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Assistive technologies can significantly increase older adults’ independent living if these technologies are designed to meet
their needs and abilities. This study investigates conditions and present possibilities for assistive technology to provide
physical and cognitive support to older adults in a specific domestic task, which is cooking a meal at home. The empirical
material consists of six video recordings of adults aged 65 and over preparing a meal in their kitchen. The study unpacks
the complexity of kitchen tasks, from the physical interactions involved to the temporal and spatial alignment of objects
and goals in the kitchen. We focus on a) Physical manipulation, such as chopping, opening packages, and moving objects
around the kitchen, b) Organisation and coordination, including switching, synchronising and monitoring cooking tasks, and
c) Reorchestration and reorganisation in the form of inserting additional tasks, and rearranging tools and ingredients when
adjustments need to be made in the cooking process. The study outlines design principles for operational and organisational
interventions to support cooking a meal for independent living. The study concludes with discussing design implications for
conversational user interfaces in the kitchen, and the significance of assistive kitchen technologies for ageing in place.
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1 INTRODUCTION
Ubiquitous and pervasive systems for the home present an exciting opportunity to improve domestic environments
and support the manifold mundane actions conducted therein, such as bathing, cooking or cleaning. While the
benefits of such technology can be far reaching, one promising opportunity for such systems is to support the
capability of older adults (defined as those over 65 years old) to live in their homes longer, which is called ageing
in place [48, 49].
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Current assistive technologies for older adults can be categorised as attempting to provide technological
support in physical and cognitive tasks, as well as to support their social and emotional well-being [10, 15, 24, 29].
Technologies providing physical assistance have advanced from mechanical and ergonomic support, such as
additional hand holds, mechanised can openers and mixers, to assistive robotic technology, such as robots which
assist in lifting items or people. Cognitive assistance is currently limited to reminders, either set by the user
through direct interaction via a touch or voice interface, or triggered by the environment or actions such as with
monitoring technology, timers, and memory aids [50]. Examples of technology meeting social and emotional
needs can be seen in a range of research and commercial deployments, from digital picture frames and remote
awareness technology, such as the Whereabouts clock and Video Windows [6], to embodied emotional agents
[29].
HCI research has investigated older adults as users of assistive technologies [3], active ageing technologies

[10], smart homes and kitchen systems [13, 28], robot pets [29], and smart homes outfitted with assistive robots
[21]. Technologies providing collaborative support that combine cognitive and physical assistance in the home
environment are still very rare. This paper aims to contribute to the design of such technologies. Through detailed
analyses of video recordings of older adults’ cooking without any assistive technologies, we show the complexities
of a particular kitchen task. To help ensure that such assistive technology fits the needs and practices of older
adults and achieves the goal of helping them with ageing in place, we present design principles that can be
embedded into kitchen technologies.
Many smart kitchen systems have been developed to improve the overall workflows of the cooking process

in general [19, 20, 40, 47]. Some kitchen systems have been designed for older adults in particular [3, 4, 13, 28].
Assistive technology for older adults has focused on intelligent mobility aids or sensors in the home environment,
mostly overlooking the significance of kitchen activities for the well-being of older adults [5, 22, 31–33, 51]. To
complement these approaches, we present aspects of organisation and coordination involved in particular kitchen
tasks, and consider the age-specificity of these cooking tasks in the development of design interventions for
assistive technologies in the kitchen. The main contributions of our study are:

• An analysis of the complexity of kitchen tasks among older adults
• The categorisation of kitchen tasks under physical manipulation, organisation and coordination of tasks,
and reorchestration and reorganisation

• The presentation of design principles for operational and organisational assistance in the kitchen to support
ageing in place.

The paper begins by introducing existing research on cooking in the field of human-food interaction, and ageing in
place. In the methods section, we present a collection and analysis of video recordings. The results section consists
of presentations and analyses of short extracts from the video data. We describe three practices in detail: physical
tasks carried out during meal preparation, coordination of the cooking process, and reorganisation around
the objects and recipes. This is followed by the development of principles for operational and organisational
intervention in the kitchen. Finally, we discuss the implications of our findings for conversational user interfaces
and digital kitchen technologies to support ageing in place.

2 BACKGROUND

2.1 Cooking and the Kitchen in Human-Food Interaction
Food production, distribution and consumption have recently attracted growing attention in the field of HCI
[7, 8, 16, 34–36]. Cooking is a cross-cultural practice that supports communities by bringing people together,
enabling communality, solidarity, and leading to commensality: shared meals and community building [43, 44].
Food practices, including sourcing, storing, producing, tracking, eating and contemplating food [1] can also be
considered inspirational, aesthetical, relational and functional.
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In human-food interaction (HFI), cooking is a skill that consists of combining, mixing, processing and handling
ingredients. Technological support designed for cooking has focused on offering instructional guidance and
multimodal feedback on cooking, and supporting social and experiential aspects of cooking with technology [25].
Instructional guidance includes following recipes in the correct order. “Cooking Navi” used multimedia to offer
instructional guidance on cooking based on the interpretation of cooking workflows and rescheduling recipe
steps [18]. “Smart VideoCooKing” offered instruction for each cooking step by means of personalised videos [12].
“MimiCook” displayed written instructions with video-projection to offer immediate feedback for the person in
the kitchen [40], and “Shadow Cooking” guided users with situated, step-by-step information projected onto the
ingredients [41].

Representational modalities for giving feedback on cooking have also been developed. These systems include
computer-enhanced cooking pans [47], embedded sensors for detecting the thermal information [26], or detecting
the skill levels of cooks by tracking their hand and head motions [2]. Both instructional guidance and multimodal
feedback on cooking can be useful in guiding the cooking process, handling ingredients, or helping the person
adjust the right temperature in cooking. However, adapting these systems to dynamic situations and actions is
still difficult [34]. If the system requires too much input from the user, it can be considered distracting [19].
Cooking skills, recipes and techniques are shared with families and networks through informal and formal

interactions [44]. Therefore, technology design needs to consider the social, collaborative and experiential aspects
of cooking [34–36]. To describe the complexity of cooking together with others, Paay et al. [35] identified three
distinct task-related configurations: working on related tasks, working on independent tasks, and working on
shared tasks. They also identified four collaboration-oriented actions: observing, checking, helping, and showing
[35]. Preparing a meal requires various subtasks that are performed in preparation for the actual food making
(e.g., chopping vegetables as a preparation). People perform both independent and shared tasks, and they can
collaborate by either helping each other or sharing the task.
Several design solutions for the experiential aspects of cooking have been proposed [4, 7]. Schneider [43]

suggested a semantic cookbook inspired by handwritten recipes that are passed down from one generation to
another. Davis et al. [9] described a homemade family cookbook, and Terrenghi et al. [45, 46] designed a “Living
Cookbook” created from recordings of cooking in order to learn, share and educate others. Social and emotional
aspects of cooking were incorporated into “Smart Kitchen” [42] and “Talking Bottle” [4]. These interventions are
built on interactions with cooking appliances, digital meal-sharing apps, and the shared experience of cooking
together at a distance. Designing food practices as complex, socially and emotionally charged events in everyday
life requires cultural awareness and sensitivity towards the traditions and experiences of individuals [11].

Several problems can arise during everyday cooking practices. Cooking and meal preparation are characterised
by uncertainty in what to prepare for dinner, choosing recipes and making food-related decisions. Interaction
with food is often accompanied by distraction caused by routines and the day-to-day activities of life. Inefficiencies
occur in searching for items in kitchen cabinets, and many times the individual’s inexperience impedes the process
of cooking, and people make unhealthy choices due to lack of nutrition knowledge. [17]. Maintaining and learning
cooking skills are thus essential for the quality of life and well-being of individuals in general, and those of older
adults in particular as we address below.

2.2 Cooking and the Kitchen Among Older Adults
Cooking skills are central to older adults’ ability to live independently in their own homes. Ageing in place refers
to “remaining living in the community, with some level of independence, rather than in residential care” [48, 49].
The purpose is to ensure that older adults can maintain their independence, autonomy, participation and security
in their homes. Maintaining and developing cooking skills can contribute to successful ageing [39] and active
ageing [10] by lowering the risk of disease and disease-related disability; maintaining high mental and physical
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function, and enabling continued engagement with life, which includes relations with others and productive
activity.
Few studies have designed smart kitchens for older adults [3, 4, 13, 28]. Blasco et al. [3] developed Ambient

Assisted Living (AAL) applications to help older adults increase their autonomy in kitchen-related activities.
The Smart Kitchen integrates a variety of home technologies (household appliances, sensors, user interfaces),
and communication and media (power line, radio frequency) to provide support to older adults at home, in
transport and at work, and to increase their social inclusion, communication, and participation in a community.
The evaluation showed that users needed training to be able to use the system.

Kosch et al. [28] conducted a qualitative study on the design requirements for smart kitchens and communal
cooking for people with cognitive impairments. Cognitive impairments refer to difficulties in learning, remember-
ing information, or making decisions as a result of a health condition, injury or age-related disease. Communal
cooking was developed based on collaborative accessibility and joint activities between residents and their
instructors in sheltered housing. Cooking was seen as a key activity in the learning process of independent
living: work organisation in the cooking tasks, social dynamics of the sheltered living community, supervision of
residents and practical concerns on the safety of the cooking procedures. Designing assistance for the kitchen was
based on supporting coordination work, including task division between residents and instructors, monitoring
ongoing tasks, and organising work.
Healthy ageing and well-being in the kitchen are also associated with maintaining connections with social

networks. Brereton et al. [4] developed a messaging kettle that aims to share the experience of cooking at
a distance and respond to communicative needs in the kitchen for adults in their 50s, 60s, and 80s. Kitchen
technologies that respond to communicative needs at home are considered useful for long-distance families, or
individuals who have difficulties maintaining a feeling of connectedness [7].

In summary, kitchen technologies designed for older adults can be seen as assistive technologies: they help them
maintain their independence, well-being, and physical and cognitive functioning. A wide range of research has
been conducted on assistive technologies for older adults and their connection to ageing in place [32]. Studies focus
on psychological and socio-emotional design requirements [5], barriers to the adoption of assistive technologies
among older adults [51], the effects of assistive technology intervention on older adults with disabilities and their
informal caregivers [33], and engaging older adults with dementia in creative occupations [31]. These studies,
however, overlook the relevance of the very actions and practices involved in cooking and the kitchen to support
ageing in place.

3 METHODS

3.1 Data and Participants
The study reports findings from a qualitative study conducted among older adults (aged 65 and over) in their
place of residence, a house or a flat where they either lived alone or with their spouse. The data consist of video
recordings of 6 sessions1 of participants cooking a meal, as well as interviews and informal conversations before
and after the cooking session. Each recorded cooking session lasted approximately 60 minutes, and was followed
by a 30-minute interview. Participants were recruited through their prior participation in design workshops at
the university. An invitation was sent via e-mail to 26 participants, and 6 replied to volunteer: they agreed to be
video-recorded while preparing a meal in their kitchen. Four of the participants were female, three were male.
Six of the seven participants lived with their spouse. The total data amounted to 4 hours and 40 minutes, with
meals varying from meatballs and fish soup to pancakes and meat pie, all starting from raw ingredients.

1The data also include one observation of a couple, making the total number of participants 7. While more data collection was planned, we
stopped making home visits with our target group during the ongoing pandemic.
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In preparation for the observations and recordings, participants were asked to be prepared to make a meal of
their own choice in their kitchen. All participants prepared recipes they were familiar with and had prepared
before. Participants were not asked to follow a formal recipe; however, they were free to do so. While all
participants were experienced in cooking a meal, how often they cooked for themselves and their use of kitchen
tools varied between participants. Participants most often cooked for themselves and their spouse.

We recorded the whole cooking session, from ingredient preparation to the meal being plated. Video recordings
started when the participants began to arrange objects in the kitchen. During the recording and observation,
the participants were invited to narrate or comment on anything that they deemed relevant, from habits to
cooking preferences, through recurring problems, personal experience, and their use of technologies of any
sort. The observation was followed by a 30-minute, semi-structured interview which was recorded, and it
covered the participants’ experience of using digital technology, such as smartphone or other mobile technology
for communication and information-seeking. These semi-structured interviews provided the researcher with
information to contextualise the cooking practices in relation to digital technologies.

3.2 Analytic Approach
The analysis of the video recordings was guided by the principles of the visual content analysis method [27].
This approach aims to unpack practices which are in plain view but also evident: they are seen but unnoticed.
While many actions in the kitchen, which is a familiar and intimate environment, are highly routinised, they are
also shaped in specific ways according to local contingencies and the unexpectable developments of the situation.
We started with an unmotivated approach: instead of defining our focus a priori, we first looked at the data with
an open mind, and defined our focus drawing from what emerged from the data. By analysing video recordings
of naturally occurring activities in this way, we aim to provide a fine understanding of the most ordinary, but
also socially and individually fundamental, practices.

In the first phase of the analysis, all video recordings were watched with the goal of forming a comprehensive
overview of the content of the videos, such as the flow of actions, conflicts, and interruptions in the cooking process.
In order to focus on age-specificity, we then followed by extracting instances involving fluencies or disfluencies
in action due to age-related physical and cognitive skills. We created collections of short (approximately 1-3
minutes) video clips which we collectively analysed in focused data analysis sessions. We focused on participants’
actions and skills as part of an overarching activity and in relation to the particulars of the material setting,
paying particular attention to the age-specificity of the skills in cooking a meal as described above. In an iterative
process over multiple sessions, we categorised these clips under categories and sub-categories, settling with
three top-level categories: Physical manipulations; Organisation and coordination of tasks; and Reorchestration
and reorganisation. We created sub-categories based on further detailed analyses of the clips within each main
category to distinguish recurrent features and variations. To protect the participants’ privacy, they were given
pseudonyms, their faces have been blurred in the images extracted from the video data, and all forms of personal
details were removed.

4 KITCHEN TASKS AMONG OLDER ADULTS
In this section, we describe the tasks we identified in the data and categorised under three headings: Physical
manipulation; Organisation and coordination of tasks; and Reorchestration and reorganisation. By physical manipu-
lations, we refer to practical and functional tasks such as chopping ingredients or opening packages, drawers and
cupboards. Organisational practices cover tasks which aim to coordinate the cooking tasks, such as switching
between, synchronising, and monitoring tasks. Reorchestration refers to revising original plans, and readjusting
the course of action. Because kitchen tasks are practical actions performed with gestures, movements and sayings,
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some parts of them are computationally tractable for recognition and segmentation, and atomic for targeted
design interventions.

4.1 Physical Manipulation
Our participants provided us with numerous examples of the various ways in which they can use different tools
in their kitchens. Even though a majority of tasks were performed with fluency, participants mentioned and
sometimes showed us fluencies and disfluencies in actions such as opening packages, using knives, lifting tools,
and reaching for items in cabinets. These difficulties could delay or briefly interrupt the ongoing course of action.
Some disfluencies were caused by age-related, physiological changes, such as lack of strength, or joint pains,
while others appeared to result from the poor quality of the tools and objects themselves. Often these two types
of disfluencies were inseparable.

4.1.1 Cutting and Chopping. Our participants were visibly comfortable with, and skilled at, cooking a meal
at home. A basic task in cooking those meals was cutting the ingredients into the right shape and size for the
recipe. This was a well-practiced and familiar task for our participants and was embodied in the usage of various
ingredients and tools. While chopping potatoes, one participant, Martin, demonstrated several examples of such
learned skill and familiarity with the tools. Martin quickly chopped his potatoes to size, holding the ingredients
steady with the fingers of his left hand and stabilising the chopping board underneath with its heel while using
a vertical motion with the hand holding the knife to slice cleanly through the body of the potato. Martin also
demonstrated a number of physical manipulations with a knife to turn it to tasks other than simple chopping. By
holding the knife so as to be able to lever the blade against his thumb, while keeping ingredients in his other
hand, he was able to use the edge of the blade closest to the handle as a peeling knife. In another example, shown
in Figure 1, Martin uses the large blade of the knife as a spatula, holding pieces of sliced potatoes against the
blade while transferring the ingredients from the chopping board (1.a), into a bowl (1.b).

Fig. 1. Martin demonstrating fluency in chopping and peeling

The data also comprise examples of disfluencies in the task of chopping ingredients. Figure 2 is a series of
screenshots of the various methods attempted by Emily as she visibly struggles to chop an onion, which will
eventually take her a relatively long time. Figure 2.a shows Emily starting to chop the onion in a vertical motion,
holding the knife in her right hand and the onion in her left with the heel of her hand controlling the chopping
board. She adjusts her hold of both the knife and onion, continues to chop using a sawing motion, while leaning
her upper body closer to and over the counter (2.b), and then places her left hand on the knife, adding more
pressure on the blade (2.c). Emily’s difficulties in chopping this onion can in part be explained by the knife’s
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apparent bluntness, but her limited strength plays a considerable role, according to her own statement that
arthritis had made such actions increasingly painful and difficult in the past years.

Fig. 2. Emily tries different methods with the knife when struggling to chop onions

4.1.2 Opening Packages, Drawers, and Cupboards. One aspect of the organisation of domestic space is the nesting
of objects within others, be that clothes within closets or, as in this case, tools and ingredients within drawers
and cabinets. Even when these items were retrieved and placed on the counter, ingredients tended to be again
nested within plastic packaging, bottles, or cans. All these nesting objects, from drawers to soup cans, have been
designed to be opened (and possibly closed) in particular ways. Our participants exhibit a number of physical
manipulations aimed at opening and closing containers that went against, or simply ignored the intent of the
design. These practices involved the repurposing of tools to the task of opening containers, and using elbows,
knees, or feet to open and close drawers and cupboards while their hands were occupied.
One participant, Anna, explains that for packages she finds hard to open, she uses the handle of a spoon to

pry up the ring-pulls, in this case those of crushed tomatoes and baked bean cans needed for her recipe. This
demonstrates that physical manipulation skills can also improve with age and familiarity with objects and tools.
This can result in somewhat unexpected uses of objects as they are adapted to new purposes. This nevertheless
requires a high level of adaptability on the part of the older adult, such as a willingness to try out new things.
Figure 3 shows Anna opening a can using one side of the spoon’s handle to pry up the ring-pull (3.a), by inserting
the spoon handle through the ring-pull (3.b), and then pulling and pushing the spoon in order to remove the lid
from the can (3.c).

Fig. 3. Anna using a spoon to open a can

Coping strategies were also performed to minimise unnecessary tasks in the kitchen and make the cooking
process more efficient. Anna, Maria and Bett mentioned the features (such as rotating in-cupboard shelves or
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pull-out boards providing extra counter space) and placement of cabinets as important factors affecting the
fluency of tasks. In the example shown in Figure 4, Anna, while preparing pancakes, is opening a drawer with
her right hand to take flour from the kitchen cabinet, while also holding a bowl and a measuring dish in her left
hand. Figure 4 shows Anna pulling the drawer where the flour is placed towards her (4.a), placing the ingredients
into the bowl with the measuring cup (4.b), and then pushing the drawer back with her knee to close it (4.c).
This is an example of a level of physical performance participants were seen to possess that enabled them to
optimise their movements by prioritising task efficiency over simplicity of actions. However, not all participants
were physically capable of such physical performance. James, for example, struggled to reach items on the lower
shelves due to his limited muscle strength and lack of physical mobility.

Fig. 4. Anna using unusual body parts to close the cabinets

4.2 Organisation and Coordination of Tasks
Our different participants organised their cooking following similar series of actions; however, these were not
performed in the same linear fashion as in a detailed recipe. In this section, we look at the management of
the cooking process itself, and how it comes together through a combination of switching between tasks, and
monitoring tasks as the participants go through the cooking process.

Many moments of cooking involve conducting several tasks simultaneously, which requires a level of organi-
sational fluency to switch between, monitor, and coordinate tasks, and organise tools and objects in the kitchen
space. The participants’ ability to move from one task to another, to synchronise the cooking process, and to
organise tasks and tools in the kitchen in a more or less smooth and effective way appeared to be related to age in
terms of mobility and cognitive fluency or capability. While ageing may be accompanied by decreasing mobility,
knowledge of familiar recipes and routines may help to compensate for physical limitations.

4.2.1 Switching Between and Synchronising Tasks. In Figure 5, Anna demonstrates fluency in moving quickly
from one task to another at the beginning of the meal preparation. She started her cooking session by peeling
and chopping potatoes, and continued with fetching the items she needed for the next step from the refrigerator
and kitchen cabinets. This fetching step also involved searching for and finding items since many were accessible
only at the cost of some reorganisation of the other contents in the cupboard or drawer. Difficulties remembering
the specific drawer, shelf, or cupboard also led to searching through alternative storage locations.
In performing these tasks, she quickly moved from chopping to searching, then to peeling, and then once

again to searching. Figure 5 shows Anna placing a pan on the stove (5.a), turning to the fridge to fetch a leek
(5.b), and then peeling it (5.c). This pattern of switching between tasks was particularly prominent in the early
phases of meal preparation when most items in the kitchen space required some organising. This demonstrates
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Fig. 5. Anna switching from one task to another

an important component in cooking skill: knowing the recipes, such as the amount and quality of ingredients
needed, and the order of actions needed to move forward from one step to the next.
Switching between tasks requires the ability to return to the task that was briefly abandoned for another.

Progress in the cooking process includes dealing with the results from the previous tasks which may have changed
the spatial layout of the cooking space from when the recipe was started, and the temporal layout in which
actions may need to be re-ordered, such as taking into account slower or faster cooking of certain ingredients.

In Figure 6, Emily is frying onions in the pan while also starting to prepare the ground meat to be shaped into
meatballs. She fries onions in a pan 6.a) while on the counter, she starts to mix several ingredients in a bowl, (6.b).
She then searches for and fetches items from a drawer underneath (6.c). In the meantime, her husband takes
over on the stove by stirring the onions in the pan. In this example, switching between tasks is enabled by both
the presence of another person attentive to the cooking activity and ready to take over, and by the coordination
and temporal alignment of two simultaneous cooking tasks. By reordering, or finishing previous cooking tasks,
the onions and meat can be both ready at the right time. This example demonstrates the importance of external
intervention for the synchronisation needed to move forward with the task.

4.2.2 Monitoring Tasks. The issue of when to switch from one task to another can be simply sequential, with
one task started when another is finished. It can also be done according to clock time with the use of timers to
prompt the end of one task and the start of another. However, when tasks are to continue simultaneously, the
cook must make continuous decisions on when to give priority to one task over another. In order to have the

Fig. 6. Emily switching tasks
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Fig. 7. Maria stirring and baking at the same time

information necessary to make these decisions, the participants were visibly monitoring the tasks which were
not the primary focus of their activities.

The next example (Figure 7) is a case in point. Maria is performing one task (frying minced meat) (7.a), while
moving to another (preparing pastry for blind-baking), and seemingly abandoning the original task for a while
(7.b). While there are many examples of moving between a number of ongoing tasks, here we want to emphasise
the monitoring and task segmentation involved. For the monitoring, the progress of the meat-frying process can
be evaluated through multiple senses. Maria is able to look at the pan with her body oriented mid-way between
her ongoing task and the stove, she can also hear the frying process, and she can smell the meat, all three senses
providing her complementary information to assess how advanced the meat is in its cooking (7.c). Since the aim
of this monitoring is to be able to intervene at the pan at the right moment, Maria is also ready to leave behind
her current task of preparing the pastry. After retrieving the foil to protect the upper crust but before applying it,
in what could be seen as a natural point of transition between tasks, Maria glances towards the pan, but doesn’t
choose that moment to return to the stove. Only a few moments later, however, Maria stops part way through
applying the foil in order to attend to the frying meat. In some cases, this is done more fluently than in others.

In Figure 8, Anna also manages several simultaneous tasks with fluency, namely frying pancakes and watching
the potatoes boiling in another pan. She pours batter in the frying pan (8.a), and while waiting for it to cook (8.b.),
she lifts the cover off the pan to stir the potatoes (8.c.) and adjust the temperature based on the apparent boiling
(8.d). In other words, she makes use of the time waiting for the pancakes to cook to keep an eye on and make
small adjustments to the other task. This tight coordination displays awareness of the simultaneous ongoing
processes and a sense of timing to know when to turn the pancake, when to stir the potatoes, and when to adjust
the temperature. Anna thus optimises her time by turning what would be idle time in one task into active time in
another task.

Fig. 8. Anna making pancakes and monitoring the potatoes
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4.3 Reorchestration and Reorganisation
As our participants monitored and switched between tasks, they made continual assessments of the spatial,
temporal, and sequential state of the kitchen space and their progress towards their goal. Through this process,
the participants’ courses of actions were influenced by new assessments and transitions in their initial plans.
These new assessments of the general situation could be seen to occur in these transitional moments, often
leading to new adjustments and the reordering of tasks, which we call reorchestration.

4.3.1 Inserting Tasks. One example of reorganising tasks for spatial alignment can be seen in Figure 9. Martin
has recently finished chopping vegetables and is waiting for the water to boil in the pan. Instead of just standing
and waiting, he engages in actions which do not seem to be part of the initial plan, or indicated by a recipe.

He reorganises space by moving and tidying tools and objects on the countertop, including placing dirty items
in the sink. He then washes his hands (9.a), and begins to move the vegetables towards the pan (9.b). As he reaches
the transition point of adding the vegetables to the water in the pan, he makes another aside. He turns back to
the sink and completes the task of washing the vegetables (9.c) before placing them in the pan (9.d). Therefore,
reorganising space, washing his hands, and washing the vegetables are tasks that are able to be inserted in these
transitional moments which elicit reassessment of the general cooking situation.

Fig. 9. Anna making pancakes and monitoring the potatoes

4.3.2 Temporal Coordination in Completing Tasks. Regarding temporal coordination, in a number of situations
certain actions are a challenge to complete in the time available with respect to other tasks to attend to. Figure 10
shows Emily rolling meatballs on a chopping board while an initial batch of meatballs is frying in the pan. On
hearing them frying, she turns her head several times between the pan and bowl of minced meat (10.a), asks her
husband to attend to the frying meatballs, and as he does (10.b), she washes her hands (10.c) and continues to roll
the meatballs. Emily seems to be torn between continuing rolling meatballs and attending to the frying ones
which risk overcooking. She resolves this tension by asking her husband to turn the frying meatballs, recruiting
him to help prevent the food from burning while she continues to roll the ground meat. Her constraints are
both temporal, in that the frying has its own temporality and requires timely intervention, and physical: she
would need to wash her hands in order to transition from rolling new meatballs to manipulating the handle of
the pan and the utensil. Some of these could possibly be seen as “bad planning” by a professional chef, touting
the maxims of “mise-in-place” [14], yet many are integral to the act of cooking a meal.

The practice of making a transition also includes the opportunistic insertion of tasks into the flow of the overall
cooking process. Some opportunistic tasks revolve around cleaning and organising the kitchen space. Some
participants partially cleaned the used cooking implements, or returned spices and ingredients to their respective
cupboards and drawers when the opportunity presented itself throughout the cooking process, while others
performed all these actions at once or left them entirely until the end of the process before final plating of the
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Fig. 10. Emily’s husband providing assistance in the kitchen

food. By labelling these tasks as opportunistic, we want to highlight that they were not necessary at that moment
to move towards the completion of the cooking session, and yet they were related to the ongoing process.

5 DESIGNING ASSISTANCE
In this section we present a series of design principles for the development of technology to support older adults
in the kitchen. To do this, we draw on the empirical findings above, and on the existing literature focusing
on the adoption of technology by older adults. Many factors hinder the adoption and acceptance of assistive
technologies, including concerns of privacy, trust, stigma and fear of dependence [51].

If the device is designed to compensate for a functional loss, users often perceive the device as having negative
consequences on their self-consciousness, such as fear of being stigmatised and not wanting to admit a need [5].
Assistive technology design has considered psychological and socio-emotional design requirements for intelligent
assistive devices, such as mobility aids that support navigation in unstructured environments [5]. These include
avoiding automatically evoking ageist stereotypes that are associated with assistive devices, providing emotional
benefits through social interaction and acceptance, and a sense of ownership and personal significance. While
these have generally focused on the usability of telehealth [38] or Ambient Assisted Living applications [37], we
draw on the Psychosocial Impact of Assistive Devices Scale [23] as a foundation for the design principles we
present in order to respect their skills and abilities. In general, we hope to ensure that the competence, adaptability,
and sense of security of older adults will be embedded in the design of assistive technologies for the kitchen.

We present our propositions based not on the technology they rely interaction modality, but rather on the kind
of user action for which they provide assistance. In operational assistance we focus on designing in order to support
the practical operations of manipulating tools necessary to complete actions in the kitchen. In organisational
assistance we focus on supporting users in many such tasks as they progress towards the goal of completing the
act of cooking.

5.1 Operational Assistance
By operational assistance, we mean types of intervention which support the physical manipulation of objects,
such as during tasks like stirring, chopping or opening packages. Our suggestions pertain to three types of
assistance: Providing physical strength and dexterity, Supporting the maintenance, availability, and selections of
tools, and Assessing abilities and difficulties.
In providing direct physical assistance, we see a possible role for a system that stabilises and secures items

across the work surface, or without direct physical manipulation by highlighting unstable or insecure items
before they are used. A number of issues arising in part from the age-related deterioration in dexterity of our
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participants could have been ameliorated by freeing the participants from the need to secure bowls, cutting
boards, or packets with one hand while manipulating them with the other, thus allowing both hands to be used
in manipulation by providing technical support to the object being manipulated.
After reflecting on these proposed system’s actions with relation to the Psychosocial Impact of Assistive

Devices Scale, it can be seen that the intervention of such systems without careful consideration of the holistic
needs of older adult users could be perceived as unwanted or difficult to use, and thus hinder the acceptance and
adoption of these devices. As one stated goal is to ensure that people are able to maintain a level of physical and
mental activity and a sense of independence and autonomy, forms of support that risk atrophying existing skills,
dexterity, or adaptation of the older adult user must be avoided. As such, we propose principles that reinforce
existing skills and abilities rather than ones that automate action.

The fluencies and disfluencies observed suggest that ubiquitous systems capable of keeping track of tools and
their use could provide welcome support and assistance in the maintenance, availability and selection of tools. In
Figure 2, Emily would have benefitted from a system that either helped her find a more suitable knife to chop
this onion, or one that ensured that the knife she used had been sharpened before it became necessary for the
task in progress.

• Provide support in the maintenance, availability and selection of tools in a way that reinforces user’s skills
and competences

One important aspect for active and successful ageing is being able to adapt to and cope with age-related
changes, which could either mean transitions between life stages, changes in social networks, or changes in
physical functioning. Current ageing research tends to address the heterogeneity of these age-related changes
among individuals and focus on resilience when facing changes: the ability to adapt to adversities [30]. Such
cognitive and physical adaptability should be encouraged as a generalisable principle of designing for older
adults, and of specific importance in areas critical to continued independence, such as being able to prepare
food at home. Focusing on the operational assistance opportunities here, this translates into systems which are
themselves able to adapt to explicit or subtle cues that a particular action or use of a tool for a specific task
may exceed the abilities of the user at that particular moment in time. This could be because they are carrying
out more than one task at a time and have only one hand free, for example, but it could also be in response to
tracked earlier attempts at activities with similar dexterity profiles, or explicit statements of changes in ability.
This should take into account the variation over time that can occur with respect to one’s physical abilities. To
support this, drawing on the inventiveness of a range of users could allow such a system to provide suggestions
such as using the handle of a spoon to open a can rather than a finger, as in the example above.

• Track and suggest alternative methods to perform tasks in a way that encourages user adaptability

5.2 Organisational Assistance
By organisational assistance, we mean types of intervention which support the organisation and coordination of
tasks towards a successful and fulfilling completion of the cooking task. Technically we see that many of the
enabling technologies are shared with the operational assistance above. These rely primarily on identifying and
tracking the states and locations of tools and ingredients in relation to a model of overall recipe progress allowing
the system to track and predict atomised kitchen tasks. In this vein, we propose the following interventions: The
suggestion of alternative paths through multiple actions to reach the users’ goal; The coordination and temporal
alignment of dependent tasks; and the highlighting of opportunities for cleaning, and involving others present.

Our data showed that participants were often engaged in several cooking tasks simultaneously. Moving from
one task to another requires fitting in with the temporal alignment of the cooking process. The spatial layout
of the kitchen and the location of objects and tools keep changing as the different tasks progress, especially
during transitions from one task to the next. Cooking a meal or following a simple series of instructions requires
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constantly paying attention to several simultaneous processes, each with their own timing, and coordinating
them through cognitive and practical, organisational work. Through a particularly effective monitoring and
coordination of tasks, cooks are able to optimise their time by turning what would be idle time for one task into
effective time for another task.
Organisational assistance could be designed to keep track of the location of the relevant objects and their

movements throughout the cooking process, as well as the related tasks and their progression. Supporting users
using this model of the cooking process allows for more than just optimising simultaneous progression of the
different tasks, or minimising movements in the kitchen space and complex physical performance. Based on this
information, the system could suggest what to do next and how to do it, yet this does not have to be presented as
instructional and constraining. Such an interface can also be designed to provide users with the means to reflect
on the current progression of the tasks, their goals, and to anticipate how different courses of future action will
proceed. This will allow them to choose how many of the system’s suggestions to use, and how exactly they
need to be followed.

• Suggest alternative actions and coordinate tasks in a way that it encourages user participation

Our empirical study also shows that planning and organising cooking tasks are not static or pre-set, but are
continually adjusted in the ongoing course of action. Transitions between different steps of cooking present
opportunities for reassessing the general process, and often lead to revising initial plans and inserting unplanned
actions. As such, systems should support the reorchestration and reorganisation of tasks and objects. Here, we
propose two additional types of assistance: Planning the temporal and physical alignment of tasks, and Assessing
the need for external assistance. Our study showed that transitions between different cooking steps presented
opportunities for reassessing the general process, and often led to revising initial plans and inserting unplanned
actions. As tensions emerge between continuing the ongoing task and attending to another requiring action,
cooks could also recruit another person present to temporally assist with tasks needing concurrent attention.
These moments when reassessment is required, along with the time-pressure from the ongoing cooking tasks,
can create stress for the home cook. There are opportunities for a system to pre-empt the need to make decisions
under time pressure, support the making of such choices quickly and with greater certainty to their outcome, or
overall to provide the security of a safety net which will help the user recover the meal from most minor mishaps
in the process.

• Assess and reassess the progression of tasks in a way that reinforces the user’s sense of security

In general, organisational assistance highlights an important feature of cooking which needs to be considered in
the design of kitchen technology: systems should be neither too prescriptive (suggesting, not enforcing) nor too
invasive (no intervention in certain domains or moments), thus providing, for example, the means to set different
degrees of intervention and to silence the system easily and contextually.

6 DISCUSSION
In this study, we have uncovered physical, organisational and coordinational tasks performed in the kitchen space
for the purpose of providing a basis for the future development of technology to enhance older adults’ well-being
and allow them to stay in their own homes longer. Our study has complemented research on human-food
interaction and assistive technology for older adults by a) investigating the organisational and coordinational
aspects involved in the cooking process, b) showing the physical, spatial, and temporal alignment of different
cooking tasks, and c) outlining principles for design interventions that could be implemented and tested in
assistive technology design for older adults. In this discussion, we explore the challenges we discovered, and the
directions for future research they point to for the development of fitting technological interventions.
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6.1 Designing Conversational User Interfaces in the Kitchen
One interaction that lends itself to the type of supporting, suggesting, and reminding actions outlined above is the
conversational user interface. This could provide the input and output for a system able to anticipate and support
swapping between tasks by suggesting where to find needed items, and reminding the user of needed recipe
ingredients and ordering. Precursors of such systems are under development. For instance, Hashimoto et al., [19]
have developed a sensor-embedded user-centric smart kitchen system where the user can cook normally, and the
system can understand the users’ actions in the kitchen, thus providing instructions and allowing flexibility in
following the recipes. Ubiquitous computing technologies that augment objects and the environment with sensing
capabilities can enable the user learning process by providing situated and task-related feedback, instructions,
and reminders in the kitchen [20]. For users with cognitive impairments, the design of communal kitchens in
sheltered housing can provide support in learning and performing cooking tasks independently, in collaboration
with their caregivers and community [28].

6.2 Perception and Representation of Cooking Tasks
Persons cooking a meal at home do not necessarily follow a predefined plan for the whole process from choosing a
recipe to plating ameal. Thismeans that building systems based upon a sequential processmodel for understanding
a recipe is destined to fail to meet the needs and goals of the user. The design of systems to fit with and support
the practices of cooking at home as examined above needs a more complex model of the activity.
This also means that in order to seamlessly support the overall task of cooking a meal, a system needs a

representation that take into account both the sequential relationships between some tasks (e.g., the onions
cannot be fried until they are chopped) and the temporal relationships between others (e.g., if the frying of the
onions is started before the meat is defrosted, this will likely result in burnt onions). Conversely, it must also
be able to represent the sequential and temporal disconnects between tasks to give opportunities to insert, slow
down, or speed up tasks for the reasons outlined above.
This follows through to the perception requirements for such systems. Not only must tasks be identified as

users perform them, but their ongoing progress must be monitored and projected in order to support real, live
relationships between the different tasks carried out. While technologically it may be tempting to leapfrog visual
and audible cues from appliances, tools, and the cooking ingredients themselves in favour of direct sensing of, for
example, temperature, we see this as a potential issue for perception—not of the system, but of the user. These
systems need be collaborative and supportive of human cooking, rather than automating it, and then need to
build upon the same explainable and understandable cues that the users would reason about when using the
complex systems envisaged. Preserving the user’s ability to understand why the system is suggesting or taking
action in turn preserves their ability to trust, disagree, or subvert the system to their own ends.

6.3 Physical and Spatial Collaboration Between Human and System
Themodern kitchen is a prime site for the development and testing of assistant services in the form of collaborative
manufacturing, where the human and robotic elements of an overall system work in tandem to produce the
desired products – in this case a healthy, tasty, and timely meal. Our video analysis has shown that the participants
would benefit from assistance in chopping, opening, carrying, and stirring. What is more pressing is to provide
operational and instructional assistance that can be “ready at hand” without the need to invest time, energy and
forethought in choosing and finding the right tool at the right moment. The types of systems needed to support
physical tasks should help improve the fluency of the whole cooking process.

Without the complex physical interactions that may be necessary for such a system, the spatial organisation of
the kitchen space could be supported through hints, reminders, and suggestions which would rely on the human
as the actuator in the space. These could result in arranging and locating the tools required, or pre-emptively
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suggesting the retrieval of a long-forgotten kitchen gadget with motivating connections made between the tool
and a number of upcoming tasks it could help with. These interventions could also provide assistance in ensuring
that the arrangement of objects in the kitchen did not significantly hinder upcoming, time sensitive tasks such as
having space on a heat-resistant pad to place a hot dish from the oven on before retrieving it.

6.4 Designing Digital Kitchens for Ageing in Place
Our study has examined the age-specificity of cooking a meal at home by analysing the complexities of these tasks
among older adults aged 65 and over, and by paying attention to physical and cognitive skills that could possibly
influence the performances of these tasks in the kitchen. Attention to physical and cognitive tasks allowed us to
differentiate between possible types of interventions depending on whether they provided operational and/or
organisational support. This, in turn, makes it possible to enhance skills and abilities for independent living and
maintaining physical and mental functioning in a specific domestic task [49]. As we saw from the data, older
adults can adapt to adversities, whether they are limited by their own skills and capabilities, or by the poor
quality of the tools and ingredients they are using. Therefore, intelligent assistive devices focusing on operational
assistance in physical kitchen tasks also need to provide organisational assistance to ensure user participation.
One of the most important benefits that assistive technologies in the kitchen can provide is a sense of safety

and security [3, 13]. Although older adults can easily find coping strategies to compensate for age-related
changes in physical functioning, by switching tools or limiting the amount of ingredients in hand, cognitive and
organisational tasks such as monitoring or synchronising separate tasks to achieve a coherent cooking outcome
will be much more difficult to achieve without external help. Design interventions for monitoring, for instance,
can provide a sense of safety in terms of freeing up time and effort from monitoring, without needing much input
from the older adult. This, in turn, could result in a successful outcome in the kitchen with less effort placed in
time-sensitive tasks, and perhaps encourage older adults to try out more complicated recipes that need more
temporal coordination.

The design interventions proposed in this study were based on a combination of operational and organisational
assistance, and changes in a user’s actions. As such, assistive technologies in the kitchen enhance user competence
and participation, rather than automate physical tasks. HCI research has recently addressed new approaches
to designing assistive technologies for older adults in a way that maintains their existing abilities [30, 37]. Our
study has outlined design proposals for enhancing a user’s competence, adaptability, and sense of security in
operational and organisational assistance in kitchen tasks. Future research should focus on operationalising these
design proposals in empirical research on kitchen technologies for older adults, and investigating these within
the framework of successful and active ageing; in other words, allowing the ageing population to remain active,
engaged, and healthy for a longer period of time.

7 CONCLUSION
Our study has advanced research on human-food interaction and assistive technology design by taking a close
look at the cooking actions older adults perform at home. Our study has focused on investigations of the planning
and orchestration of cooking a meal in moments of change, where one task is left behind and another is attended
to, as well as the monitoring necessary to initiate these task changes at the correct time. In looking closely at the
physical manipulations performed by older adults, we have concentrated on the common activities of cutting and
chopping, opening packaging and containers, and moving and organising the various objects in and around the
cooking area. We envision future research on assistive technologies in the kitchen to focus on the development
of cross-platform perception and actuation systems for physical tasks, followed by testing and evaluation of the
impacts these technologies have on older adults’ health and well-being, based on the design proposals developed
in this study.
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