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Abstract. Starting from an analysis of how ubiquitous computing technologies 
have afforded the design of novel learning experiences in different domains, we 
consider how such technologies can support domestic learning, thus conceiving 
the family as a community of practice. We exemplify such a vision with the 
Living Cookbook appliance: This relies on the video capture and retrieval of 
family members’ cooking sessions, so as to enable the creation and sharing of 
personalized, multimedia cooking instructions. By augmenting the cooking 
activity with novel social and entertaining aspects, our goal is to motivate 
cooking and the learning thereof. We report on the implementation and 
evaluation of the appliance and in conclusion we discuss our results in light of 
their possible implications for the design of domestic technology. 
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1   Introduction 

Ubiquitous computing technologies have had an important impact on how we learn 
and think about the learning activity: Thanks for example to their affordances for 
remote communication, on site capturing of different data types, distributed display of 
multimodal information, the concept of the learning activity has extended in terms of 
space, domains, as well as in social terms, as novel scenarios of Computer Supported 
Collaborative Learning (CSCL) have become possible.  

The research presented in this paper explores the introduction of ubiquitous 
computing technologies (and of digital display technologies in particular) into the 
home to support the domestic learning experience. In this sense we look at learning 
not as an isolated activity, but rather as a contextualized experience which happens 
within the domestic walls and in the mundane routines of a family. In our approach 
we look at the home as a learning environment: In this sense we refer to the notion of 
family as a community of practice [14]. From this point we consider the affordances 
of ubiquitous computing for supporting and augmenting such a domestic, 
collaborative learning process. 

We focus in particular on the kitchen environment and consider how the domestic 
teaching and learning of the cooking activity can be enhanced and motivated by 
technology. We describe the Living Cookbook appliance: this aims at cultivating 
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communication and collaboration in the kitchen by making people’s cooking 
experiences recordable and shareable in an interactive digital cookbook. We illustrate 
and motivate our design choices and report on the results of the user studies 
conducted to evaluate the usability of the interface and the user experience, as well as 
its potential for raising motivation and enhancement of learning.  

2   Related Work 

Ubiquitous computing technologies have motivated the research and development of 
several learning scenarios which have freed the learning activity and the concept 
thereof from the crystallized space of a traditional classroom, thus bringing it to a 
diversity of contexts: these encounter a variety of spatial domains (e.g., classrooms, 
field trips, offices, homes), social contexts (e.g., face-to-face or distance learning), as 
well as temporal ones (i.e., synchronous/a-synchronous communication).  

The possibility of delivering and accessing information and communication on the 
spot, thanks to mobile devices for example, has been exploited in the design of 
scenarios for mobile learning (for a review in this field see [8]). This affordance in 
turn promises to support exploration, hands on experiences and situated learning [6], 
as it allows bringing knowledge to and from the field of interaction, which is not 
necessarily the classroom any longer. In a similar way mobile maintenance scenarios 
rely on the possibility of consulting experts and multimedia handbooks online, while 
on the field, thus allowing the mobility and connection of workers [2]. Furthermore, 
the opportunity of capturing and transmitting multimedia data from the field (e.g., 
photos, videos, sounds, as well as sensed and automatically tagged data such as 
temperature or time [5]) allows the creation of Reusable Learning Objects which 
contribute to the body of knowledge of a community of practice or organization. At 
the same time the advances and distribution of interactive display technologies (e.g., 
interactive whiteboards, large shared displays) have generated new classroom set-ups, 
exploiting the possibility of co-located as well as remote collaboration. These 
technologies allow novel formats of lecture, such as back-channel for example [15].  

But while computing, communication and display technologies migrate from the 
office environment to other learning contexts, what are the affordances of these 
technologies to support collaborative learning at and about home? From our point of 
view some of these affordances have been neglected to a certain extent by the 
Ubicomp agenda when it comes to the design of CSCL scenarios for the home. 

The introduction of ubiquitous computing technologies in the home has largely 
focused on optimization of efficiency, automation and time-saving [3]: in contrast, not 
much work has been done in order to integrate such technologies in a way that affords 
engagement and time-spending. We can also argue that the only ways in which 
multimedia technologies have supported time-spending in the home, e.g., home-
entertainment such as TV or video games consoles, has confined users to a rather 
passive and not very creative role: all in all the potential of such technologies for 
teaching and learning support has been largely confined to content management 
systems for distance learning, residing on single users’ PCs and dealing with curricula 
which are not related to the domestic context. 
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Taking a closer look at the kitchen, this space has traditionally been populated by a 
diverse range of appliances which are meant for lessening users’ mechanical effort, or 
for maximizing the efficiency of certain tasks, or even their complete automation (for 
a good review see [1]). Digital display technologies, on the other hand, have had a 
very limited application so far. Mostly they have been used for the interface to control 
and coordinate electric appliances, as alternatives to or in combination with physical 
dials and buttons [9]. Lately some companies producing domestic appliances have 
been addressing the potential of digital displays and internet technology for 
augmenting the kitchen environment, bringing information and entertainment in the 
kitchen. The GR-D267DTU Internet Refrigerator by LG [7] contains a server which 
controls the communication to other connected appliances. On the display different 
functionalities are embedded: it is possible to watch TV, listen to music, or surf the 
internet. A microphone and a camera are built-in, thus enabling multimedia 
communication. In academic research some ways to augment the kitchen environment 
have been investigated as well. At the MIT a smart kitchen space, named La Cantina, 
was set up [1]: here displays are embedded in the space for different augmentation 
purposes. One of the proposed scenarios is instantiated in the CounterActive project 
[4]. This is an interactive cookbook, projected down onto the kitchen counter; the 
cook touches the countertop to navigate through the recipe or to glean greater details. 
Recipes incorporate pictures, audio and video.  

It is our belief though that ubiquitous computing technologies also offer a good 
potential for supporting and motivating creativity and domestic learning, which has 
not been thoroughly exploited by the Ubicomp agenda so far: in other words, we think 
that these technologies afford the design of novel learning experiences which are 
situated in the very space and social context of the home. 

3   Affording Domestic Learning and Home Communication 

We refer to domestic learning as the leaning of familiar practices, in a familiar place 
such as the home. This implies, for example, the learning of how certain artifacts are 
to be used, their location and how they bridge social interactions. The approach we 
propose draws on an analysis of the mundane practices of the home and of the 
artifacts that support these practices, and considers how they can be augmented by 
digital technology so as to provide novel experiences.  

A first affordance of ubiquitous computing to consider is the capture and display of 
multimedia content with devices that are distributed and embedded in a variety of 
spaces and artifacts. The instruction and apprentice of home practices within the 
family walls happens in a large part through storytelling, performance, observation 
and practical routines. Families grow and evolve as communities of practice [14], 
which as such rely on their members, their roles, rituals, artifacts, rules and specific 
locations. In co-located situations adult family members “play” the model for younger 
generations in the way they manage domestic activities such as cleaning, tiding up, 
cooking. When family members are remote from each-other, e.g., a parent is away for 
work, instructions are mediated via different channels: e.g., text for exchanging 
recipes, instruction notes next to home appliances to illustrate how to operate them, 
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telephone calls for synchronous communication of instructions. Some work exploring 
how display technology can support home communication has been done in [10].  

With the Leaving Cookbook appliance, we focus on how the possibility of 
capturing and displaying multimedia instructions “on demand” can support the 
collaborative learning of the cooking activity. The idea is to make people’s cooking 
experiences recordable and shareable, so as to preserve cultural and social roots on 
the one hand, and stimulate cultural and generational fertilization on the other. 

People often call their parents and friends to ask “What was the recipe of that 
dish?”; “What does the sauce have to look like?”; “How thick should it be?”. Much of 
the communication around cooking, such as the exchange of recipes, and especially 
within families or close social networks, is one-to-one and supported by different 
media (e.g., paper, telephone, e-mail), and is a way of tightening social bindings. The 
emotional quality of content created by family members or intimate friends is indeed 
very different in comparison to the cooking sessions published in books or broadcast 
on TV shows, which are produced for a larger audience. TV shows afford a 
multimodal presentation of food preparation and take advantage of the popularity of 
acknowledged chefs. Still, they cannot be consulted “on-demand” as a paper 
cookbook, nor they can be personalized. Furthermore, TV cooking shows are often 
watched in spaces and time slots which are “distant” from the actual cooking activity: 
they are rather watched in contexts which depend on the location of the TV display 
and on the TV schedule.  

With our appliance we aim at providing an alternative way for people to 
personalize their experience and, as a consequence, their communication. Similarly to 
the CounterActive project [4], we augment the traditional cookbook by delivering and 
displaying multimedia content in the kitchen. Our focus, though, is on augmentation 
by social and family relationships and real life experiences. Indeed, one aspect that we 
think it is worth considering in the design of kitchen appliances is that cooking is 
often social (e.g., people often cook for others or together with others) and involves 
several rituals and symbolic aspects. Our assumption is that the communication and 
display technologies available today offer the possibility to support communication 
and sociability of cooking, and to bring new aspects to its social and entertaining 
character. Below we describe the Living Cookbook appliance in further detail to 
exemplify how we implemented such ideas. 

4   The Living Cookbook 

The Living Cookbook is an application running on a tablet PC. On the tablet PC a 
digital cookbook is displayed, with which users can interact (see Fig. 1). On the same 
interface people can either author a new recipe and add it to their personal virtual 
book, or consult the book and learn someone else’s recipe. In the authoring/teaching 
mode the video of the cooking session is captured by the camera. In the learning 
mode this video is played back and the learner can cook along.  

In order to support both the teaching (recording) and the learning (playing) mode 
of the application with the same interface, the general conceptual model of a video 
recorder is adopted. In this way the interface remains consistent and users can 
alternatively teach or learn a recipe, without changing the operating environment. 
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When recording, the cook can indicate phases of activity and inactivity in the UI: 
When playing back, the device projects the recorded video of activities, pauses during 
times of inactivity, and the cook can speed up or slow down the playback of the 
recorded session by advancing to the next section or pausing in order to catch up. 

Along the development of the project we adopted different set-ups for the 
implementation and evaluation of our concept: First, we instrumented the kitchen of 
our lab and in a following iteration we developed a portable version of the appliance, 
which allowed us to test it in real domestic kitchens. Below we describe our design 
and technical solutions and illustrate such different set-ups. 

4.1   The Lab Technical Set-Up 

In the first iteration we implemented and tested the appliance in the kitchen of our lab. 
We adopted one PC playing the role of the server and a tablet PC which was mounted 
on the cupboard above the stove (see Fig. 1, a). The tablet PC has a touch sensitive 
surface enabling the user to interact with it either with a pen or directly with her/his 
fingers. A beamer, connected to the server, was used for displaying the video on a 
wall beside the cupboard, as illustrated in the schema of Fig. 1, c.  

The software of the Living Cookbook consists of two main components. In the 
background a custom .NET based server handles the video authoring and playback as 
well as the cookbook authoring. The cookbook is stored as an XML file on the server 
and submitted to the Flash-based user interface on request, where its content is used to 
build up the cookbook. The server running in our lab renders the captured video 
stream onto a surface in a 3D scene constructed in Direct3D, to rectify the video 
output. In such a 3D environment we could move a virtual camera so as to 
compensate the distortion introduced by the fact that the projector’s image plane is 
not coplanar with the real-world surface onto which we project the video. We used 
DirectShow for both video capturing (thus allowing us to use two cameras for 
recording the cooking session from different viewpoints) as well as for video 
rendering (thus allowing us to render the video onto the virtual surface defined in 
Direct3D). During the recording process we compress the videos in real time and save 
it on the local hard disk while showing the actual recorded video to the teaching cook 
on the wall.  

Additionally, the software incorporates a component which is responsible for 
handling the communication protocol and the actual communication with the client, 
i.e., the tablet PC. The server is accessed via TCP/IP and the communication runs 
over a wireless LAN connection. Initially, the client loads the cookbook when the 
connection is established. Later on, via the client interface a user can insert new 
recipes, choose already inserted recipes and handle the video. The look and feel of the 
interface metaphorically relates to the kitchen domain and its artifacts (e.g., users can 
drag plates icons on a table to set the number of portions), so as to appear familiar and 
intuitive for a variety of users. 

The first experience trials conducted in the lab suggested that two cameras were 
desirable for capturing both the person and the details of food preparation [12]. Thus, 
the server was connected to two cameras for capturing audio and video. Furthermore, 
these tests elicited the need to reduce as much as possible pen-based interaction, as 
users are busy with handling kitchen tools and ingredients. This motivated our 
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decision to introduce a speech recognition component (i.e., the Sphynx system, from 
the Carnegie Mellon University [11]). The speech input was conceived as alternative 
input modality to control the video recording and playback: therefore we customized 
the system to process certain commands only (i.e., “record”, “play”, “pause”, “stop”). 
Due to the mediocre sound hardware of the tablet PC, we neither were able to use the 
speech recognition through the in-built microphone, nor through an external 
microphone connected to the tablet PC. Instead, we put the speech recognition 
module on the server PC and connected the external microphone to it. 

Despite the results of these first trials in the lab shed some light on desirable 
features and potential further developments of the appliance, we realized that some of 
the goals of our project, i.e., the increment of motivation and support of familiar 
learning and communication, were hard to assess in such a setting. During the 
cognitive walkthroughs participants were focused on completing the task and 
commenting the usability of the interface, but could hardly imagine whether and how 
they could use it in their own kitchens and with their families (see section 5 for more 
details). Considering that the very space and material culture affect the perception of a 
household as a “familiar place”, we implemented a portable version of the appliance, 
so that we could test the working prototype in the kitchens of families. 

                
                                     a)                          b) 

 

                
                                     c)                                 d) 

Fig. 1. a) The Living Cookbook set-up in the kitchen of the lab; b) The Portable Living 
cookbook in a domestic kitchen; c) Schema of the lab set-up; d) Schema of the portable set-up 

4.2   The Portable Living Cookbook 

The set-up for the portable Living Cookbook consists of two identical tablet PCs 
residing in a custom crafted metal frame, so that the physical appearance of the whole 
appliance suggests the shape of an open book (see Fig.1, b). This can be put 
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somewhere on a table or on a counter, so as to more easily fit in an ordinary kitchen, 
the only constraints being the power cords and the camera connection. The right tablet 
PC displays the user interface, while the left one displays the video during recording 
and playback. They can either communicate through an ad-hoc or an existing wireless 
network.  The hardware we used in this set-up afforded us compactness, but it also 
implied some constraints. Due to the limitations of the hardware implementation of 
the USB technology on these tablet PCs, we could not plug-in more than one camera 
(see Fig.1, d). Additionally, during some cognitive walkthroughs conducted in the lab, 
we also realized that the speech recognition is likely to perform poorly when there is 
more than one person in the environment, which often happens in a domestic kitchen. 
Thus, considering the above mentioned shortcomings of the sound hardware, we 
decided not to use the speech recognition in the portable set-up. We also did not use 
the video rectification here because we show the video on the second tablet PC rather 
than using a beamer.  

5   Evaluation 

Our main goals in evaluating the appliance were: i) assessing the usability of the 
interface; ii) assessing the experience of using it as a real family cookbook; iii) 
assessing its potential for domestic learning. Addressing these topics required us to 
think about different techniques and to involve different groups of participants. The 
methods we used are clearly qualitative, as it is expectable when assessing such an 
appliance.  

In order to assess the usability of the interface we started up with conducting 6 
cognitive walkthroughs in the lab set-up.  Four of the participants were usability 
experts, thus providing a heuristic evaluation. The other 2 participants (both 
psychologists professionally dealing with Information Technologies) were members 
of the families in which we tested the portable Living Cookbook later on. Each 
participant was introduced to the appliance and then instructed to accomplish either 
the authoring or the learning of a recipe task, alternatively. In this set-up we used two 
cameras: one focusing on the whole scene and one on the kitchen counter where the 
food is prepared. Participants could select which view to maximize and swap between 
views in the video image, which was projected on the wall. They could also operate 
the video with speech input using the microphone. While using the interface they 
were invited to use kitchen utensils and simulate cooking tasks, like cooking water or 
cutting something, so as to simulate as much as possible a cooking session in a 
domestic kitchen. At the end of the cognitive walkthrough they were invited to 
answer a questionnaire asking about their general satisfaction in using the appliance; 
Their impressions about the speech recognition; What they found useful and what was 
instead irritating; Suggestions for improvements and whether they could expect using 
it in their own kitchen. 

The results of the cognitive walkthroughs were positive regarding the graphical 
user interface of the appliance: testers were able to accomplish all tasks and reported a 
positive feedback. The speech command instead was a problem: the system 
recognized repetitively the instructions spoken by the researcher, thus revealing that 
including such a feature in a real domestic kitchen, where more people are present, 
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would not work. Regarding their expectations of use in their personal kitchens, we 
had mixed answers: most of them see a possible use in the playback/learning mode, 
and see the utility of cooking along video instructions. A main concern, though, 
remain the hardware, both in terms of the space and the cables it requires, as well as 
the audio performance in playback mode, which is rather poor.  

To better understand how such an appliance can be embedded in the familiar 
environment of a domestic kitchen, we installed the portable Living Cookbook in the 
kitchens of two of the participants of the cognitive walkthroughs. Their families were 
introduced to the appliance as well: we left the appliance in each kitchen for a week 
and asked the families to report on their use of the appliance in a diary we designed  
for them. One household consisted of a  couple with a young baby (husband 30 years 
old, wife 31, child 15 months), and the other one of a couple with three children 
(husband 54 years old, wife 39, daughter 15, son 8, and another daughter 5). Five 
people in total (the two couples and the 15 years old daughter) experienced using the 
appliance and were involved in a subjective evaluation with in-depth interviews. 

Every participant liked the idea of a family archive. The first family used the 
appliance in the teaching mode only, but actually the feature they liked most was the 
possibility to watch family members while cooking in the playback mode. They 
reported that in comparison to watching professional cooks on TV the videos with the 
Living Cookbook raise fun and intimacy for the fact that they show well-known 
people in ordinary activities. In the second family the parents did not enjoy using the 
appliance as it was perceived as an additional domestic effort, while the daughter did 
enjoy it. She had fun in cooking along her parents’ instruction and said she would be 
more motivated to cook because of the entertainment added value. Both families had 
some criticisms in terms of usability: some buttons are too small to hit while working 
in the kitchen with other utensils and error corrections or editing of the instructions is 
not possible because the authoring/cooking activity is very sequential. 

In order to better understand how “home video” can motivate the learning of 
cooking, we then conducted a focus group with 8 pupils, between 14 and 16 years old, 
who attend the course of “Household and Nutrition” in a German secondary school. 
In such a course they learn cooking techniques and recipes: thus, they could share 
their insights about learning to cook in both an institutional, as well as in a familiar 
educational context. We discussed topics such as the cooking as process, TV cooking 
shows, cookbooks, learning to cook at home with family, and how different media 
can support the learning activity. We then introduced them to our appliance and asked 
them to cook along a simple recipe we had authored, thus providing them with a 
hands-on experience. Their feedback was in general very positive. They stated they 
would be motivated to cook along the video instructions of family members because 
of the fun factor they recognize, while they could not imagine to use the Living 
Cookbook at school. They also mentioned that in comparison to TV cooking shows 
they would trust more the recipes of the Living Cookbook because they are likely to 
be dishes they have already tasted at home, and because they seem to be more doable 
than the ones shown by professional chefs on TV. Furthermore, some of the pupils 
mentioned that they would feel more comfortable and free to cook along a video than 
physically cooking next to their parents, as this would avoid “being bothered” by their 
corrections and direct feedback. Some of them also stated that by authoring their own 
recipe they see an advantage in learning-by-doing, which is not possible when just 
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writing down a recipe for others. Despite they see and appreciate the value of video 
support for every cooking phase, they also found critical the audio performance of the 
hardware and mentioned this could be a problem, as you might miss some important 
steps when following someone’s instructions (which can’t be just “re-read” like in a 
paper based cookbook).  

In summary, our different evaluation efforts have shown that assessing different 
aspects of a domestic appliance, which is designed for being used in family life, 
requires to carefully select different methods and to carefully consider the results of 
the tests conducted in simulating environments. The first experience trial had 
suggested speech command for reducing pen input [13], which turned out to be 
acoustically inappropriate. The cognitive walkthroughs conducted in the lab did not 
highlight the shortcomings of the usability of the appliance that emerged, instead, in 
the home set-up (e.g., size of the buttons, editing of the recipe and ingredients). These 
requirements became clear only when people really had to cook in their kitchens. The 
noise factor, provided for example by a steak frying in a pan or by other people 
chatting in the room, together with the poor audio performance of the hardware, 
revealed that the acoustics is a critical aspect of the appliance. On the other hand the 
fun and entertainment motivating factors we aimed at could be assessed, and were 
actually confirmed, only when testing the appliance in a real familiar social context, 
or involving specific target users (e.g., the pupils of our focus group). 

6   Conclusion 

In this paper we have presented our design vision about how we expect ubiquitous 
computing technologies to be able to afford domestic learning by leveraging social 
relationships, conceiving the family as a community of practice. We have instantiated 
our vision in the Living Cookbook appliance, and we have shown how the challenge 
to assess our design goals on different levels has motivated different design solutions, 
test environments and methods. The design of a working prototype which could be 
installed in real domestic environments has proved to be useful for eliciting aspects 
which were not considered in other settings.  

In particular, the different feedback we received from different target users suggest 
that the affordances of ubiquitous computing for the design of domestic technologies 
are different in respect to the roles of its users within the family. The younger users 
reported a fun factor deriving from watching their parents, which as a consequence 
would motivate them to use the appliance and ultimately to cook more. Similarly, we 
can imagine that elderly people, or people living alone, would enjoy watching their 
relatives in their domestic environments, thus providing a sense of presence and of 
memory as a family photo album.  Additionally, they might feel responsible to teach 
their recipes to the younger generation, thus getting more motivated to engage with 
technology and cooking. To this end we plan to extend the communication 
possibilities of the appliance so as to remotely and synchronously connect remote 
kitchens, and in turn remote family members.  

While the usability of technology remains a main issue for its acceptance, we think 
it is important to recognize that technology can also afford time-spending and 
engagement when the motivation relies on users’ values, such as family relationships 
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for example. Our results are encouraging to investigate further the potential of 
ubiquitous computing technologies to strengthen the social bindings and the passing-
on of knowledge in the home by providing novel forms of entertainment as well as 
capture, archival and retrieval of domestic experiences.  
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