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Abstract. This article presents the design process behind the specification of a
behaviour change intervention method to promote energy saving. The amount of
energy used for food preparation is highly influenced by people’s behaviours.
A user-centred design approach based on scenario analysis was applied to
provide understanding of context of use and specification of user requirements.
This knowledge was applied to the design of behaviour change interventions to
motivate sustainable behaviours.
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1 Introduction

Societies have been increasingly concerned about the amount of carbon released into
the atmosphere and the consequences of energy use. The housing sector accounts for
more than one third of the energy consumption [1]. It is possible to build domestic
products that use less energy via better product engineering, and to reduce the energy
consumption by the way people use these products and perform their daily activities
[2]. The energy efficiency of appliances has been increasing in recent years [3].
However, owning efficient appliances or living in energy efficient homes is not a
guarantee that the energy use will reduce [4, 5]. Furthermore, consumers are buying
more appliances and having more standby devices [6].

The role of behaviour in domestic energy use is often the subject of research
focusing on different appliances. Verhallen and Raaij [7] presented a study of the
energy used for home heating, showing that occupant behaviours explain 26 % of the
variance of energy use. They demonstrated that levels of awareness, commitment to
energy saving measures and personal preferences varied enormously from one person
to another [7]. One study on washing up methods showed that people behave in diverse
ways, and on average use more detergent, water, energy and time than a regular
dishwasher [8]. But when a set of ‘best practice tips’ were given to consumers as
instructions, they “used around 60 % less water, 70 % less energy and 30 % less
detergent compared with the average everyday behaviour the other subjects used.
Additionally, they achieved a slightly better cleaning result” [9]. Cultural differences
were shown to be an important factor on user behaviours for dish washing, influencing
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water and detergent usage [10]. Laundry and dish washing energy use was reported to
be highly influenced by lifestyles, and “results show a variation of a factor of five
between a more sustainable and a more careless behaviour” [11]. For cold appliances,
video evidence shows that families have particular ways of storing and retrieving food
from the fridge, and the frequency and length of interactions with the appliance can
affect the energy consumption [12]. One user observation study demonstrated that
people who perform their daily activities with a high level of interaction with kitchen
appliances, sometimes cause unnecessary energy usage [13].

The amount of energy used for food preparation is highly influenced by people’s
behaviours. Cooking demands several interactions between users and appliances, the
user is in close proximity during operation, and there are numerous energy saving
behaviours that can be performed during the cooking activity [14]. There are also
diverse techniques that the user can apply in order to reduce the energy use, depending
on the food prepared [15–17].

User-centred design methods can contribute to an understanding of how and why
people use energy [18, 19], and this knowledge can inform the design of interventions
to promote energy conservation. The design of behaviour interventions has been
studied for many years across different disciplines [20]. The design of products and
services can be used to motivate users to behave in a more sustainable way [21–23]. It
is possible for designers to indicate a route they want users to take, via different
methods and strategies. “Where users often make poor decisions, design can help
counter this” [24]. Information and communication technologies (ICTs) can be used to
increase the sustainability of products and services in many ways. Several examples
can be found in the literature, from visualizations of resource consumption, and energy
use feedback to persuasive applications [25, 26].

1.1 Evidence from Previous Study

As a previous study reported [27], people cook in diverse ways, using rather different
procedures, resulting in diverse energy expenditure and time usage, even when cooking
the same dish, using the same utensils and appliances. Participants rushed into the
cooking tasks without much deliberation, consequently not following recommended
preparation procedures and thus using more energy. Time issues and concerns about
how long it takes to cook were recurrent aspects noted. Students generally boiled the
kettle, pre-heated the hob, and used the bigger hob and high heat settings. Even though
they wanted to cook quickly during the experiment, and to avoid extended preparation
time, most of them used more water than needed, did not cover the pan, used more
energy and eventually made the cooking process longer [27].

The interaction between participants and appliances during the cooking process
presented a few moments of tension regarding the use of available time in relation to
the task requirements [27]. The cooking activity could be divided in two main distinct
phases. The first phase consists of the user preparing the utensils and ingredients to start
cooking, and the second phase refers to when the user is cooking and waiting for the
food to be ready. Participants’ behaviours during these two phases and its relation to
time indicate that both are distinct. The first phase includes activities like unpacking the
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food, selecting the pan and hob, pouring the water and setting everything ready to start
the cooking process properly. The second phase constitutes, basically, stirring the food
and watching it cook.

It was noted that there were temporal tensions during both phases of the cooking
process. Temporal tensions are defined as the psychological construct arising from
assessing the availability of temporal, mental, physical and social resources [28, 29].
The first phase is characterized by a hurrying feeling, when the time seemed to be short
for the amount of preparation to be done. Some students performed different tasks at
once, like pre-heating the hob whilst boiling the kettle, in an attempt to ‘squeeze in’
more actions “to fit in a time frame” [28]. The second phase denoted a waiting tension,
when participants wanted to avoid the boredom of waiting by trying to make the
cooking process quicker. The relationship between time and action is stretched, with
participants anticipating outcomes that are about to happen [28] and trying to find
distractions such as chatting or listening to music on their mobile phones. These two
phases indicate a problematic situation where the availability of time in terms of the
overall cooking goal could be better managed in order to avoid temporal tensions.
Technology can be used to ‘stretch time and slow things down’ instead of only trying
to make users to perform their activities more quickly [30].

Figure 1, below, displays the timeline for cooking noodles with the different steps
undertaken during the cooking process. It was inspired by service design thinking [31],
following practical guidance from the Service Design Blueprint technique [32] and
contributed to the definitions of the proposed behaviour change intervention.

The preparation phase consists of a number of steps to start the cooking process
according to the proposed ‘ideal’ method. A careful selection of steps should be made
in order to achieve the best final results in terms of the quality of food, effort, time and
energy use. This would address the problem of students rushing into the cooking
process without much consideration (phase 1) and often being tempted to do something
to alleviate the waiting boredom (phase 2).

The diagram above displays the preparation and waiting phases where a temporal
tension might occur. Most participants failed to follow a procedure that could result in
quicker preparation time and less energy use. They also seldom turned the hob off

Fig. 1. Cooking timeline – preparation and waiting
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before the end of the cooking process in order to use the remaining heat stored in the
metal plate. They wanted to avoid increasing the cooking time, indicating a temporal
tension at the end of the process.

2 Scenario Analysis

In order to reduce temporal tensions during cooking, it is advised to incorporate the
user’s perspective into the development process. A user-centred design approach
includes the understanding of context of use and specification of user requirements
[33]. Following this approach, users were invited to generate new ideas that could
contribute to the suitability and acceptance of such an intervention as described:

2.1 The Study

A sample of the target population was selected to participate in an idea generation
session. A group of 35 students participated on this study (12 females and 23 males).
They were all undergraduate students registered for a module on research methods.
Participation was voluntary and not related to their attendance records or grades. They
could work alone or in pairs and it was not mandatory to complete all questions.

Participants were made aware of the aims and objectives of this research during the
briefing phase and with the findings of the previous study [27] via images and graphs
from previous chapters of the first author’s thesis [14]. They were also presented with
the cooking timeline diagrams to understand the temporal tensions observed during
cooking. Finally they were prompted to think about the concept of a cooking assistant,
a mobile phone application that could help during the cooking activity giving
instructions for the preparation process.

2.2 Methods

To motivate a wider range of ideas, scenarios were also introduced into the exercise.
‘Scenarios of use’ is a widely recommended method for user-centred design [34], and
can be useful during early stages of developments “to provide examples of future use as
an aid to understanding and clarifying user requirements” [33]. Scenarios are “stories
about people and their activities” [35], acting as “narrative descriptions of interactions
between users and proposed systems” [36], that are typical and inserted into specific
situations of use. The intention was to motivate students to consider the complexity of
the cooking activity, elaborating on their own point of view but also simulating other
experiences. When building different scenarios, it is important to ensure that they cover
different ‘stories’, as they “must have some ‘point’ that illustrates a design issue not
raised previously by other scenarios” [36]. A scenario can be built considering 4
aspects of each situation [35]:

1. Setting: the state and the background of the episode
2. Agents or Actors: people involved in the episode
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3. Goals or Objectives: the changes that the agents wish to achieve
4. Actions or Events: the plot, things that agents do and things that happen to them

Three different situations of cooking were presented to the students, who they asked to
evaluate the introduction of an electronic cooking assistant into these scenarios. Then
they were asked to contribute with ideas for aspects of the application that would
motivate them to use it, follow the instructions and ultimately save energy for cooking.
The proposed scenarios were:

A. Cooking Something Quickly: when the student is cooking his food as usual, when
she just wants to have food, to ‘fuel up’ when rushing between lectures, and having
the kitchen as a routine space just to get things done.

B. Cooking as a Private Moment: when the student is more relaxed and experi-
menting with food, trying to be more creative and possibly cooking something new,
not particularly concerned about the time taken for cooking

C. Cooking as a Social Experience: when the student is cooking together with friends
or flatmates, sharing the experience and the food, using the kitchen as a social space
to enjoy the company, chat and eat (Table 1).

2.3 Procedure

After a briefing of the aims of the exercise, students were asked to discuss among
themselves to elaborate creative solutions to the problems presented. One sheet of
paper was handed to each student in order for them to complete a table with eight
questions for each of the three scenarios. The questions were divided into two groups,
corresponding to the two phases of distinct temporal tensions observed during the
cooking process. The first phase, related to the ‘preparation’ phase, aimed to investigate
the acceptance of the proposed mobile phone cooking assistant, and also to understand
how to motivate students to take time to prepare the food with the correct process
before rushing into the cooking itself. The second phase, namely “waiting”, was
designed to understand how to make people wait without feeling bored during the
process, and also what could a system suggest the user could do in order to avoid this
boredom. The questions used were:

Table 1. Scenarios

Scenario A
Cooking
something quickly

B
Cooking as a private
moment

C
Cooking as a social
experience

Setting Kitchen as
routine space

Kitchen as creative
space

Kitchen as a social
space

Agents Student Student Friends
Goals Have food Relax, enjoy and

create
Interact, enjoy, share
the experience

Actions Cook food as
usual

Experiment with
food, take time

Chat, listen to music,
cook, taste
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1. In this scenario, do you think students will follow instructions from an app?
2. Why? (reason for answer)
3. What would encourage students to follow a preparation procedure?
4. How to motivate them to think before acting?
5. In this scenario, do you think students will wait and follow the instructions?
6. Why? (reason for answer)
7. What would encourage them to take their time, not rush and not feel bored waiting?
8. What could an app suggest them to do?

2.4 Data Analysis

The dataset from this study comprised of 30 sheets with responses to these 8 questions
shown above, for each of the three scenarios. A broad range of responses came from
each one of these questions, and to organize them in themes, the software NVivo was
used. This facilitated the categorization of responses and allowed a further qualitative
data analysis. The software also enabled the researcher to build patterns from responses
and provided a clearer picture of the data, following recommendations from [37].

Preliminary analysis of the responses and familiarization with the data indicated
that dozens themes were raised by the participants. Further examination of the data
indicated that responses could be merged into a smaller number of categories. Par-
ticipants mentioned frequently the need to obtain a ‘value’ from the experience, that it
should be useful to them in some way. They also wanted to enhance the process, gain
confidence, experiment with food, increase the quality, improve health and have more
enjoyment during the task. Another category of responses indicated that participants
wanted to use less effort and have fewer distractions when cooking, and that a cooking
assistant should be easy to use.

It was observed that these themes were falling into categories that matched the ones
from existing models for evaluation of technology acceptance and suitability. Since this
study involved the evaluation of the acceptance of an electronic assistant, the Tech-
nology Acceptance Model (TAM) [38] and its developments [39–41] provided a
suitable framework to help in grouping and analysing participants’ responses. TAM
postulates that perceived usefulness and perceived ease of use are the fundamental
determinants of user acceptance. Other factors were added later as influences on these
main constructs, such as social influences external conditions [41].

Responses to all the open ended questions were classified into these 4 categories:
Perceived usefulness, Perceived ease of use, Social influence and External factors
(Table 2).

The majority of the responses from this study, aggregating all 6 open ended
questions, fell into the category of perceived usefulness of the technology (63 %).
Previous studies also identified that perceived usefulness is indeed the best predictor of
technology acceptance, since it correlates more strongly to usage than ease of use [38,
41]. Perceived ease of use was the second most frequent item (17 %), followed by
external variables (11 %) and social influence processes (8 %).
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3 Results

The semantic analysis of themes gathered during this study allowed the definition of
the most important requirements in each scenario, for the two main phases of the
cooking process. This data indicated that any proposed intervention should be useful by
adding value to the cooking process. This value is perceived as any improvement in an
aspect of cooking, such as increasing the speed of the cooking process, reducing mental
workload or improving the user experience for cooking. These requirements are shown
in Table 3 below.

Data gathered during this session indicated the primary need was to consider the
perceived usefulness of the application, and as a secondary consideration the proposed
app needed to be perceived as easy to use in order to be adopted. Concepts of a richer
user experience (UX) [42] were also suggested, including fun elements (games,
quizzes, relaxing activities, social interactions) and improved visual appearance. Some
external variables such as social factors can also influence the acceptance of technol-
ogy, but to a lesser extent. In summary, participants required that the technology must
fit the task they attempt to perform [43]. In line with previous studies involving the
Technology Acceptance Model [7, 38] students need to recognize the application as
being able to help them to accomplish the goal during the activity, preferably with
added fun, otherwise it might not be perceived as useful, consequently failing to be
really accepted.

3.1 The Proposed Intervention

Data from the studies conducted during this phase combined with the literature review
indicated that participants need to perceive a benefit from using the application. Often
people want to see the rewards from specific behaviours, as if asking ‘what is in there
for me?’ [44]. The strategies developed here focus on the results of the scenario
analysis and previous studies by providing benefits to the user including a shorter

Table 2. Scenarios results - overview

TAM ×
scenarios

A
Cooking
something
quickly

B
Cooking as a
private
moment

C
Cooking as a
social
experience

Total %

Perceived
usefulness

107 102 61 270 63.38

Perceived
ease of use

38 12 23 73 17.14

Social
influence
processes

1 2 32 35 8.22

External
variables

21 16 11 48 11.27

Total 167 132 127 426 100.00
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cooking time, a convenient process, and the possibility to have the final meal prepared
according to their preferences, in a facilitated way. In order to design the application to
be useful, reduce temporal tensions and promote energy saving, the strategy of
applying persuasive technology was considered [45, 46]. From their examples of
persuasive technologies as tools, it is possible to select strategies that could be
embedded within an intervention intended to influence people’s behaviours whilst
cooking.

3.2 Structure of the Application

Continuing from Fig. 1, which presented the moments of temporal tension during
cooking, Fig. 2, above, shows opportunities for a system to intervene during the

Table 3. Scenarios and requirements

Scenario A B C

First phase –

preparation:
How to make
students use the
app and follow
instructions

Make it useful
– Improve efficiency -
Make the cooking
process quicker,
easier, and save
energy

– Improve quality,
make healthier

– Inform – benefits,
how to be quicker,
what can go wrong

Make it useful
– Instigate gourmet /
experiment /creativity /
skills

– Guarantee quality
– Save money
– Inform - instructions on
complex steps, show
benefits, what can go
wrong, feedback

Make it useful
– Improve quality and
health

– Inform about benefits
and instructions on
complex steps

Make it easy
– Easy to use
– Allow manage food
whilst with friends

Make it easy
– Easy to use
– Quick to use

Make it easy
– Improve visuals

Improve social aspects
– Promote social
interactions, engage
friends to contribute

– Impress friends with
food

Second phase –
waiting:

User
requirements –
how to make
students wait

Make it useful
– Concentrate on food –

Suggest how to
improve speed, health
and quality

– Give external
distractions – read,
work, quiz, games,
tips on energy,
cooking, relax

– Multitasking –

prepare other parts of
the dish, wash up, set
table

Make it useful
– Concentrate on food –

suggest ingredients,
how to improve speed,
health, quality

– Give external
distractions – read,
work, other tasks, tips
on energy saving, waste
use and better cooking

–Multitask – other part of
the dish, wash up, clear
up, set table

Make it useful
– Concentrate on food –

How to improve speed,
health, quality

– Guide multitasking –

inform how to prepare
other dishes
simultaneously

– Enhance social aspects –
share tasks with others,
involve, give
conversation topics, use
online social networks
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cooking activity and to ultimately reduce these temporal tensions. Based on the Service
Design Blueprint [32], this diagram includes the timeline, the physical evidences and
inputs, the visible user actions, the ‘checkpoints’ and also the backstage actions that
could be performed by the cooking application (bottom row of boxes). The roles of the
user and a cooking agent are interrelated in order to produce an ideal process, aiming at
energy saving, shorter cooking time, improved food quality, less effort and reduced
temporal tensions.

4 Discussion

Providing some sort of distraction during the waiting phase of cooking could be one of
the strategies designed to reduce temporal tensions. Introducing one activity that
provides cognitive absorption [47] during the second phase of the cooking process
could work for this purpose, making time pass quickly during an engaging activity. It is
argued that it is possible to develop interventions to foster flow, an ideal state when the
challenges of the environment matches personal skills [48]. These interventions are
generally used to make regular work settings a better source of flow giving more
enjoyable interactions, with built-in goals, feedback, rules and challenges, without
imposed demands or strict pacing. In a state of flow there is “a sense that one’s skills
are adequate to cope with the challenges at hand, in a goal-directed, rule-bound action
system that provides clear clues as to how well one is performing. Concentration is so
intense that there is no attention left over to think about anything irrelevant, or to worry
about problems” [49]. Flow is much more likely to happen from a structured activity,
and activities performed with flow can lead to a self-motivated dimension of behaviour
[50]. Although flow theory is generally applied to playful activities, previous research
found correlations between measurements of flow and use of office software such as
spreadsheet and email tools [51] or internet browsing [52].

Oulasvirta and Tamminen [28] indicate the possibility of use of notifications as a
form of reducing temporal tensions. Users could “delegate tasks to automatic devices
that must somehow notify the user of important changes in the controlled task or
process”. The evidence that some students lost track of time during cooking, and the

Fig. 2. Cooking timeline: user and app tasks
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cognitive load associated with the task of calculating the duration of the cooking
process (for even a simple cooking task) indicates that electronic timers with prompts
can improve the time management for the activity. “By creating a system that does not
demand a continual awareness of time progression, opportunities for engaging in
activities that reduce the time pressure may be increased” [53]. ICT interfaces can
provide a better support for allocation of attention, via context-triggered audible or
tactile alerts intervening at the right time and leaving the users to dedicate their cog-
nitive resources to the cooking activity itself. This aid could be provided through an
electronic timer with prompts programmed for the specific meal being cooked to alert
the user at the end of each step, allowing them to concentrate on the cooking actions.
This suggests an appropriate allocation of function between user and system or in other
words, “It is important to determine which aspects of a job or task should be handled by
people and which can be handled by software and hardware” [33]. Previous research
also recommends that systems should minimize the attention required by technology by
decreasing the need for visual attention. The user should be able to concentrate on the
environment and receive multimodal feedback at an appropriate time [54].

Other advantages of using a timer are that participants would not need to rely on
their senses for assessing when the food is ready, such as looking or tasting, as
observed during the trials, and reducing the inclination to allow the food cooking for
longer than necessary. Timers and alerts could enable users to reduce the electricity
usage by informing them when to switch the heat source off and use the remaining heat
retained in the hob.

5 Conclusion

This paper addresses the topic of time management during cooking activities, aligned
with a theoretical background on time perceptions and temporal tensions. This
knowledge indicated the media and the content of an intervention to tackle wasteful
behaviours. These propositions were presented to a group of students who analysed it
according to specific scenarios. Their contributions confirmed the findings from pre-
vious studies that an application can contribute to make the cooking process more
efficient (reducing time to prepare, minimizing effort involved and providing better
results) and improve the user experience. The app could help users concentrate on the
food preparation in order to follow a recommended procedure for efficiency and energy
saving. At the same time, an app could provide a variety of distractions during the
second phase of the cooking to minimize boredom, such as tips for better cooking,
multitasking, quizzes, games and relaxation activities.

The qualitative data analysis from the requirements study showed that individuals
are likely to be cautious in adopting a cooking assistant app because they do not want
to spend additional time preparing the food, complicate the process, or compromise the
quality of food. However, if the application has a value, or is perceived as being useful
and easy to use, then it is more likely to be accepted. This information contributed to
the process of specifying the design of a persuasive electronic intervention, for example
via a mobile phone application, to change their behaviours for cooking.
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The main hypothesis formulated here is that providing a way to reduce temporal
tensions during cooking can improve the user experience and promote energy saving. It
was demonstrated that ICT can provide the tools needed to manipulate time perceptions
and therefore bring about changes in the specific behaviours that result in unnecessary
energy usage. The developed application should be evaluated to understand its effec-
tiveness in changing behaviours and achieving acceptance among the target population.
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