power settings
without limiting their control over central functions of
the appliance.

The implementation of automation may be a solution
to poor human management of the power control
function, which may be caused by habits and/or low
ecological motivation. In the present study, automation
was implemented in the form of an automatic reset
device, which returned power control to a default setting
when switching off the appliance. An energy-efficient
default setting at approximately 800 W (i.e. medium
power level) was compared to default settings of higher
and lower levels. This allowed us to determine whether a
machine-driven setting of power control would lead to
energy savings. Energy savings would be achieved if an
energy-efficient default setting was not overridden by
users. If users increased power control from an energy-
efficient default setting to a higher setting, this would
suggest that they considered high settings as most
effective for task performance. If users decreased power
control from a higher default setting to a medium
setting. this would suggest that they considered medium
settings to be most energy efficient. If users did not
manipulate power control during any of the experi-
mental conditions (i.e. different default settings), this
would suggest that they considered the power control
function to be insignificant for task performance. The
automatic device examined here is to be considered an
example of low-level automation (see automation
models of Endsley and Kiris, 1995; Sheridan, 1997), as
it still allows the user to override the automatic function.
In addition to providing high user control, a further
advantage of low-level automation (compared to high-
level automation) is that it would keep manufacturing
costs down, which i1s important for achieving a strong
proliferation of ecological consumer products.

If lack of knowledge was at the root of poor
ecological performance, a design-based measure would
be required that effectively conveys critical information
to the user. Most display-control labels presently found
on vacuum cleaners do not convey much environmental
knowledge to the user. On the contrary, labels often
provide a positive association with maximum power
control settings (e.g., max, plus-sign, figure in Watt),
which is likely to even encourage users to choose higher
and hence less energy-efficient settings. For the purpose
of this study, an enhanced display-control label has been
designed that gives users information about the most
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energy-efficient setting of controls. In addition to the
knowledge-conveying function, the label also has a
prompting function, reminding the user of the most
energy-efficient setting.

Since environmental knowledge may be an important
factor for ecological performance, it would be important
to determine the level of knowledge users have about
ecological use of ECP. While an enhanced display-
control label would provide users with important
operational knowledge to use the appliance in an
environmentally friendly manner. this would be largely
ineffective if strong habits or low motivation were
prevalent.

By means of using different task instructions. it was
intended to identify the relationship of user habits/
motivation and ecological performance. Under one task
mnstruction. users were asked to complete the task in an
environmentally friendly manner. under the other
instruction users should behave as they would normally
do in their domestic environment. If there was an
improvement in ecological performance under the
ecological instruction, this would suggest that habits
and/or motivation have an impact on user performance
because users only show better ecological performance
when specifically instructed to do so. If there was no
improvement, this would suggest that users were lacking
sufficient operational knowledge to show better ecolo-
gical performance (the alternative explanation that they
could not improve because they already showed optimal
performance level can be controlled for by an overall
assessment of performance patterns).

For the automatic reset function. it was hypothesised
that low and medium levels of power reset default would
result in better ecological performance than a high level.
Furthermore, it was predicted that enhanced display-
control labelling would lead to better ecological
performance because it provides users with information
about the most ecological control setting. It was also
expected that ecological task instructions (ETIs) would
lead to better ecological performance. in particular.
under the presence of enhanced display-control label-
ling. This was because the enhanced display-control
label provided users with operative knowledge about
how to improve ecological performance.

2. Method
2.1. Participants

Thirty-six participants took part in the experiment
(female: 63.9%). Their ages ranged from 19 to 49 years
(mean age: 27.9). The vast majority of participants
(80.5%) may be considered experienced users of vacuum
cleaners, with more than § years of practice. The living
conditions of the sample were as follows: Single in own

flat (41.7%). single in shared house (16.7%), living with
partner and no children (16.7%), living with partner and
children (22.2%). and other (2.8%).

2.2. Design

The design employed was a mixed 3 x 2 x 2 factorial
design, with automatic reset function, display-control
lubelling and task instruction as independent variables.
Automatic reset function and display-control labelling
were between-subjects factors whereas task instruction
was a within-subjects factor.

Automatic reset function was varied at three levels of
motor power: low (400 W), medium (800 W) and high
(1400 W). On the basis of empirical tests that were
carried out on 45 vacuum cleaners to determine the
relationship between motor power and suction power
(Dannheim. 1999), it can be derived that the 800 and
1400 W settings have similar suction power. Since energy
consumption on the high setting is about 75% higher
than on the medium setting while suction performance is
largely identical. ecological performance of the appli-
ance will be lower on the high setting. As a fully
operational reset function was not available. it was
simulated by manually setting power control to one of
the three conditions at the beginning of the experimental
trial. This is considered an adequate experimental
simulation of an auto reset device since the appliance
was normally not switched off before the end of the
experimental scenario. Only if the appliance had been
switched off more than once by a user during the
experimental scenario would the simulation of the
automatic reset device be inappropriate (the data
confirmed that users did not switch off the appliance
before the end of the trial).

Display-control lubelling was manipulated at two
levels: enhanced vs. standard. The standard version was
a typical label found on a considerable number of
vacuum cleaners (see Fig. 1a). It was in black and white.
The design of the standard label can be considered
motor power-centred, l.e. the user associates a high
setting (i.e. max) with high suction performance since no
other information is provided on the label. The idea
behind the enhanced version (see Fig. lb) was to
encourage users to choose a low or medium setting of
the controls by using an environmental state-centred
label. The verbal descriptor of the enhanced label
suggests that the environmental state (i.c. how dirty is
the floor?) should be identified first and then the controls
setting should be chosen accordingly. It removes the
positive connotation of high suction power by linking
the optimal level of motor power to the environmental
state. To support the verbal message. the three sections
of the control device had a different colour coding.
Based on generally accepted meanings of colours
(Morgan et al., 1963), red (meaning: danger, stop) was



J. Sauer et al. | Applied Ergonomics 35 (2004) 37 47 41

(@)

Fig. 1. Display-control labels for: (a) standard and (b) enhanced condition (labels were translated from German).

chosen for the high setting as the undesirable section of
control device and different shades of green (meaning:
safety) for the desirable sections.

Task instruction had two levels: ecological vs. stan-
dard. In the condition of ETI. participants were asked to
clean a room in an environmentally friendly manner. In
the other condition, standard task instruction (STI),
participants were asked to clean the room as they would
do at home. To control for order effects, half of the
participants completed the experimental session with
ETI followed by STI while the other hall were given
instructions in the reverse order (STI-ETI).

2.3. Experimental measures

2.3.1. Performance parameters

The following measures to collect performance data
were used: frequency of manipulating power control,
setting of power control (kW). trial duration (s) and
achieved cleanness (%). Of these mcasures, setting of
power control and trial duration arc particularly
important since they are directly associated with cnergy
consumption.

2.3.2. Environmental attitude

A German-language environmental concern question-
naire was used to measure environmental attitude
(Schahn and Holzer. 1990). The 21i-item questionnaire
consists of seven sub-scales referring to different aspects
of environment-relevant behaviour (e.g.. shopping.
traffic. leisure activities). One of the sub-scales (“saving
energy’) is particularly relevant to our work, allowing a
separate analysis of the sub-scale score.

2.3.3. Environmental knowledge

Since there was no appropriate test available that
measured environmental knowledge, a five-item scale
was developed that specifically measured relevant
knowledge. These were multiple-choice items with six
possible responses (correct response. four distractors
and “"don’t know™). An example of an item was: “*“Which
one of the following vacuum cleaners is most energy-
efficient?” The response categories were: (a) appliance
with 800 W; (b) appliance with 1100 W: (c¢) appliance
with 1500 W; (d) appliance with 1800W: (e) all
appliances are equally effective; and (f) don’t know.
The test items were derived from a technical analysis of
the model product (Dannheim. 1999). Since the instru-
ment was purpose-built for this particular research

study, there is, as in many other cases, the general
problem of determining the psychometric properties of
scales that are in a developmental stage (see Annett,
2002). To ensure satisfactory levels of content validity,
experts in the application area were used to check
whether the items were representative and the response
alternatives were unambiguous. The same approach was
also employed for the two instruments that are
subsequently presented.

2.3.4. Subjective user assessment

Visual analogue scales of 100mm were used to
capture user assessment of two variables. First, users
were asked to assess the cleanness of floor area (not dirty
at all-very dirty). This measure was taken before and
after the cleaning operation. Second, users were asked to
indicate the thoroughness with which they carried out the
cleaning operation (not thoroughly at all-very thor-
oughly). The measurement of these variables allowed us
to relate objective user performance to perceived
environmental state (i.e. cleanness of floor area) and
perceived cleaning performance.

2.3.5. User behaviour questionnaire

In addition to the observed behaviour in a laboratory.
we wished to complement the database by collecting
information about relevant user behaviour in their
domestic environment. This enabled us to examine
possible influences of domestic user behaviour on lab-
based performance. For that purpose, a questionnaire
was designed that measured different aspects of
domestic cleaning behaviour. The areas covered were:
cleaning strategies, cleanness standards, work prepara-
tion, system maintenance, manipulation of power
control. ecological cleaning, frequency and duration of
cleaning operations. An example of an item was: I check
the dust bag before switching on the vacuum cleaner
(never—ahvays). A five-point Likert scale was used for
each item.

2.4. Procedure

The experiment took place in a laboratory, in which a
3x5m’ carpet was fitted. After the carpet was
thoroughly cleaned with a vacuum cleaner, 250 g dirt
was distributed on the carpet. Four pieces of furniture
(desk, computer desk, 2 chairs) were placed on the
carpet to model a typical private study (see Fig. 2).
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Fig. 2. Drawing of laboratory layout.

All participants were tested for colour blindness by
using Ishihara plates (none of the participants had to be
rejected). This was because colour blind users might
have had difficulties distinguishing the different colours
of the enhanced display-control label in the experiment.
While it is acknowledged that appliances also need to be
usable for users with deficiencies in colour perception,
the test was carried out to control for the intervening
variable “colour blindness’.

Participants were randomly assigned to one of the
experimental conditions, where they had to use a
vacuum cleaner that was pre-experimentally set to 400,
800 or 1400 W motor power. It either had standard or
enhanced display-control labelling. Upon entering the
lab, participants were asked to complete the visual
analogue scale, assessing cleanness of floor area.
Participants then received instructions about how the
appliance worked (e.g.. power switch, power control).
After this familiarisation phase, the instructions of the
first trial (ecological or standard) were given. The
participant’s task was to clean the prepared floor area.
After having finished the task, participants completed
two more visual analogue scales (thoroughness and
cleanness). The experimenter then prepared the cleaning
surface for the second trial, in which participants
received the other type of instruction. Apart from the
difference in instruction the procedure was the same for
the second trial. At the end of the experimental session,
participants were administered three questionnaires:
knowledge test. environmental concern questionnaire,
user behaviour questionnaire.

3. Results
3.1. Experimental user performance
A three-way analysis of variance was carried out on

all dependent variables. The results showed effects for
auto reset and instruction while display-control labelling

consistently showed no effect on any of the dependent
measures (all F<1). Therefore, the data for display-
control labelling are not presented here in detail.

3.1.1. Frequency of manipulating control

The data showed an overall propensity of users not to
interact much with power control. 41.6% of users
carried out no control action at all during the two
experimental trials. Another 27.8% made one or two
control actions. Only a very small number (11.1%) were
observed to interact five or more times with the control
device. Analysing the frequency revealed an average of
0.90 control actions per working session (see Table 1).
The results of the analysis of variance showed no effect
of task instructions (£ = 2.62; df = 1.30; p > 0.05) and
none of auto reset (F = 1.39; df = 2, 30; p > 0.05).

3.1.2. Setting of power control

This measure refers to the motor power (kW), which
is determined by the setting of the power control. The
data showed that lower control settings were observed
when auto reset default was on low or medium than
when on high (see Table I). This difference was highly
significant (F = 14.2; df = 2.30; p<0.001), with post-
hoc LSD tests confirming that only the high default
setting was different from the other two (p<0.001).
Interestingly, ETI did not lead to users choosing lower
settings (F = 2.57; df = 1.30; p = 0.11). No interaction
was observed.

3.1.3. Trial duration
The data for trial duration (s) are presented in
Table 1. No effect of auto reset was recorded

Table |
Effects of auto resct and instructions on task performance (ETI=
ecological task instruction, STI =standard task instruction)

Default setting of auto reset Overall
Low Medium High
Use of power control 1.17 0.50 1.04 0.90
(Nojtrial)
STI 0.83 0.58 0.58 0.67
ETI 1.5 0.42 1.5 1.14
Setting of power 0.77 0.86 1.10 0.91
control (kW)
STI 0.80 0.96 1.10 0.95
ETI 0.73 0.77 1.10 0.87
Trial duration (s) 280 238 219 2
STI 288 283 242 271
ETI 273 193 195 220
Achieved cleanness (%) 87.4 90.5 89.7 89.2
STI 88.4 92.7 91.1 90.7
ETI 86.6 88.4 88.3 87.7
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(F = 1.78; df =2.30; p>0.05). Shorter experimental
trials were observed when users were given ETI than
under STI (F = 6.80; df = 1.30; p<0.05). This is an
important result since trial duration is directly asso-
ciated with energy consumption. No significant interac-
tion was found.

3.1.4. Achieved cleanness

This measured the percentage of dirt that was
removed from the designated cleaning surface during
the experimental session. As Table 1 shows, there was
no effect of auto reset for this variable (F<l1). A
significant effect was however observed for task
instruction. Users cleaned the work arca more thor-
oughly in the STI condition than in the ETI condition
(F =4.42; df = 1.30; p<0.05). Again. no interaction
was found.

3.1.5. User ratings

The ratings of the visual analogue scales showed that
users perceived the level of dirtiness of floor area above
average (65.9 on the 100 mm scale). Naturally, in the
post-experimental assessment. this was considerably
reduced (23.9). None of the independent variables
showed any effect for this measure (all F<1). The
thoroughness scale showed a mean score of 59.7. Users
reported that they had cleaned the floor area less
thoroughly under ETI (53.7) than under STI (65.7). This
difference was statistically significant (F = 10.1; df =
1.30; p<0.005).

3.2. User variables and performance

In order to examine the relationship among user
variables and in relation to performance measures,
correlation coefficients were calculated. Overall, only
few significant correlation coefficients were found.

3.2.1. Environmental attitude

Examining the relationship between environmental
concern and performance revealed no significant asso-
ciation, neither for the general scale nor for the sub-scale
“saving energy”. However, the sub-scale ““saving en-
ergy showed a significant inverse relationship with the
thoroughness scale (r = —0.38; p<0.05). This indicated
that users with a high motivation to save energy cleaned
the designated floor area less thoroughly.

3.2.2. Environmental knowledge

The results of the test showed that overall ecological
knowledge of vacuum cleaners was rather poor. The
mean test score was M = 1.62, compared to a possible
maximum score of 5. Correlation coefficients indicated
no significant relationship between environmental
knowledge and any of the performance measures.

Similarly, the analysis did not reveal any association
between knowledge and attitude (r = 0.04; p > 0.053).

3.2.3. Self-reported user behaviour

The data from the user questionnaire indicated how
users went about cleaning their home with a vacuum
cleaner. Two variables were found to be associated with
performance during the sessions under STI but not
under ETI: frequency of cleaning and cumulative
cleaning time. Participants who reported more frequent
vacuum cleaning of their home showed longer trial
duration (r = 0.48; p<0.01), achieved higher cleanness
standards (r = 0.54; p<0.001), and chose higher settings
of power control (r=0.51; p<0.005) in the experi-
mental trials. Similar results were found for cumulative
cleaning time (i.e. total cleaning time in hours per
month). The occurrence of positive correlations for STI
but not for ETI was not unexpected since the former
reflects domestic behaviour more closely. No other
correlations were found.

3.2.4. User ratings

Neither self-ratings of thoroughness nor of cleanness
levels showed any significant correlation with perfor-
mance measures.

3.3. Predicting performance from user variables and
design measures

Since the correlation tables only showed some limited
evidence for the influence of user variables on perfor-
mance, regression analyses were carried out to examine
whether experimental performance could be predicted
by a set of variables. The analyses were carried out
separately for ETI and STI. Five predictors were entered
into the equation: Past user behaviour (frequency of
use), system features (auto reset function), environmen-
tal user knowledge, environmental concern (attitude
towards energy saving), and assessment of operational
environment (pre-experimental assessment of cleanness
of floor area).

The results of the regression analyses are summarised
in Table 2. It reports the predictive variance of each
factor (R?) together with F-value. f-weight and squared
semipartial correlation (AR?). For STI. it emerged that

frequency of use was a good predictor for ecological

performance parameters. Frequent users tended to clean
for longer and to achieve a higher cleanness standard
during the STI trial. For ETL, setting of power control
emerged as the best predictable criterion with an
accountable variance of 51%. This was due to the auto
reset feature, which very strongly determined the control
setting of the appliance. Auto reset was also a significant
predictor of setting of power control under STI, though
the accountable variance was considerably lower. A
significant effect of auto reset was also observed for trial
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Table 2

Summary of multiple regression analysis

Criterion variable Predictors STI Predictors ETI

R’ F [ AR’ R? F B AR’

Trial duration (s)
Frequency of use  0.23** 9.8 046 0.20%% Auto reset 0.14* 5.1 —0.35  0.09
SCA 0.04 1.1 0.15  0.03 Knowledge 0.08 3.1 025 0.08
Knowledge 0.03 1.3 0.16  0.03 SCA 0.08 1.1 0.18  0.03
Auto reset 0.03 0.53 —0.08 0.01 Attitude “ES™ 0.01 1.2 0.17 0.03
Attitude “ES” 0.00 0.68 —0.06  0.00 Frequency of use  0.00 0.01 —0.01 0.00
Total R* 0.303% Total R 0.28

Achicved cleanness (Vi)
Frequency of use  0.29%** 134 0.57  0.29%**  SCA 0.20%* 8.2 0.44  0.18**
Auto reset 0.02 21 023 0.05 Frequency of use  0.08 2.5 0.28  0.06
SCA 0.04 1.6 0.16  0.03 Auto reset 0.00 1.7 0.21 0.04
Knowledge 0.02 1.4 0.16  0.03 Knowledge 0.02 0.25 0.07 0.01
Attitude "ES™ 0.00 0.17 —0.06 0.00 Attitude “ES™ 0.00 0.15 —0.06 0.00
Total R* 0.40%* Total R? 0.31%

Mean eneryy consumption (kW
Aulto resel 0.19%* 8.1 048 0.21 Auto resetl 0.49%** 314 072 0.46™*
Frequency of use 0.02 27 0.27 0.06 Knowledge 0.01 0.50 —0.08 0.01
Knowledge 0.02 1.2 0.17  0.03 SCA 0.01 0.56 0.11 0.01
SCA 0.02 1.1 —0.15 0.02 Attitude “ES™ 0.02 0.04 0.03 0.00
Attitude “ES™ 0.01 0.00 0.01 0.00 Frequency of use 0.00 0.21 0.06 0.00
Total R 0.30* Total R 0.51%**

#p<0.05: %%p<0.01: *%k%kp<0.001 (ETI=ecological task instruction: STI =standard task instruction; SCA = subjective cleanness assessment;

AR- =squared semipartial correlation).

duration under ETI. though the relationship was inverse
(as indicated by a negative f-weight), with higher
settings of auto reset leading to shorter trial duration.
The regression analysis also confirmed the significant
association of cleanness assessment and achieved clean-
ness. with the first being a significant predictor of the
latter. If users perceived the floor area as highly dirty. it
was cleaned more thoroughly than when users rated the
floor area as less dirty. However. this only applied to
ETI while no such association was observed for STI.
The user variables environmental knowledge and attitude
“saving energy” did not come out as significant
predictors for any of the criterion variables.

Overall, the regression analysis indicated that experi-
mental performance was quite well predictable by past
behaviour under STI while the auto reset function was
generally the best predictor for different ecological
performance parameters under ETI.

4. Discussion

The goal of the study was to evaluate the impact of
product design on ecological user performance and to
examine the relationship between user variables and
ecological performance. While the results showed a
positive effect of the auto reset function on ecological
performance. enhanced display-control labelling failed

to show any benefits. Since ecological instructions led to
an increase in ecological performance, this suggests that
the mental model of ecological performance was not
fully taken advantage of during appliance operation.
While there was evidence for the influence of domestic
habits on experimental behaviour, other user variables
(such as environmental concern and knowledge) did not
show any relationship with performance variables.
These main findings are now discussed in more detail.

The auto reset function emerged as a rather effective
means for reducing energy consumption while the
opposite was observed for enhanced display-control
labelling. Low and medium default settings of auto reset
function resulted in lower energy consumption than high
default settings without compromising cleanness stan-
dards. The auto reset function was effective because
users generally did not override the preset setting. There
are three possible explanations for the propensity of
users not to override the setting: peripheral position of
power control, perceived insignificance of power control
and high user familiarity.

First, the peripheral position of the control device is
likely to have reduced the frequency of power control
manipulations. This may be because the device was out
of sight during normal system operation (hence no
prompting function) and interventions required some
physical effort (user had to bend down). Both factors
may have contributed to the observed reduction in user
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interventions. While peripheral position of the power
control was of benefit to the effectiveness of the auto
reset function (i.e. decreased probability of automatic
default setting being overridden), it proved to be
disadvantageous for enhanced display-control labelling
(i.e. sampling rate of display-control label decreased so
that the information presented was not acquired by
users). There is some supporting evidence for the
“spatial proximity™ explanation (see Wickens and Hol-
lands, 2000) since in another study a centrally positioned
power control in a vacuum cleaner (i.e. handgrip-based)
encouraged users to more frequent changes of control
settings compared to peripherally positioned power
control (Sauer et al., 2002).

Second. there were indications that users have
considered power control to be insignificant for achiev-
ing task goals. Under ETI, shorter trial durations were
observed than under STI but no change in power
control settings was recorded. While reducing trial
duration is obviously one way of decreasing encrgy
consumption, the more effective strategy of lowering
power control settings was not employed by users. This
suggests that users had only limited knowledge of how
best to reduce energy consumption during appliance
operation.

Third. since users were generally highly familiar with
the kind of appliance used in the study. this is likely to
have facilitated the occurrence of habitual behaviour
patterns. The auto reset function may have benefited
from the prevalence of habits (i.e. no overriding of
default setting) while this has had the opposite effect for
display-control labels (i.e. it reduced the propensity of
users to acquire new information). There is ample
evidence for this effect from other research areas. For
example, in the context of travel mode choices,
individuals with strong habits were less active in
acquiring new information (Verplanken et al.. 1997).
Research on the perception of warning signals has
demonstrated that the more familiar users were with an
appliance, the less likely they were (a) to notice a
warning and (b) to comply with it (Laughery and
Wogalter, 1997).

There is further support for the influence of habits
from the regression analysis, which showed that
behaviour under STI could be well predicted by
domestic user behaviour. This suggests that established
behaviour patterns are also displayed in novel situa-
tions, such as the present lab-based setting. In contrast.
proenvironmental attitude and ecological knowledge
were not associated with ecological performance. When
habits are present, individuals may not reflect on their
behaviour so that attitude and knowledge have little
influence. This is supported by other research that
examined the relationship of attitude, knowledge and
habits. It suggests that if environmental knowledge and
attitude show no association with performance, this will

be evidence for the prevalence of habits (Verplanken
ct al., 1994). Generally, the issue of habitual behaviour
is of high relevance in the domestic domain since this
environment provides very favourable conditions for the
development of habits (sce Dahlstrand and Biel, 1997).
This is because most domestic tasks are of a rather
simple cognitive nature and are characterised by
frequent repetitions. Furthermore, the establishment of
habits 1s facilitated in a non-work context due to the
absence of control by supervisors and co-workers.

Since ecological instructions have been rather effec-
tive 1n improving ccological user behaviour, this
suggests that users did not take full advantage of their
mental model of ecological task performance. The fact
that ETI primarily reduced trial duration but did not
lower settings of power control suggests that most users
associated enhanced ecological performance with short-
er cleaning times (due to the obvious link with energy
consumption) rather than with lower control settings
(which would directly reduce energy consumption). The
results of the knowledge tests showed that users had
little knowledge of the utility of turning down power,
which suggests some consistencies between the explicit
mental model (i.e. results of knowledge test) and the
users’ implicit mental model (i.e. demonstrated task
performance).

Finally. some recommendations are given to designers
who wish to develop more environmentally friendly
consumer products. Generally, the designer needs to be
aware of the limitations of information-based measures
(e.g., instruction manual, on-product information, dis-
play-control labelling) since these are contingent upon
user motivation and are vulnerable to strong habits.
However, despite their limitations, there is no need to
reject them completely. First, the implementation of
most information-based measures is not very costly and
little additional environmental damage ensues from it.
This is an important point in ecological design since the
potential benefits of a newly implemented device (e.g., a
complex feedback device that indicates electricity con-
sumption) during product utilisation must not be offset
by problems to manufacture or recycle the device (e.g.,
substantial increase in electronic waste). Second, work
has shown that effectiveness of information-based
measures can be increased if implementation is carefully
considered. For example, it is important to strive for
high spatial proximity between label location and user
position (Sauer et al., 2002). Furthermore, it appears
that information conveyance through on-product in-
formation i1s more effective than in the form of
istruction manuals (Wiese et al., 2002). The utility of
on-product information has been confirmed by other
work. in which on-product information was presented in
written form (e.g., Frantz, 1994) or as pictograms
(Davies et al., 1998; Sauer et al., 2003). However,
compared to information-based measures, automation
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appears to be a much more promising route to
enhancing ecological performance.

5. Conclusion

The findings of this study are not solely relevant to
ecological questions but also extend to the issues of
usability and safety in the domestic domain. For
example, safe use of consumer products (e.g.. Wilson,
1983) may be hampered by habits or low user
motivation to follow safe action sequences. Similarly,
automation is often useful to reduce safety risks (e.g., an
automatic switch-off of a kettle prevents overheating).
In addition to usability and safety, the marketability of
consumer products is a further aspect that designers
have to consider during product development. Market
requirements sometimes necessitate difficult trade-offs
during product development, for example, if there is a
conflict with ecological design criteria (Sauer et al.,
2001). Against the background of the interdependence
of usability, safety, marketability and ecological perfor-
mance issues, it is necessary that future work on
consumer product design strives for a stronger integra-
tion of these issues.

As an example of such an integration, one may refer
to the Dyson range of vacuum cleaners. The highly
innovative design of the Dyson, based on the cyclone
principle, has partly removed the stigma associated with
vacuum cleaning and has contributed to its great
commercial success in a number of countries, notably
the UK. This original design also provides a number of
benefits for product utilisation since it meets general
product design criteria, such as high transparency of
system state (i.e. a clear bin) and ease of system
maintenance (i.e. dust bin can be emptied easily).
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