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Increasing attention has been paid to Personal Indoor Farming since healthy, sustainable and 
home grown food supplies are emerging as a lifestyle trend. Although the existing appliances 
for personal farming  are becoming more  innovative, they have not had a large commercial 
impact. A possible reason is because of a lack of understanding of potential users. In this 
study, a preliminary interview with 31 users  found that Personal Indoor Farming  is perceived 
as a more emotional activity than food production. However, a contradiction was revealed 
between a desire  to grow personal crops and fear of failing in cultivating them. Based on this 
insight, a taxonomy of autonomy level in Personal Indoor Farming  was defined through 
literature review. Through the taxonomy, eight scenarios were generated from a designer 
workshop in terms of four autonomous levels and two extensibility levels. The scenarios were 
evaluated by 45 respondents in order to investigate the preferences of users according to the 
autonomous level. The results suggest that people prefer a mid-level of autonomy in farming 
products that support  them in caring for their crops. To conclude design implications are 
proposed to support  the design of more appropriate indoor farming products and product 
services.  
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1 Introduction  
Reliability of food materials is an increasing issue in an industrial environment that cannot be free 
from chemicals. Product or service solutions for more reliable and fresh food are being developed in 
various ways. Among them, Personal Indoor Farming (PIF) is a form of growing food in a trusted, fun 
way to access fresh, home grown  produce (Blanche, 2015). In this study, the term PIF is used to 
focus on indoor farming, not for mass production but for personal use. 

For example, products for hydroponics in indoor homes are better known to the public initially through 
crowdfunding projects. For example, product companies such as Click and Grow (Worldwide), 
Aerogarden (USA) and Plantui (Europe). However, without agricultural experience, it is not easy to 
put effort into cultivating plants. As a result, existing products usually have LED lighting that can 
compensate for the lack of sunlight, and pod capsules that combine artificial soil and seeds that are 
optimized for the product. Additionally, the application components of existing solutions record growth 
of crops, or provide information to the user during growth. These solution allow users to grow their 
own food at home..  
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The current study aims to explore  the challenges and opportunities for design to provide solutions 
within the indoor farming space.  

An initial user study interviewed 31 people (n=31). Criteria for selection included participants who 
conducted PIF or have done so. Participants were encouraged to share  emotional anecdotes on their 
PIF experiences. Users were further asked to talk about their own reason to engage  PIF (Figure 1).  

 

Figure 1 Interviewees’ gardening photos posted to their social media  accounts 

One of the interviewees responded that he is no longer engaged in PIF after bugs’ attacked his 
veranda which led his PIF crops to die. His description of  plants indicated their pet-like quality  or the 
things to share emotions with. Another interviewee shared his story of when he started indoor farming 
for his young daughter and it became a daily routine of family activity to plant the seeds, water the 
sprouts and juice the grown kale leaves to drink in the morning. He emphasized the emotionally 
relieving effect and also meaning as a family leisure activity.  

When participants were asked to talk about the reasons to stop engaging PIF, for the majority of the 
interviewees, answers related to concerns over time and busy life styles.. One interviewee said, “It 
was so sad and I felt guilty when finding all the crops dead, one day opening the veranda door. I was 
so busy at that time so that I forgot to water them. Also it was a really hot summer unfortunately.”  

Surprisingly, there are already innovative solutions existing to help PIF, while those solutions are not 
easy-accessible. According to a research by Jansen et al. (2016) under the title of ‘Attitudes Towards 
Vertical Farming at Home: A User Study’, the study interviewed people regarding their experience 
with the closed type of PIF product and recorded participant reactions. Regarding the product, some 
interviewees showed positive attitudes in terms of  easiness of caring by automation. However, others 
showed negative emotion related to an inability to provide personal care, describing a need for an 
empathetic attitude towards the crops. 

One study related to emotional bonding to personalized product suggests a conceptual model 
regarding the efforts put in to the product and the relationship with emotional bond as a result. 
(Mugge, 2009) The concept brings an issue related to just how much effort is required to achieve 
emotional bonding within the PIF space.  

PIF is an activity that people inevitably put efforts into caring for their plants. That might be why 
people conducting  PIF mention their emotional experiences as the more plants grow, the more 
people have put efforts into  obtaining the reward of seeing the fruit of their labour so to speak. 
According to a study of Mugge (ibid), efforts invested can influence emotional bonding. On the other 
hand, autonomy may result in less  effort in their indoor plants. Thus, while the convenience of 
technology ensures efficiency and effectiveness, it does not ensure people’s emotional experiences. 
Furthermore, in the context of PIF, it is critical issue as people pursue emotional experiences.  
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The dilemma begins with the goal of healthy crop harvesting. Achieving that goal requires complex 
knowledge and skills, with users spending their time constantly during long-term periods to take care 
for their crops and the cultivation of the planting environment. Chances to fail are high. On the other 
hand, users  want to feel the reward from a certain amount of effort in their PIF approach.  

It is true that it is very efficient to receive help from technology. And people want to be able to grow 
their crops while satisfying their emotional motives of 'growing their own crops'. Here, conflicts are 
found, people are not fully attracted to the development of crops without human intervention in a fully 
autonomous system. Thus, in this study, we hypothesize that there is a degree of appropriate 
autonomy in the dilemma between rewards and perceptions of technology dependence. 

While user studies of the PIF approach were found to be scarce, a study was identified that describes 
the necessity of user studies on vertical farming products in terms of technology acceptance (Jansen, 
2016). Based on interviews with a working prototype, it was found that while interviewees wanted 
some sense of control over the automated system, participants also showed some skepticism on the 
technology-based food innovations related to  concerns over food safety.  

However, unlike the field of intensive research on autonomous driving, there is little research on 
autonomous systems in PIF. Therefore, in this study, factors that constitute the autonomous stage in 
the preliminary study of the unmanned system have been referred to in order to build a taxonomy for 
the autonomous product systems of PIF. 

In order to define the factors necessary to determine the autonomous steps mentioned in the 
unmanned system also in the autonomous system of PIF, the knowledge of the plant factory system 
and the large-scale, autonomous agricultural system was referenced and the farmers' behavior theory 
was also referenced. 

Essence of PIF  

From the big scale standard, the stage notions were adapted while the crop-care is classified into 
more detailed and easily recognizable terms. On the other hand, as PIF is in the more controlled 
indoor spatial context, concepts and mechanisms such as weed related ones were excepted from the 
element. As a result, there are 7 elements narrowed down and expected user issues are added 
referred from the preliminary interview.  

Seed & Seedling  
The first step in PIF is planting seeds or seedlings. It is also important to purchase proper seeds and 
seedlings, and to equip them with the tools necessary for cultivation. In hydroponic cultivation, there 
are various culture mediums, and it is necessary to select and use it according to the crop. It is also 
critical to plan and estimate the crop consumption for the appropriate amount of cultivation. Expected 
user issues are how much we should plant to grow the proper amount, how many seeds should be 
planted in a pot, how much moisture the seeds should keep, and what should we plant. 

Fertilizing  
There are many ways to give enough nutrition. Depending on the type of vegetables such as leafy 
vegetables, root vegetables, fruit vegetables, etc., nutrients are slightly different, but the nutrients 
used for hydroponics usually are distributed on the market in the form of powder diluted or nutrient 
solution. In the case of nutrients, the recommended total DS (Dissolved Solid) for each crop is 
different, requiring a different nutrient concentration for each crop. At too high concentrations, the 
roots may become necrotic. At too low concentrations, leaves and fruit may become inadequate for 
ingestion, especially if root vegetables are not well developed. Expected user issues include how 
much and often they need nutrition, and what nutrients we put in. 

Air Conditioning  
Plants breathe through their leaves. Leaves emit moisture through pores according to the temperature 
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and also light. While the hydroponics in the room usually share the indoor air that is suitable for 
humans, problems of low or high temperature are minimal. However, if the crop is sensitive to 
temperature, the window-side can be an issue as it can freeze the water during winter season. For 
some crops, ventilation is very important If they are not well ventilated, they can quickly die. Carbon 
dioxide is necessary for plants to perform photosynthesis. It is a great help if the users ventilate to 
help photosynthesis. Expected user issues are proper temperature, if air-conditioning house is 
appropriate and at what level, and ventilation questions. 

Irrigation  
Because hydroponics exposes roots, the temperature around the root changes more easily than when 
it grows in the soil. In particular, the temperature of the entire hydroponics system rises and falls 
rapidly due to air temperature and light intensity, so careful management of the nutrient solution 
temperature is necessary. Roots are the most important part of plant growth. Healthy plants have 
white and durable roots. In the Kratky method, the roots follow the water without supplementing the 
nutrient solution. The rest of the roots exposed above water level absorb the oxygen in contact with 
the air. So, users do not need to add more water and naturally it is much better to leave it in terms of 
oxygen supply. Some crops are better to grow at high-temperature, others are low-temperature crops. 
Outside this range, nutrients and water absorption capacity will decrease and growth will be inhibited. 
User issues include how often water should be changed, how often the user should give water, how 
much water there is, and whether the temperature of the water is moderate. 

Lighting  
Every plant needs light for photosynthesis, and depending on the type of plant, some may live with 
less light, but most of the time they have enough light. Unlike indoor ornamental plants, especially 
those grown in garden gardens, growth rates are much faster and require as much light. Each plant 
has an optical compensation point and a lightning point. When the amount of light is above the light 
compensation point, the crop begins to grow, and as the light gets stronger, it grows faster and grows 
stronger. And when it becomes a bandage, it does not get faster even if it is lighted any more. When 
the amount of light is small, the leaves are small, and the stem becomes thin  fragile. Therefore, if 
there is a place that can receive direct sunlight for at least several hours, it is better to bring the plant 
out and put it back again. And even if you leave it indoors, the user will need to arrange it in parallel to 
the window with the best sunlight to get a little bit of light. If this effort is insufficient, the user needs to 
use artificial light to supplement the light.  

Crisis Management 
Plants do not always grow up straight and right. The concentration of nutrient solution can be too high 
to melt the roots, or the light may not be enough to cause over growth. Properly dealing with these 
problems is also an essential part of indoor personal farming. If the user removes over-grown leaves, 
they can help other small leaves grow. The advantage of hydroponics is that it can be ascertained by 
lifting the roots, but if the roots are darkened neurotically, they should be cut off to allow the new roots 
to grow. The biggest disadvantage of hydroponics is that if the water is contaminated, pests are 
spread rapidly through the water and there is a risk of food poisoning.  

Harvesting 
In order to harvest, it is possible to grow the plant after it is fully grown. Especially in the case of 
leafage, it is possible to harvest the leaves with leaves that can function as photosynthesis more than 
a certain amount. When the new leaves are not long enough, if the user cuts the big leaves first, the 
plant will not be able to receive the nutrients made from the big leaves, so the growth rate will slow 
down. When cultivated through hydroponics, the growth rate of crops is fast, so small leaves are 
produced. Leaves that grow to the appropriate size should be cut in time to make a shape and make 
space so that more leaves can be harvested. If the user wants to make the stem longer, cutting the 
top growth point will allow more leaves to grow. Weighing the harvested crops can be an indicator of 
cultivation performance. Expected user issues include how much the user can harvest, how long the 
plant lasts after harvesting, and when the crops should be removed. 
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Taxonomy of system autonomy in PIF 

In order to define a taxonomy of system autonomy in PIF, the framework of Farmers Adaptation 
Behaviour was investigated (Figure 2). According to the framework, there are six elements related to 
farming behaviour: Awareness, Perception, Behavior, Media, Network and Intention. Perception 
means our sensory experience regarding the surrounding world and also covers recognizing 
environmental stimuli and reaction to these stimuli (Rezaei, 2017). In the context of PIF, the example 
can be: the basil seems weak and the lighting might not have been enough all day long. The 
awareness refers to the concern or recognized issue towards environmental problems. In other 
words, an aware user realizes dangers and difficulties and knows that he/she may be in trouble. 
When an environmental problem is realized, the awareness will improve and increase the 
understanding. For example, a farmer is aware of water scarcity because it may affect productivity 
(Sudarmadi et al., 2001). 

 

Figure 2 The theoretical framework of Farmers Adaptation Behavior (Rezaei, 2017) 

Considering the autonomous system in PIF as not a group of things but a single system, the critical 
and relevant elements are awareness, perception and behaviour to perform within a certain 
environmental context. Referring the farmer’s adaptation elements, now the PIF axis can be defined 
in detail as follows: Mission, Environment and Human Independence can be re-interpreted into the set 
of Awareness, Perception and Behaviour. In conclusion, the level of system autonomy in PIF is 
defined as in  Figure 3 below by distinguishing human independence of each stage through 
awareness, perception and action.  

 

Level 0 Level 1 Level 2 Level 3 
• Awarenss made by 

system only. 
• Perception 

acheived by human 
only 

• Action through 
human only 

• Awarenss made 
by system only 

• Perception by both 
system and 
human 

• Action achieved 
through human 
only 

• Awareness made 
by system only 

• Perception by 
system only 

• Action done by 
both system and 
human 

• Awareness made 
by system only 

• Perception by 
system only 

• Action done by 
system only 

 

Figure 3 The level of system autonomy in PIF defined for the study 
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2 Experimental design 
In order to create scenarios in relation to each level of system autonomy for PIF, a designer workshop 
was conducted. Eight scenarios were devised as the specimen to be evaluated by potential users in 
terms of preference. Then, an experiment was performed to find out the preference of potential users 
among the autonomy levels, utilizing the eight scenarios (Figure 4).      

 

Figure 4 The experimental procedure in the study 
 

2.1 Designer workshop 
2.1.1 Participants 
A total of 13 people (n=13, 6 males and 7 females) participated in the designer workshop and their 
age ranged between 26 and 31 years old. They were recruited from the researcher’s network at their 
home institution. Because of the purpose of the workshop, participants had at least one-year 
experience in design practice and also their backgrounds were rather diverse in terms of expertise 
which ranged from product design and graphic design to interaction and service design.   

2.1.2 Materials 
Based on the process of indoor personal farming, a set of cards was made in which each process is 
described in detail with related examples to help workshop participants clearly recognize each 
process (Figure 5).  

 

Figure 5 A set of cards illustrating the seven essences of PIF used in the workshop 

Design cases boards were also produced to let the participant clearly understand each level of 
system autonomy based on the four levels of system autonomy in PIF (Figure 6). In the boards, 
images of related technologies and examples according to each level of system autonomy were 
attached. The design cases include products with variety of interaction. The case cards were provided 
to evoke discussion on the definition of the autonomous level. It was to let the participants discover 
design issues by themselves in terms of autonomous system by fusing their knowledge during 
discussion.  
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Figure 6 Workshop Material Used for Case Sorting to Discuss Regarding the Definition of 
Autonomous Level 

2.1.3 Procedure 
The designer workshop consisted of four sessions: ice-breaking, knowledge acquisition, card sorting 
and scenario making sessions. First, the participants were invited to a meeting room provided by an 
office sharing company. The session of ice breaking started with a coffee time and the purpose of the 
workshop was introduced. This was followed by introducing all the participants themselves to each 
other sharing their interests, professions and the motivation of participation. In the second session, a 
15-minute general introduction regarding PIF was given based on market research of existing 
products for PIF and knowledge on plant factory and PIF gained from literature review. In the session, 
the participants were asked to match cards together according to the seven phases of PIF (Figure 7).  

   

Figure 7 scenes of the card matching session 

In the scenario making session, a 20-minute general introduction was provided regarding system 
autonomy based on the cases of autonomous driving and the literature review on scenario-based 
study on autonomous driving levels. This was followed by sorting design-case boards according to the 
levels of system autonomy for PIF (Figure 8).  
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Figure 8 A scene of card sorting according to system autonomy level for PIF 

In the last session, participants came up with as many scenarios in relation to each level of system 
autonomy for PIF as possible (Figure 9). For each level, only 10 minutes was given so that 
participants could concentrate and keep up an intense pace. The sorted cards from previous session 
were all posted on the walls so that participants could keep reminding themselves of what they had 
learned from the prior sessions.  

 
 

Figure 9 A scene of generating scenarios for each level of system autonomy in PIF 

2.2 Scenarios according to the level of system autonomy 
As a result of the scenario making session, 53 scenarios were generated in total: 10 scenarios for 
level 0, 11 for level 1, 11 for level 2, and 13 for level 3. First, 45 out of 53 scenarios were selected 
after reviewing with two external indoor farming experts in terms of quality and feasibility for PIF (see 
an example in Figure 10).  
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Figure 10 An example of the scenarios generated from the designer workshop 

Ideas were evaluated in terms whether they could be extendable with services or accessories can be 
considered along with the system autonomy. From the workshop with designers, participants 
suggested potential solutions utilizing mobile devices and IoT (Internet of Things) technologies. As the 
current study pursued future products, the scenarios distinguished extensibility. Extensibility is divided 
into high and low depending on whether there may be system elements that can provide continuous 
updates beyond the initial purchase, or whether there is expansion connectivity with product systems 
other than purchased. Therefore, concepts were categorized through  two notions, level of system 
autonomy and extensibility. For example, when comparing two scenarios for level 3, low extensibility 
scenarios produce crops by controlling the environmental conditions in a confined product 
environment. On the other hand, high extensibility scenarios are designed to control the 
environmental conditions of crops in open environments by allowing peripheral appliances and 
products to communicate. As a result, eight exemplar scenarios were selected in terms of level of 
system autonomy and expendability (Figure 11).  



10 

	

 

Figure 11 The eight exemplar scenarios of PIF in terms of level of system autonomy and 
expendability 

 

2.3 Experiment 
2.3.1 Participants 
Participants were recruited according to level of experience, the experienced and the in-experienced. 
The recruiting was selectively executed. Internal and external communities from in and around the 
authors’ institute is located were identified. For the internal channel, the school’s SNS community was 
utilized mainly to recruit in-experienced subjects. To recruit participants with a variety of lifestyles we 
actively recruited both on and offline. Recruiting posters were posted nearby community focusing on 
village areas and also people were recruited through some acquaintances. By utilizing social media, 
the card type of introductions was posted, and it actually succeeded to gain some plant lover 
participants over distant areas. In total, 46 participants answered the prepared questionnaires and 45 
sets of data were collected for analysis, 22 from the experienced group and 23 participants from the 
in-experienced group. 

2.3.2 Materials 
A short questionnaire was developed to identify if she/he is a potential user of PIF in the future. 
Questions asking for her/his demographic information (Figure 12). 
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Figure 12 Survey Questions About Basic User Information 

The eight scenarios were made in the form of cards on which all the information is illustrated 

to help participants clearly understand what each scenario stands for (Figure 13). One 

scenario consisted of two cards: one showing an exemplar product with detailed information 

and the other explains characteristics required in the indoor farming process (see Table 1 for 

details). 

  
Figure 13 Scenario Card Fabrication 

Table 1 Scenario feature specifications used in the study 

S# Info1 Info2 Main Product 
Type 

Components Type of Seedling 
and watering  

Nutrient and 
lighting 

Sensors 

1 Manual Book Checklist Main Product Port and Bed Seed Nutrient Powder  

2 Manual Book Checklist Main Product 
+ Sensor Data 
Visualization 

Port, Bed and 
Seed 

Water Gaze 
Signifier 

LED 
Lighting Timer 

Temperature 
Degree 
TDS Degree 

3 Manual Book On-product 
Display 

Main Product 
+ Instruction 
Visualization 

Port, Bed, Seed 
and Nutrient 

Water Tank Top  Light Saturation 
in Face Icon 

Temperature In 
Color 

4 Manual Book  Delivery CLOSED TYPE 
Main Product 

Port, Bed, Seed 
and Nutrient 

Built-in irrigation Lighting 
Automated 

Temperature 
Automated  

5 Manual App App Diary Main Product Port and Bed Seed Nutrient Powder  

6 Manual App Data shown 
through App 

Main Product 
+ Sensor Data 
Visualization 

Port, Bed and 
Seed 

Water Gaze 
Signifier 

LED 
Lighting Timer 

Temperature 
Degree 
TDS Degree 

7 Manual App Push Alarm Main Product 
+ Instruction 
Visualization 

Port, Bed, Seed 
and Nutrient 

Water Tank Top  Light Saturation 
in Face Icon 

Temperature In 
Color 

8 Mobile App 
Augmented 
Services 

Delivery, 
Recommend Push 

OPEN TYPE 
Main Product 
+ IoT hub based  

Port, Bed, Seed 
and Nutrient 

Built-in irrigation Home hub 
lighting control 

Home hub 
temperature control 
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2.3.3 Procedure 
Participants were asked to make a visit at a designated time to conduct a survey and interview offline. 
The total test time was within one hour. As all the questions are based on the ‘What-if’ situation to 
reflect themselves using the virtual product system, the information on what users are to do for 
conducting PIF was provided in advance through a 10-minute lecture. The information provided was 
the same provided to the participants of the scenario generation workshop. After the simple lecture on 
the essence of PIF, participants had time to look over the scenario cards without the questionnaires to 
check for comprehension on the scenario sketch and the explanations. After the card scanning 
session, participants were provided with cards one by one in randomized order, and they chose the 
best scenario card for her/him. This was followed by an interview in which we asked why she/he 
chose it as a best idea for PIF. 

3 Results  
When the interviewees were asked to answer what their best scenario is, 15 out of 45 answered 
scenario number 7 with autonomous level 2 and extensibility level high (Figure 14). Scenario number 
3 also with autonomous level 2 gained 7 out of 45 and recorded to be the secondly preferred 
scenario.  

When the interviewees were asked to answer what their worst scenario is, 17 out of 45 answered that 
scenario number 4 with autonomous level 3 and extensibility level high. Scenario number 1 with 
autonomous level 0 gained 11 out of 45 and recorded to be the second worst scenario. 

 
Figure 14 Frequencies of user preference in 8 scenarios 

For the best scenario, scenario number 7 from autonomous level 2 was the best scenario and the 
second preferred scenario was also scenario number 3 from the same autonomous level 2 (Figure 
15). While the result is not enough to be generalized, there was meaningful issue found according to 
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the interview after the survey. When the interviewees were asked to answer why they chose the best 
scenario as the scenario number 7 and 3, participants responded that they liked them as they felt to 
have a system like an 'air bag' so as not to make their crops dead. At the same time, they chose the 
scenarios with autonomous level 2 expecting to raise their crops in person by their own efforts.   

  

Figure 15 Scenario Number 7 with Autonomy Level 2 (Mid) and Extensibility Level High 
(The Most Preferred Scenario) 

For the worst scenario, scenario number 4 from autonomous level 3 was chosen. According to the 
interview after the survey, when the interviewees were asked to answer why they chose the worst 
scenario as scenario number 4, subjects answered that they did not like them as they felt that they 
could not interact with their crops at all. Some answered that if the crops are not raised by their 
efforts, they would rather  choose to purchase the organic crops at the grocery store than raising it by 
themselves. Also, every respondent said scenario number 4 would be the most expensive solution 
among the 8 scenarios and it influenced people not to choose it as a best solution (Figure 16).  At the 
same time, a couple of interviewees said it seems to be too ornamental and not proper for their food 
product purpose.  

   

Figure 16 Scenario Number 4 with Autonomy Level 3 (High) and Extensibility Level Low 
(The Least Preferred Scenario) 

4 Design implications and Conclusion 
First of all, this study is meaningful as a preliminary user study on a wide range of scenarios 
according to the autonomy stage, in the situation where there is a lack of user research towards 
optimal approaches to PIF design. 

It also means that it can be the basis of a methodology for designing a smart or autonomous solution 
for PIF by bringing together groups of creatives, such as developers and designers. Our findings are 
expected to be useful as practical knowledge and as a case study in the field of PIF. There are many 
smart appliances on the market today. In that context, it is meaningful as a study for the lifestyle of 
innovation, that is, the optimization of technology. Although this is a case study specific to PIF 
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solutions, it is necessary for designers to recognize the delicate approach to user interaction based on 
a phased approach to an autonomic solution as attempted in this study. 

On the other hand, research is based on a hypothetical scenario. Therefore, it is necessary to 
experiment with actual product prototypes in actual time. Depending on the interaction and control 
methods, there are many ways to give users involvement, and there are plenty of themes to resolve 
through further study. For example, how might particular types of crop implicate a desired level of 
autonomy? How might individual differences in user attitude, character or experience implicate a 
required level of autonomy? 

Therefore, it is necessary to study the concept development for various control methods and 
interaction designs. In addition, economic factors and consumer factors as consumers need to be 
more complex and specific. By integrating these elements with the concept of the autonomy stage 
taxonomy initially propositioned in the current study, more appropriate PIF solutions may be achieved 
that batter address the contradictory requirements of autonomy and personal care towards PIF. 

It is meaningful as a further study of how users feel about autonomous technology. It is necessary to 
investigate how to utilize various concepts and technologies to make practical use in further studies, 
and to explore whether PIF can be a sustainable alternative to future city lifestyles. 

References 
Jansen, G., Cila, N., Kanis, M., & Slaats, Y. (2016). Attitudes Towards Vertical Farming at Home. 
Proceedings of the 2016 CHI Conference Extended Abstracts on Human Factors in Computing 
Systems - CHI EA ’16, 3091–3098. https://doi.org/10.1145/2851581.2892474 
 
Messina, E., Albus, J., & D, P. (2007). AUTONOMY LEVELS FOR UNMANNED SYSTEMS (ALFUS) 
Volume II  : Framework Models Sponsored by  : Hui-Min Huang. Framework, II (December). 
 
Mugge, R., Schoormans, J.P.L., & Schifferstein, H.N.J. (2009). Emotional bonding with personalised 
products. Journal of Engineering Design, 20(5). 
 
Sudarmadi, S., Suzuki, S., Kawada, T., & Herawati, N. (2001). A Survey of Perception, Knowledge, 
Awareness, and Attitude in Regard to Environmental Problems in a Sample of two Different Social 
Groups in Jakarta, Indonesia. Environment Development and Sustainability 3(2):169-183. 
 
Rezaei, A., Salmani, M., Razaghi, F., & Keshavarz, M. (2017). An empirical analysis of effective 
factors on farmers adaptation behavior in water scarcity conditions in rural communities. International 
Soil and Water Conservation Research, 5(4), 265–272. https://doi.org/10.1016/j.iswcr.2017.08.002 
 
Rödel, C., Stadler, S., Meschtscherjakov, A., & Tscheligi, M. (2014). Towards Autonomous Cars: The 
Effect of Autonomy Levels on Acceptance and User Experience. Proceedings of the 6th International 
Conference on Automotive User Interfaces and Interactive Vehicular Applications, 1–8. 
https://doi.org/10.1145/2667317.2667330 
 

About the Authors:  

Gaee Kim: She is currently working for AI Plus where personal indoor 
farming is studied and designed for consumer market. She earned Bachelor 
and Master’s degrees at the Department of Industrial Design, UNIST. Her 
major interest is in eco-friendly and sustainable design.  

James Self: He is associate professor of industrial design and Director of the 
Design Practice Research Lab, UNIST. He holds a doctorate in industrial 
design practice and worked for several years within the design industry in 



15 

	

London and Sydney, Australia. Self also holds degrees and diplomas in 3D 
Design (ND), Model Design (BA) and Digital Modelling with Rapid Prototyping 
(MA). His research and practice interests include design representation, 
design-driven innovation, and socially responsive design.  

Chajoong Kim: He is associate professor in the department of Industrial 
Design and the founder of Emotion Lab at UNIST. Based upon an 
understanding of human-product interaction, his main research interests are 
in user experience design, emotional design, sustainable design and design 
for behavioral change. 

Acknowledgement: This work was supported by the 'Promotion of Graduate 
School of Creative Design Engineering' of the Korea Institute of Design 
Promotion with a grant from the Ministry of the Trade, Industry & Energy, 
Republic of Korea (N0001436). 


