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ABSTRACT i

Abstract

Cooking can be a complex activity that concerns almost everyone in everyday life. Therefore, the topic

of smart kitchens has great potential to provide users with added value through intelligent assistance.

However, so far there is a lack of user-centric and holistic concepts for the use of these technologies

in the cooking context. This shows the need to understand how users can be supported by integrating

multiple devices in an interaction concept for assisted cooking.

Therefore, the aim of this thesis is to design an interaction concept for assisted cooking in smart kitchens.

The design mainly considers which interaction modalities are suitable and what aspects are relevant for

designing a multimodal interaction concept. Furthermore, it is investigated in which form an intelligent

assistant can proactively support the user during a cooking process. It is a target to investigate how the

personality of the user, especially the factors cooking competence and need for autonomy, can affect the

perception of such a proactive assistant.

To achieve this goal, two qualitative studies were designed conducted using the user-centered design

process. In order to understand the user context of cooking with a focus on cooking alone, a participant

observation was conducted. Based on this, a multimodal proactive interaction concept was designed

considering design guidelines from the literature. Finally, the concept was evaluated in the form of

the prototype ”Cookie” using a Wizard-of-Oz approach. The conducted studies included different user

groups recruited with a questionnaire designed for this purpose.

The results of the thesis provide design indications for multimodal proactive assistants. Accordingly,

for the design of multimodal systems it is especially important to consider the application context and

the interaction efficiency. Furthermore, the modalities should be designed to be complementary to each

other in a combined design process to achieve a holistic concept. For the design of proactive assistants,

an emphasis should be put on the accuracy of user intention recognition in order to be able to support

users according to their needs. Regarding proactivity, the results show that the degree of user involvement

in the cooking activity can influence the users’ perception of the assistant’s controllability. Moreover,

different user groups indicate to have different expectations towards the assistant to be perceived as

trustworthy. In addition, the personality characteristics of cooking competence and need for autonomy

might have an impact on the user’s perception of decision freedom when using a proactive assistant.

Directions are provided towards further research focusing on how an adaptive proactive assistant could

adapt to the user’s personality.
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1 Introduction

Cooking is a topic that concerns almost everyone in life. When considering the topic of cooking in

the scope of the development of smart technology, a significant growth in importance of smart kitchen

concepts is predicted for the next few years. This is shown, for example, by a forecast about the smart

kitchen market revenue worldwide, which will probably increase up to 43.3 billion US dollars according

to Statista (2021). Among other things, due to the predicted demand, the technology for intelligent

assistance in the smart home sector and thus also for the smart kitchen sector is developing rapidly.

However, the question of how this technology can be used to create value for the user has not been

sufficiently addressed yet. On the end-user market, there are many examples of single kitchen appliances

with connected functions, but almost all of them only offer remote control of the appliances, instead of

intelligently supporting the user (e.g., BSH Hausgeräte GmbH, 2021a or Samsung Electronics Co., Ltd.,

2021). Similarly, research studies have also focused mainly on isolated solutions, which are addressing

smart use cases for single kitchen appliances, such as a semi-automated replenishment (e.g., Gu and

Wang, 2009). Apart from these isolated solutions, research about fully integrated and holistic concepts

for the cooking process in smart kitchens is missing.

This aspect shows the high potential of providing value for the user by designing a holistic concept for

assisted cooking. For instance, through combining multiple device information, a deeper understanding

of the user context and the user’s upcoming actions could be recognized. This could help to provide

goal-oriented recommendations and help with problem-solving. Nevertheless, this technological assis-

tance needs a suitable interaction concept, which supports the user proactively to improve the cooking

process accordingly. Without appropriate knowledge of the optimal interaction possibilities, it remains

impossible to deliver the information to the user effectively.

The relevant research on holistic approaches using a proactive intelligent agent with a multimodal inter-

action shows that the level of proactivity is an important factor for providing a trustworthy and competent

assistant (Kraus et al., 2020). Nevertheless, it is important to further evaluate how proactivity can be de-

signed to support the user in complex tasks. While there have been a significant number of studies that

focus on a single interaction modality, there have not been enough studies that focus on the optimal

combination of multiple modalities (Turk, 2014) and its empirical and user-centered evaluation (Lazaro

et al., 2021). In summary, a demand can be identified to investigate further on proactive assistants for the

use case of cooking following a multimodal approach.

1.1 Research Objective

The target of this master thesis is to design a holistic interaction concept for assisted cooking in smart

kitchens. The interaction concept should provide autonomous and proactive support to the user to fa-

cilitate the complex task of cooking. The detection of the user’s needs regarding recommendations and

support should be based on the data representing user inputs acquired by the devices (e.g., when a button

is pushed), sensor events, and program progress of the connected kitchen appliances.

One important focus is to find suitable interaction modalities for the use case of assisted cooking lim-

ited to a single-user scenario. Therefore, different interaction modalities are analyzed, such as voice
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interaction and graphical user interfaces. It is particularly important to explore the design of multimodal

interaction concepts and what design principles need to be considered for this.

Additionally, the thesis aims to summarize the state of the art in research on proactive assistants for the

domain of assisted cooking. Therefore, the optimal level of system proactivity is analyzed. In addition,

it is considered how the proactivity should be designed so that the user does not feel controlled by

the intelligent system. One important aspect to consider is how the users’ characteristics of cooking

competence and need for autonomy can influence the perception of the assistant’s proactivity.

1.2 Thesis Outline

In chapter 1, the motivation and the objective of this thesis have been introduced. For this purpose, the

main research focus has been presented and the scope in which the thesis can be integrated has been

outlined.

In chapter 2, the current state of research addressing assistance in smart kitchens is reviewed. This aims

to understand which investigations have been undertaken by previous research and what findings have

been made already regarding the research target. According to the existing research, the relevance of

the research questions is argued based on research gaps, which need to be evaluated. Additionally, the

findings are used in the planning of the observational study and to design the interaction concept without

making mistakes that have already been explored. Therefore, both topics, smart kitchen assistance and

interaction modalities, are considered for the related work.

Chapter 3 presents the methodology and the results of the conducted participant observation study. The

study focuses on practices around assisted cooking in smart kitchens with the limitation to the case of

cooking alone. The observational study is intended to understand the context of use of the assistance.

Observation of participants in their usual context allows to collect data on their natural behaviors. A big

advantage is that people are often unaware of their behavior (tacit knowledge). The results are analyzed

using a thematic analysis and will be presented in form of themes in chapter three.

Chapter 4 describes the design of the interaction concept, which is based on the findings from the lit-

erature research as well as the presented observational results. The interaction design is considering

a holistic approach with a focus on a proactive assistance using a multimodal interaction concept. The

chapter summarizes the components of the interaction concept and refers to the relevant design principles

identified in the literature.

Chapter 5 contains the methodology and the results of the interaction concept evaluation. The study

is based on a Wizard-of-Oz approach to evaluate the designed interaction concept with participants in

a realistic scenario. It aims to reflect the participants’ experiences with the interaction concept and to

explore new insights about the multimodal interaction as well as the proactivity of the concept.

In chapter 6, the results of the evaluation are critically reflected and put into context with the current state

of research. It focuses on the possible design considerations for multimodal interaction and proactivity

of intelligent assistants. Additionally, it presents the limitations of the thesis.

The chapter 7 summarizes the results of the thesis and provides an outlook on possible future research

topics.
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2 Related Work

As the target of this thesis is to design an interaction concept for assisted cooking in smart kitchens,

this chapter summarizes the relevant research topics which are needed to reach this target. At first,

the current state of the art for the domain of smart kitchen assistance is summarized. Afterwards, the

relevant interaction modalities for smart kitchens are explained in detail. This section focuses on design

implications to be considered for the interaction concept design described in chapter 4. This includes

multimodal interaction, graphical user interfaces, conversational user interfaces and video instructions.

2.1 Smart Kitchen Assistance

The concept of ”Internet of Things” (=IoT) offers the basis for enabling smart and innovative applica-

tions. There are multiple definitions used in the literature for IoT. Most of them describe IoT from a

technical perspective. For instance according to Gubbi et al. (2013), IoT is connecting sensors and con-

trol devices, which enables the information exchange between platforms. They describe this technology

basis as a requirement for innovative applications. Also Atzori et al. (2010) define IoT from a technical

viewpoint by specifying the three paradigms middleware, sensors, and knowledge. They argue that only

if the three parameters internet, things and semantic come together, IoT becomes useful.

These definitions explain how IoT works, but do not concentrate on the actual objective to be achieved

by using IoT: Creating added value for people. As this thesis concentrates not on the technical imple-

mentation of smart home solutions, but focuses on a more user-centric view, the definition of IoT by

Sundmaeker et al. (2010) is more applicable. They underline that for IoT, ” ’things’ are expected to

become active participants in business, information and social processes where they are enabled to inter-

act and communicate among themselves and with the environment by exchanging data and information

’sensed’ about the environment, while reacting autonomously to the ’real/physical world’ events and in-

fluencing it by running processes that trigger actions and create services with or without direct human

intervention.” This elaborates the focus of IoT on the influence on the real world.

From the previously mentioned definitions, it becomes clear that IoT enables smart use cases in various

domains. Example domains for the usage of smart technology are industry, cities, energy, health care,

agriculture, and home (Perwej et al., 2019). As this thesis is targeted to design an interaction concept for

assisted cooking in smart kitchens, this section summarizes the current state of the art in the domain of

smart kitchens belonging to smart home focusing on user-centering solutions. This includes an analysis

of the assisted cooking use cases found in literature as well as the possibilities of activity tracking for the

cooking domain. Afterwards the relevance of proactive systems for smart cooking is examined, followed

by explaining how this can be considered for designing the interaction concept.

2.1.1 Smart Kitchen Use Cases

In the domain of smart kitchen applications many user-centered use cases can be found. To get an

overview, the use cases are clustered into isolated and holistic solutions below. While isolated solutions

are using for instance only one kitchen appliance or supporting a single user practice or task, the holistic

solutions try to consider the entire kitchen or cooking process to create value for users.
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Reviewing the literature shows that there are many research systems which are relevant for the research

of smart kitchens. One research topic addresses, for instance, food practices. One example is the concept

of a content-aware fridge with a (semi-)automated replenishment by Gu and Wang (2009). Another

example is improving the storage and retrieval of goods with a conversational interface (Ficocelli and

Nejat, 2012). Another research topic is ambient assisted living, which focuses on supporting impaired

users, such as the elderly, in their daily lives. An example for ambient assisted living with a focus on

smart kitchens is ”cueing kitchen”, which tries to improve the safety of the cooking domain for users

with traumatic brain injury (Mahajan and Ding, 2014). Another example for this topic is the cooking

device by Bouchard et al. (2020).

In contrast to these use cases, this master thesis is focusing on holistic and user-centered use cases for

smart kitchens, especially concentrated on the use case of assisted cooking. One advantage of this is that

the given recipe information which is needed for cooking provides a first intention detection approach to

determine what the user is considering doing next.

There are already established examples in the consumer market which aim to improve the cooking pro-

cess with a guided cooking system. One example are the food processors with cooking functions, such

as the Thermomix by Vorwerk (Kindermann, 2018) or the Cookit by BSH Hausgeräte GmbH (2021b).

With a recipe loading possibility, the users can let the system guide them through the recipe with a de-

tailed step-by-step description. This includes automatic settings of the correct cooking functions at the

right cooking steps, such as temperature, cooking time and mixing or stirring level (Kindermann, 2018).

While these food processors with cooking functions provide already guided and smart functions, these

are still isolated solutions. They do not provide a holistic concept for the cooking process including

other appliances, such as the oven. Additionally, they are not recognizing which step the user is doing

currently, except the steps, which are directly done with the system itself.

Another more integrated solution are smart home apps provided by companies, which offer the inte-

gration of multiple kitchen appliances. Examples for that are Bosch Home Connect by BSH Hausgeräte

GmbH (2021a) or Samsung SmartThings Cooking by Samsung Electronics Co., Ltd. (2021). These apps

enable integrated cooking functions like meal planning, recipe guidance and an automatic integration

with the kitchen appliances like sending the settings to the oven. Similarly to the food processors with

cooking functions, the systems have smart functions to automatically take over the appliance settings,

but the system is not tracking the user activities. The users still have to remote control the appliances

manually by clicking on buttons like ”send settings to appliance”.

One research example for assisted cooking according to a recipe is ”MimiCook” (Sato et al., 2014).

MimiCook tries to automatically guide the user through a recipe step-by-step by attempting to detect the

status of the user activities while cooking. In order to reach this, the system tracks object positions with a

depth camera and information about weights with a Bluetooth scale. Additionally, a projector is used to

show the instructions with usage of augmented reality. The example of MimiCook shows how difficult

it is to recognize the users’ intention in the kitchen. One study result is that recognizing food items is

technically difficult as food is something which varies significantly in color and shape.

Another example for a holistic concept for assisted cooking using smart technology is ”KogniChef”
(Neumann et al., 2017). Similarly, to MimiCook, the concept of KogniChef tries to lead the user through

the recipe automatically by detecting the users’ progress. This is tracked with a variety of sensors includ-
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ing cameras, microphones, and scale sensors. Neumann et al. (2017) argue that in contrast to MimiChef

their concept is controlling kitchen appliances autonomously. Regarding the concept of KogniChef, the

described requirement of ”adaptive personalized workflows” is especially relevant for this master thesis.

Neumann et al. (2017) underline that ”the system should follow the user and not vice versa; ideally learn-

ing the user’s preferences and adapting to the user’s skills. The system may guide the user’s attention to

prevent failure, but the user remains in control.” A flexible assistant is also a requirement for designing

the prototype explained in section 4. This requirement is resulting from the observational study results

(see section 3.2.5). Furthermore, the aspect of context-sensitive guidance suggested by Neumann et al.

(2017) is relevant for the thesis, but will be explained in detail in section 2.2.1.

Neumann et al. (2017) also compare their system KogniChef to the system ”Cooking Navi” by Hamada

et al. (2005), which is also not automatically controlling devices. Nevertheless, the insights of the study

done by Hamada et al. (2005) are relevant for an assisted cooking process as they suggest the usage of

multimedia assistance to be useful for smart kitchens. The concept shows that video is perceived as more

reliable than text. Also other studies like ”Smart VideoCooKing” by Doman et al. (2012) explore the

multimedia and multimodal usage for guided cooking use cases.

A deeply discussed research topic in the area of assisted cooking is activity recognition. As the user is

not only using devices for cooking, but also executes manual activities, it is complex to track the cooking

progress in detail. Therefore all research concepts focusing on smart kitchens need to decide how to

handle this topic. There are multiple possibilities to access the manual activities done by the user. As

described above, it is possible to use a depth camera and a Bluetooth-enabled scale (Sato et al., 2014).

Some studies focusing on the cooking process are researching the possibilities of activity recognition in

detail. One example is using an RGB-D camera providing depth information like researched by Lei et al.

(2012). They use the camera data for hand and object recognition for tracking actions like placing an

object or mixing ingredients. Especially interesting is their finding that a combination of camera data

with semantic data of the cooking process (e.g., a bowl cannot be chopped) increased the recognition

accuracy from 60% to 80%.

Other approaches like Monteiro et al. (2017) are using a stationary camera with no depth information and

use a convolutional neural network (=CNN) approach. This results in a context-based gesture recognition

to track activity classes like cutting or boiling. This enables an accuracy of nearly 80%. In contrast to

that, Mohammad et al. (2017) used smart-watch accelerometers for the activity recognition also by im-

plementing machine learning and CNN approaches labeling the data with labels representing 74 different

activities (e.g., cutting onions).

Reviewing the research on activity recognition shows that the usage of many sensors is needed to enable

a high accuracy rate for the cooking domain. This requires the analysis of personal data such as camera

data, which is related to privacy issues for users. Especially for the smart home domain this can be a

problem as end users are involved, who might feel observed. Therefore, the interaction concept designed

in the scope of this thesis is focusing on possibilities to recognize the users’ activities using the data,

which is already provided by kitchen appliances (e.g., data by stove or oven).
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2.1.2 Proactivity of Smart Kitchen Assistance

Proactivity can be defined as an autonomous behavior of a system, which predicts an upcoming situation

and initiates a reaction before the situation has arrived (Nothdurft et al., 2015). When reviewing the use

cases addressing assisted smart cooking, it is noticeable that the systems being researched are mostly

acting partly proactively to support the user and thereby improve the cooking process. One reason for

that is the complexity of cooking activities, which makes it difficult to support cooking novices only

based on classical text recipes.

Also, research of other domains shows that supporting beginners in solving complex tasks can be more

efficient with an intelligent system, which acts proactively. This is a result from Kraus et al. (2020), who

evaluated a proactive assistant in the domain of do-it-yourself projects in comparison with a reactive

assistant. They showed that a user perceives the assistant as more competent and trustworthy when it is

reacting proactively when the user needs support, instead of acting reactively. Additionally, the paper

shows that it is possible to increase the user’s confidence, as the assistant recognizes the user’s progress

and can act accordingly.

Therefore, this section summarizes the research on proactivity for intelligent environments. To relate the

topic of system proactivity to the cooking use case, the presented solutions from the previous section

2.1.1 are classified into different levels of proactivity.

When developing a proactive system, it is important to clearly reflect on the impacts of the proactivity

level. Kraus et al. (2021) developed a formalization for the proactivity level based on a literature re-

search and own user study experiences with a proactively acting prototype. The result are four levels

of proactivity called ”none”, ”notification”, ”suggestion” and ”intervention”. In the following list, these

four levels of assistance proactivity specified by Kraus et al. (2021) are explained:

• None: A reactive system is not providing any proactive behavior. The assistant is only reacting and

supporting the user, if help is diretly requested. An example would be a classical cooking app pro-

viding step-by-step descriptions, such as HelloFresh (Hello Fresh, 2021) or Chefkoch (Chefkoch

GmbH, 2021). These apps react on user input, for instance for showing the next step.

• Notification: This is the first level providing proactive support, but on the lowest level. In these

cases, the assistant is only offering support to the user. In the end, the user will be in control

to accept or ignore these system notifications. It could be used to direct the user’s attention to a

helpful function. The advantage of this level is that the system might be considered as unobtrusive

by the user. The mentioned industry examples show how this could look like as the food processors

with cooking functions (e.g., Thermomix) explained by Kindermann (2018) can be considered for

this level. As soon as a step is done with the system, it is indicating this state by an acoustic alarm.

This directs the user’s attention to the appliance and one can decide to simply stop the signal or

check the system’s recommendation for the next step.

• Suggestion: The third level categorizes those assistant systems which are providing suggestions

to the user which already offer a solution addressing a possible user need. The system proactively

suggests this solution and explains the decision. Similarly to the notification level, the user is still

in control to finally decide on the suggestion by the system. Nevertheless, it is a more inflexible
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way of proactivity as the user has to react on the system and make a choice. A classic example

would be the presented system MimiCook. It automatically tracks the user activities and reacts on

them by providing the users with suggestions what to do next (Sato et al., 2014).

• Intervention: The last level of proactivity is the most intrusive type of proactivity. It is the case

for assistant systems which react autonomously and execute a specific task for the user without

requesting the user’s acceptance before. For this system behavior, the assistant provides an expla-

nation to the user. An autonomous intervention might be considered as obtrusive if the user does

not need the help provided by the system. This level is represented by the researched system Kog-

niChef by Neumann et al. (2017). This concept is not only tracking the cooking activities, but also

controls autonomous assistance modules, which take over the appliance control. This is enabled

with implementing an adaptive hob control, a stirring detection, and a filling detection. Neverthe-

less, the final control over the system stays with the user, who can alter the steps accordingly.

One mentioned advantage of proactive system behavior is the increased trust in the system. In order to

design a trustworthy assistant, it is important to check the influence factors on the factor trust. According

to Hoff and Bashir (2015), there are three sources which might influence the user’s trust in proactive

systems: the human operator, the environment, and the automated system. These are based on the three

layers of trust by Marsh and Dibben (2003): Dispositional, situational, and learned trust. Dispositional
trust depends on the user oneself as it is defined as the ”individual’s overall tendency to trust automa-

tion”. Relevant factors according to their research are culture, age, gender, and personality of the user.

This thesis especially focuses on the user’s personality as the user’s cooking competence and need for

autonomy while cooking are used as criteria for the study participant selection (see section 3.1.1 and

5.1.1). Therefore, the current research state regarding the influence of personality on the trust in proac-

tive systems is summarized following the review argumentation of Hoff and Bashir (2015). Dispositional

trust is considered as an enduring personality characteristic. Additionally, there are already studies which

show that the dispositional trust can influence the tendency to trust in proactive systems (e.g. Biros et al.,

2003). Another study shows that neuroticism is influencing the agreement with automated suggestions

(Szalma and Taylor, 2011). According to Merritt and Ilgen (2008) extroverts might be more likely to trust

autonomous systems. Important to understand is that the user’s personality cannot be changed during a

usage process.

Furthermore, Hoff and Bashir (2015) provide design recommendations which can help designing a proac-

tive autonomous assistant. The defined design principles are:

• ”Designers can better facilitate appropriate trust by providing users with ongoing feedback con-

cerning the reliability of automation and the situational factors that affect its performance.

• In order to promote greater trust and discourage automation disuse, designers should consider

increasing an automated system’s degree of anthropomorphism, transparency, politeness, and ease

of use.

• The strength of the relationship between trust and reliance depends on the complexity of automa-

tion, the novelty of the situation, the operator’s ability to compare manual to automated perfor-

mance, and the operator’s degree of decisional freedom.”
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Similarly, Yorke-Smith et al. (2012) define nine principles to consider when designing a proactive agent.

According to these a proactive agent should be valuable, which means to create value for the users’

interest from the user perspective. The agent should also behave pertinent according to the current

situation and act competently according to the system’s knowledge and skills. Additionally, the system

should be unobtrusive if the user has no need for proactive interruptions, and transparent to clearly

explain to the user, why a proactive action is happening. Another important agent characteristic is to be

controllable in order to give the user the final control over the system and to act deferent and unimposing.

The last two principles are to be anticipatory for recognition of user needs and opportunities and to be

safe to protect the user from dangerous events.

2.2 Relevant Interaction Modalities for Smart Kitchens

For designing an interaction concept for assisted cooking, it is relevant to select appropriate interaction

modalities. For the selection of relevant interaction modalities, the insights based on the literature re-

search as well as the results of the observational pre-study explained in section 3.2.2 are considered. The

results showed a relevance for a combination of voice and graphical modalities. Therefore, the section

starts with a summary of relevant research aspects of multimodal interaction. This is followed by im-

portant design considerations for each of the interaction modalities used for designing the interaction

concept within the scope of this thesis. It starts with the graphical user interface, which is followed by

voice interaction. Additionally, the advantages and design recommendations for video instructions are

summarized.

2.2.1 Multimodal Interaction

An interaction between a human and a machine is according to Jaimes and Sebe (2007) always a combi-

nation of information input and output. These user inputs and machine outputs are channels to commu-

nicate with a machine. In combination, these channels build an interface, while each individual channel

is called a modality. According to Karray et al. (2017) there are three categories of modalities: visual-

based, audio-based and sensor based. If a system is only providing one modality for in- and output, it

is called unimodal. According to Lazaro et al. (2021) a multimodal system is a system which provides

multiple modalities as communication channels. Karray et al. (2017) argues that the suitable number

of modalities or how they are used to facilitate the human computer interaction (= HCI) can vary from

system to system.

A review of multimodal interaction research by Turk (2014) showed that most studies in the scope of

HCI thematize unimodal interaction. Therefore, he underlines the relevance of performing further re-

search on multimodal interaction in HCI, especially concentrating on an appropriate combination of

modalities with reference to the context of use. Also Lazaro et al. (2021) are pointing out the relevance

of researching multimodal interaction use cases, focusing on the empirical evaluation of user-centered

designs. This could contribute to the design knowledge on multimodality, especially with consideration

of user characteristics.
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Advantages of Multimodal Interaction
In comparison to designing a unimodal interaction concept, a multimodal one has many advantages.

Schaffer and Reithinger (2019) argue that the usage of multimodal interaction is currently not very com-

mon. However, this is not due to a lack of purpose, but due to a high complexity of development and

missing experts. They explain that if the strengths of individual modalities are combined, the system’s ef-

ficiency, robustness, accessibility, and intuitiveness can be increased. According to Schaffer et al. (2015),

it is important when using multimodal applications to ensure that the user can interact with the system

at minimal effort. Also Wechsung and Naumann (2009) show that the possibility of using a multimodal

interaction can increase the perceived user experience of an application, even if one modality is more

efficient according to the task completion time.

According to the review of Lazaro et al. (2021), a multimodal interaction system can improve the natural

and realistic interaction between user and system. The reason is the increased flexibility of the multiple

opportunities of interaction modalities. The users can decide by their own preference, which of the

modalities they use for exchanging information with the system. Dumas et al. (2009) argue that this

aspect could make computer skills more accessible for users in the world.

Furthermore, already in the early state of research about multimodality, Oviatt (1997) proved that the

interaction performance can be increased by enabling multimodal interaction. One reason for this is that

a multimodal system can be more error prone than a unimodal one.

Another advantage of multimodal interaction is that it can diminish the weaknesses of the individual

modalities. One example for that is the increasing learnability of the system. By designing it accordingly,

the user can be supported in learning the system abilities of the different modalities. Furqan et al. (2017)

reveals that a visualization of the voice commands can help the users to understand the voice interaction

opportunities of the system. It can, therefore, decrease the weaknesses of a unimodal voice user interface

(=VUI). However, also the activity recognition of the system can be increased. Karray et al. (2017)

describe this aspect and suggest a ”collaboration of different modalities to assist the recognitions”. This

could be implemented for instance by supporting the voice recognition with tracking lip-movements.

Design Principles for Multimodal Interfaces
At the beginning of an interaction design process, a decision needs to be taken for appropriate interaction

modalities. Martin et al. (1995) argues that the decision to design a multimodal interaction should be

based on usability criteria. This includes besides others, that multimodality should be considered if it is

faster, if it enables a higher learnability and if information can be received by the user in a better way

(e.g., in noisy environments). This is supported by the review of Lazaro et al. (2021). They argue the

modality should be based on the environmental context. According to the context scenarios, a suitable

combination of modalities should be selected. Also Zamora (2017) refers to the environmental factors,

which should be considered for designing an interaction concept for complex tasks.

Reviewing the concept of KogniChef explained in section 2.1.1, Neumann et al. (2017) suggest to con-

sider a context-sensitive guidance for assisted cooking applications. This even goes into more detail

than the previous research on context-related design. They suggest selecting the output modality based

on a saliency level of the communicated information (peripheral, overview, task related & focused, task

related & monitored and, critical). This means it is important to adapt the system feedback individually
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according to the current user context. For instance, if there are two user tasks relevant at the moment, the

attention should be on the more critical one. To direct the user’s attention, voice output can help better

than visual output as noises cannot be ignored.

In order to exploit the advantages of multimodal systems, there are various design recommendations,

which should be considered. Reeves et al. (2004) have summarized six design guidelines for multi-

modal user interfaces. According to that, multimodality is a flexible way of interaction. To support this

flexibility, it should be designed for a wide range of users and contexts of use. For instance, a user has

different interaction preferences in different domains. While in the kitchen, one might prefer a voice

interaction, whereas it can be different for other domains like working environments.

The next guideline by Reeves et al. (2004) is about privacy and security issues of multimodal interaction.

It is important to consider this, as different sensors are used to process the user input. Especially voice

and video data are highly personal.

Another important guideline by Reeves et al. (2004) is about designing the individual modalities in a

complementary way according to the user preferences, to decrease the user’s memory load. An example

would be to avoid presenting the same information in multiple modalities. These results are similar to

those reported by Karray et al. (2017). Also, they suggest a complementary combination of the individual

modalities, which might strengthen each other. On the other hand, they criticize that multimodal systems

considering this principle are currently missing. According to them, often the modalities are designed

separately and are joined together only in the end.

Additionally, the presentation of information and operation options should be consistent through the

whole system. Reeves et al. (2004) also describe the need for providing constant feedback to the user

in order to make transparent to the user what the current interaction possibilities are. This also includes

the last guideline, which is a suitable error handling for the multimodal interface. In the same way,

Lazaro et al. (2021) is reviewing multimodal design by suggesting following ”the principles of affordance

design”, which means to provide a system which is easy to use.

2.2.2 Graphical User Interfaces

The heuristics by Nielsen (2020) are one of the most common principles for designing a graphical user

interface (=GUI) originally developed by Nielsen and Molich (1990). They consist of the following ten

heuristics:

• ”Visibility of system status”: It is important to consider that the user receives appropriate feed-

back about the current state of the system.

• ”Match between system and the real world”: For the design of a GUI it is important to match

the communicated information to the user group. This includes for instance the language, the

terminology, and the conventions which are familiar to the user.

• ”User control and freedom”: It should be easy for users to undo an incorrect action without

having to go through a chain of interactions.
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• ”Consistency and standards”: The design should follow common conventions of interaction that

are rather familiar to the user.

• ”Error prevention”: While the system should support error messages when in trouble, it is even

more important to prevent interaction errors through a good design. Therefore, the error-prone

functions should be identified, and a solution should be found in the design.

• ”Recognition rather than recall”: The design should make it as easy as possible for the user to

recognize the function of the controls. Therefore, the information, such as labels should always be

visible to decrease the needed memory load.

• ”Flexibility and efficiency of use”: The system should be designed in a flexible way using short-

cuts to make navigation more efficient for experienced users. For inexperienced users, these func-

tions should be hidden to avoid confusion.

• ”Aesthetic and minimalist design”: It is important to display only relevant information on the

GUI to ensure that it is noticed by the user. The more irrelevant information is visible, the less

relevant information is noticed.

• ”Help users recognize, diagnose, and recover from errors”: When errors occur, error messages

should explain the problem and provide the user with a solution. The messages should be easy to

understand.

• ”Help and documentation”: The user should be provided with the necessary help to understand

and be able to use the system. Ideally, the system is designed to be self-explanatory.

2.2.3 Conversational User Interfaces

With conversational user interfaces (=CUI) it is possible to use natural language to control smart devices.

Using Siri or Alexa for setting a timer or sending messages are only a few examples for use cases with

CUIs. There are many more use cases, but most of them have in common that only one natural language

command is required to solve a task instead of performing multiple steps with touch, scrolling and text

controls. (McTear et al., 2016)

According to Porcheron et al. (2018), there are many terms of describing a CUI, such as conversational

agent or conversational assistant. One of the terms is voice user interface (=VUI), which focuses on

conversational interfaces, which the users can talk to using their natural language. Considering this, the

term VUI excludes assistants that are designed as a text-based conversation such as chatbots.

Additionally, there are many different types of conversational agents (=CA), such as assistant, or com-

panion. These terms are often used synonymously and are not clearly separated. The difference of an

assistant and a companion is according to Wilks (2010) defined by the relationship between user and

agent. A companion is as a system which interacts in a form of relationship with the user, remembering

everything the user said over a long-term period collecting personal user knowledge with no clear end

of the conversation. An assistant, on the other hand, does not have these characteristics, but supports the

user in performing activities without establishing a relationship.
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According to Shechtman and Horowitz (2003), three types of conversational goals can be distinguished

to consider when designing a CUI: task, communication, and relationship. Task in this context refers

to the conversation regarding the task to be solved. Communication refers to the conversation used to

facilitate clear and understandable communication. Relationship means the conversation that influences

the relationship between the communication partners. According to Shechtman and Horowitz (2003) it

could help to consider these three different dimensions during the design process, also keeping in mind

that humans interact in a more task-oriented fashion with systems than with other humans.

A potential motivation factor to use a CUI is a situation where the user’s hands are not free to use (e.g.,

cooking). This could be the case for instance, if the hands are occupied for another task, the hands

are dirty, or the user’s position is not ideal for using a touch screen. Another factor could be a faster

goal achievement with a voice command or if the attention is on another main task to have multitasking

options. In all these cases, it is easier to use language than touch. This can make the user action more

productive in the end. (Luger and Sellen, 2016)

Additionally, Luger and Sellen (2016) conducted studies with users who do more preparatory work and

explore the functions a CUI provides in detail. They found that these users are more effective in solving

complex tasks with the CUI. These users also tend to build more trust towards the conversational agent.

Users who are not exploring the CUI appropriately more often fail in solving complex tasks. One reason

is that the CUI does not understand the user’s words or commands.

Furthermore, Gnewuch et al. (2017) suggested four design principles as starting point for designing a

CA:

• ”[Design Principle 1:] Provide the CA with advanced natural language processing [(=NLP)] capa-

bilities and business integration in order for users to communicate their service request in a natural

way and receive a high-quality response. [...]

• [Design Principle 2:] Provide the CA with conversational abilities to deliver messages character-

ized by situation-dependent length and segmentation in order for users to receive the right amount

of information. [...]

• [Design Principle 3:] Provide the CA with perspicuous and flexible conversation flows towards a

specific goal combined with effective clarification, confirmation, and error-handling strategies in

order for users to efficiently achieve their goals despite potential misunderstandings.[...]

• [Design Principle 4:] Provide the CA with social cues that correspond to key service agent charac-

teristics, fit its context, and neither over- nor underplay its capabilities in order for users to better

understand what they can expect from it.”

2.2.4 Instruction Videos

The user’s activities in the kitchen can be complex to understand, especially when only hearing or reading

the information. Therefore, multimedia possibilities can be used to illustrate these activities. According

to the results of the observation study explained in section 3.2.3 an often used medium for learning how to

perform a certain cooking task are instruction videos. The participants from the pre-study are gathering
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recipe and cooking information not only from recipe websites or books, but also in form of instruction

videos (e.g., on YouTube). This shows the basic need of users to follow video instructions to solve

complex tasks. Also, in the literature, there are studies for guided cooking use cases using instruction

videos (e.g., Hamada et al., 2005 and Doman et al., 2012).

One of the research topics addressing instruction videos is the need to pause the video to follow the

instructions explained in the video. Tuncer et al. (2020) are explaining the four different pause types

’finding task objects’, ’turning to action’, ’keeping up’, and ’fixing problems’. They also explore solving

strategies to better support users following video instructions. Some systems already know automatically

when to pause the video, either because the application can recognize the user state or because it is

pausing after each user action. They argue it is important to highlight the tools needed for the step in the

video and to display the transition points on the timeline to enable the user to switch easily between the

single steps.
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vation adapted from Spradley (2016). A participant observation includes observing a participant, while

the observer is allowed to ask questions to get an insider or emic perspective, which means to empathize

with participants in order to understand their perspectives. This has the advantages of assessing infor-

mation, which is not clearly communicated by a participant, because they are unaware of their behavior

(=tacit knowledge). The method is combined with an exploratory Wizard-Of-Oz study. Steinfeld et al.

(2009) stated that the basis of Wizard-of-Oz is simulating a working interaction system using a human

as a simulation operator. The users are often informed about the simulation before conducting the study,

but this depends on the study design. According to Habibovic et al. (2016) an exploratory Wizard-of-

Oz approach can provide a deep understanding of the context of use, already early in the development

process. A qualitative approach was chosen, as it is particularly suitable for exploring participants’ ex-

periences from an inner view and for obtaining a holistic and comprehensive picture of the research

domain phenomena (Corbin and Strauss, 2014). Wizard-of-Oz approaches are established in several

domains including the cooking domain (Basharudin et al., 2019).

The research target of the study was to analyze the user’s experience and behavior while cooking ac-

cording to a recipe. It is of particular interest to find out what information is necessary for the user at

which point of the cooking process, and what information would be helpful to facilitate cooking. The

study design helps in collecting positive practices and problems encountered by the users. Furthermore,

the exploratory Wizard-of-Oz approach is appropriate for analyzing how participants ask questions dur-

ing the cooking process. This section summarizes the applied methodology, starting with the sample

recruitment process, followed by the experimental setup of the study.

3.1.1 Sample for Observational Pre-Study

The sample was recruited using a questionnaire developed as part of the master thesis covering the

topic ”overall cooking preferences” (see Appendix A.1). The supplementary part of the questionnaire

for ”technology affinity” in the Appendix A.1 was only relevant for the evaluation study described in

section 5. The questionnaire was distributed via a Word form as an email attachment, as an online survey

tool could not be provisioned considering the data security guidelines. Additionally, a data protection

declaration was part of the questionnaire, which is not presented in the appendix (omitted).

In order to gain information about the participants’ overall cooking preferences, the first few questions

were on how often the participant is cooking a main dish from basic ingredients, how much the participant

likes to cook and if the participant cooks mostly alone or with others to learn more about the participant’s

daily cooking routine. As the kitchen appliances used for conducting the pre-study are Bosch devices

with Home Connect functions1, the participants were also asked, what kind of kitchen appliances they

own by Bosch or Siemens and if they have Home Connect functions implemented.

To elaborate more on the participants’ cooking competence and their need for autonomy in cooking,

several scales where adapted. The items for cooking competence were adapted from Sheldon et al.

(2001) according to their items for testing the candidate’s psychological need of competence. In order

to adapt these items to the context of cooking, the items were defined as ”When cooking, I am able

1The Home Connect function enables remote control for the kitchen appliances from the corresponding app BSH Haus-

geräte GmbH (2021a).
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to successfully prepare difficult dishes.”, ”When cooking, I face great challenges and overcome them.”

and ”When cooking, I am very capable.” The responding options for each of these items were defined

as a 1 (not at all) to 7 (very much) scale. All of the items started with ”When cooking ...”. The same

procedure was used for adapting the items defined by Sheldon et al. (2001) for the psychological need

for autonomy. The adapted items were defined as ”When cooking, I want to be able to decide according

to my true interests and values.”, ”When cooking, I want to be able to do things in my own way.” and

”When cooking, I want to be able to express my ”true self” through my choices.”

As the items developed by Sheldon et al. (2001) are abstract constructs with no context in terms of

cooking, the questionnaire was complemented with part of the scale by Barton et al. (2011) developed

to assess the impact of cooking skills interventions. Another option of assessing cooking skills is the

”Cooking Skill Index (CSI)” by Martins et al. (2019). Nevertheless, the questionnaire should not take

more than 15 minutes to complete as it was designed to recruit the sample for the pre-study. Therefore,

the CSI due to its length was not considered in the questionnaire.

In order to acquire information about the participant’s cooking competence the following items are in-

cluded in the questionnaire from Barton et al. (2011): ”How confident do you feel about being able to

cook from basic ingredients?”, ”How confident do you feel about following a simple recipe?”, ”How

confident do you feel about tasting foods that you have not eaten before?” and ”How confident do you

feel about preparing and cooking new foods and recipes?”

Regarding the user’s need for autonomy during the cooking process, no directly applicable scale was

found in the literature to assess it. As the pre-study consists of cooking with a recipe that the participant

has to follow, the following two items were added to the questionnaire: ”I prefer to cook by instinct

rather than according to a given recipe.”, ”When I cook according to a recipe, I follow the instructions

exactly.” In addition to these questions defined by the author, four items regarding to the user’s behavior

on following instructions by Barton et al. (2011) are used as an indicator for the need for autonomy.

These items are ”I eat food past its ’use by’ date.”, ”I follow the storage instructions on packaged foods.”

and ”I wash fruits and vegetables that don’t need to be peeled before eating.” In the following, the

selected items contributed by each author are referred to as a subscale.

In total the questionnaire was answered by 30 participants. In order to create a selection basis for both

of the criteria, a selection score was computed by taking the average value of the relevant items. To de-

termine the relevant items of the questionnaire, correlations were used to check if the different subscales

correlate with each other. Therefore, the participants’ answers were taken to calculate an average score

for each subscale. This was taken as a basis for calculating the correlation between the subscales. For the

cooking competence all seven relevant items were included, because the correlation of the questions by

Sheldon et al. (2001) and Barton et al. (2011) is high with a correlation coefficient of 0.8. For the need

for autonomy the questions adapted from Sheldon et al. (2001) and the questions defined by the author

showed a low positive correlation of 0.33. The questions by Barton et al. (2011) do not correlate with

the other questions as the correlation values are -0.2 and 0.15. In total the five remaining relevant items

of need for autonomy were used to calculate the selection score.

Out of all participants, ten participants were recruited to take part in the observational pre-study based

on the calculated selection scores ”cooking competence” and ”need for autonomy” (see Table 1). For

both criteria, five participants with a selection score lower and five participants with a score higher
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Table 1: Observation participants with scores ordered by cooking competence (1 = low, 7 = high)
Participant ID Gender Age Cooking Competence Need for Autonomy when Cooking

OP02 female 27 1.29 2.60

OP09 female 20 2.86 2.20

OP06 female 22 3.57 3.40

OP04 male 54 3.57 2.00

OP03 female 26 3.71 5.20

OP10 male 29 5.29 3.00

OP07 female 57 5.57 4.60

OP08 male 63 5.57 4.20

OP05 female 57 6.14 4.40

OP01 female 32 6.71 5.40

than the value 4 were chosen to obtain a sample with high variance. The average age was 39, seven

participants were female, three were male. The selected participants each have a different educational

and professional background. All participants received a coupon in the amount of 40e, regardless of the

study result. The participants are named with the abbreviations OP01 to OP10 in the remainder of this

thesis.

3.1.2 Experimental Setup for Observational Pre-Study

The observational pre-study consisted of three parts: the semi-structured pre-interview, the assisted cook-

ing observation and the semi-structured post-interview summarized in the detailed study guideline (see

Appendix A.2). In the pre-interview the participants are asked to introduce themselves to understand

their demographic background. Afterwards, the topics of cooking experiences, cooking challenges, in-

formation collection and recipe behavior are addressed.

The second part of the pre-study was the assisted cooking observation. The chosen recipe was ”aspara-

gus in pancakes gratinated with sauce Hollandaise”. It was chosen based on the following criteria:

• Multiple kitchen appliances: In order to collect as many user experiences as possible during the

cooking process, the recipe must require multiple kitchen appliances. The observations regarding

the used appliances can be considered for designing the interaction concept afterwards. The chosen

recipe includes the stove, a hand mixer or the Cookit 2 and the oven.

• Difficulty: To ensure participants also experience challenges during cooking, it is necessary to in-

clude comparatively difficult components. The chosen recipe includes preparing asparagus, which

is difficult to peel and making a sauce Hollandaise, which is difficult to cook manually, because it

is necessary to keep the temperature very accurately.

2The Cookit is a food processor with a cooking function. The device is multi-functional, as it combines the functions

of cooking, steaming, mixing / grating, kneading and frying in one device. It is supporting the user with a guided-cooking

function. (BSH Hausgeräte GmbH, 2021b)
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• Cooking Time: The estimated cooking time should not be longer than 90 minutes to ensure the

participants and investigator stay focused also for the post-interview.

The study was conducted in the ”Smart Life Lab” at Bosch’s research campus in Renningen, Germany,

which is equipped with Bosch and Siemens kitchen appliances with a Home Connect function. The

Home Connect function allows control of the appliances from another device (e.g., smartphone, voice

assistant like Alexa). The laboratory kitchen also includes all needed cooking utensils like pans, pots and

cutlery. The location was chosen to ensure the same conditions for all participants and to foster com-

parable results. It was also important to observe the participants using the high-end kitchen appliances,

which are connectable with a cooking assistant as these appliances are also the foundation for designing

the interaction concept based on the results. The data was collected by video and audio recording.

To ensure that all needed information was collected, the participants did not receive a written recipe.

Instead, they had to ask the investigator for all needed information. The investigator acted as wizard

assistant answering questions regarding the recipe, cooking appliances and food preparation. The in-

vestigator was only allowed to answer questions and not to help without receiving a question from the

participant. One exception was when the participant was about to make a mistake that could not be

corrected. Then the investigator was allowed to intervene. Participants could decide for themselves how

they wanted to proceed, regardless of what the investigator recommended.

All needed food was provided in the kitchen and the participants received a short introduction to the

kitchen appliances. The participants were informed to decide by themselves how to cook and which

utensils and devices they want to use but could also ask for hints if needed. All participants were addi-

tionally asked to ”Think Aloud” during the cooking process. According to Eccles and Arsal (2017), the

Think Aloud method involves participants expressing their thoughts out loud in a study. Participants are

asked to perform an activity or solve a task while thinking aloud. The output is qualitative data in form of

thought streams. The method is attributed to Ericsson and Simon (1993). To support the ”Think Aloud”

method, the investigator was asking questions about why they are doing something during the cooking

process, if the participants were not explaining it by themselves.

After the cooking process, a post-interview was conducted. It is composed of two parts including a

”reflection of the cooking process” and the ”attitude towards smart technology”. To understand how

the participants experienced the cooking process, they were interviewed about the recipe difficulty, the

satisfaction with the result (five-scaled experienced satisfaction) and the challenges and positive moments

during the cooking process. Furthermore, the participants were asked about their attitude towards smart

technology. The questions related to the use of smart technology, desires for a kitchen assistant, preferred

modes of interaction, and expectations for an assistant’s proactivity.

3.2 Results of Observational Study to Understand Context of Use

In the first section 3.1 of this chapter, the methodology of the study to understand the context of use

has been explained. The methodology is used to collect data in the format of observation videos and

interview audio files. The pre- and post-interviews were transcribed. The videos of the observation are

transcribed schematically, which means the user actions are listed and important quotes are transcribed.
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The transcripts were initially generated using Amberscript3 and manually corrected. Selected quotes

were auto-translated using DeepL4 and then manually corrected by the author.

The final analysis of the transcription documents is done using a thematic analysis. The applied method-

ology is oriented towards the described methodology by Terry et al. (2017). According to this, a thematic

analysis consists of the phases familiarizing with the data, generating codes, constructing themes, review-

ing potential themes, defining, and naming themes and producing the report. For the coding process as

basis for constructing themes, the software tool MAXQDA 2020 5 is used. This section summarizes the

themes developed out of the thematic analysis. Its order is oriented to the main code, which are created

deductively, which means the codes were defined before the coding process so that the previously defined

research questions can be addressed. During the coding process, the subcodes were created inductively,

which means the codes were created based on the participant behavior and the corresponding statements

in order to generate new insights.

3.2.1 Identified Cooking Types Influencing the Needed Assistance

As a result of inviting a participant sample with a variety of ”cooking competence” and ”need for auton-

omy” as established by the recruitment questionnaire (see section 3.1.1), indeed four different kinds of

cooking types could be distinguished among the participants. The resulting clustering according to the

two questionnaire dimensions is shown in Figure 2. Both dimensions are divided in values below the

score of 4 and values above the score of 4 determined through the recruitment questionnaire.

The only exceptions are OP04 and OP08, who are considered to belong to a different group than the

questionnaire results suggest. Both, OP04 and OP08 are classified as belonging to the group with high

cooking competence and low need of autonomy. OP04 is considered to belong to the high cooking

competence despite a below-threshold score of 3.57 in the questionnaire. OP08 is considered to belong

to the low need for autonomy cluster despite an above-threshold score of 4.2 in the questionnaire. Both

were reclassified, because of deviating statements in the pre-interview (e.g., to follow exactly the recipe

when cooking). This self-assessment in the pre-interview and their behavior during the observation has

led to the reclassification.

In order to elaborate the characteristics and the typical behavior of the four cooking types, the code

”recipe behavior” is created deductively for the thematic analysis. To further characterize the recipe

behavior, the subcodes ”follow recipe instructions” and ”change recipe” are created inductively. After-

wards the coded sections are filtered according to the individual cooking types. This means the code

”recipe behavior” is reviewed for each cooking type separately. This analysis helps to understand the

characteristics of the individual cooking types and how they could be assisted in a smart kitchen.

The Beginner
The first cooking type is characterized by a low cooking competence and a low need for autonomy

when cooking. This cooking type includes people who do not cook often and therefore do not consider

3Amberscript is a service that automatically converts video and audio files into text (Amberscript B.V. , 2021).
4DeepL is a software for automatic translation of texts (DeepL GmbH, 2021).
5MAXQDA software is a data analysis tool for qualitative and mixed research methods. (MAXQDA - Distribution by

VERBI GmbH., 2021)
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”I think because it was really so step-by-step and somehow, yes, really so complete with

instructions. Well. Yes, I imagined it much more complicated. [...] But yes, somehow you

feel a bit more secure when you also so - yes really, I think I really need a recipe where

every single step is written on it and then it fits because of that. [...]” (OP09)

The Accurate Cook
The second cooking type is very accurate in following recipes, which results from the low need for

autonomy. But the group is also defined by a high level of cooking competence. People belonging to

this group cook on a regular basis and are consequently experienced in the usual cooking activities. This

group is represented by the participants OP04, OP08 and OP10 in the observational study (see Table 1

and Figure 2). Usually, these people do not adjust the recipe, if not needed. While OP04 and OP08

are following the order communicated by the wizard assistant exactly during the observation, OP10 is

creating his own structure, before he starts with cooking. This could be caused by the fact that there is

no written recipe provided and OP10 does not try to ask for the order. As well as the other participants,

OP10 indicates to usually follow a recipe strictly.

”When I cook something new, I usually stick pretty strictly to the recipe. Because I think I

lack a bit of creativity in cooking and also the courage to try something new.” (OP10)

”Well, I actually always just do according to recipe, according to numerous recipes or also

on the internet, cooking blogs and so on. [...] (OP08)

In contrast to the group of ”creative experts”, they do not feel restricted by precise instructions. OP08

for instance likes the instructions provided by the Cookit.

”So what’s of course totally practical now with the Cookit, he always says what to do, and

do some weighing in and stuff.” (OP08)

When it comes to necessary decisions to be individually taken during a cooking process, the observation

study shows that people in the group of accurate cooks do not feel as insecure as the group of beginners.

According to their statements in the pre-interview, they are more likely to adapt recipes when it becomes

necessary, for example, when the corresponding ingredient is not available. This aspect seems to suggest

that they can perform most steps independently and without additional information, because of their

cooking experience. An assistant supporting in an appropriate way could give clear instructions, but

without annoying with too detailed information.

”Well, I try to stay relatively close to the recipe. So if there is not the emergency that I

actually should not have available something, then I try to stick to it.” (OP04)

”So it can be, if they take a certain cheese that I don’t have or a certain vegetable - beans and

I don’t have any there - I can also take green asparagus. Or such freedoms I do then allow

myself.” (OP08)



OBSERVATIONAL STUDY 22

The Creative Expert
The third cooking type has a high cooking competence as well as a high need for autonomy. The peo-

ple are well experienced in cooking by their own. In the observational study, three participants can be

classified as creative experts according to their calculated scores in cooking competence and need for

autonomy: OP01, OP05 and OP07 (see Table 1 and Figure 2). The assumption is that their cooking ex-

periences combined with a high need for autonomy leads to a creative and spontaneous way of cooking.

The study results support this assumption as the participants explain to often cook completely by them-

selves without any recipe. Also, during the observation, they do not ask for the correct order of recipe

steps, but start completely autonomously with cooking. OP05 is the participant with the least number of

questions asked during the observation.

”Then it’s mostly according to recipe. Whereby that is actually mostly modified. So if things

don’t fit for me as it tells in there, then I just make it so that it fits then, because the recipes

are not always all correct. ”(OP01)

”And I then actually open the refrigerator. See what first needs to go or so what still has a

little time. And think about [...] what we like. Yes. What I’m in the mood for.” (OP07)

”Well yes, I thought that the asparagus, once peeled, is good. So I just started with the

asparagus. And then I thought, yes, come on, then I’ll cook right away.” (OP05)

In contrast to the group of spontaneous creatives, the participants’ high cooking competence leads to the

skill of easily estimating the results of changing a recipe. OP01 even explains to be able to recognize

failures in given recipes and to correct these failures with her cooking experience.

”[...] the other day I had a recipe where the eggs were missing. So they were in the ingredi-

ents, but afterwards in the steps [...] no more eggs were added. [...] I can then compensate

for such things.” (OP01)

Comparing the statements of this group with the group of accurate cooks, they feel more restricted by

detailed instructions like the Cookit is giving. Based on these results, it can be assumed that a more

flexible assistance is needed for people in the group of creative experts. It seems to be important not to

limit their creativity and provide assistance which enables them making own decisions.

”But that’s what the cooking experience shows. So where I started cooking, I was more

exact in keeping [the recipe]. But as time goes on, you realize that it’s not that important.

And with the cooking machine7, that one, I got annoyed with that one.” (OP07)

”You know, if I can make wishes for once. When there’s an assistant like that - and I’m

thinking of the navigation system - and when I decide with the navigation system that I’m

going to take this little detour here because the route is nicer or because I know there’s less

traffic today or something [...] and then he keeps saying please turn around, please turn

around. Then it’s extremely annoying.” (OP07)
7The participant talks about the Cookit calling it ”the cooking machine”.
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The Creative Spontaneous
The last cooking type is characterized by a high need for autonomy when cooking, but with a low

cooking competence. The study results only allow a limited analysis of this cooking type, as there is

no representative sample available. The only observation participant clustered as creative spontaneous is

OP03 with a cooking competence of 3.71 (see Table 1 and Figure 2). The values are very close to the

threshold value of 4. Additionally, the participant specifies to cook twice a week, which indicates at least

a medium cooking competence. Therefore, the following results related to the cooking type creative

spontaneous should be considered with reservation. Nevertheless, the group of creative spontaneous

seems rather like to adapt recipes according to their own mood and to include an own touch. The people

from this group probably dislike following exact instructions. This is supported by the aspect that OP03

is not asking for instructions before she started to cook at the beginning of the observation.

”I substitute relatively a lot I think because I just cook [...] rarely directly according to a

recipe, for example if it says milk and I only have cream or the other way around, I substitute

that.” (OP03)

”[...] also in recipes I usually do it in such a way that I find the order relatively disturbing

[...].” (OP03)

Equally to the group of creative experts, OP03 feels restricted by using the detailled instructions of the

Cookit.

”No, I rather had the feeling that I myself contribute almost nothing, except the ingredients.”

(OP03)

However, considering the low cooking competence, it can be assumed that the cooking experience of

creative spontaneous people is not sufficient to always be able to assess the effects of recipe changes.

This would lead to failing with cooking results. OP03 in fact describes being aware of situations which

support this assumption. These characteristics make it difficult to support such users. Based on these

results, an assistant could act with restraint, but recognize mistakes in cooking, prevent them or at least

assist in correcting them. This requires suitable technical sensor technology to detect errors to ensure

that only need-based support is offered.

”But new stuff is usually always like that, I realize halfway through that I forgot something

important that I should have done.” (OP03)

3.2.2 Appropriate Interaction Modalities for Assisted Cooking

One of the research targets is to find out suitable interaction modalities for assisted cooking in smart

kitchens. Therefore, all observation participants were asked, which form of interaction they could imag-

ine for a cooking use case and which are the reasons for this opinion. The considered interaction modali-

ties are gestures, voice, and graphical interactions. For the thematic analysis of the observational results,

the code ”interaction modalities” with the subcodes ”gestures”, ”voice” and ”graphical user interface”
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was created deductively. This part of the observation results is clustered in the three considered in-

teraction modalities. Furthermore, it is important to know that also a combination of these interaction

modalities is a possibility for smart kitchens. Also, the participants can imagine a combined interaction

concept.

”Well, the best, the best would be, of course, if everything would then work. So, if you

either - or I’m standing at Cookit now, for example, you tap your way through by hand. Or

you just do it via the language. Yes. So, such a... That you can reach your goal with both

possibilities would be the optimum, I think.” (OP10)

Interaction with Gestures
Analyzing the results of the observational study regarding the possibility of using gesture interactions in

the kitchen, there is no clear statement to be made. Exactly 50% of the participants imagine gestures as

a good option for interacting in the kitchen during a cooking process: OP01, OP03, OP04, OP06 and

OP07. The reason for the positive reactions regarding a gesture interaction named by the participants is

the option of using gestures, when their hands are dirty from cooking (OP01 and OP03). Additionally,

OP06 mentions that an interaction feedback would be useful to make clear if the interaction worked.

”At the moment, I always must somehow take a little finger or something, where not so much

dough sticks to it. Maybe it would be practical to do something with gestures.” (OP01)

”I can imagine that, especially because something like when you’ve just cracked an egg, I

imagine that would be very practical.” (OP03)

”[...] but I think it’s difficult when you don’t have anything visual to go with it. If you just

do the gesture. You would need especially I think somehow a confirmation that the gesture

was recognized and what it was recognized as. Just to have the certainty that it worked and

that it happens what you want it to.” (OP06)

The other half of the participants indicate that they would rather not use gestures as an interaction modal-

ity in smart kitchens: OP02, OP05, OP08, OP09 and OP10. The named reasons for this opinion is the

missing value for using it and the difficulty of moving around a lot in the kitchen.

”No, I just shake around a lot. That wouldn’t be anything for me. Not at all.” (OP02)

”[...] I have to be honest; I don’t know if I find it that practical. [...] I wouldn’t have to touch

it, but basically, whether I make the movement or push on it.... I don’t know if it makes a

difference to me [...].” (OP09)

Interaction with Voice
The second analyzed interaction modality is voice interaction. It can be separated into input and output

interactions. For both forms of voice interaction, there is a clear result recognizable from the participant
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statements. All the participants can imagine voice input as a suitable form of interaction for cooking use

cases. Equally to gestures, the reason of having dirty hands while cooking is mentioned as reason for

using voice input in the kitchen (OP03, OP06, OP07, OP09). Furthermore, OP01 and OP10 explain to

be used to it, because they are using voice assistance already regularly at home. Nevertheless, OP07 and

OP04 mention the concern of correct comprehension by the voice assistant while loud cooking activities

are executed.

”Yes, I could imagine setting a timer, it’s quite practical. I think a lot of people already do it

in the kitchen. So just when you have dirty hands, it’s very practical, I think.” (OP03)

”Well, in the kitchen you quite often have dirty hands, they are wet or sticky or you have

something in your hand. And then maybe voice is actually the best. But you must then

[consider] under certain circumstances in the kitchen it’s also pretty loud when the fan is

running.” (OP07)

”Because as I said, I myself also have an Alexa. And especially in the kitchen the use - I

use insanely much to set timers or then listen to music on the side, which I usually do. So I

could definitely imagine a voice assistant there.” (OP10)

The results for voice output are similarly clear, as eight out of ten participants (80%) can imagine using

voice as output interaction in the kitchen. OP02 for instance thinks that the human-like effect could

motivate to cook. OP01 and OP03 cannot imagine voice output in the kitchen, among others, because of

the loud noises in the kitchen.

”Someone who is like you. Someone who simply tells me what to do. Not just in written

form, but someone who tells me what to do.... So, I think I would be more likely to cook

if I just had someone who said do this, this, and this. Maybe pay attention to it here. So,

another little tip like that.” (OP02)

”How much the kitchen might actually talk to me, I don’t know. Because depending on what

I said, radio and music is mostly playing in my kitchen, and yes, I almost didn’t hear the

timer earlier, for example. And then especially when the extractor hood is running.” (OP03)

Interaction with Graphical User Interface
The last considered interaction modality is a graphical user interface for visual output and touch input

possibilities. For this modality, the interviews of only nine participants are considered, because there is

no answer from OP06 regarding the use of a graphical user interface. Nevertheless, also for GUI the

result is quite clear as eight of nine participants (89%) think that a GUI is a suitable interaction format

for cooking in smart kitchens. OP01, OP04 and OP08 represent this opinion, because they are used to

GUI usage already. OP03 and OP07 describe that they especially need a visual component to be able to

understand the complicated issues of cooking. In contrast, OP07 cannot imagine using a touch screen,

because of the issue with dirty hands when cooking.
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”I don’t think pure voice control is an option in the kitchen because I think you can remember

things much, much better visually. If you get it somehow still underlined.” (OP03)

”Exactly because I think, especially when it comes to cooking, you can simply capture more

visually, in less time and in more detail. [...] And I think it also offers the possibility, if it is

done correctly, to present complex issues quite simply.” (OP10)

”So in the kitchen you quite often have your hands dirty, they’re wet or sticky or you have

something in your hand.” (OP07)

3.2.3 Information Needs for Cooking

Cooking a meal is based on a collection of information, which enables the cook to prepare a meal.

One target of the observation study was to collect these information needs by observing people during

a cooking process. To analyze the results, the code ”information needs” is created deductively for the

thematic analysis. During the coding process, the subcodes are created inductively to collect the observed

information needs.

In this section two topics are examined. The first one is the information search behavior, which sum-

marizes shortly how the observation participants are searching for recipe information. The second topic

summarizes the classical information needed for cooking out of the asked questions during the observa-

tion.

Information Search Behavior
Before or during a cooking process, people are searching for information, which enables them to cook

something afterwards. In total the participants are searching for classical recipe information on the

internet using Google as well as in cookbooks. Mostly, they seem to search for whole recipes, which are

bookmarked for instance in smartphone apps like Chefkoch. If a specific step included in a recipe is not

clear, or the people do not know how to prepare a special food, they usually tend to specifically search this

information on the internet. If a particular preparation method is still not clearly understandable to them,

the participants also state to watch short videos, e.g., on YouTube to learn how to prepare something.

”So, like I said - in Chefkoch I actually always have whole recipes.” (OP01)

”When I’m in the mood for any dish, I just look for a recipe. Of course, I also have cook-

books at home, so I also look them up, but besides that, I look on Chefkoch or something

like that, Chefkoch.de. That’s my platform.” (OP05)

”[...] but I also google individual information kind of specifically, for example, we google

every time ’must this algae leaf [be placed] with the shiny side up or down?’, because we all

forget it always. Exactly. So I always google such targeted information.” (OP03)

”On the Internet, you can find everything on YouTube, such as how to cut up a pomegranate

or how to cut into a pineapple professionally. I’m actually watching that, too.” (OP08)
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Classical Recipe Information
The observational study was designed as a participant observation to assess all needed information by

the participant during a cooking process. The participant had to ask questions to the investigator acting

as an assistant and answering all questions regarding the cooking process. In this part a collection of

information needs is summarized based on the asked question during the observation. The most relevant

asked information clusters are listed with representative statements from the observation participants.

• Recipe Overview: When someone starts cooking a recipe, usually one is checking the recipe

overview to learn about the single steps and how they are linked to each other. In the observation

study, no written recipe was given. Therefore, some of the participants mentioned an overview

was missing at the beginning of the cooking process.

”So I was missing the overview at the beginning. So it was a whole new recipe now. I

made it for the first time. And then when you don’t see everything that’s coming now.

[...]” (OP07).

• Recipe sequence: A cooking process usually has a specific predefined sequence. The observation

showed that some of the participants controlled this sequence by themselves. Often, they were

thinking about the optimal order according to the duration, sometimes they were also deciding

spontaneously how they will continue. Furthermore, most of the participants asked for the right

sequence by requesting the next steps or which would be the optimal sequence.

”What is the first step I need to do?” (OP09)

”So what I’m interested in first now, you said asparagus, pancakes and Hollandaise

sauce. Now I’d be interested in the order in which I must do that, so practically, can

you parallelize that or how long do the individual parts take, okay?” (OP08)

• Ingredients: Knowing the ingredients of a recipe is a basic requirement to be able to cook it.

Therefore, some of the participants asked for a list of needed ingredients as well as for specific

ingredients. Additionally, it seemed to be important to know the needed ingredient quantities, also

with requests on what these quantities, such as a pinch, mean.

”Then my first question would be, what kind of food or ingredients do I need in gen-

eral?” (OP06)

”How much sugar?” (OP04)

• Food preparation: When it comes to preparing a certain food item, the participants often asked

how to prepare it. An example is the asparagus from the recipe, which is used for the observa-

tion study. Basic questions mentioned by participants during the cooking process were about the

cooking duration or the appropriate preparation method.

”Okay, what do I do with the washed asparagus?” (OP02)
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”Because I felt relatively insecure, especially when peeling, because I never really know

whether everything is removed now. And I know that afterwards it often still tastes kind

of wooden.” (OP03)

”How long does that have to stay in then?” (OP05)

”How long does it have to cook?” (OP08)

• Kitchen appliances and utensils: In order to cook a meal, usually many different kitchen appli-

ances and utensils are needed, such as the Cookit or a classical cooking pot. Usually, there is not

only one appliance, which can be used for a certain cooking task. Therefore, some of the partici-

pants asked for help with the appliance selection, for instance if they should use a hand mixer or

the Cookit. OP04 even mentioned selection criteria like the lower effort. Furthermore, the partic-

ipants needed the information about the appropriate settings to set, e.g., for preheating the oven.

Moreover, the participants asked for hints how to use a certain appliance as they were not using all

of them before (e.g., Cookit).

”Which heating settings should I use?” (OP02)

”Is there a timer here somewhere, or can I set it on the stove?” (OP01)

”I have to kind of dump that in there now, right? Through the hole, do I see that right?”

(OP04)

”[...] So you don’t actually have to stir much for these pancakes. And then, if I’m

completely honest, I would weigh up between cleaning the thing8 and briefly filling a

glass bowl, stirring and so on and putting it in the dishwasher.[...] So there I would

probably then weigh, what is more effort. [...]” (OP04).

• Background information: The last kind of information asked by the participant is background

information. It is not directly required for an adequate cooking result, but nevertheless requested

by the participants. This underlines the relevance of providing background information about a

recipe to the user.

”Why do you peel it at all?” (OP02)

”What’s the point of separating the eggs?” (OP02)

3.2.4 Need for Assistance in Smart Kitchens

The results out of the conducted observation study are intended as basis for designing an interaction

concept for assisted cooking in smart kitchens. Therefore, the observation participants were asked for

their wishes and demands for an appropriate cooking assistance. Additionally, the challenges during the

study were analyzed, which also evoke needs for assistance, as a challenge should be addressed with

technical support for the user in an interaction concept.

8The participant talks about the Cookit calling it ”the thing”.
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For analyzing these topics, the codes ”challenges” and ”assistance needs” were created deductively for

the thematic analysis. During the coding process, the codes were extended inductively by adding sub-

codes according to the relevant coded sequences. As a result four topics were developed, which are

described in this section. The first topic is the demand of preventing and correcting failures, followed

by the demand of synchronization of the recipe sequence. Afterwards the topics of a holistic concept for

smart kitchens and automation of appliances are summarized based on the participant demands.

Demand for Preventing and Correcting Failures
One of the biggest challenges which has been recognized in the observation study is that there are failures

happening during the cooking process. The methodology did not allow the investigator to proactively

point out failures which arise, except the study duration cannot be respected otherwise. Only, if the

participants were asking for help, the wizard was allowed to help.

There are different categories of failures: failures which are easy to technically recognize and failures,

which are not recognizable without highly intelligent sensor technology in the kitchen. Additionally,

there are failures which can be corrected and failures, which are not correctable anymore (e.g. putting

in a complete egg instead of egg white). Independently of the type of failure, an important assistance

demand for smart kitchens would be to recognize failures or provide help to correct it, if it is not possible

to be recognized in advance.

”[...] because at the beginning I didn’t pay attention to whether it was cooking. And that’s

why I had to do it again, basically. [...] But it definitely happens from time to time when

you’re kind of stressed and you’re actually doing something else and you think it’s cooking,

but it’s not.” (OP03)

”I don’t know. [...] I don’t remember reading any butter there somehow. I think I completely

read over it.” (OP10)

Demand for Synchronization of Recipe Sequence
A recipe always has a specific sequence of ordering the individual recipe steps. A classical recipe pro-

vides a predefined order of steps, but nevertheless usually there are multiple options of sequencing a

recipe. Some of the participants mentioned to regularly reorder a recipe, because the synchronization of

the steps is not designed according to their preferences. Also, the timing is named as a big challenge

in the study results. Therefore, an assistant for smart kitchens should aim for support with the optimal

timing and synchronization options.

”If I myself make too many recipes at the same time, then yes. So just what happened the

other day, where I somehow baked a cake at the same time, and then I also just cooked. And

then I also started to make a muesli. Then that’s more like, that became a challenge for me,

because then I just do too many things at the same time.” (OP01)

”Yes, that is always the great art of cooking. It’s not the ingredients themselves, but that

this is somehow synchronized. So several things, several ingredients had... That’s actually
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also the great challenge. Because you have different cooking times, you have different

preparation times. And in the end, however, everything should be ready at the same time.”

(OP04)

Demand for Holistic Concept
One target of this master thesis is to design a holistic interaction concept for smart kitchens. The thesis is

focusing on involving the whole kitchen, instead of only connecting an individual kitchen appliance with

the internet. The relevance of this approach becomes even more apparent, when analyzing the observa-

tion participants’ statements regarding the question about which assistance, they would appreciate in the

kitchen. Some of them are already thinking about a holistic concept, which is assisting them through the

whole cooking process.

Analyzing the statements related to a holistic concept underlines that it is important to not only provide

a remote control, but also include an intention recognition, which is proactively reacting on user needs.

One example stated by the participants is the automation of kitchen appliance settings.

”Theoretically, he could track everything himself. It could recognize the objects itself with

the camera and, for example, now also, I don’t know if that would be technically feasible in

theory, it would certainly be feasible, for example, to prevent me from emptying the whole

sauce in at once, e.g., through a voice assistant that then says stop. Or by some signal

colors.” (OP03)

”That also somehow connects the devices with each other. So for example now also that I say

I, so that I, for example, pick out the recipe for my father. I take the sauce Hollandaise with

the gratinated pancakes. Then the recipe already - so basically the steps then run through

and then also that the respective device is simply integrated. [...]” (OP01)

”Yes, actually, that now when I have a recipe with multiple ingredients, the synchronization

[is a challenge]. So that you’re really like piddly things, like did you turn on the oven?

So preheated or something, at the right time kind of like that. So that basically the, the

appliances know, what do I need? I need that stove. I need this stirring part. I need the

dishwasher, uh the stove. Nonsense, the oven. That that’s already coordinated. [...]” (OP04)

3.2.5 Influence of Need for Autonomy on Preferred Proactivity Level

Another focus of this thesis is the influence of users’ need for autonomy on the appropriate proactivity

level for assistants in smart kitchens. For the thematic analysis, the code ”proactivity” is created deduc-

tively. For the summary of resulting topics out of the thematic analysis, the coded transcription sequences

were analyzed filtered respectively for people with high need for autonomy and for people with low need

for autonomy.

Preference of Proactivity for People with Low Need for Autonomy
The invited sample with the characteristic of a low need for autonomy in their cooking practices are
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usually following exactly the given recipe (see identified cooking types section 3.2.1). This part of the

sample consists of the participants OP02, OP04, OP06, OP08, OP09 and OP10 (see Table 1 in section

3.1.1).

According to the analyzed data, they do not feel restricted in their activities as fast as people with a high

need for autonomy. An example is the participants’ opinion about the usage of the Cookit, because the

Cookit takes over tasks for the user and provides a detailed step-by-step description. The analyzed data

showed that the participants in this group did not feel restricted by using it in the observational study.

This leads to the assumption that they also would prefer a high level of proactivity.

This assumption can partly be supported by the statements provided by the participants, as five out of six

participants (80%) think in general it could be helpful to have a proactive assistant for cooking. However,

they also have concerns regarding the level of proactivity provided by the assistant.

Three of the six participants (50%) do not have concerns about using a proactive assistant and think it

could be helpful for cooking. OP08 even thinks it could be helpful if automated functions are provided,

like controlling the appliances.

”Yes, I can imagine that this could be helpful. Yes, because if you don’t ask the questions,

you won’t get an answer. [...]” (OP04)

”But that it is really helpful. Or I think that’s also really pleasant, [...] maybe sometimes

you somehow forget a step or are just dawdling or are just in thought or something. And if

someone then asks, I think it’s quite practical or helpful, I would say that yes.” (OP09)

”Yeah, he could gladly do that. [...] So if that doesn’t happen excessively often or something

[...].” (OP08)

”Well, that would be a function that I would also like to have for a long time, that you can

see how warm the water or the soup or something else is in the pot, right? [...] The stove

could also know that by itself.” (OP08)

Two of the six participants (33%) think proactivity could be helpful with restrictions. OP02 would like

to request for help except if it is something, which is essential for the success of the recipe. OP10 only

would like to be supported proactively, if there is a reason like forgetting to add an ingredient.

”So things that are essential for it to taste good would be quite practical [...]. I think some-

thing like that - tips that ensure that the dish also tastes good, I would tell you right from the

start. Exactly for easier handling, I would then request.” (OP02)

”Basically, I would say yes, if it makes sense, for example, like with the butter.9” (OP10)

One out of six participants dislikes the idea of proactive support for assisted cooking:

9OP10 forgot to put the butter into the sauce Hollandaise during the observation and is indicating, it would be helpful to be

reminded of it.
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”I think I would actually rather do without it. It also depends on the intervals at which he

asks.” (OP06)

Preference of Reactivity for People with High Need for Autonomy
In the section 3.2.1, the different cooking types are analyzed. This analysis shows that people with a

high need for autonomy appreciate a more creative and spontaneous way of cooking as they are willing

to express themselves with the cooking process. The observation study includes four participants, who

are characterized by a high level of autonomy according to the self-assessment questionnaire: OP01,

OP03, OP05 and OP07 (see Table 1 in section 3.1.1).

According to the data, they tend to feel restricted when they have to follow detailed instructions and are

not enabled to play a decisive role in the cooking process. This can be observed, for instance, when the

participants used the Cookit with detailed and guided instructions. Considering these insights, it can be

assumed that people with a high need for autonomy would prefer a low level of proactivity.

The participants’ statements in the observation study partly support this assumption as none of the four

participants think a proactive assistant could be helpful in general. OP01 and OP05 think proactive

assistance support in the kitchen could be annoying.

”So I would actually only have it on demand, it would annoy me if he kept suggesting

something to me.” (OP01)

”If it’s not too annoying.” (OP05)

OP03 can imagine a proactive support as helpful with the precondition of an intelligent assistant, which

can determine the users’ need for support. Additionally, proactive hints are desirable for OP03, if it is

essential for taste and consistency.

”So if quasi, you’d probably have to prioritize how essential that information is. And if it is

quasi essential for the success of a recipe.” (OP03)

”Yes, if it could recognize when I am ready for proactivity.” (OP03)

OP07 points out to appreciate proactive support dependent on her mood. A precondition for her would

be a configuration option to turn it off.

”I have to tell you, it’s very mood dependent. Sometimes I am grateful for suggestions,

because I would not have come up with the idea or at that moment I was not aware of it.

And I - But there are also moments when you just have to be able to do what your head tells

you. And that’s why a system like this would have to be so flexible, where you can say, now

shut up!” (OP07)
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4 Design of an Interaction Concept for Smart Kitchens

The third step in user-centered design is the design phase. For designing the interaction concept, the

results from the observational study (see section 3.2) as well as insights from the literature research (see

chapter 2) are used to create a holistic interaction concept for assisted cooking in smart kitchens. The

interaction concept is designed in the form of a design prototype called ”Cookie”.

In order to explain how the prototype of the interaction concept was designed, the first section of this

chapter explains the used methodology. This includes the method of prototyping using Wizard-of-Oz

methodologies as well as an overview of the used tools to implement the prototype. The second section

of this chapter describes the designed interaction concept using examples, which are illustrating the

interaction concept.

4.1 Methodology of Designing the Interaction Concept

There are many reasons to use prototyping as a method in the design process, which are summarized for

instance by Camburn et al. (2017). According to them, firstly, it helps with the refinement to improve

design ideas in an early development state. Furthermore, prototyping is particularly appropriate for

exploration of innovative concepts. It also supports active learning about the smart kitchen domain,

which is a complex environment technically as well as socially.

Considering the development complexity of multimodal prototypes shows clearly that it is important to

find easy prototyping tools. Without testing the multimodal interaction in a very early development state,

it becomes even more intricate in the end to fix problems of the interaction implementation. Many pro-

totypes showed already that the complex development architecture for providing a multimodal prototype

can be a problem (e.g. Smartkom by Wahlster (2002) and MATCH by Johnston et al. (2002)). There are

already examples of using a framework or standard to make it easier to synchronize the various modal-

ities for a prototype like shown by Johnston (2009), but still these frameworks need development effort

to yield a prototype.

Because of these reasons, the prototype designed within the scope of this thesis is using a Wizard-of-Oz

approach to synchronize the different interaction modalities instead of developing the synchronization

of the modalities already. Each of the prototype components are designed individually from a technical

point of view and synchronized manually by controlling them according to predefined rules. However,

during the design process itself, the modalities are considered as a combination and are designed to be

complementary to each other.

4.1.1 Graphical User Interface Design with Adobe XD

One part of the designed interaction concept is the GUI. The GUI components of the prototype ”Cookie”

must be a clickable prototype to feel as realistic as possible. This works by using a prototyping tool like

Adobe XD, Sketch or Figma. For developing ”Cookie” Adobe XD is used as it supports the development

of interactive prototypes. It is platform-independent and allows a vector-based design. The main reason

for using Adobe XD is that it is highly integrated with other Adobe design tools like Adobe Illustrator
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and Adobe Premiere. (Adobe Systems Software Ireland Limited, 2021a)

The tool enables user interface design with details and animations of the interaction design. The anima-

tions make a prototype seem realistic and look like an already functional product. It is easy to animate

the prototype with functions like auto-animate and many plugins, which can be used to make it even

more interactive. (Adobe Systems Software Ireland Limited, 2021b)

In the first step, the individual artboards are designed, which are areas for designing the individual

screens. These artboards are connected afterwards with so called user interactions. These connections

define how a user can interact with the prototype by defining a trigger, such as clicking on a button. These

interactions trigger actions, such as a transition to the next screen. For instance the interaction trigger

could be clicking on a button or component, which triggers a transition to the next step of the recipe. The

result is a clickable user flow, which can be tested and evaluated with real users easily. (Adobe Systems

Software Ireland Limited, 2021b)

4.1.2 Video Integration with Plugin Anima

With Adobe XD it is not possible to integrate videos and gif files. As videos are a central design com-

ponent of the prototype ”Cookie”, the plugin Anima is used to complement Adobe XD. It is a plugin

which can be used to make prototypes created with Adobe XD or other prototyping tools (e.g., Sketch,

Figma) more interactive and responsive. The basic functions of the plugin are divided into designer and

developer functions. The developer functions allow to export code as basis for the implementation. The

designer functions enable to build high-fidelity prototypes, which looks very similar to a final product.

(Anima App, Inc., 2021a)

By using the designer functions of Anima, it is possible to create responsive prototypes, which adjust to

the user’s screen size. Additionally it is possible to enable interactive components (e.g., inserting text),

instead of only showing static fields. Lastly it makes it possible to embed video and gif files. (Anima

App, Inc., 2021b)

As part of the interaction concept videos and gif files are implemented using the Anima plugin in Adobe

XD. If these kinds of files are embedded into the prototype, it is not possible to preview and test the

prototype within the Adobe tool anymore. The complete user flow designed in Adobe XD is uploaded

into the Anima app and can be previewed in browser.

4.1.3 Voice User Interface Design with Google Dialogflow

The VUI is an important component of the designed prototype ”Cookie”. To develop a dialogue-based

interface component a natural language processing platform is needed. One of these platforms is Google

Dialogflow. Some advantages of Google Dialogflow are the integration with Google Assistant and the

availability of various languages for the interface. This was especially relevant, because the VUI for

”Cookie” must be in German as the prototype evaluation also took place in German. The platform

provides two kinds of agents, one is applicable for complex use cases (Dialogflow CX), while the other

one is suitable for simple agents (Dialogflow ES) (Google, 2021a). For designing the VUI of ”Cookie”,

the agent type Dialogflow ES was used as the provided functions were sufficient.
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The implementation accepts user requests in natural language and enables natural language understand-

ing. A request can for instance look like a natural question such as ”What is the next step?” Dialogflow

uses an agent to process these natural user inputs. This agent is trained by implementing so called intents.

These intents consist of training formulations for classifying the user input and response options for en-

abling the agent to answer correctly. Additionally, it is possible to define contexts for an intent to ensure

the agent can remember relevant conversation contents. These contexts can be filled with parameters

to consider information like the food item, the user is talking about (e.g., how much flour do I need?).

(Google, 2021b)

4.1.4 Proactive Events with Bosch Home Connect App

As a precondition for enabling proactive events for the prototype ”Cookie”, it was needed to remote

control the kitchen appliances in the prototype environment. As the available kitchen appliances in the

Smart Life Lab are Bosch and Siemens appliances (see section 4.2.1), the Home Connect App by BSH

Hausgeräte GmbH (2021a) was used to control them.

The app enables the connection and remote control of Bosch and Siemens household devices including

the oven, the stove, the Cookit, the fridge and the dishwasher. Additionally, it is possible to explore

recipes and transfer them to the Cookit. In order to remote control the appliances, the current state of the

appliances is visible in the app. The manual operation of the appliances can also be done remotely from

the app (e.g., preheat oven, set oven timer). (BSH Hausgeräte GmbH, 2021a)

4.2 Results of Interaction Concept Design

Considering the results of the literature research in chapter 2 and the results of the observational study in

section 3.2, the interaction concept for assisted cooking in smart kitchens can be designed accordingly.

Both, previous research as well as the pre-study showed that a holistic concept is required, which includes

the whole kitchen with multiple integrated appliances (see section 2.1.1 and section 3.2.4). These insights

resulted in designing the interaction concept in form of a design prototype called ”Cookie”. It should be

noted that the thesis is focused exclusively on the use case of cooking alone, and thus the collaborative

cooking with multiple users has not been addressed.

As a basis for the interaction concept, the relevant interaction modalities must be selected, which build

the basis for the interaction design. Also for this part, the research literature and observation results

are consistent (see section 2.2 and section 3.2.2). In order to increase the interaction efficiency for both

interaction input and output, a multimodal interaction is used for the interaction concept. The study

results explained in section 3.2.2 reveal a preference for a voice interaction in the context of a cooking

assistant in the kitchen. Nevertheless, the users were also expecting a visual representation of the recipe

not only to get a task overview at the beginning, but also to remember ingredient lists, amounts and single

steps to do. This is one aspect, which leads to the decision to design a multimodal interaction concept

for assisted cooking within the scope of the master thesis. On the one hand, the presentation possibilities

can decrease the weaknesses of the restricted possibilities of voice output. On the other hand the user can

use voice input, when his hands are in use for cooking activities and switch to touch input, if the cooking

process is too noisy to use voice input.
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Figure 3: Smart Life Lab at Bosch’s research campus in Renningen (Milla & Partner GmbH, 2021)

Based on the literature research, an intelligent assistant for complex tasks like cooking might be perceived

as more trustworthy and competent to the user, if it is acting proactive (see section 2.1.2). Therefore, the

interaction concept is designed with a highly proactive approach.

This chapter summarizes the resulting components of the designed interaction concept starting with

the prototype environment, followed by the GUI and VUI design. Afterwards, it is explained how the

relevance of proactivity is considered for the assistant. Then the chapter shows how the assistant enables

a decisional freedom for the autonomous users with providing decision points. In the end of the chapter,

the classification of hints is explained, which is intended to classify the importance of the information

and in which way it should be communicated by the assistant.

4.2.1 Prototype Environment

One precondition was to integrate the prototype in the Smart Life Lab (see Figure 3) at Bosch’s research

campus in Renningen. The Smart Life Lab is a laboratory, which supports the design of innovative

use cases in the area of smart living. The lab is furnished like a real apartment including an entrance

area, a living area and a kitchen area. It enables a realistic environment used mainly to demonstrate,

test and experience real life situations. This creates a realistic experience for users that is beneficial for

conducting user studies.

Additionally, the Smart Life Lab provides a highly functional development and test environment for new

connected solutions. To simplify the integration of new prototypes, it is equipped with highly flexible

and functional components, e.g., with moveable walls. As information visualization is an important part

of smart home research, the laboratory includes various screens, which can be used for showing visual

information. As described in subsubsection 3.1.2 the Smart Life Lab kitchen is equipped with Bosch

and Siemens kitchen appliances including Bosch’s Home Connect function.10 Furthermore, all needed

cooking utensils are available in the kitchen.

10The Home Connect function enables remote control for the kitchen appliances from Bosch’s Home Connect app.
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showed a positive opinion regarding the use of voice interaction for the assisted cooking use case (see

section 3.2.2) and one of them even stated it could be motivating to cook. For the implementation of

this prototype component Google Dialogflow was used (see section 4.1.3). Similar to common voice

assistants, a female voice was chosen for the prototype.

The design of the VUI for the interaction concept is especially designed in such a way that it does not try

to replace the GUI interaction, but to complement it efficiently. This is following the insights by Karray

et al. (2017), who criticize this as a missing consideration in most of the multimodal interaction research.

Cooking activities are partly complex to explain, which makes it difficult to communicate them via voice

output. Therefore, the VUI only provides a short introduction into the current step and refers to the GUI

and video options for further details. This is also designed oriented towards the design principle two for

VUI of Gnewuch et al. (2017), which addresses providing the right amount of information via voice. The

following quote represents the introduction text for the recipe step ”cutting a mango”:

”Then I’ll help you with the mango compote. The first thing you need to do is to peel the

mango and to cut it into small pieces. Take a look at the video if you’ve never done this

before.”

In contrast to that, the control of the prototype ”Cookie” is much more efficient via voice as the users do

not have to interrupt their cooking activities to communicate with ”Cookie”. Therefore, all navigation

functions, such as step back or forward, open hints and start video, are enabled for the voice input. If the

users want to activate the voice input, they need to start with the code word ”Cookie” to provide a wizard

control trigger for the Wizard-of-Oz evaluation (see section 5).

Furthermore, the user can get additional information, which is not represented on the GUI by asking

open questions like ”How much is a pinch?” This follows design principle three of Gnewuch et al.

(2017), which is providing a flexible conversation. Also following this design principle, the designed

VUI provides error handling in form of fallback intents for each recipe step. Additionally, this design

principle suggests confirmations to make it transparent to the user if the requests are processed. This is

implemented by a clear communication of the VUI intended actions. For instance, if the user asks to

switch on the stove and set it accordingly, the VUI answers with a confirmation that it will follow these

instructions and will be setting the stove accordingly.

The fourth design implication by Gnewuch et al. (2017) underlines the importance of social cues to state

out clearly, what users can expect from the assistant. This is considered for the prototype design by

giving cues like ”By the way, I have a few tips for whipping the egg whites in the app for you if you’re

interested.”, when a step starts. Additionally the GUI gives hints on how to use the voice interaction,

e.g., by showing ”Maybe you should try ”Cookie start video”.” This is intended to support the user with

exploring the VUI from the beginning on and increase the learnability. This is suggested by Furqan et al.

(2017).

The VUI was implemented by use of Google Dialogflow (see section 4.1.3). This follows design princi-

ple one of Gnewuch et al. (2017), which recommends the usage of an NLP platform to provide a natural

and high-quality communication. The Dialogflow implementation is structured based on the individual

steps of the recipe. In order to structure the intents in a consistent and clear way, the intents are marked

with a step indicator (e.g., “K1” for the first step of Kaiserschmarrn, “M2” or the second step of mango
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compote). For each of the steps, a fallback intent was defined to react accordingly, if the user request

cannot be processed:

”I’m afraid I didn’t understand you, sorry. What else do you want to know about cutting

mango?”

Additionally, the overall intents like processing open questions are marked with the indicator ”O” in

Dialogflow. As indicator for proactive events, which are not triggered by a user input, these intents were

marked with the indicator ”EVENT”. These intents are explained in detail in the next section 4.2.4.

4.2.4 Design of Proactive Events

The designed interaction concept includes proactive events to make the intelligent assistant being able to

proactively support the user with cooking and to improve the cooking process. This follows the insights

out of the literature research (see section 2.1.2), which shows that a proactive assistant is perceived as

more trustworthy and competent than a reactive one, if it is designed accordingly (Kraus et al., 2020).

The proactive events are described in the Table 2 ordered by the recommended recipe structure. The

table contains information about each event, including the triggering event of the proactive assistant

behavior, the data used for the trigger recognition, the event action itself and how it is initiated during

the Wizard-of-Oz evaluation. The events are named with the abbreviations E1 to E11 in the remainder

of this thesis.

All of the proactive events can be categorized into four types of events. These types are defined according

to two dimensions: kind of trigger data and kind of triggered action. The kind of trigger can either be

user input data or appliance data. The triggered action can either be giving a recommendation to the user

or adjust appliance settings. All events belong to one of the categories except E5, which belongs to two

categories.

• Category 1: Set appliance settings triggered by user input

This category includes E1, which is preheating the oven and E2, which is starting the Cookit recipe.

• Category 2: Set appliance settings based on appliance data

This category includes E4 and E10, which trigger adjusting the stove settings. The remote-control

functions of the stove are very restricted by the Home Connect App in the moment. Therefore,

the settings are done manually during the Wizard-of-Oz evaluation and the participants are asked

to imagine it working autonomously. Additionally, the trigger data, which is needed for E4 is not

available automatically in the moment as there is no scale integrated in the stove. Furthermore, the

events E5 and E7 are part of this category, which are events to start a timer for the user.

• Category 3: Request user action triggered by user input

E3 and E5 are part of this category, which are both events to request a user action. E3 asks the user

to put the pan on the stove, while E5 asks the user to put the dough into the pan.
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Table 2: Trigger for proactive events for prototype ”Cookie”
Trigger Needed Data Event Wizard Control

E1. Step for preparing

Kaiserschmarrn starts

User input (GUI or

VUI)

Oven: is preheated on

220° top and bottom

heat

Home Connect App

E2. User decides to

use Cookit to prepare

Kaiserschmarrn dough

User input (GUI or

VUI)

Cookit: is switched on

and the recipe for

Kaiserschmarrn is

started

Home Connect App

E3. Step 18 in Cookit

recipe is reached,

which means the

Kaiserschmarrn dough

is finished

Cookit recipe progress

information

GUI: screen switches

to baking the

Kaiserschmarrn; VUI:

user is asked to put the

pan with some butter

on the stove

Dialogflow and GUI

remote control

E4. User puts pan on

the stove

Stove recognizes pan Stove: perfect Fry

roast sensor level 3

Manually

E5. Temperature of

stove is reached

Perfect fry roast sensor

temperature

VUI: user is asked to

fill in the dough into

the pan; stove: timer

for 4 minutes starts

Dialogflow and Home

Connect App

E6. Stove timer is

expired

Timer data of stove VUI: user is asked to

put the pan in the oven

Dialogflow

E7. Oven is opened

and closed again

Oven data Oven: timer is set to

15 minutes

Dialogflow and Home

Connect App

E8. Oven timer is

expired

Oven data VUI: user is informed

that timer is finished

with a hint that pan is

very hot

Dialogflow

E9. Ingredient is

missing

Maually by wizard VUI: user is informed

that the ingredient is

missing

Dialogflow

E10. Mango is added

to the pot on stove

Stove recognizes pot,

scale data manually by

wizard

Stove settings: stove

level 6, timer for 7

minutes

Dialogflow and Home

Connect App

E11. Stove timer is

expired

Stove data VUI informs user

about finished timer

and asks the user to

taste it

Dialogflow
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• Category 4: Request user action triggered by appliance data

The events E6, E8 and E11 are triggered, when a timer is finished. In these cases ”Cookie” is

giving a suggestion how to react on these events, e.g., by asking to take the pan out of the oven.

In this case, the user is also asked to pay attention, because the pan is hot. This is designed

according to the design recommendation of Yorke-Smith et al. (2012) that a proactive assistant

should be designed safe for the user. It is also considering the context-sensitive guidance principle

of Neumann et al. (2017), which prefers acoustic feedback for critical events. The following quote

represents ”Cookie’s” voice output, when E8 is triggered:

”Attention, the timer of the oven has expired. You can take out the Kaiserschmarrn

now. Please be careful, the pan is very hot.”

Additionally, E9 is part of this category, which reminds the user of a missing ingredient (e.g.,

when no sugar is added to the egg white). Also this event had to be triggered manually in the

Wizard-of-Oz evaluation as it is not recognizable with the provided appliance data. This event is

designed according to the design principle of an assistant being anticipatory by Yorke-Smith et al.

(2012). Furthermore, the participant demand out of the observational study indicates a demand

for preventing and correcting errors (see section 3.2.4). The voice output of ”Cookie” in these

moments is shown in the following quote:

”Attention, you forgot to add sugar.”

The second two categories are part of the proactivity level ”suggestion” as they are only request and

recommend a user action according to the specified levels by Kraus et al. (2021) explained in section

2.1.2. In contrast to that, the first two categories of events automatically adjust appliance settings without

waiting for the user’s approval. Therefore it can be classified into the proactivity level ”intervention”

based on the literature research in section 2.1.2. These events are especially not designed according to

the design principle of an assistant being unobtrusive by Yorke-Smith et al. (2012). This high level of

proactivity might help to understand if the users feel more or less restricted by the proactivity based on

their need for autonomy.

For the design of these proactive events, also the remaining design principles by Yorke-Smith et al. (2012)

are considered (see section 2.1.2). According to this, the proactive events are designed to create value by

facilitate the user’s work and taking over tasks from him (e.g., E1 preheating the oven). The prototype

”Cookie” also acts competent as it provides all needed knowledge identified in the observational study

(see section 3.2.3). Very important is also to keep it controllable by the user. Therefore, the assistant

is not overwriting the appliance settings done by the user. According to this, the user is always able to

change or stop the appliance settings.

Another design principle mentioned by Yorke-Smith et al. (2012) as well as Hoff and Bashir (2015) is

providing feedback to the user about the recognized situation by the assistant. This is done with tracking

the users’ current state as accurately as possible based on the provided data described in Table 2. If

”Cookie” detects one of the events, it informs the user about it accordingly. If suitable, ”Cookie” also

changes the GUI accordingly and shows the autonomous action in form of a visual representation to

clearly communicate it (see Figure 8).
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duration. Figure 5 in section 4.2.2 shows one of the decision points of ”Cookie”. The users can decide

if they want to start with Kaiserschmarrn or with mango compote. The decision points are especially

designed to provide a flexible recipe execution for people with a high need for autonomy. According

to the observation results, these participant might feel restricted by a predefined order, which cannot be

changed (see section 3.2.5).

However, there are offered only decisions that do not negatively affect the final result quality. To address

the needs of people with low cooking experience, a recommendation is communicated via VUI (see quote

below) and GUI. On Figure 5 this is represented with a small icon in the shape of a cooking hat. To allow

people to still make an informed decision, the reasons behind each option are briefly communicated via

voice. An example is that it is easier to prepare the Kaiserschmarrn dough with the Cookit, but faster

with hand mixer. On this basis, the users can decide which option they prefer.

Related to the proactivity levels by Kraus et al. (2021) explained in section 2.1.2, the decision moments

can be classified as ”suggestion”. The reason is that user needs to decide something, but the assistant

is not doing something autonomously. The design is following the design principle of Hoff and Bashir

(2015) by considering the degree of decisional freedom to increase the user’s trust into the system.

Cookie: ”It seems that the oven is preheating now. Then we could start with the dough for

the Kaiserschmarrn. The easiest way is using the Cookit. But the fastest way is using a hand

mixer. Which of the appliances would you like to use?”

4.2.6 Classification of Hints

One important aspect of the interaction concept is the integration of all needed information by the user

during the cooking process. A simple recipe does not always include all information required by the user.

The observational study showed that the participants often search for additional information beyond the

recipe itself (see section 3.2.3). This could for instance be information about the preparation of a specific

food item (e.g., asparagus or mango) or how the specified cooking technique works. One of the targets

of designing the prototype ”Cookie” is providing all needed information to the user in one interaction

concept. This includes the classical step information, but also additional hints for the user.

Another insight from the observational pre-study was that it is important not to annoy users with unnec-

essary information and intrusive proactivity (see section 3.2.5). Therefore, the hints are implemented ac-

cording to proactivity level ”notification” considering the suggested classification of Kraus et al. (2021),

which is a unobtrusive way of communication (see section 2.1.2). To resolve the target conflict between

necessary information and annoying intervention by the assistant, the hints were classified into three

prioritization levels according to their importance.

Prioritization level one contains information, which is important for taste and consistency. As this infor-

mation is required to reach a specific cooking result, these hints must be provided to the users proactively.

Therefore, it is directly displayed in the step description or communicated via the voice interface. Es-

pecially the acoustic communication is important for this level, as the user will recognize it better than

hints on the GUI. One example would be the egg whites’ consistency. Prioritization level two includes

hints for a simple and practical preparation of food. This information is not required to reach a perfect
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cooking result, but it will help to do it in an effective way. These hints are explained in form of videos

or voice interaction. An example would be a practical way to peel and cut mango. The last prioritization

level includes information, which is good to know, but not essential for the recipe preparation like more

information about organic limes. These hints are only visible for the users when they ask for hints or

click on the hint button on the bottom of the screen. The visual presentation is less conspicuous, but still

visible, if the user needs help. These classification and its implementation follow the context-sensitive

guidance principle suggested by Neumann et al. (2017).
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5 Evaluating the Interaction Concept with a Wizard-of-Oz Test

Following the user-centered design process, it is very important to evaluate the design already in an

early stage of development. Therefore, the interaction concept described in section 4 is evaluated with a

Wizard-of-Oz approach.

In the context of the user evaluation, the user experience and behavior during cooking is analyzed with

help of the developed prototype. It is particularly interesting to investigate how the holistically integrated

kitchen assistance with the multimodal interface is experienced by the user. The concept of the prototype

is integrated into the entire kitchen, and the prototype is controlling the devices autonomously simulated

in the Wizard-Of-Oz paradigm. The assistant itself interacts with a combination of voice assistance and

graphical user interface.

The first section 5.1 of this chapter describes the detailed methodology of the evaluation, which includes

the sample recruitment and the experimental setup.

In section 5.2 of this chapter, the results of the evaluation study are analyzed based on a thematic analysis.

The results are clustered according to the topics that are considered most important for the evaluation.

These include multimodality, autonomous events, and the impact of the influencing factors cooking

competence, need for autonomy, and technology affinity.

5.1 Methodology of Evaluation

The fourth step of the user-centered design process is evaluating the designed interaction concept in the

form of the prototype ”Cookie” described in section 4. As the prototype is not a completely developed

and functional prototype, it is not possible to execute a classical user test. Therefore, the pre-study was

conducted as a qualitative exploratory Wizard-Of-Oz study. Steinfeld et al. (2009) stated that the basis

of this approach is simulating a working interaction system using a human as a simulation operator.

The users are often informed about the simulation before conducting the study, but this depends on the

study design. Wizard-of-Oz approaches are established in several domains including the cooking domain

(Basharudin et al., 2019).

In the following sections it is explained how the sample for the Wizard-of-Oz study is recruited. This

includes a short presentation of participants’ demographics and relevant background information. Addi-

tionally the experimental setup is presented to show how the evaluation was conducted.

5.1.1 Sample for Wizard-of-Oz Test

The sample for the evaluation part was recruited using the same questionnaire as described in section

3.1.1. The questionnaire was covering the topics ”cooking competence” and ”need for autonomy when

cooking” (see Appendix A.1). In contrast to the pre-study, questions regarding the ”technology affinity”

were additionally considered for recruiting the sample for the evaluation study. The questionnaire was

again distributed as a Microsoft Word form or as a pdf form attached to an email as an online survey tool

could not be provisioned considering the data security guidelines.

The supplementary part of the questionnaire consists of items concerning the participant’s attitude to-
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study results (see section 3.2.1). Accordingly, the threshold value of 4 was taken to classify the partic-

ipants into cooking types according to the dimensions of cooking competence and need for autonomy.

Nevertheless, the classification of the participants with values close to the threshold value was checked

again based on their behavior during the evaluation study. When necessary, the classification was ad-

justed accordingly, which was done for participants EP03 and EP06. EP03 showed a higher cooking

competence as expected as he already knew the recipe. EP06 is classified with lower cooking compe-

tence than expected, because of the interview statements. The described exceptions are marked with * in

Table 3.

5.1.2 Experimental Setup for Wizard-of-Oz Test

The Wizard-Of-Oz study consisted of three parts: the semi-structured pre-interview, the Wizard-of-Oz

test and the semi-structured post-interview summarized in the detailed study guideline (see Appendix

A.4). In the pre-interview the participants are asked to introduce themselves to understand their demo-

graphic background. Afterwards, the topics of cooking experiences, information collection and technol-

ogy affinity are thematized.

The second part of the pre-study was the Wizard-of-Oz test. The chosen recipe was ”Kaiserschmarrn

with mango compote”. It was chosen based on the following criteria:

• Multiple kitchen appliances: A main feature of the prototype are the autonomous and proactive

events to analyze the participants’ reaction on the same. In order to include as many of these

autonomous moments as possible, the recipe must require multiple kitchen appliances. The evalu-

ation regarding the usage of autonomous settings is aimed to explore important insights for smart

kitchen use cases in the end. The chosen recipe includes the stove, a hand mixer or the Cookit (see

section 3.1.2 for explanation of the Cookit) and the oven.

• Difficulty: To ensure participants also experience challenges during cooking, it is necessary to

include comparatively difficult components. Therefore, the chosen recipe includes preparing a

mango, which is difficult to peel and cut.

• Cooking Time: The estimated cooking time should not be longer than 90 minutes to ensure the

participants and investigator stay focused also for the post-interview.

• Decision possibilities: One main concept of the designed prototype is the support of the feeling

of autonomy with the help of decision situations (see section 4.2.5). Therefore, the recipe must

include different possible sequences of preparing the meal without influencing the final cooking

result. This condition is met because it does not affect the final result whether the Kaiserschmarrn

or the mango compote is prepared first. Also the usage of Cookit or hand mixer is not influencing

the final result.

The study was conducted in the ”Smart Life Lab” at Bosch’s research campus in Renningen, Germany,

which is equipped with Bosch and Siemens kitchen appliances with a Home Connect function. A more

detailed description of the prototype environment can be found in section 4.2.1. The data was collected

by video and audio recording.
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To prepare the study the prototype needs to be set up. This includes preparing a tablet connected with

a bigger screen in the smart life lab, which show the prototype GUI. The tablet must be connected

with help of VNC (=virtual network connection) to another computer. This allows the investigator and

observer acting as wizards to simulate a working application by controlling the GUI remotely. In order

to simulate also the VUI, the Dialogflow project has to be started on another computer. The voice output

is connected to a speaker in the Smart Life Lab. The voice input is initiated by the user using the wake

word ”Cookie”. The wizard then manually enters the Dialogflow input to start the correct voice output.

The last component to prepare is the Bosch Home Connect App, which enables remote control of the

Bosch kitchen appliances. This component is used by the wizard to start the autonomous events when

the trigger criteria are met (see trigger criteria in section 4.2.4).

The investigator was only allowed to answer questions regarding the position of the kitchen utensils as

the participants are not cooking in their familiar kitchen environment. Questions regarding the prototype

were not allowed to be answered in order to explore the natural usage of the interaction concept. If

the participant was about to make a mistake that could not be corrected, this formed an exception. The

investigator was allowed to help, if the participant needed much longer than expected for a specific step

or forgot the code word ”Cookie” in the beginning. Then the investigator was allowed to intervene.

Participants could decide for themselves how they wanted to proceed, regardless of what the prototype

or investigator recommended.

All needed food was provided in the kitchen and the participants received a short introduction to the

kitchen appliances and the prototype interaction including touch and voice control. After a short intro-

duction, they were asked to explain which information they recognized on the overview screen and on

one of the step description screens (e.g., the screen for preparing the mango). They should explain, what

functions they assume behind the GUI components to explore the GUI functions in the beginning of the

study. Additionally the code word ”Cookie” was presented as a wake word to activate the voice control.

The participants were informed to decide by themselves how to cook and which utensils and devices

they want to use. All participants were additionally asked to ”Think Aloud” during the cooking process

(for more information about the method, see section 3.1.2). To support the ”Think Aloud” method, the

investigator was asking questions about why the participants are doing something during the cooking

process, in case the participants were not explaining it by themselves. In the end of the introduction the

task was explained. The task was to use the prototype to cook the recipe Kaiserschmarrn with mango

compote.

After the cooking process, a post-interview was conducted. It is a semi-structured interview composed

of two parts including a reflection of the cooking process and the attitude towards smart technology.

To understand how the participants experienced the cooking process with help of the prototype, they

are interviewed about the recipe difficulty, the satisfaction with the result and the satisfaction with the

prototype. The reflection of the prototype usage consists of questions about positive and negative user

experiences when cooking with the prototype, for instance when challenges and problems occurred dur-

ing the test. Additionally a focus is set on proactive interventions of the assistant without user request,

which are caused by the autonomous events invoked on the kitchen appliances. Furthermore there are

questions asked about the different ways of presenting the tips (e.g., in form of videos, hints on GUI,

or voice-based hints). Another topic is the perception of the decision moments and how these points
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influence the feeling of autonomy or restriction. The last part of the post-interview are questions about

improvement potential and wishes for the assistant.

5.2 Results of Evaluating the Interaction Concept

The previous section 5.1 describes how the data is collected conducting the evaluation study in form

of a Wizard-of-Oz test with ten participants. The produced data in form of video and audio files were

analyzed to summarize the results in the end. For analyzing the results, the pre- and post-interviews were

transcribed while the cooking process with the prototype is transcribed schematically by listing the user

activities in the kitchen and a transcription of important quotes by the participant.

The resulting documents are analyzed with help of a thematic analysis oriented towards Terry et al.

(2017) using the tool MAXQDA 202013. In section 3.2 the methodology is explained only shortly as it is

also used to evaluate the observational pre-study. The following sections summarize the defined themes

out of the data collection from the evaluation study. The sections’ order is oriented to the main codes,

which are created deductively. The subcodes of these are created inductively. To illustrate the results,

quotes are presented that support the corresponding insight. Frequently, participants speak of a female

form using words like ”she” or ”her”, referring to the female voice of the assistant.

5.2.1 Multimodal Interaction

One of the main research questions of this thesis is, which form of interaction is suitable for cooking in

smart kitchens. The prototype ”Cookie”, which is evaluated with the Wizard-of-Oz study includes a VUI

and a GUI for interaction purposes. The observational study (see section 3.2.2) as well as the literature

research (see section 2.2.1) indicated the relevance of a multimodal composition with a combination

of visual and voice components. The following section explains which insights the evaluation of the

prototype yields regarding the multimodal interaction. In order to evaluate these insights, the category

”multimodality” is created deductively in the code system.

One evaluation result about the multimodality is that user output and input ideally require different in-

teraction modalities to support the user in an efficient and desirable way. While the voice interface was

mainly used for the user input, for the output a visual representation seems to be more important. There-

fore, this section describes output and input of user interaction separately. It is worth mentioning that

even if a correlation of the preferred interaction modality with respect to the participants’ characteristic

of technology affinity could be assumed, the results do not provide any indication of such a correlation.

Preference for Voice Control as Input Modality
Six out of ten participants (60%) mainly or exclusively used voice as input modality, while the other four

participants combined voice and touch input during the experiment. An interesting insight is that also

the participants who are not experienced with voice interaction use the voice interaction very intuitively.

One of the participants remarks:

13MAXQDA software is a data analysis tool for qualitative and mixed research methods. (MAXQDA - Distribution by

VERBI GmbH., 2021)
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”[...] that with the voice assistant, so in spite that I always say I don’t like to talk to the

devices so much, I found, I actually did it relatively much. ” (EP10)

Analyzing the fact that voice control is the preferred input modality for an interaction concept for the

cooking use case, a few reasons are identified. One important aspect can be traced back to the use case of

cooking: Users prefer voice control rather than touch control, since cooking usually causes their hands

to be busy and dirty by the food. Voice control makes it much easier in these cases as there is no need to

wash hands before interacting with the assistant.

”I have now actually so a little bit more consciously [used the voice input], but maybe you

do that then also rather in the kitchen that you just actually use well this language request or

something, because then you have maybe also sticky fingers or so.” (EP09)

”So I think it’s quite pleasant that you can control it with voice at all, because often you just

have to keep pressing or something and then you have dirty hands and stuff, so that’s maybe

annoying sometimes.” (EP01)

”[...] I find it comfortable. It’s fun. I’m also maybe a little bit used to it because we do a

lot with voice control at our home. And like I said, because I had something on my fingers

almost all the time and also I didn’t want to kind of mess up the tablet.” (EP02)

”Yeah, it’s great if you can say on off on off on off. Or please the half. If I just have

something still in my hand, I think that’s great.” (EP07)

Another reason is that using the voice control while cooking saves time. Most of the times, the user is

still busy with a cooking activity, while one already wants to check the next step or needs an additional

hint while cooking. Voice control allows the user not to interrupt the current activity by walking to the

touch interface but take control from the current location in the kitchen.

”[...] so I was just exactly at the station where I was at the moment and could simply continue

directly there. If I was unsure, ask again or go back or forward. So yes, I found it practical.”

(EP01)

”But yes, there you have to wash your hands again, you have to get the cell phone, you have

to look on the cell phone. And if you immediately have the video on the tablet, you don’t

have to - you just have to say, if you use it with voice control, show me the video, then you

have the video.” (EP05)

Nevertheless, some of the participants also have concerns about using voice control as input modality.

EP09 wonders, if the assistant would really understand everything at the first try. Additionally EP06

states that using a code word can be unpractical sometimes.
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”[...] I would have expected with some of the commands that I might have given or some of

the questions that I asked or so in reality that it might have been that she would have said I

didn’t understand you or so. So I would not have had or expected a hundred percent hit rate

[...]” (EP09).

”Yes, it’s a bit impractical and I actually find it very annoying in general with voice assistants

that you always have to say this code word beforehand.” (EP06)

Efficiency of Multimodal Interaction
Although voice was preferred as input modality by all participants, it was not used exclusively as user

input. In cases in which the effort of a touch interaction seemed to be more efficient, for instance when

the user was standing directly in front of the tablet, touch was also used as a control component. This is

also reflected in the participant statements.

”[...] just the voice and no touch screen I would hate. So then if I can’t always click as well,

then I feel compelled to say something now, even though I’m right in front of it and I can

just click.” (EP03)

”[...] if I can still control it with my fingers, it’s actually always better to do that, because

it’s always faster. Especially when there is already a button for what you want to do. [...]”

(EP08)

”Sometimes I’m already there anyway, then it is again such the point for me, then it’s quicker

for me to click than to articulate anything now.” (EP03)

Preference for Visual Presentation as Output Modality
Contrary to the input interaction, analyzing the output interaction of the evaluation revealed that partic-

ipants seemed to be more focused on the graphical and visual interface. Some reasons for this can be

found in the code analysis. One reason is the participants’ retention. During cooking activities it is not

always easy to hear and remember what the voice assistant communicates. Therefore, the participants

stated that it is important to have a visual representation of the recipe to recheck the needed information.

This indicates that the important information should always be visible.

”Otherwise, I think it’s good to have something visual to illustrate what you’re doing. [...] Or

also that the current work step is there again, that you can read up again if there’s anything

you don’t quite [remember] now. So that’s more or less how taken notes, what I’ve just been

told, that I can see the notes. So again such a reminder. [...]” (EP08)

”I didn’t interact via the screen, but I found it very important that I see it visually.” (EP06)

In total, the combination of the different output modalities is perceived and used very naturally and

intuitively and more likely than only one output format. Additionally, it is sometimes easier to understand
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new information with a visual output. The different forms of presentation like videos, pictures, or text

help to visualize how the result should look like and how the result can be reached in the end. If no visual

representation was available, the participants were sometimes insecure whether the result is correct.

”Yes. Apart from that, I also liked the fact that there were so to speak different forms of

presentation, real pictures, animations, videos, voice.” (EP06)

”In general, I think you are already used to that or I don’t find that further... so I find that very

natural. Yes, you see something and at the same time someone says something in addition.

That has, that fitted.” (EP03)

”Otherwise, I think it’s good to have something visual to illustrate what you’re doing. Espe-

cially because you can’t always explain well what you’re supposed to do, and the video is

very practical for you, for example.” (EP08)

”Well, I didn’t have to think about it because I saw the picture and I thought, okay, I know

how it works. End.” (EP04)

”Or I also think it’s good that there are pictures in it, because pictures often say more than a

thousand words anyway. Then you can always compare how it should look like.” (EP02)

”Ok, there is now also somehow no result that I have to achieve in such a way. I found that

- with the mango there was a picture beforehand of how it looks peeled. Now here I don’t

know that exactly [...]” (EP08)

Furthermore, it was important for the participants to always know what the current recipe progress is.

This gave them a feeling of security and helped to understand the interconnections of the recipe. The

overview diagram explained in section 4.2.2 was especially helpful to convey this information to the

users. It shows exactly which steps are included for the recipe and how they relate to each other. Ad-

ditionally, it shows the current progress at defined milestones of the cooking process. It is also always

retrievable by clicking on the overview icon or using the voice control.

”[...] that you always knew roughly, that is, you knew what was coming next - not directly

what was coming next - but how much was still missing. And yes, exactly at which point

you are at the moment.” (EP06)

”Right on the overview I saw that I still have to make this compote and how far I am and

how many steps I need for it. So I found it pleasant that you always somehow knew exactly

where you are and how much you still have to do.” (EP01)

”[...] somehow maybe also, because then it doesn’t seem so much. But I find it pleasant that

it was also divided. But that you still see, ok in the end you have the same or one result, just

one dish then.” (EP01)



EVALUATION 55

”Then also at the beginning this overview, which parts one has. Because that has just helped

me to say, okay, when this is in the oven, then I can do this and that with the mango compote.”

(EP08)

”No, I just thought it was good. So I then immediately made it clear to me, okay, these are

two different things, they only connect at the end.” (EP04)

One reason for the preference of visual output is probably the disadvantage of voice output. Usually users

have problems with remembering long voice messages. But not only remembering the given information

is a problem, but also losing the interest during the speaking phase if it is too long. Therefore, all essential

information given by the voice assistant should also be visible on the screen.

”Because often linguistically I think it was a bit much information that you can really grasp

everything. So I don’t know. I’m also, I think, not a good - I don’t learn well through voice.

I can’t remember everything that I hear, I prefer to read it again myself or look at it visually.”

(EP06)

”Yes, well, that she talks too long such. I don’t know if she uses filler words or what. If you

just make the sentences more precise or in bullet points or something, because that I just

don’t have to stand there and wait for so long.” (EP04)

5.2.2 Autonomous Events of Cooking in Smart Kitchens

Another important factor of this thesis are smart functions in the kitchen. The kitchen is collecting data

about the current cooking activities of the user. This data helps to support the user with autonomous

and proactive events, which are not initiated by the user, but by the prototype itself. Therefore, the

category ”autonomous events” is created deductively for the thematic analysis. This section summarizes

the results of the evaluation regarding the autonomous events during the cooking process.

Overall the participants’ reactions to the topic of assistance functionality based on proactive events were

positive. One reason for this is that errors caused by the user can be prevented by monitoring the device

data. For example, the prototype uses the weight data of the Cookit to inform the user about forgotten

ingredients. Some participants were not recognizing that the sugar has to be filled in during the stirring

process of the egg white and the assistant reminded them. Another example is preheating the oven. If the

user forgets to switch on the oven in the beginning, it will need more time as soon as the user recognizes

the failure in the end.

”Yeah, if she said that, I wouldn’t have put sugar in it, it wouldn’t have tasted good.” (EP10)

”So I don’t have to think about it, and often when you’re reading into a recipe, you often

forget to look at the clock or forget what’s on the stove, what’s simmering a little bit, because

you might be distracted. And so this stove reminds you and I think that’s great.” (EP07)

”You don’t end up standing there thinking like, ’Crap, I forgot the raisins,’ but hopefully you

get that told at the point where you can still change it.” (EP06)
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”Yeah, the raisins. That was very helpful that he reminded there again.” (EP03)

”Yes, I think that’s good. Because then you don’t have to worry about it. Because, I say, if

you maybe have stress now, then you forget that or if you now have recipes where something

must be timed exactly, then you maybe forget to now heat up the oven and then you are done

with that and then the oven is not yet preheated and then everything is delayed [...]” (EP05).

”So at ’Cookie’, for example, I found the reminder with the sugar totally good, because

clearly, even if you cook with this Cookit, you don’t always look at the display. [...] I found

that mega, those reminders.” (EP02)

”But as such, I think I find it pleasant, because often - I don’t know - it’s also things like

that, you might not even think about it anymore. Or even if, I don’t know, the pot is still on

the stove or something. There - I don’t know - maybe you forget it for a moment or yes I

actually find that quite pleasant that she then says something.” (EP01)

”Well I say, it is a help in so far, because one forgets in the heat of the moment when cooking

something possibly such steps. So, for example, to preheat the oven to keep something warm

in it later or something like that. So you have to think about it less.” (EP09)

Another reason for positive reactions is the work facilitation by taking over tasks from users. If someone

wants to cook fast and without not necessary effort, smart assistants can simplify the cooking process

significantly.

”Ah Okay, now the mango is in there, because that has such an automating effect that it

really takes over something for me and just does something by itself, without me having to

trigger anything again. And then it has more of this convenience feature thing.” (EP08)

”The first time wow, I said and really felt that deeply wow, was where he then simply [told]

’I now turn on the oven for you, you do not need to worry about it. It’ll be warm when you

need it.’ ” (EP03)

”Well, because I just don’t have to look at the recipe again in that time and look at the

temperature. It’s done automatically.” (EP10)

”I think that’s great now. I don’t have to worry about it at all? Ey, I think that’s great.” [...]

”Yes because it saves a work step for me. Yes, I feel honored. ” (EP07)

In contrast to these positive reactions, there were also negative aspects about the autonomous and proac-

tive events. Taking over tasks for the user, always means the users are not learning how to do these tasks

by themselves. If the settings are done by a system, users with no cooking experience will not learn how

to do the settings for the next time.
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”So I also had the feeling the whole time that I don’t want to press anything in between.

Perhaps simply because I have never operated the stove manually and I don’t really know

how to operate it manually.” (EP08)

Additionally to these overall impacts of autonomous events in smart kitchen use cases, the following

topics summarize in detail, which phenomena are observable during the evaluation. This includes the

role of transparency in smart environments and the users’ feeling of control.

Transparancy to Increase Trust
In a traditional cooking process with no smart functions, the user always does the appliance settings by

oneself. In the described prototype (see section 4), the assistant ”Cookie” is doing the appliance settings

for the user dependent on the occurrence of the trigger factors described in section 4.2.4. Analyzing

the transcripts of the ten participants from the evaluation study, the importance of the transparency is

noticeable according to the autonomous settings done by the assistant. Therefore the subcategory ”trans-

parency” is created inductively for the category ”autonomous events”.

There are many moments during the study in which the participants articulate trust in the settings done

by the assistant. This is mostly the case, when the prototype clearly communicates, which settings are

used.

”So I found it totally positive that these devices are set for me and that the timer starts

automatically. I found that totally good and that she also said that. So ’Hello, you are now

so and so far. I’ll start the oven for you now and set it to the right temperature’ and I didn’t

have to worry about it.” (EP10)

”Yes, I think it’s great. I thought it was mega cool that the appliances switched on straight

away. So just that the oven is now preheated and so. And that this is also announced, because

then you just know that it’s going to turn on now.” (EP02)

Additionally, it is important to use an additional device feedback. An example for such a feedback is the

acoustic feedback of the oven when it is switched on or off.

”I also thought it was good that there was an acoustic signal when she did something. That

helps because then you know that or then you at least assume that something has happened.”

(EP09)

Technically, it was not possible to prepare a visual representation for all device settings including the

timer states of the different steps (e.g., timer for Kaiserschmarrn in oven or mango compote on stove).

Due to this, users are not always recognizing if a timer is running or not.

”I think, however, with this one, with the one point in the recipe where it didn’t state how

long this mango [needs]. That’s when it was confusing, because I didn’t know, why does the

timer say that now?” (EP03)



EVALUATION 58

”Is there any time that runs out or do I have to trust Cookie now?” (EP04)

This aspect offers improvement potential for the interaction concept. Trust in intelligent assistants that

proactively perform tasks for users could be significantly increased if the appliance status is visible the

whole time. This could be achieved, for example, by providing a dashboard in the kitchen that displays

all device settings centrally. Some of the statements during the evaluation clearly indicate that the partic-

ipants’ level of trust increases the more clearly the reasons are explained by which an autonomous event

was triggered. For instance, when the user puts the pan on the stove the assistant tells the user, that it

recognized the same and therefore will switch on the oven.

”And these indications that she has now basically also turned on the stove top or just I’ll

say now, that then activated accordingly. ’So I noticed, you did this and that.’ I thought

that was good because, with the background that if you completely trust it, then it’s such an

interaction. Well then, then you don’t feel so lost. Well or then he knows ah ok now, she is

doing something. Yes, I thought that was good.” (EP09)

”The fact that the devices were connected, I found that good. Uh, yeah, I didn’t think

the devices themselves were that good. Because I find... but maybe that could be solved

additionally on the display, because I would want to know what exactly is set. I would like

to know which stove top is switched on, at which temperature, what the target temperature

is, how long the timer is running. Just there quasi a more interactive screen I would find

nicer, which also switches between different events and then also shows me the timer of the

stove. Especially when I’m doing something else at the same time and turn away, I don’t

want to be looking at the stove the whole time.” (EP06)

Feeling of Control
When designing the prototype, it was consciously chosen not to ask the user before an appliance setting is

done automatically by the assistant. This was done to find out how the participants would react on giving

up control and having to trust the assistants’ competence. It was not surprising that the participants

indicate that they would often prefer a request before the automatic setting is done by the assistant.

”Unless I could just do without this... So if I then just had to say ’Cookie yes’ or so. That

doesn’t hurt then so, simply for this feeling that one comes along there simply.” (EP08)

”Or that I would quasi - I think I would want it to stop, but I give the command, now you

can stop it.” (EP06)

In some cases, the participants even felt externally controlled by the assistant. This was observable when

the assistant reacted differently than expected by the users. This shows how important it is to give users

a feeling of control over their kitchen appliances, e.g. by only adjusting settings after a positive response

to a request.

To decrease the feeling of loss of control, a detailed and correct intention recognition is needed. If the

user intentions are clear and the interpretation of the user actions is correct, the autonomous and proactive

support by the assistant can be need based and will not interrupt the user anymore.
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”What I then found a bit overwhelming was that it’s like, okay, I’m doing this now and it’s

so um so, you then have a bit of a feeling, okay, loss of control [...].” (EP08)

”In principle, I find that quite good, when I then basically... well, when I completely trust

that he then tells me, ’ok now this is finished and now we’ll do the next one’. So yes. I still

find it a bit strange, because you are somehow controlled by something else to do the whole

thing. [...]” (EP09)

As soon as a system is executing actions autonomously, without explicit consent by the user, safety

becomes crucial. When we imagine a stove switched on by a system, the system would have to know

exactly if there are no safety risks for humans. For instance, if the stove is switched on and a flammable

object is placed on the stove top, it could be a critical situation. Also the reactions in the evaluation show

the fear of security risks.

”Yes, precisely because I am still somehow handling other things. And maybe I’m not ready

yet that the thing is getting hot [...] maybe I have the feeling that it’s not being checked in

the moment whether the egg packaging is maybe lying on the stove.” (EP06)

”And I have had now - simply so quasi - maybe such a short-circuit reaction. Okay, I just

click on a button so that the alarm goes away and I just click the off button now, because

then nothing bad can happen anymore. Exactly.” (EP08)

”So then, I think, you just need an induction, because it only gets hot when there is actually

a pot on it. Then you just don’t have the danger that it somehow gets so hot when there’s

nothing on it.” (EP02)

It was noticeable that there were clear differences between the different appliances regarding the partici-

pants’ perception of the proactivity. While it was accepted always with positive reactions, when the oven

was switched on and of autonomously, the completely opposite could be observed for the autonomous

settings of the stove. When the oven was switched on in the beginning of the Kaiserschmarrn steps, this

was appreciated by all participants.

This aspect can be traced back to the passive usage of the oven. When an oven is used, the only interaction

is switching it on with the correct settings, putting in an object and switching it off in the end of the

process. During the baking process, nearly no additional interactions are necessary. In contrast to that

the stove needs an active interaction during the whole usage process. It starts with heating something

(e.g., oil, butter, water), then usually users need to put in various ingredients and spices and a stirring

activity is needed. Usually the user also reacts actively to the temperature, such as when anything is

about to burn.

”So anything that basically takes place somewhere away from you, I think is good. [...] I

think it’s top notch. But if you’re in front of it, you don’t really need it.” (EP05)
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”No, with the oven, I thought it was good. It’s far away enough. I think because with the

oven I don’t have to do anything actively myself. It’s good when it just does everything,

especially when preheating, I really don’t have to do anything.” (EP06)

”[...] that the stove turned on automatically - yes in quotation marks of course - was now

kind of nice to have, but by the fact that you’re already standing at the hob anyway and the

finger then [...] is close by, if the concept fits there, then I don’t see such an insane benefit

in it.” (EP03)

5.2.3 Perceived Decision Autonomy according to Cooking Types

The prototype includes predefined decision points at which the users have to decide, which option they

would like to follow. The first decision moment occurs when the recipe is started. At this point the user

needs to decide if the recipe should start with the Kaiserschmarrn or the mango compote. The second

decision point is deciding the kind of appliance (hand mixer or Cookit) for preparing the dough. In both

cases a recommendation is given by the assistant as a form of decision support. The decision points are

explained more detailed in section 4.2.5. Additionally the prototype tries to lead the user through the

recipe by providing information for each step in a predefined order. It is assumed that both, the decision

points, and the step-by-step leading procedure, are influencing how the decision autonomy is perceived

by the users.

In section 3.2.1, the participants from the observational pre-study are clustered in four cooking types

regarding the variables cooking competence and need for autonomy. It was argued that all these cooking

types might need different assistant support according to their cooking experience and autonomy need.

Therefore, the evaluation results are analyzed regarding the perceived decision autonomy during the

Wizard-of-Oz test according to the cooking types.

Perceived Decision Autonomy of Cooking Type ”Beginner”
The cooking type ”beginner” is characterized by a low cooking competence and a low need for autonomy

when cooking. In the evaluation study, there are three participants classified as beginner: EP01, EP04,

EP08 (see Table 3). The results from the observational study show that people classified as beginner

might need a detailed recipe guidance to decrease insecurities. Therefore, the assistant has a step-by-step

guidance included. According to the transcription coding, participants classified as beginner indicate that

they like this detailed recipe instructions.

”But the way it’s done now, from the recipe itself and through her tips and the help and so,

everyone should actually be able to do it.” (EP01)

”I find it pleasant that you are taken by the hand, but that you are guided step-by-step and

then you can simply - I don’t know - look at the tips. [...] So, that you somehow always have

a little help somehow along with you, I find that quite pleasant.” (EP01)

”Otherwise, I found it good to be shimmied through step-by-step, especially because it was
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already a bit, well, because it was such a two-part recipe, also to actually be carried through.”

(EP08)

Furthermore, the evaluation study showed that beginners exactly follow the assistant’s recommendations.

For instance, when the decision points occurred, the beginner participants completely trusted in the

assistants’ decision competence and followed the options recommended and marked with a cooking hat.

”That’s always good to have a decision, except I also thought it was good that she suggested

what is better. Because then I don’t have to decide. So I think she will probably know why.”

(EP04)

”Kaiserschmarrn. It’s good that it tells me what to start with, because otherwise I wouldn’t

have decided.” (EP08)

”No, so the way I cook, for me it’s actually great, also that he suggests, hey you can do this

or this, but I would recommend this. And then also was always this hat or this cooking hat.

So I think it’s actually great. Because I think I - so I don’t know how to say it, but if I don’t

know my way around, then for me sometimes this decision is, what means overwhelming.

But somehow also just unnecessary, because I don’t even know for what I should decide

now, because I don’t know the difference or I don’t know, now the pros and cons. And if he

then says, I don’t know, with the Cookit it works better, but it takes maybe a little longer or

so. Then you could decide, okay, do I have more time or less time and then you decide what

you do. So I think it’s quite practical.” (EP01)

Some statements even show that it is not significant for beginners to feel autonomous to be provided with

the decision moments. EP04 does not perceive the decision opportunities as relevant:

”I don’t know, I didn’t think about it. I’m happy when someone tells me what to do when

I’m cooking.” (EP04)

Other statements show that beginners do not feel restricted by the assistant’s step-by-step guidance and

by the possibility to pass decisions away. EP08 thinks that if he wants to cook autonomously, then he

could still do it.

”It’s quite good if I’m guided, because I mean, if I really wanted to do it autonomously, then

I would just do it autonomously. This option is also available. There are also others. So if I

do that, if I get into it, then I also have to hand over the decisions a little bit, I think. Because

otherwise - if you don’t want to be helped, you can’t actually be helped, I think.” (EP08)

In the statements listed above, it is clearly visible that participants classified as beginners like the de-

tailed guidance and the recommendations by the assistant ”Cookie”. However, this does not mean that

they follow the instructions blindly. These participants also mentioned the importance of background

information about recipe steps and decisions in order to learn something new. With this deeper informa-

tion behind the decision moments, the beginner users are able to make an informed decision based on

the general conditions (e.g., cooking time).
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”Yes, because I can imagine that it varies according to your mood, because it also stated

that Cookit is easier and that a hand mixer is faster. It’s good to have something like that.”

(EP04)

”I would like to have had a more informed decision... [...] it just said one is easier and the

other is faster. And I found that in retrospect, hm, really?” (EP08)

Two of the beginners (EP01 and EP04) especially mentioned that they do not like cooking. They cook

very rarely in their daily life and are not motivated to do cooking tasks. This shows that an assistant

could also take on a motivating role. EP01 even stated that the assistant prototype could make cooking

funnier.

”Yes, I think so. So I think so because you don’t have to ... about anything. Well sure,

you do your things and cook a little bit. But somehow, it’s like, what does playful cooking

mean? But it’s not as boring for me as just standing in the kitchen. And somehow, I feel like

it’s faster too, or at least time went by faster for me now. I don’t know, maybe it’s different

when you get used to it at some point. But I believe it, so it would be more fun for me.”

(EP01)

Perceived Decision Autonomy of Cooking Type ”Accurate Cook”
The cooking type ”accurate cook” is characterized by a high cooking competence and a low need for

autonomy when cooking. For this cooking type, there were two participants that were part of the eval-

uation study: EP03 and EP10 (see Table 3). The results from the observational study show that people

classified as accurate cook usually prefer working with recipes without adjusting them significantly. For

this reason, recipe guidance was included in the prototype. The difficulty in designing for this group is

finding the right balance to proactively support users but not annoy them, since they are already experi-

enced with cooking. According to the transcription coding, participants classified as accurate cook trust

in the given recipe instructions. They seem to like the assistant’s presentation of the optimized recipe

sequence.

”I had few situations where it became a bit more stressful. That often usually happens to me,

that you then must do too many things at the same time. And then I no longer know what,

what order you need to do. [...] Otherwise, it has helped that you are guided in this way,

because it probably doesn’t happen as much as when I have to make a plan myself.” (EP03)

However, in contrast to the beginner group, it is noticeable that the decisions are often mentally evaluated

by the participants themselves, instead of blindly following the assistant’s advice. This is probably caused

by their high cooking experience. Their knowledge about cooking helps to understand why the assistant

is recommending something and sometimes they did not even consciously notice the recommendations.

Additionally, their cooking experience helps them to navigate very flexibly through the recipe. As it

seems, the experience reduces insecurities during the cooking process. EP03 is for instance navigating

from one step to completely another step to get an overview about the following tasks.
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”[...] no, I decided on the basis of my instinct that the Kaiserschmarrn needs a bit longer.

And while that is in the oven that I then [make] this mango compote, well.” (EP10)

”No, she asked me, and I made a decision - no, I did not notice that recommendation. What

was the recommendation? With the little hat or?” (EP10)

”[...] I actually think I always want to be able to click on these seven dots in the margin and

look at what do I need to do there. And then also a simple element to hey I’m going to jump

back to where you are right now.” (EP03)

Another effect of the high cooking competence of the accurate cook group is the way they adjust the

recipe on their own during the cooking process. Because of his cooking experience, EP03 is for instance

caramelizing the Kaiserschmarrn deviating from the recipe. Their knowledge helps them to evaluate the

consequences of the change and ensures a good result in the end despite the deviations.

”I have actually changed the recipe in a few passages. [...] I have actually even taken the

hand mixer then to beat it normally after the Cookit. In this respect, I would not [feel]

limited there, but thereby have also no more assistance from the system. [...]” (EP03)

Comparing the group of accurate cooks with the creative expert group, which is characterized by a high

need for autonomy, a difference seems to be noticeable. Analyzing the transcripts shows that the decision

moments could be less important for the accurate cooks than for the creative experts. This was to be

expected as it is not that important for them to feel autonomous. Nevertheless, they want to understand

the suggestions made by the assistant.

”[...] And maybe if I had gotten used to cooking with something like Cookie, it would have

been more pleasant for me, he tells me, do it in that order, then it fits best in time. And then

that selection tends to confuse more.” (EP03)

”You have to like it. Yes, I think that’s exactly what my wife always says. She doesn’t like

that, she actually wants to express herself more freely. I think it’s actually good.” (EP03)

”That I didn’t have enough freedom? Well, good, so I mean I use that - if I would have

wanted the freedom, then I would not have used the devices now.” (EP10)

The assistant seems to be more desirable for new, unknown recipes. It seems that participants within the

group accurate cooks do not need assistant support for recipes which are well known by a user with high

cooking experience.

”After all, I could have chosen to make Kaiserschmarrn without this support. So I wouldn’t

use it if it’s a recipe that’s second nature to me. Then I simply don’t need it. There, it’s also

much faster if I do it without instructions.” (EP10)
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Perceived Decision Autonomy of Cooking Type ”Creative Expert”
The third group is called ”creative expert” and is characterized by a high cooking competence and a high

need for autonomy when cooking. The evaluation participants EP02, EP05, EP07 and EP09 can be clas-

sified into this group (see Table 3). From the observational study, it is noticeable that participants within

this group are not always cooking according to recipes, they are more often only orienting on recipes

and adjusting them based on their cooking experiences. The results from the evaluation study confirm

this insight. The group is cooking much more autonomously, which can be noticed at the example of

EP09. This participant was especially not following the assistant’s recommendations by doing the mango

compote as first step and using the hand mixer instead of the Cookit. Nevertheless the assistant functions

of reminders and taking over tasks are experienced as desirable for this group as well as long as they can

still vary by themselves. One of the reasons seems to be that they want to have the overall control of the

cooking process.

”And so it was quite, it was already a good guide, I’ll say that now, so I found it now neither

disturbing nor too..., that I was too much restricted, because I mean at the end of the day I

can still vary it myself.” (EP09)

”Well, the reminder that the pan... I think that’s great.” (EP07)

A major difference from the creative experts to the accurate cooks is that while they have no difficulty

in handling the prototype interaction, they do not necessarily perceive it as desirable to use it. People

within the creative expert group recognize the value of the assistant for others but are not willing to use

it in their daily life, because they would like to do the tasks by themselves.

”So I don’t know if I always wanted to have that now. Because it takes so much away from

you. And that’s something that I somehow... You’re also still allowed to think along with

common sense somehow a little bit.” (EP09)

”Yes, the fixed sequence. No, I didn’t find anything unpleasant. So rather in such a way

that it belongs to my person that I find it difficult, if I, if I already know something, then to

follow the sequence, because then one develops kind of his own sequence.” (EP07)

”I have to say, I think for people who can’t cook, I think it’s good. I myself I don’t think I

would use it that way.” (EP05)

”Me, because I just like - let me think - when I cook, I like to have the scepter in my own

hand. That is, I would like, like now with the pan. If I now say, the pan is turned on, or

butter is now melted, then I want to do that now and not always first click around and further

and something else.” (EP05)

The participant EP02 is an exception, because she thinks the assistant is limiting her in an acceptable and

desirable way to decrease situations of chaos:
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”I think it was reasonably limited. Because I think if you do too much in parallel... So for

me personally, because I’m such a little bit impatient here and prone to chaos, it helped.”

(EP02)

Perceived Decision Autonomy of Cooking Type ”Creative Spontaneous”
The cooking type “creative spontaneous” is more difficult to evaluate than the previous cooking types.

The reason behind is that the studies include a non-representative sample. The only evaluation participant

classified as cooking type creative spontaneous is EP06. With a cooking competence value of 3.71 from

Table 3, the participant is already a limiting case as this is a medium value in cooking experience. Also

the pre-interview of the evaluation study shows that EP06 is cooking twice a week.

The group of creative spontaneous is characterized by a low cooking competence and a high need for

autonomy when cooking. According to the pre-study results it is the most difficult group to support as it

is very important to recognize failures by the user.

The analysis of the evaluation study shows that EP06 was often questioning the decisions recommended

by the assistant. This could be traced back to her high need for autonomy. It was noticeable that par-

ticipants within this group articulated a high interest of background information. For instance EP06

would like to understand deeply why a recommendation is given by the system. This could help to make

independent decisions instead of blindly trusting the system.

”I think it’s good that it’s turning on because preheating I think is such a typical scenario of

what you forget or do too late or do too early. I know - I’m not sure how useful I think it is to

preheat it right now. But Cookie probably knows that better. Because yeah, that’s probably

pretty individual too. I know I cook very slowly, so I don’t know if that’s a bit of a waste of

energy to preheat it right now. But yeah, I would trust that now.” (EP06)

”[...] I think it makes sense that you can start with both. What I would like to see is a bit of

background information, such as, for example, does the dough for the Kaiserschmarrn have

to rise, should the mango compote somehow still be in the refrigerator for a certain time.

Kind of an explanation of why it’s recommended to start with one of those.” (EP06)

Similarly to the group of creative experts, EP06 was not afraid of changing parts of the recipe (e.g.,

leaving out the raisins). The high need of autonomy probably encourages the urge of making own

decisions. The results show that EP06 liked the possibility of making decisions at the decision points.

She even would like to have more of these options.

”In the beginning, well, I was happy to be able to make decisions. [...] But I actually

expected it not to be a final decision. So I actually expected to make decisions a lot, because

it started right away with two, I thought I was always going to be making decisions, always

choosing between multiple things.” (EP06)
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5.2.4 Personification of the Assistant

A dialogue-based system is always characterized by a conversational part. Also the prototype ”Cookie”

is partly dialogue-based, especially for the recipe guiding and recommendation part. According to the

transcription results, the evaluation participants liked the resulting human-likeness of the system. For the

analysis the related quotes are coded with ”personification”. The feeling of talking and communicating

with a human-like system seems to create relatedness with the system ”Cookie”. Some of the participants

have the feeling that someone is cooking together with them.

”[...] That makes it also somehow such a bit more human. Or like ’attention, the pan could

be hot’. That’s a good hint. Because especially when you’re sometimes cooking under stress

or something. I think it’s - well something like that just appeals to me.” (EP02)

”This feeling, there is someone. So that is, as silly as it sounds now, but to have this feeling

that somehow someone is standing next to you. And I think the person who cooks for the

first time in his life, he perceives it as an absolute help, I mean of course it is individual. But

to have this feeling, hey, there’s somebody talking to me, or yes, it’s not a hoot, it’s not a

honk or something, it’s the spoken word. I think that’s good.” (EP07)

”I feel like I’m not cooking alone.” (EP07)

Furthermore, the conversational part makes it possible to react with praises. This seems to create a posi-

tive atmosphere for the cooking process. Finally, a dialog-based and intelligent assistant could motivate

people to cook.

”So, for example, that at the end, that it said like ’great, you have now done that’, I found

so a, in addition, that I was now allowed to eat that, that that was then also a reward. [...]”

(EP08)

”It has created a positive basic mood I found. [...] But you also somehow - I don’t remember

exactly what she said - but she always gave praise.” (EP06)

”I think it’s positive. So I don’t know. I think then you just have such a positive association

in your head and ’well done’. I don’t know, pleased, even if that’s a device that praises you.

[...]” (EP02)
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6 Discussion

In the previous chapter 5, the evaluation results regarding the designed interaction concept for smart

kitchens are analyzed in detail. This provides the basis to discuss and critically reflect on the results in

relation to the current state of research described in chapter 2. Out of this reflection, design principles

are formulated, which can help to improve a multimodal and proactive assistant system.

The chapter is structured according to the research focuses of multimodal interaction and proactivity of

assistants. It starts with a reflection of the results regarding the multimodal interaction. This is followed

by the discussion about the results regarding the proactive behavior of an assistant and how the user’s

personality can influence the perception of proactivity. In the end of the chapter, it will be outlined which

limitations have to be considered for these results.

6.1 Multimodal Interaction

One of the research targets of this thesis was to explore suitable interaction modalities for the context of

assisted cooking with respect to cooking alone. Therefore, an interaction concept with a combination of

VUI and GUI was designed to evaluate the relevance of multimodal interaction and which aspects need

to be considered for designing multimodality. Therefore, the first section critically reflects on the results

regarding the multimodal design.

Design for a Context-Sensitive Multimodality
The results of the evaluation study indicate a preference for voice interaction as input modality and a

preference for graphical information as output modality. There were several reasons revealed for these

results. One reason for the preference of voice input seems to be that the user’s hands are dirty and

engaged in cooking activities. Furthermore, there is no need to interrupt these cooking processes, as

communication with the assistant takes place via voice control. In contrast to that, the visualization

possibilities including instruction videos seem to be better for explaining complex cooking tasks and

might help to remember the information. On the other hand, voice output seems to be more suitable than

visual output to direct the user’s attention for communicating critical events. The reason for this might

be that visual hints might be more likely to be ignored than acoustic signals.

All these results confirm the relevance of a relation between the selection of appropriate interaction

modalities and the context of use, which is investigated for instance by Martin et al. (1995), Lazaro et al.

(2021) and Zamora (2017). Also these results further support the idea of Neumann et al. (2017), who

suggest considering a context-sensitive guidance for assisted cooking applications.

These results also indicate that user perception of information can vary greatly from case to case. This

depends, for example, on the type of output modality, but also on the information presentation within

a single modality. For example, via acoustic feedback from the system, a beeping sound may be less

meaningful than a voice output that articulates clear suggestions or warnings to the user. Therefore,

already within the design process, the importance of the information should be considered and ideally

classified according to its salience, and how these salience levels are communicated to the user.
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Design for a Complementing Multimodality
The results regarding the context-sensitive design of the multiple modalities show that not all modalities

are appropriate to communicate the same information. These evaluation results indicate that the modali-

ties should not only be designed to be replaceable, but as a complementary combination. For instance, it

might be better to provide complex information in a video format, but an alarm by voice signal.

These results match those observed by Reeves et al. (2004) and Karray et al. (2017), who are suggesting

a complementary design of multiple modalities. Despite these promising results, Karray et al. (2017)

criticize that so far only relatively few studies follow this approach. According to them, in most of the

studies, the modalities are designed separately from each other. Therefore, there might be a need for

further research on the optimal combination of modalities and how this can be achieved.

The interaction concept designed for this thesis in the form of the prototype ”Cookie” was designed as

a multimodal approach. In order to use a new approach of multimodal design according to the criticism

of Karray et al. (2017), the modalities VUI and GUI of the prototype were designed collectively and

complementary. The results show that the evaluation participants perceive the interaction concept as a

natural combination of modalities. This calls for continuing to conduct more user-centered design studies

in the future that find out more about a combined design of the modalities. Even now it can be stated

that while e.g., a graphical or voice component is designed, it is already necessary to consider how these

components can be optimally complemented with other modalities to promote a natural and intuitive user

interaction.

Design for an Efficient Multimodal Interaction
The results of the evaluation show that the combination of modalities was overall perceived positively

by the participants. One reason for this seems to be that the individual modalities might compensate

the weaknesses of a unimodal interaction concept. The study showed that the users are more likely

to switch the input modality when it seems to be more efficient for solving the task. For instance, if

it was inefficient to use voice input, touch input was used instead. This could also prevent errors in

communicating with the assistant as the users could switch between the modalities when one is not

sufficient to solve the task.

These findings are consistent with the findings from the literature that the use of multiple interaction

modalities has advantages over using only one form of interaction by increasing the efficiency, robust-

ness, accessibility and intuitiveness. This has been researched for instance by Schaffer and Reithinger

(2019) and Wechsung and Naumann (2009).

6.2 Proactivity of Assistants

Another aim of the thesis was to investigate the optimal level of proactivity for the designed interaction

concept in assisted cooking. In this context, it was important to consider how the influencing factors

cooking competence and need for autonomy affect the perceived proactivity. In this section the results

regarding the perceived proactivity are critically reflected and analyzed.
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Design for a Need-Based Proactivity
The evaluation results of the prototype ”Cookie” point to the fact that proactivity is perceived as varying

in desirability based on the user’s personality. However, regardless of personality, the factor need for

assistance seems to be important for all participants. As soon as the assistant anticipates an urgent need

of the user and proactively communicates it or even offers a solution, participants seem to perceive

this very positively (e.g., when reminding the user of a forgotten ingredient). These results support

the findings of Yorke-Smith et al. (2012), which show that the design of proactivity should emphasize

anticipation for recognition of user needs and opportunities.

However, following this principle is not easy, especially in the cooking context, because exact intention

recognition and interpretation of user activities is very difficult. Multiple sensors are needed, which

might only work intelligently with the help of complex technologies, such as neural networks. A system

that relies on the data from the existing kitchen sensors, like the prototype of this thesis, can only interpret

the user intention inadequately due to the lack of data. Therefore, in such a concept, manual control of

the system should still be possible for cases in which the system does not know the exact intention of the

user. This supports, for example, findings from Sato et al. (2014). A final control of the user over the

system could also be considered in the design in order to be able to compensate for possible errors in the

intention recognition.

Design for a Controllable Assistant
The findings from the literature clearly show that it is important to design a proactive assistant in a

controllable way. This is supported, for example, by the design principles according to Yorke-Smith

et al. (2012). Also the formalized proactivity levels according to Kraus et al. (2021) consider the feeling

of control. These findings can be supported by the study results. Especially for autonomous events within

the proactivity level of intervention, a feeling of loss of control partly occurred.

However, different strategies can be added that could help to ensure the feeling of control even for

autonomous intervention. For this, it seems to be important to trigger an autonomous event only in case

of accurate intention recognition. Thus, one possibility could be to allow autonomous events by the

system only if the data are highly accurate.

In addition, the degree of user involvement in the activity seems to be relevant. If the assistant au-

tonomously takes over an activity of the user, this will be received more positively if the user is only

passively involved (e.g., preheating the oven). As soon as the assistant actively intervenes in an activity

that actively involves the user, a feeling of losing control can arise (e.g., stove settings). This leads to

the conclusion that the user’s sense of control might depend on how involved the user is in the activity

influenced by the assistant.

If both the exact intention recognition and the degree of user involvement are taken into account when

designing an autonomously acting assistant, this could lead to an increased sense of control by the user.

Design for a Human-Like Companion to Motivate Users
Some of the novice cooks among the evaluation participants also stated that they did not like to cook.

The results of the study show that the participants may feel supported and motivated by cooking with

the help of the proactive multimodal assistant. There are also indications that especially the human-like
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behaviors of the assistant could evoke this motivation. Among other things, this could be due to the

proactive behavior, since the participants had the feeling of cooking collaboratively with the assistant.

Especially the voice interaction, in particular the moments in which the assistant conveys praise and

encouragement seem to have a motivating effect.

This supports the findings by Hoff and Bashir (2015), which point to the importance of anthropomor-

phism and politeness of proactive autonomous assistants. Wilks (2010) defines a companion that builds

a relationship with the user as an assistant that can remember information over multiple usage cycles.

However, the prototype ”Cookie” seemed to be able to establish a social relationship even without this

possibility, although to a lesser extent. However, if the companion approach by Wilks (2010) is addi-

tionally incorporated, deeper knowledge could assist in tailoring proactive assistance to the individual

user. For example, based on knowledge of what the user has cooked in the past, personalized recom-

mendations could be provided. Overall, the consideration of human-like behavior in design can have a

motivating effect on the user, which could be further strengthened by personalizing the relationship.

Design for a Trustworthy Assistant
It is of particular relevance to design the interaction of an intelligent assistant in such a way that the user

builds trust and can benefit from the assistant’s competence. Numerous influences on the user’s trust in

the system have already been studied in the literature. Accordingly, one of the most important criteria

is the transparency of the system status. The results of the evaluation of ”Cookie” clearly show that the

transparency factor becomes particularly relevant when the system performs autonomous actions. This

reflects the findings of Hoff and Bashir (2015).

In a holistic approach in the kitchen, where several devices are integrated and autonomously controlled, it

is of particular relevance how the status of the different appliances could be visualized. For the prototype,

due to technical reasons, it was only possible to communicate the adjustments via voice. However, the

analysis of the results shows that a constantly visible visual presentation of the settings could significantly

increase the system transparency. How this presentation could be designed, however, cannot be answered

conclusively. Initial indications point to the direction of a dashboard to support transparency for assisted

proactive cooking.

Additionally, it has already been proven in the literature that the personality of the user can have an

effect on the trust in the system. One expample is the dispositional trust (Biros et al., 2003). Further-

more, according to Szalma and Taylor (2011) neuroticism can influence the agreement with automated

suggestions and Merritt and Ilgen (2008) investigated that extroverts are more likely to trust autonomous

systems.

Also the results of this thesis are in line with the assumption that personality can influence the trust in the

assistant. When analyzing the different cooking types, it can be seen that the participants perceive the

proactivity of the assistant very differently based on their characteristics cooking competence and need

for autonomy in cooking. This finding complements the characteristics already explored in literature.

For example, while novice cooks tend to prefer detailed recipe steps and to trust the statements of the

assistant, users with a high need for autonomy seem to prefer a flexible assistance that is open to their

own decisions. The threat of a loss of competence due to technical support could also be relevant here.

The results also indicate that a detailed and autonomous assistant may be less desirable for certain groups
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of people.

These findings reveal that it might help to consider the different relevant personality characteristics of the

users for the design. The possibilities of adaptive assistance approaches could also be relevant for this.

First indications might suggest that a concept should adapt based on user behavior in order to support

the widest possible range of different users. However, this would require further details on the impact

of personality characteristics such as the need for autonomy on the perceived proactivity and trust in the

system. Further research could help to understand to what extent the system could adapt accordingly.

6.3 Limitations

This section critically reflects on the used methodology to determine under which conditions the analyzed

results can be seen as relevant. The chosen methodology of the exploratory qualitative approach can be

seen as a limitation of this work, since it does not allow a quantitative evaluation of the concept. The

samples of both user studies were relatively small as they included only ten participants each. This has

the consequence of not being able to prove the presented results by statistical analyses. Nevertheless,

the selection of a qualitative approach has the advantage of exploring the phenomena of the assisted

cooking domain in smart kitchens in a greater depth and generate valuable new insights about the same.

All results explained in chapter 5 can be seen as a basis to execute further research on the basis of

quantitative methodologies to validate the mentioned results towards a more general validity.

For the design methodology, the user-centered design process was applied, which usually consists of

four phases. All four phases were considered in the scope of the thesis, which follows a user centric per-

spective of design and can help to reveal improvement potentials for the concept in an early development

stage. Despite this, the user-centered design process usually requires multiple iterations to improve the

concept after evaluating it with users. In contrast to that, for the designed interaction concept only one

iteration was proceeded. This can be seen as a limitation of the applied methodology but is not influ-

encing the relevance of the evaluation results itself. It was not the target of the thesis to design a fully

matured product, but rather to gather new knowledge about the domain instead, for which one iteration

of the process can be seen as sufficient.

Limitations arose also in conducting the Wizard-of-Oz study, which was chosen to evaluate the concept

in an early design stage already. There are many advantages of evaluating the concept, even before an

implementation is done, but this also includes limitations. As the concept is only working by simulating

the concept with a person acting as an assistant, it was not considered that a voice assistant usually does

not understand all user requests at the first time. However, this could be neglected since it was not the

technology of language processing that was to be investigated, but the interaction concept itself.

Another limitation is that the prototype simulation was only possible with the wizard in the study room.

Thus, the users knew about the simulation, which makes it seem less realistic. However, this can also

have advantages, as the users were encouraged not to consider technical delays into their evaluation, as

only the concept itself is tested and not the technical implementation.

It should be noted that the work focuses exclusively on the context of assisted cooking for single users,

and thus the context of having multiple users cooking together was not addressed for designing and

evaluating the interaction concept. For obtaining results regarding the context of multi-user usage, further
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research is needed. Additionally, the thesis considers exclusively the cooking process, which is excluding

other cooking related contexts like recipe selection, food storage practices or any other topics related to

cooking.
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7 Conclusion and Outlook

This research aimed to design a holistic interaction concept for assisted cooking in smart kitchens. It

was important to consider which interaction modalities are suitable for the use case of cooking with a

focus on investigating a multimodal design. Additionally, the thesis aimed to examine how an assistant

can support the user proactively in the form of autonomous integration of multiple devices.

As a basis, the literature on interaction modalities and smart kitchen assistance was summarized. Fol-

lowing the user-centered design process, an observational study was conducted to explore the context of

use for the assisted cooking domain in smart kitchens. It included ten participants varying in the char-

acteristics of cooking competence and need for autonomy. Based on the observational results, it can be

concluded that the individual cooking type of a user is relevant to consider for an appropriate assistance.

Therefore, four cooking types were defined according to the two dimensions of cooking competence and

need for autonomy when cooking. It can be summarized that people with a low competence need more

detailed instructions, while people with a high need for autonomy need options for a flexible assistance.

Based on the observational study results, as well as the design indications from the literature, a holistic in-

teraction concept for assisted cooking was designed. Because of the determined relevance, a multimodal

interaction concept consisting of a GUI and a VUI was designed. Additionally, the literature research

identified the need for a proactive assistant to integrate all needed kitchen appliances. Therefore, the

interaction concept included proactive events for providing autonomous support as well as suggestions

and recommendations to the user.

The designed interaction concept was evaluated with a Wizard-of-Oz approach including ten partici-

pants. The participants varied in their cooking competence, need for autonomy and technology affinity.

The evaluation aimed to explore how the participants experience cooking with the designed prototype

”Cookie” with a focus on the multimodality and proactivity of the prototype.

By analyzing the evaluation results, this thesis has shown that a combination of a voice and a graphical

user interface is the most appropriate solution. In detail, for assisted cooking voice is preferred as input

modality, while visual feedback is preferred as output modality. Important for designing the interaction

is the consideration of context as well as to enable an efficient multimodal interaction. Future research

could address how the combined design of the different modalities can be harmonized already in the

design process itself instead of unifying them only at the end.

Regarding the proactive assistance, the results of this thesis outline that it is essential to design the

proactive events according to the user’s needs. If the proactive behavior helps the user to prevent errors

or facilitate work, it is perceived as particularly positive by the participants.

Especially interesting is the motivating factor of a proactive assistant behaving like a companion. People

within the cooking type beginner with a low level of cooking competence and a low need for autonomy

appear to feel motivated to cook by a human-like behavior of the assistant. This opens room for further

research to examine the question of which factors can additionally influence the motivation of the users.

Another important factor for the design of proactive interaction is transparency, which was shown by

the evaluation of the concept. A transparent design has the potential increase the user’s trust in the

assistant, and also the feeling of control. This research clearly illustrates the importance of transparency
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for the integration of multiple appliances, but it also raises the question of how this transparency can be

improved. Early indications of the findings point to the need for a dashboard that makes the status of

integrated kitchen appliances more transparent.

In addition, when a proactive event influences the user’s cooking activity, the degree of user involvement

in the activity seems to be relevant. Passive activities that are taken over autonomously by the assistant

seem to be perceived positively. In contrast, users seem to feel rather restricted by the proactive influence

on active activities.

Additionally, the evaluation study revealed that people with a low need for autonomy seem to prefer a

more proactive assistant, which supports them autonomously with the cooking process. In contrast to

that people with a high need for autonomy seem to feel more restricted by the proactive behavior. A

high need of autonomy also seems to influence the demand of decision freedom. The results show that

a feeling of control over the cooking process supported by decision possibilities is perceived as more

important for people with a high need for autonomy.

Further research is needed to determine the detailed effects of the user’s personality on the perceived

decision autonomy as well as the trust in the proactive system. Furthermore, to better understand the

implications of these results, future studies could address the different perceptions of proactivity based

on the user’s need for autonomy and how a system could be adaptively designed according to the user’s

personality.
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Questionnaire about Cooking Preferences 

and Attitude Towards Technology 

Introduction 
 

Dear Participant, 

my name is Johanna Weber and I am currently writing my master thesis on the topic "Design of an 

Interaction Concept for Assisted Cooking in Smart Kitchens". For this I am conducting two different 

studies. The first study is an observational study that will help to design an interaction concept for smart 

kitchens. It is expected to take place between 10.05.-21.05.2021 at the Bosch Campus in Renningen. The 

second study will evaluate the designed interaction concept. This study is expected to take place in 

August 2021, also at the Bosch Campus in Renningen. For both studies, participants are needed who are 

interested in cooking in an innovative environment at Bosch in Renningen. By participating, you can 

indirectly support the design of a smart assistant in the kitchen. If you are invited to participate in one of 

the on-site studies, you will receive an expense compensation in the form of a voucher after 

participation. 

With the help of this survey, we aim to select as diverse participants as possible regarding their different 

attitudes towards cooking and technologies for the studies. There is no direct criterion, such as a certain 

level of cooking experience. Therefore, if you are interested in participating in the studies, please fill in 

the questionnaire completely and honestly. The questionnaire includes 14 questions and takes 

approximately 15 minutes to complete. 

The questions cover the topics of "General Cooking Preferences" and "Attitudes toward Technology." At 

the end of the survey, we would also like to ask you for more detailed information about yourself. On 

the one hand, this is to include social factors in the evaluation of the survey, but the personal data will 

also be used to contact you for the on-site studies in Renningen. 

Thank you for your participation! 
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A Appendix

A.1 Questionnaire for Sample Recruitment



Overall Cooking Preferences 
 

The first part of the questionnaire is about your general preferences in cooking, to find out what your 

daily cooking routine looks like. 

 

1. How often do you prepare and cook a main meal from basic ingredients?  

Please select only one option by marking it with a cross. 

Never 
Only as an 
exception 

Once a 
month 

Several 
times per 

month 

Once a 
week 

Several 
times per 

week 
Daily 

Several 
times a 

day 

☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 

 

2. On a scale from 1 (not at all) to 7 (very much), how much do you like to cook in your free time? 

Please select only one option by marking it with a cross. 

Not at all      Very much 

1 2 3 4 5 6 7 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

 

3. Do you prefer to cook alone or with others? 

Please select only one option by marking it with a cross. 

Immer allein Überwiegend 
allein 

Teils teils Überwiegend 
gemeinsam 

Immer 
gemeinsam 

☐ ☐ ☐ ☐ ☐ 
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4. Which kitchen appliances do you own from Bosch or Siemens and do these appliances have Home 

Connect functions? 

Please select only one option per line by marking it with a cross. 

 

I do not own 
this device. 

I do own this 
device, but 
not from 
Bosch or 
Siemens. 

I own this 
device from 

Bosch or 
Siemens 
without 
Home 

Connect 
functions. 

I own this 
device from 

Bosch or 
Siemens 

with Home 
Connect 

functions. 
 

Not specified 

Stove ☐ ☐ ☐ ☐ ☐ 

Oven ☐ ☐ ☐ ☐ ☐ 

Refrigerator ☐ ☐ ☐ ☐ ☐ 

Dishwasher ☐ ☐ ☐ ☐ ☐ 

Food processor 
without cooking 

function 

☐ ☐ ☐ - ☐ 

Food processor with 
cooking function (e.g. 

Cookit from Bosch, 
Thermomix from 

Vorwerk, ...) 

☐ ☐ - ☐ ☐ 

 

5. How much do you agree with the following statements on a scale from 1 (not at all) to 7 (very much)? 

Please select only one option per line by marking it with a cross. 

 not at 
all 

     very 
much 

 1 2 3 4 5 6 7 

When cooking, I am able to 
successfully prepare difficult 
dishes. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

When cooking, I face great 
challenges and overcome 
them. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

When cooking, I am very 
capable. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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6. Please estimate how confident you feel about the following activities on a scale from 1 (not at all 

confident) to 7 (very confident). 

Please select only one option per line by marking it with a cross. 

 not at 
all 

con-
fident 

     very 
con-

fident 

 1 2 3 4 5 6 7 

How confident do you feel about 
being able to cook from basic 
ingredients? 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

How confident do you feel about 
following a simple recipe? 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

ow confident do you feel about 
tasting foods that you have not 
eaten before? 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

How confident do you feel about 
preparing and cooking new foods 
and recipes? 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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5. How much do you agree with the following statements on a scale from 1 (not at all) to 7 (very much)? 

Please select only one option per line by marking it with a cross. 

 Not at 
all 

     very 
much 

 1 2 3 4 5 6 7 

When cooking, I want to be 
able to decide according to 
my true interests and 
values. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

When cooking, I want to be 
able to do things in my 
own way. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

When cooking, I want to be 
able to express my "true 
self" through my choices. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

I prefer to cook by instinct 
rather than according to a 
given recipe.  
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

When I cook according to a 
recipe, I follow the 
instructions exactly.  
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

I eat food past its 'use by' 
date.  
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

I follow the storage 
instructions on packaged 
foods. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

I wash fruits and 
vegetables that don't need 
to be peeled before eating.  
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Attitudes toward Technology 

The second part of the questionnaire is about your attitude toward new technologies. 

 

8. In the following, statements about smart technologies are listed. On a scale from 1 (strongly disagree) 

to 7 (strongly agree), how much do you agree with the statements? 

 strongly 
disagree 

     strongly 
agree 

 1 2 3 4 5 6 7 

Technology gives people more control over their 
daily lives. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

Sometimes, I think that technology systems are not 
designed for use by ordinary people. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

In general, I am among the first in my circle of 
friends to acquire new technology when it 
appears. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

Too much technology distracts people to a point 
that is harmful. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

Technical support lines are not helpful because 
they don't explain things in terms I understand. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

New technologies contribute to a better quality of 
life. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

People are too dependent on technology to do 
things for them. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

Other people come to me for advice on new 
technologies. 
 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Contact Details 
 

Finally, we would like to record your contact details. They will be used to contact you for the on-site 

studies and to perform statistical evaluations. All fields marked with * are mandatory. Please also note 

the "data protection notice" on the following page. 

 

*9. What is your name? 

 

 

10. How old are you? 

 

 

11. What gender are you? 

☐ Male 

☐ Female 

☐ Divers 

 

12. What is your highest educational qualification? 

 

 

13. What is your profession? 

 

 

*14. What is your email address? 

 

 

 

Thank you for your participation! 
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Date:   Participant ID: 

1 
 

Guideline Participant Observation 

"Assisted Cooking" 

The data collection is divided into the following sections: 

1. Welcome and introduction (to the appointment, privacy, safety instructions) - 10 min. 

2.  Pre-interview - 10 min 

3. Introduction to kitchen and equipment - 10 min 

4. Explain task - 5 min 

5. Conduction and observation - 90 - 120 min 

6. Post-interview- 20 -30 min 

7. Conclusion and farewell - 5 min 

Overall Calculation:  

Time frame: Approximate time duration to each section is included with the respective heading, total 

time should be approximately 150 -190 min. 

Material: 

• Food needed for recipe 

• Recipe in paper format (for the investigator) 

• Kitchen: kitchen equipment and utensils 

• Paper instructions for the different kitchen utensils 

• 1x guideline for the investigator 

• 2x informed consent forms 

• Enough pens 

• Voucher for participants 

• Confirmation form for receipt of effort compensation 

• Drinks 

Procedure [internal]: Italicized text sections are for investigator reference only and will not be read to the 

participant.  
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Date:   Participant ID: 

2 
 

1. Welcome and Introduction (10 min) 
 

• Introduction and clarify roles (investigator). 

• Explanation about today's appointment, data protection and safety instructions: 

About today's appointment: 

Thank you for taking the time to attend this appointment and for supporting us by participating in this 

study. The goal of our work is to learn more about the approach and execution when cooking a recipe 

especially for tasks that are new to you. 

We will give you a task which includes cooking a recipe. To carry out this task, you can use our kitchen 

equipped with the appropriate kitchen appliances and utensils. We are interested in how you 

approach the tasks given to you, what information you need to do it and what guidance you may need. 

Please be critical and let us know what you notice positively or negatively - this will help us in the 

further process of the project. There is also NO right and wrong here, we are interested in how you 

would personally proceed in this case. In order to understand your point of view even better, we ask 

you: Think out aloud. 

Your participation in this study is voluntary. If you have concerns about participating, you are free not to 

participate in the study or to drop out. This will not cause any disadvantages to you. Today's 

appointment will last a total of 3 - 4 hours. 

About privacy: 

If it is acceptable to you, we would like to record the interview via audio/video recorder and photo 

camera (notice of cameras). This will help us with the evaluation in case we didn't catch something 

important directly. Of course, we will treat all data strictly confidential. For this purpose, I have an extra 

form on data protection here, which we can go through together. 

• Present the informed consent form and have it signed, hand out a copy. 

Safety instructions: 

Since you are about to work with kitchen equipment, we ask you to be careful here or to work as you 

would do at home. If something seems suspicious to you or you are unsure, please let us know. You are 

the only one who decides whether and how you complete the tasks.  

In addition, you can also ask us at any time about how the various kitchen appliances work. I will also 

give a brief introduction to the appliances. Take all the time you need. We are not concerned with speed 

in cooking. 

Start recording in the observation room!  
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Date:   Participant ID: 

3 
 

2. Pre-Interview (10 min) 
- Having already introduced myself, it would be great if you could also briefly introduce yourself: 

Age, profession; education. 

- How much experience do you have with cooking? What does this experience look like? 

- What type of cook would you describe yourself as (planning or spontaneously), alone or with 

others, motivation, what is fun and what is not, complexity of dishes, etc.)? 

- Can you describe what you would consider difficulties in cooking? 

o For example, what would be a difficult recipe and why? 

o When was the last time you had a cooking challenge? What exactly were the 

challenges? 

o Which activities in the kitchen do you perceive as difficult and why? 

o Are there any activities that you do not like to do in the kitchen and why? 

o Have you not yet tried certain recipes?  What have been the obstacles? 

- If you need information for cooking, where do you search for it? 

o If you want to cook something, do you search for recipes? 

o Do you cook mostly by recipe or more by instinct?  Why do you like to use recipes? Why 

do you like to cook by instinct? 

o What sources do you use to search for recipes? 

o Do you search for entire recipes or for individual hints (e.g., how to process a particular 

food, how to cook it, hints on food texture and storage, appliance operation)? 

o How closely do you follow recipes when cooking? 

o Do you frequently substitute ingredients you don't have at home? Why? 

 

Switch audio recording device 
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Date:   Participant ID: 

4 
 

3. Introduction to Kitchen and Equipment (10 min) 
I'm going to give you a quick tutorial on each of the kitchen appliances. These are up-to-date Bosch 

appliances that include some new features that you may not be aware of. Some will be unfamiliar to 

you. However, we are not concerned with problems in operating the appliances today. Therefore, I will 

briefly explain the most important functions. 

Explaining stove, oven and Cookit 

- Cookit is good for doughs and sauces and has its own recipes stored. 
- Point out commercial use and instructions to minimize fire hazard.  
- Point out soap and disposable towels because of hygiene. 

4. Explain Task (5 min) 
Now I would like to introduce the task for you today. You will be cooking the recipe "asparagus in 

pancakes gratinated with sauce hollandaise". We are not providing written instructions. You can get all 

the information you need by asking me. Just ask anything by saying, for example, "<name 

investigator>, what is the next step?". You can and should ask any question that comes to your mind. 

Don't be surprised if I only give the specific answer, you are also allowed to ask further to get more 

information. Of course, you may also deviate from the given information if you prefer a different 

approach. You are also free to decide which appliance to work with. For tips, you can just ask.  

All the food you need or can use is available on this table or in the refrigerator. Also, you can find all 

cooking utensils in the cabinets in the kitchen or on the countertop.  

When cooking, if possible, follow the same procedure as you would at home. By this I mean the use of 

the kitchen appliances, and utensils as well as your work rate. You may use any utensils and appliances 

in the kitchen. 

You will ask many questions during the process. However, please also share your thoughts with me 

during each step of the process. Even if it seems clear to you, these thoughts may help us later! Just 

think of me as someone you talk to about your process, someone you share your thoughts with. 

You may of course take the cooked food home with you at the end. Besides that, you can have a drink or 

a meal at any time. 

 

5. Conduction and Observation (90-120 min) 
If there are no more questions, we can start cooking. Feel free to ask me anything about the recipe. 

Please always think out loud and tell me what you think! 
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Date:   Participant ID: 

5 
 

I. Prepare pancakes: 
1. Melt butter. 

2. Add milk, flour, eggs and salt and mix it. 

Info: The dough should have a consistency comparable to cream. Allow dough to swell and 

continue with recipe in the meantime. 

- Or: Prepare half of the Cookit recipe "Pancake Dough" according to the instructions on the 

Cookit. 

3. Preheat the oven 

Information collection / Questions for investigator / How are questions asked? 

 

 

Use of kitchen appliances and utensils: 

 

 

Deviations from instructions: 

 

 

Problems / Interruptions:  

 

 

Positive practices / What did the user do without additional information? 

 

 

Support needs / What additional instructions were needed? 

 

 

Comments from the participant: 

 

 

Specifics: 
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Date:   Participant ID: 

6 
 

II. Prepare asparagus: 
1. Boil water for asparagus with 1 tsp sugar and 10g butter. 

2. Peel the asparagus and cut off the bottom end of the spears. (If asked, read out instructions for 

peeling asparagus). 

3. Cook asparagus until desired firmness. (if asked: about 10 min, until asparagus are pliable, read 

out instructions for cooking asparagus). 

4. Drain the asparagus, then rinse and let it dry 

Information collection / Questions for investigator / How are questions asked? 

 

 

Use of kitchen appliances and utensils: 

 

 

Deviations from instructions: 

 

 

Problems / Interruptions:  

 

 

Positive practices / What did the user do without additional information? 

 

 

Support needs / What additional instructions were needed? 

 

 

Comments from the participant: 

 

 

Specifics: 
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Date:   Participant ID: 

7 
 

III. Bake pancakes and cover them: 
1. Heat a little oil in a coated pan. (If asked: 1TL oil, approx. 25 cm Ø). 

2. Fry 4 pancakes. For this, fill the pan with dough in batches and fry on both sides until golden 

brown. (If asked: about 1 - 2 minutes per side, ¾ ladle full of dough). 

3. Spread each pancake with cream cheese and top with ¼ of the cooked asparagus.  

4. Sprinkle with salt and pepper. 

5. Roll up pancakes. 

6. Place pancakes side by side in the casserole dish. 

Information collection / Questions for investigator / How are questions asked? 

 

 

Use of kitchen appliances and utensils: 

 

 

Deviations from instructions: 

 

 

Problems / Interruptions:  

 

 

Positive practices / What did the user do without additional information? 

 

 

Support needs / What additional instructions were needed? 

 

 

Comments from the participant: 

 

 

Specifics: 
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Date:   Participant ID: 

8 
 

IV. Prepare hollandaise sauce: (pot or Cookit) 
1. Melt butter and leave to cool slightly. 

2. Mix 2 egg yolks, 1 spoon of water and 1 spoon of white wine. 

3. Add sugar, pepper and salt. 

4. Now heat the mixture while stirring constantly (If asked: In a saucepan with whisk, Cookit: own 

recipe). 

5. Stir until the sauce thickens. Then immediately remove from the heat. 

6. Add softened butter in batches and continue whisking the sauce until the butter has melted.  

7. Now flavor the sauce with lemon juice, salt and pepper. 

- Or: Prepare half of the Cookit recipe "Hollandaise Sauce" according to the instructions on the 

Cookit. 

Information collection / Questions for investigator / How are questions asked? 

 

 

Use of kitchen appliances and utensils: 

 

 

Deviations from instructions: 

 

 

Problems / Interruptions:  

 

 

Positive practices / What did the user do without additional information? 

 

 

Support needs / What additional instructions were needed? 

 

Comments from the participant: 

 

Specifics: 
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Date:   Participant ID: 

9 
 

V. Finishing in casserole dish: 
1. Pour sauce over pancakes in casserole dish. 

2. Place casserole dish on middle rack in oven and bake for 10-12 minutes until top turns golden 

brown. 

Information collection / Questions for investigator / How are questions asked? 

 

 

Use of kitchen appliances and utensils: 

 

 

Deviations from instructions: 

 

 

Problems / Interruptions:  

 

 

Positive practices / What did the user do without additional information? 

 

 

Support needs / What additional instructions were needed? 

 

 

Comments from the participant: 

 

 

Specifics: 
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Date:   Participant ID: 

10 
 

6. Post-Interview (20-30 min) 
Reflection of Cooking Process 

- How difficult did you perceive the recipe on a scale from 1 (not difficult) to 5 (very difficult)? 

- How satisfied were you with each component on a scale of 1 (very dissatisfied) to 5 (very 

satisfied)? Why? Looking back, would you have done anything differently?  

o Pancakes 

o Cook asparagus  

o Hollandaise sauce  

o Finishing the casserole dish 

- What kind of challenges did you face while cooking? 

o What kind of moments did you wish you had help with?  

o In which moments did you miss information? 

o Why did challenges arise? 

o How did you deal with them? 

o What support would you have liked in those moments? 

o What helped you deal with them? 

o Specifically address challenges that the investigator noticed. 

- In which moments, did you feel competent?  

o For example, have you done any of the steps before?  

o Why did you feel competent? 

- What went particularly well in the cooking? 

o Why exactly went well? 

o What helped you in that moment? 

o Which information led to it going well? 

- In which moments did you act differently than described in my instructions?  

o Why did you act differently? 

o Would you have liked different instructions or alternatives? 

- Question decisions during cooking that were not justified or deviated from the recipe (e.g. Why 

did you use this pot?) 

 

Attitude towards IoT: 

- How would you rate your attitude towards smart home technology on a scale of 1 (very 

negative) to 5 (very positive)? 

- What is your experience with smart home technology at home? 

o Do you use any particular smart home devices or technology? (Maybe even in the 

kitchen?) 

o What do you like about it? Why? 

o What don't you like about it? Why? 

- After cooking today, what assistance would you like in cooking? Why? 

o How would you like to interact? 

- Input (Classic recipe in book or on tablet, via voice, via gestures, via touch 

- Output (Lights / Sounds, screen, voice, other, combination) 
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Date:   Participant ID: 

11 
 

- How proactive should an assistant be in the kitchen?  

o Should it ask questions after a certain time? 

o Should it give tips on individual steps or only respond to specific questions? 

- What would you be willing to disclose to use a smart assistant? (regarding sensor technology) 

o Camera: Are there limits (e.g., processing locally, in the cloud, not at all)? 

o Motion sensor: Are there limits (e.g., processing locally, in the cloud, not at all)? 

o Voice recording: Are there limits (e.g. processing locally, in the cloud, not at all)? 

 

Stop recording! 

 

7. Conclusion and Farewell (5 min) 
Thank them and hand over the voucher. 

Ask for confirmation of receipt.  

Accompany participant to reception if necessary. 

- Back up video 

- Charge battery 

- Clean kitchen 
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A.3 Schematic User Flow of Clickable Prototype in Adobe XD

The below appendix illustrates the schematic overview of the clickable prototype implemented with

help of Adobe XD. In total, there are 54 so-called artboards, which are connected to each other via two

different threads through interactions. The result is a clickable user flow that can vary across the different

threads.



Date:   Participant ID: 

1 
 

Guideline Wizard-of-Oz Evaluation 
“Prototype Cookie” 

 

The data collection is divided into the following sections: 

1. Welcome and introduction (to the appointment, privacy, safety instructions) - 10 min. 

2.  Pre-interview - 10 min 

3. Introduction to kitchen and equipment - 10 min 

4. Introduction into prototype and task - 10 min 

5. Wizard-of-Oz test - 40 - 80 min 

6. Post-interview- 20 - 30 min 

7. Conclusion and farewell - 5 min 

Overall calculation:  

Time frame: Approximate time duration to each section, total time should be approximately 105-155 

min. 

Material: 

• Food needed for recipe 

• Kitchen: kitchen equipment and utensils  

• Paper instructions for the different kitchen utensils 

• 3x guideline for the investigator and observer 

• 2x informed consent forms 

• Enough pens 

• Voucher for participants 

• Confirmation form for receipt of effort compensation 

• Drinks 

Procedure [internal]: Italicized text sections are for investigator reference only and will not be read to the 

participant. 
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1. Welcome and Introduction (10 min) 
• Introduction and clarify roles (investigator and observer 

• Explanation about today's appointment, data protection and safety instructions: 

About today's appointment: 

Thank you for taking the time to attend this appointment and for supporting us by participating in this 

study. The goal of our work is to test the assisted cooking prototype "Cookie". 

We will assign a task to you in a moment to cook a recipe. To carry out this task, you will have access to 

our kitchen set up with the appropriate kitchen appliances and utensils. We will also introduce the 

corresponding kitchen assistant "Cookie" that you should use for this purpose. We are interested in 

how you interact with the assistant, when the assistant already provides the desired support and how it 

can be improved.  

Please be critical and let us know what you notice positively or negatively - this will help us in the 

further process of the project. There is also NO right and wrong here, we are interested in how you 

would personally proceed in this case. In order to understand your point of view even better, we ask 

you: Think out aloud. 

Your participation in this study is voluntary. If you have concerns about participating, you are free not to 

participate in the study or to drop out. This will not cause any disadvantages to you. Today's 

appointment will last a total of 2-2,5 hours. 

About privacy: 

If it is acceptable to you, we would like to record the interview via audio/video recorder and photo 

camera (notice of cameras). This will help us with the evaluation in case we didn't catch something 

important directly. Of course, we will treat all data strictly confidential. For this purpose, I have an extra 

form on data protection here, which we can go through together. 

• Present the informed consent form and have it signed, hand out a copy. 

Safety instructions: 

Since you are about to work with kitchen equipment, we ask you to be careful here or to work as you 

would do at home. If something seems suspicious to you or you are unsure, please let us know. You are 

the only one who decides whether and how you complete the tasks.  

In addition, you can also ask us at any time about how the various kitchen appliances work. I will also 

give a brief introduction to the appliances. Take all the time you need. We are not concerned with speed 

in cooking. 

Start recording in the observation room!  
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2. Pre-Interview (10 min) 
- Having already introduced myself, it would be great if you could also briefly introduce yourself: 

Age, profession; education. 

- How much experience do you have with cooking? What does this experience look like? 

- What type of cook would you describe yourself as (planning or spontaneously), alone or with 

others, motivation, what is fun and what is not, complexity of dishes, etc.)? 

- In what kind of form do you typically use a recipe when cooking? (e.g. recipe books, apps, ...). 

- If you need information when cooking, where do you look for it? 

o If you want to cook something, do you search for recipes? 

o What sources do you use for recipe searches? 

- How closely do you follow recipes when cooking? 

o Do you often substitute ingredients you don't have at home? Why? 

o Do you cook mostly by recipe or more by instinct? Why do you like to use recipes? Why 

do you like to cook by instinct? 

- What is your attitude towards smart home technology? 

o Do you use smart home at home? 

o What do you like about it? 

o What don't you like about it? 

Switch on cameras! 
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3. Introduction to Kitchen and Equipment (10 min) 
I'm going to give you a quick tutorial on each of the kitchen appliances. These are up-to-date Bosch 

appliances that include some new features that you may not be aware of. Some will be unfamiliar to 

you. However, we are not concerned with problems in operating the appliances today. Therefore, I will 

briefly explain the most important functions. 

Explaining stove, oven and Cookit 

- Cookit is good for doughs and sauces and has its own recipes stored. 
- Point out commercial use and instructions to minimize fire hazard.  
- Point out soap and disposable towels because of hygiene. 

4. Introduction into Prototype and Task (10 min) 
Now I would like to present you your task for today. You will cook the recipe "Kaiserschmarrn with 

mango compote" for 4 people. The prototype for a kitchen assistant is available to assist you in this task. 

The assistant communicates with you via a graphical interface and voice. You can also control it via 

touch and speech. The voice control is activated via the word "Cookie". 

Explain the assistant: 

- Show touch screen 

- Explain voice interaction, give wake word Cookie, give example. 

- Play videos 

- Tips  

- Info about devices 

- Info about food 

Important! The assistant is still a prototype, which is not yet fully implemented. Therefore, there may 

be technical delays in between. We ask for your understanding in these moments. What is being tested 

is the interaction concept itself and not the implementation.  

You can and should ask any question that comes to your mind. However, we cannot tell you anything 

about the handling itself. You may of course deviate from the given information if you prefer a different 

approach for cooking. You can also decide for yourself which appliances to work with.  

All the food you need or can use is available on this table or in the refrigerator. Also, you can find all 

cooking utensils in the cabinets in the kitchen or on the countertop.  

When cooking, if possible, follow the same procedure as you would at home. By this I mean the use of 

the kitchen appliances, and utensils as well as your work rate. You may use any utensils and appliances 

in the kitchen. 

You will ask many questions during the process. However, please also share your thoughts with me 

during each step of the process. Even if it seems clear to you, these thoughts may help us later! Just 

think of me as someone you talk to about your process, someone you share your thoughts with. 

You may of course take the cooked food home with you at the end. Besides that, you can have a drink or 

a meal at any time. 
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5. Wizard-of-Oz Test (40-80 min) 
If there are no more questions, we can start cooking. Feel free to familiarize yourself with the assistant. 

We are starting it now. 
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6. Post-Interview (20-30 min) 
- Evaluation by participant: 

o Difficulty of the recipe and why 

o Satisfaction with the result and why 

o Satisfaction with prototype and why 

- Questions about positive user experiences cooking with the prototype. 

o Can you tell me 3 things that were positive about the prototype? 

o Why did you think it was positive? 

o What worked especially well while cooking? 

o When did you feel competent while cooking? 

- Questions about challenges and problems when cooking with the prototype 

o Can you tell me 3 things that went negative about the prototype? 

o Which challenges did you experience? 

o Why did you find them negative? 

o How did you deal with them? 

o Have there been moments when information was missing? 

- How did you feel about the combination of graphics, voice, and automatic events? 

o Did the voice control help you while cooking? 

o What was positive, what was negative? 

o Did the graphical user interface help you? 

o What was positive, what was negative? 

o Did any of the modalities dominate too much? 

- Questions about proactive interventions of the assistant without user request (autonomous events 

based on kitchen appliances) 

o How did you feel during the autonomous events (e.g. automatic setting of the oven and 

stove)? 

o How did you feel during the autonomous events? 

o Did you feel supported by the events and why? 

o Did you feel constrained by the events and why? 

- Questions about different ways of presenting the tips 

o How did the tips via voice instructions help? 

o How did the tips on the graphical interface help? 

- Questions about the user's perception of decision freedom 

o Did you perceive that you were free to make decisions? 

o Why yes? Why no? 

o What was positive about it? 

o What was negative about it? 

o Did you at any point act differently than Cookie instructed? 

- Questions about improvement potential, wishes for the assistant 

o Is there anything you would like to have in addition? 

o Was there anything you missed? 

Stop recording! 
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Date:   Participant ID: 

7 
 

7. Conclusion and Farewell (5 min) 
Thank them and hand over the voucher. 

Ask for confirmation of receipt.  

Accompany participant to reception if necessary. 

- Back up video 

- Charge battery 

- Clean kitchen 
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