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Abstract. In this paper we analyze the role of negative feedback as provided by
artificial agents. We examine the hypothesis that negative feedback offers sub-
stantial potential to enhance persuasive interventions aimed to change behavior.
This hypothesis is tested based on a review of several studies using the same
experimental paradigm that includes a virtual washing machine, in which users
have to make choices how to program the washing machine. The studies show
how the provision of positive and negative feedback influences these choices
under various experimental conditions. Results show that negative feedback can
be more effective than positive feedback, also independent of the presence of
positive feedback. Negative feedback is in particular effective when the feed-
back is social instead of factual. Furthermore, the analysis suggests that the ef-
fect of negative feedback is enhanced under conditions of task similarity, which
stimulate using the feedback for performance improvement. Finally, we show
that negative feedback is superior to positive feedback under multiple goals
conditions.

Keywords: Persuasive technology, artificial social agents, social evaluation,
sustainability.

1 Introduction

The exhaustion of natural resources and the threats of growing CO2-emissions and
climate change effects have urged nations worldwide to seek for substantial reduc-
tions in energy consumption. Although technological solutions like more efficient
systems and devices and the development of renewable energy sources are of great
importance, consumer behavior plays a crucial role in bringing down the level of
energy consumption. Influencing consumer behavior to promote energy conservation
has become an important target of national and international policy efforts. Thereby,
the question which instruments should be applied to promote energy conservation
behavior has become highly relevant.

Recent reviews (e.g. 1) have evaluated the effects of interventions to promote
energy efficient behavior. Raising people‘s awareness of energy consumption by pro-
viding tailored feedback about their energy consumption (for example in kWh) can
promote the achievement of behavioral change. The results are mixed though. Weak
linkages between specific actions and energy outcomes caused by low feedback
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frequencies (e.g. once month) and insufficient specificity of the feedback (e.g. house-
hold in general vs. specific person or specific devices) are underlying these findings.
Recently, technological solutions have created new opportunities to improve feedback
efficacy by embedding it in user-system interactions. That is, energy use is almost
always the outcome of an interaction between a user and some energy-using device.
Intervening in these specific interactions could improve the quality of feedback sub-
stantially. Some evidence supports this claim. McCalley and Midden (2) demonstrat-
ed in several studies that interactive forms of feedback could be effective to enhance
energy efficient use of devices like a washing machine. By adding an energy meter to
the user interface of a washing machine they achieved 18% of energy conservation
both in lab and field studies. Basically, their approach entailed giving factual feed-
back in terms of kWh consumed as a function of programming choices made by the
user, like water temperature, spinning speed or the duration of the washing cycle.

This work was followed up by new attempts to increase the persuasiveness of the
system through the introduction of social feedback (e.g. 3, 4). We examined whether
social feedback can add to the promotion of pro-environmental behaviors such as
energy conservation in the home. Social reinforcement has been applied widely in
many domains such as child education, therapeutic programs, health behavior and
social interaction as a mechanism for behavioral change (2). Social praise and com-
pliments operate as positive incentives. In previous studies we demonstrated how the
effectiveness of social reinforcements as delivered by human actors, can successfully
be provided by an intelligent system (see 4 for an overview).

Surprisingly, social feedback by smart computer agents has mainly focused on pos-
itive social feedback. One of the exceptions is research by Bracken, Jeffres, and
Neuendorf (5), which studied the influence of praise or criticism in feedback by a
computer on user experiences (e.g., motivation). Many researchers seem to assume
that positive feedback is more effective than negative feedback. There are some
legitimate reasons for that. In our own research we found that direct feedback that
constrains user choices may lead to reactance responses, which are detrimental to
message adoption and behavioral change (6). Also negative information may not
work, because it does not specify, by itself, how a person should respond. Yet, in the
current paper we conjecture that the effects of negative social feedback are underes-
timated and can contribute substantially to effective interventions to change behavior.
Although negative feedback may be less pleasant for the user, there are reasons to
expect significant outcomes from negative feedback.

In a more general sense negative events show, almost universally, a higher impact
than positive events and bad information is usually processed more intensely than
positive information (7). In an evolutionary sense negative information is more valua-
ble for adaptation than positive information. Ignoring danger is in general more
threatening for survival than missing a positive opportunity. One could say that nega-
tive information has a higher level of diagnosticity (8). One accident may make a
system unsafe, while long periods of flawless functioning are necessary to create a
feeling of safety. Information diffusion studies show that bad news travels faster
through networks than positive news (9). Similar patterns can be observed regarding
feelings of trust. Trust is an important social emotion that allow individual to accept
risky decisions that may produce positive outcomes, but also negative outcomes.
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The saying, trust comes on foot, but leaves on horseback’ suggests that it may require
a lot of effort to build trust, but a single disappointing experience may breakdown a
trustful relationship. This prominence of negative information is also predicted by
Prospect theory (10), which suggests that potential negative consequences have a
higher impact on decision making than potential positive consequences. Negative
information can also be important because it signals a need for change, thereby feed-
ing the self-regulatory system, through which an individual can adapt to changing
circumstances (11).

Following this reasoning we included negative feedback in our persuasive feed-
back studies and expected negative feedback to contribute to the persuasive impact of
the feedback. Although this issue was initially not at the core of our attention in most
of those studies, we found remarkable results on the distinction between positive and
negative feedback. In the current paper we reanalyzed our studies with this specific
hypothesis in mind. First, we show in Study 1 and 2 how negative feedback influ-
ences behavior change. We show how it worked in combination with positive feed-
back and separate from positive feedback. Next, we discuss the results of Study 3
showing that negative feedback is in particular effective when the context offers an
opportunity for adaptation and learning based on the feedback. Finally we present in
Study 4 new data that suggest that positive feedback is in particular effective when a
single goal has been activated, but fails under conditions of multiple goals. Negative
feedback, by contrast, is not only effective when a single goal has been activated, but
retains its effectiveness when multiple goals force the user to make trade-offs.

2 Study 1: Social vs. Factual Feedback and Feedback Valence

In our first study (3) about the persuasive effects of feedback on behavior by a smart
social agent we set up an experiment in which subjects received social feedback from
an artificial robotic agent while carrying out tasks in which they could conserve ener-
gy. More specifically, we tested the effects of social feedback compared to factual
feedback, the effect of positive vs. negative effect and thirdly the effect of low vs.
high perceived agency as characteristic of the feedback source. The latter effect is not
relevant for the current paper and will not be discussed here. Thirty-three participants
were randomly assigned to one of three experimental conditions. The experimental
procedures have been explained elsewhere in detail (3). In short, participants
completed 10 washing trials in which they programmed the washing machine (see
Figure 1) by making various choices such as for water temperature and spinning
speed. They received the factual feedback from the computer system displaying the
amount of electricity (in Kwh) consumed. The feedback was presented through a
little led-indicator on the display. In the social feedback condition the feedback was
provided by a little robotic agent, which is known an iCat, produced by Philips corpo-
ration (ref) in the form of stylized head of a cat that was able to display social expres-
sions by moving lips, eyes, eyelashes and eyebrows and by playing speech files. For
all participants, a simulated washing machine, a copy of a current model on the mar-
ket, was presented., while the social feedback was provided by the iCat and selected
from a repertoire of six positive and six negative evaluative expressions like fantastic,
good, bad or awful.
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Fig. 1. The virtual washing machine interface

The results supported our expectations. The participants who received social feed-
back saved more energy than the participants who received the factual feedback.
More importantly for the current analysis, findings showed a feedback valence effect.
More specifically, these findings showed that the greatest changes to conservation
behavior were achieved after negative feedback (compared to positive feedback). In
addition we found an interaction indicating that the negative feedback effect was
strongest when the social artificial agent, the iCat, provided it.

3 Study 2: Negative Feedback Only

Before drawing firm conclusions, a second study was performed first to replicate
these results and second to test whether the negative feedback effect would also occur
independent of the positive feedback. Therefor in Study 2 feedback valence was ma-
nipulated in a between-subjects design (3). So, while in Study 1 participants could
receive both positive and negative feedback, in Study 2 they got either positive or
negative feedback. Like in Study 1 factual feedback and social feedback were tested
between-subjects. However, we also adapted the factual feedback condition to control
for a potential confound between the social nature of the feedback and the evaluative
nature of the feedback. On could argue that the social feedback was more effective,
not because of the social nature of the feedback, but instead, because it was more
directly evaluative compared to the factual feedback. To control for this potential
confound we substituted the factual feedback with the led kWh-indicator for one that
used colored lighting to provide factual feedback with red light for negative feedback
and green light for positive feedback, both at 6 levels of intensity. In the negative
feedback condition, factual evaluative feedback was given when participants used
more energy than the middle of the scale. This was done by gradually changing the
color of the screen from white to red and back within 3 seconds. In addition, an un-
pleasant sound (a buzzer) was played through the speakers for one second. The
strength of the red color and the loudness of the sound depended on the amount of
energy consumed by a participant’s settings. If e.g. a setting used much energy, the
screen changed color to dark red, and a loud buzzer sounded. In positive feedback
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conditions, factual evaluative feedback was given in an identical fashion, but now the
screen color changed from white to green, and the sound played was a pleasant ring.
Level of detail of the factual-evaluative feedback was similar to that in social feed-
back conditions. This setup equalized the evaluative nature of the feedback between
the conditions, but kept the distinction between social and non-social feedback. For
the remainder the setup was similar to Study 1.

Results were in support of the conclusions of Study 1. Social feedback proved to
be more effective than factual feedback, both with kWh indicator and the colored
light condition. The difference between both types of factual feedback was not signif-
icant. More important for the current analysis, the main effect of feedback valence
was replicated in this between subjects design, demonstrating that the effect of nega-
tive feedback occurred without the availability of positive feedback. Furthermore we
found the same interaction indicating that the effect of negative feedback was strong-
est for social feedback compared to factual feedback. The latter single effect proved
to be non-significant. Moreover it seemed as if the positive feedback encouraged par-
ticipants to enhance their energy consumption. Thus, this last finding suggests that
while people may feel pleased by a system that offers compliments, this does not
ensure that the user may also change her or his behavior. In particular this may hap-
pen when multiple goals have been activated. We will address this issue in Study 4.

Together Study 1 and 2 demonstrated the effectiveness of negative feedback and in
particular when the feedback was social in nature. These rather surprising effects of
negative feedback evoked the question why these effects occurred. This was the rea-
son for setting up Study 3 in which we explored conditions that facilitated the work-
ing of negative feedback.

4 Study 3: Learning from Negative Feedback

We argued that an important reason for the effectiveness of negative feedback is that
negative feedback is especially useful in situations that allow people to avoid aversive
consequences by learning from previous experiences. It has been argued that negative
feedback is not effective because, in contrast to positive feedback, it does not learn
how to avoid the negative consequences (12). In other words it would not stimulate
learning sufficiently. Consistent with this explanation also in other fields similar hy-
potheses have been tested. Earlier research in the domains of risk management (13)
suggested that people seek information about impending dangers only when they see
a possibility to avoid negative consequences. In line with these findings, we argue that
the effects of negative feedback will be moderated by the extent to which options are
available to avoid negative consequences. This could for instance be the case when
tasks that people have to perform are relatively similar (as compared to tasks that are
dissimilar). In such a task context feedback can provide better options to learn from
previous negative experiences because these may offer indications for improvement
in follow-up tasks. So, we argued that task similarity would enhance the effects of
negative feedback. Therefore, in Study 3 we investigated the hypothesis that the per-
suasive effect of negative social feedback vs. positive social feedback as provided by
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an artificial social agent will be enhanced under conditions of high task similarity in
comparison to low task similarity (14).

In this study in which 120 participants participated we manipulated in a 2x2 design
high vs. low task similarity and positive vs. negative social feedback by the artificial
agent. The experimental setup followed the setup and procedures of Study 1 and 2.
Task similarity was manipulated by distinguishing a set of washing tasks with high
similarity vs. one with low similarity. This distinction was based on a pretest in which
we asked 27 participants to sort 16 washing tasks on similarity. The outcomes of the
pretest were used to compose a set in which subsequent tasks were rather similar vs. a
set in which subsequent tasks were rather dissimilar. So, the 16 tasks were the same in
both conditions, but only the order of the tasks was different to induce the desired
effect. For example, in the high similarity condition tasks including the same type of
material, for instance woolen or cotton wear.

The results confirmed again the main effect of feedback valence showing a higher
level of behavior change as a result of negative feedback. Moreover, a significant
interaction was found showing that the effects of negative feedback, compared to
positive feedback, was enhanced in the task similarity condition, thereby supporting
our hypothesis.

In sum, this study showed that negative feedback is able to contribute to behavior
change interventions if the right learning conditions are met. In the next section we
will argue that negative feedback can also compensate for weaknesses of positive
feedback.

5 Study 4: Serving a Single Goal vs. Multiple Goals

Without doubt, lack of clarity about the role of set goals has been one of the major
reasons why results of feedback have been mixed in the past (15). It was often pre-
sumed that energy feedback would allow users to see where they stood in relation to
their energy consumption goal and thus would automatically seek to reach it. Howev-
er, residents may or may not have had an active goal to save energy, and of those that
did, many may have given this goal a lower priority than other goals, such as comfort
or convenience. In fact, the earlier studies that evidenced some success of energy
feedback either assigned a specific energy saving goal to subjects and requested vari-
ous forms of commitment to the assigned goal (2, 16, 17) or were likely to have un-
knowingly triggered an energy saving goal in the subjects prior to the experimental
treatment (e.g. 18). Those that did not engage the user in some form of goal setting
showed no success of lowering consumption through feedback. Possibly others were
likely to have unknowingly triggered an energy saving goal in the subjects prior to the
experimental treatment (18).

The relevance of goal setting has also been demonstrated for persuasive technology
using smart agents. The study by (2) illustrated that goal setting can be a highly effec-
tive means of assuring response to feedback in the washing machine paradigm as also
used in the Studies 1-3 of the current paper.
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In spite of the significance of these results, we should wonder to what extent these
results match real life circumstances. As far as we know, studies that investigated goal
setting in relation to the effectiveness of feedback, regarded only single goals, that is a
goal to conserve energy was set, or activated, or not. In real life however, people
usually have multiple goals when making decisions to conserve energy. Even more,
energy conservation is usually not the prime goal for using appliances. Most of the
time, actions will connect to other major goals like heating the home, cooling foods-
tuffs or cleaning the laundry. One may wonder how the presence of these other goals
could affect the pursuit of a conservation goal? In general, it seems likely that if a user
has to divide his or her attention between multiple goals, each goal would receive less
attention. In particular, this will be the case if goals are not compatible, which forces a
user to make a trade-off between the achievement of both goals. We suggest that for
many users the prime need for using energy will dominate the goal to conserve ener-
gy. In others words when people have to make a choice, often energy conservation
will not prevail. Actually, this may be a reason why adoption of sustainable technolo-
gy in general is hampered. Producers of sustainable technology improve a product
attribute of secondary significance for the consumer, the exception being the case that
resource conservation is among the dominant goals of action (15).

If consumers would tend to weigh their prime goal of use higher than the conserva-
tion goals, what could be the effect of feedback? Most likely, the user will be more
alert on the achievement of the prime goal rather than the conservation goal. That is
why we hypothesized that positive feedback on the conservation goal could generate a
response that turns attention away from the conservation goal and towards the prime
goal. After all, positive feedback may suggest that the conservation goal has been
achieved to a reasonable extent. Most likely, negative feedback will not induce that
conclusion to the same extent.

Note, that in all three preceding studies that we described in the current paper ac-
tually multiple goals were present. We asked our participants to perform washing
tasks to clean the laundry in proper way. In addition we asked them to conserve as
much energy as possible. Thus, our participant had to make the tradeoff between the
two goals. This may be one of the explanations why negative feedback works. One
might even reason that in most studies on energy feedback this trade-off of multiple
goals has played a role in the decisions of users. In most cases, however, this decision
aspect was not articulated in the research. This could also be part of the explanation
why the results of feedback studies have been mixed.

On the basis of these considerations on the relationship between multiple goals and
feedback, we hypothesized that in a multiple goal situation in which a conservation
goal competes with a goal of use, negative feedback may exert stronger effects on the
achievement of conservation goals compared to positive feedback (Hypothesis 1).
Furthermore we expected that participants aiming for a conservation goal while a
(consumption) goal was also activated, would consume more electricity than partici-
pants who are aiming for a conservation goal only. (Hypothesis 2). Finally, we
expected to replicate the finding of higher savings as a result of negative feedback
compared to positive feedback (Hypothesis 3).
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5.1 Method

Participants and design. 73 participants (35 men and 38 women), all students at Eind-
hoven University of Technology, were randomly assigned to one of four experimental
conditions: 2 (feedback condition: single goal activated vs. multiple goals activated )
x 2 (feedback type: positive vs. negative). In addition, each participant completed 10
washing trials, which composed the 10 levels of our third independent variable.

Materials and procedure. The experimental procedure was identical to that of Study
1, except that only social-evaluative feedback was given and goal setting was manipu-
lated. The expressions and behavior of the iCat were similar to the previous studies.

Participants were asked to complete the washing trials on the simulated washing
machine panel that was presented on the screen. In the multiple goal condition two
goals were assigned: clean your clothes and save energy. In the single goal condition
they were only requested to save energy. Each participant completed a practice wash-
ing trial and the ten real washing trials, which were identical for all of the participants.
For each trial, participants were instructed to complete a specific type of washing task
(e.g., "wash four very dirty jeans").

After the participants completed all trials, they answered several demographic
questions, were debriefed and thanked for their participation.

To be able to distinguish the effects of positive and negative feedback we calcu-
lated an index based on total number of actions of users in the user interface. So, we
not only included the final choices per trial, but all the preceding programming choic-
es. As explained, these were all followed by social feedback, either positive or nega-
tive. The index subtracted for each action the following choice, in terms of energy
consumption effect, from the current choice, thereby indicating whether the feedback
resulted in a higher or lower energy consumption score for the next following choice.
This procedure was similar to those in the previous studies.

5.2 Results

The electricity consumption score was analyzed using a 2 (goal: single vs. multiple) x
2 (feedback type: negative vs. positive) mixed model analysis, controlling for multiple
observations per participant. Analyses confirmed our expectations regarding Hypo-
thesis 1 and 3. The main effect of the goal factor did not reach significance (Single
goal M =-0.11, SD = 0.01; Multiple goal M = -.09, SD = 0.01), F(1, 59,342) = 2,186,
p = 0.14). More specifically, these analyses indicated that participants who had been
provided with positive social feedback saved less energy (M = .-.05, SD = .009) than
participants who had been provided with negative (social) feedback (M = —.16, SD =
.01), F (1, 557,676) = 80,586, p < .0001. Secondly, these analyses confirmed the inte-
raction between feedback valence x # of goals, F(1, 557,676) = 4,863, p = .0.028 (see
Figure 2). Specific comparison within the mixed model analysis (using Bonferroni
adjustments for multiple comparisons) showed that the simple effect of positive feed-
back significantly reduced under multiple goal conditions compared to single goal.
This effect did not occur for negative feedback. Negative feedback was effective
in saving energy under single goal conditions but remained so under multiple goal
conditions.
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Fig. 2. Change in energy consumption score after positive vs. negative feedback under one vs.
two goal conditions in Study 4

6 Discussion

In general, our findings demonstrated that people are sensitive to social feedback as
provided by an artificial agent. Apparently, persuasive artificial agents are able to
create behavior change among human users. In contrast to earlier work that focused
primarily on praise, our feedback interventions included both positive and negative
feedback (Study 1). The effect of social feedback on energy conservation should
therefore be considered as the joint effect of both positive as well as negative feed-
back. Interestingly however, our analysis on the level of single programming acts
within trials, suggested that the direct influence of negative feedback on following
programming choices was greater than the effect of the positive feedback. Further-
more Study 2 demonstrated convincingly that providing negative feedback only is
more effective than providing positive feedback only. This finding suggests that the
effectiveness of negative feedback is not dependent on the presence of positive feed-
back. It is however related to the social nature of the feedback. The effects of negative
feedback were especially noticeable for social feedback and less for factual feedback.
Apparently, the social nature of the feedback amplifies the difference between posi-
tive and negative feedback. Results of Study 3 indicated that negative feedback was
effective especially when tasks were relatively similar—as is the case of many of the
daily routine tasks people perform. Enhanced task similarity creates a context in
which the feedback can immediately be employed for improving performance. In this
sense negative feedback contributes to self-regulatory action by the user. This func-
tion is weaker when the context does not offer opportunities for performance im-
provement based on the negative feedback. This process may have influenced the
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effectiveness of negative feedback in most of our studies using the washing machine
paradigm. This paradigm offers a structured environment in which users are requested
to make specific choices while using a well-defined interface. In this context it be-
comes easily clear for the user how to enhance performance when this is indicated by
the feedback. In ill-structured environments, it could be necessary to offer the user
additional cues how to improve performance.

The effects of positive feedback were relatively minor in our studies. Moreover, it
seemed as if the positive feedback encouraged participants to enhance their energy
consumption. However, this was not generally the case. Thus, while people may feel
pleased by a system that offers compliments to a user, an effect that has also been
observed in other studies (e.g. 19), this does not ensure behavior change. In particular,
this may hold if a user has other goals to achieve, like in our case cleaning the laun-
dry. In making the trade-off the user may decide to stop focusing on the goal that
already received positive feedback. Possibly this effect is also influenced by the goal
hierarchy. On might expect that the higher goal will be pursued to a greater extent
when a trade-off has to be made. Future research could further examine this factor.

In our introduction we have discussed the debate about negative feedback and neg-
ative information in various research areas. Our results support the notion that nega-
tive feedback can be effective in informing people about their performance or about
the need to change actions. One might wonder whether this effect is influenced by the
artificial nature of the feedback sources in our research compared to human sources in
many other studies. Possibly, people can more easily accept negative information
from a non-human source than from a human source. Although our reactance studies
showed that also artificial agents could evoke reactance, it seems plausible that ten-
dencies to respond defensively are weaker when the feedback originates from an ar-
tificial agent. This is one of the challenging questions that lie ahead in exploring and
optimizing the persuasive power of artificial agents.
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