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Abstract

:

In the age of noticing the adverse effects of our activities on the climate, we pay more and more attention to designing sustainable solutions. Assumptions made during such sustainable designs often do not fulfil user needs. Therefore, we frequently encounter discrepancies, such as higher energy consumption and user modifications in the building systems compared to the design and use stages. To mitigate these problems in the lighting design context, the author describes the proposed lighting design method based on the Design Thinking methodology and concerns the commonly applied basic lighting design process. As an example design, an office room interior and lighting design are presented using the Design Thinking method described by the author. The utilised method allowed us to learn about problems that are only sometimes typical for offices and enter them into the design scope. The article contains a detailed analysis and comparison of normative requirements with users’ needs, collected from four room users and six guests. The discrepancies between the sustainable design and use stages presented in the article can be considered reduced, and users’ interference in the operation of devices will be eliminated due to meeting users’ needs and thus achieving sustainable goals.
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1. Introduction


In the age of noticing the adverse effects of our economic and social activities on the climate, we pay more and more attention to designing sustainable solutions [1]. The World Business Council for Sustainable Development states that buildings are responsible for at least 40% of energy use in many countries. Lighting accounts for 20–25% of the total electrical use in buildings [2,3]. Worldwide building energy consumption is expected to grow by 45% over the next 20 years [4]. To mitigate this adverse trend, we create various systems that encourage the design of such solutions and try to verify the designs made to meet sustainable design requirements [5]. For example, in 2002, the Energy Performance Building Directive (EPBD) announced new regulatory conditions for all EU countries to decrease the energy needed for heating, cooling, ventilation, and lighting in buildings. Similar LEED-certified (Leadership in Energy and Environmental Design) buildings act in such a way. However, each design requires many decisions and design assumptions. The adopted assumptions seem correct based on the designer’s knowledge, applicable standards and regulations, and good practice. However, these standard assumptions sometimes do not fulfil user comfort and satisfaction [6,7]. Because people spend most of their time in buildings and interact with building systems to reach desired comfort, these interactions lead to different energy usage [8,9,10,11]. The impact of user actions on various systems, including cooling, heating, etc., has been tested many times [12,13,14]. For example, energy-efficiency behaviours account for 37% of the variance in electricity consumption between dwellings [5]. Therefore, we observe discrepancies between what we thought we designed and what we designed [12,15,16,17,18,19,20,21,22,23,24,25,26]. Those discrepancies are more significant for low-energy buildings with more passive design features [27,28,29]. These discrepancies are the user’s emergence and activity; in the literature, it is known as occupant behaviour (OB) [8,11,30,31,32,33,34,35]. Attempts are being made to reduce this discrepancy and uncertainty [35,36,37,38]. Although the user can be specified, it is individual, unusual, and unique [16,39,40,41,42,43,44]. Many models have been developed to describe the interaction of users with energy-consuming systems, but they are not sufficient [15,16,17,30,32,35,36,37,40,41,43,44,45,46]. The failure to understand users leads to various consequences, among which the use of the designed device can be mentioned. The developed device’s different services cause other effects and results [15]. These consequences may be, for example, electricity consumption, which directly indicates the level of energy efficiency and the assigned certificates, points, etc. Hirst and Goeltz [44] found that less energy was saved than was predicted by an audit.



In every design process, we always have the designer on the one hand and the user on the other. The user waits for a design and has a specific need or problem to be solved. Using his knowledge, standards, and experience, the designer has to optimally solve this need or problem. Standard, precise, repeatable design solutions proposed by designers are becoming less and less sufficient [26,45,47,48,49]. People and their problems are not as repetitive and predictive as designers believe, and technology might not be used as designers intended [50]. Therefore, there is a field for methods of supporting the design process that will allow reconciling the point of view of the designer and the user. Also, due to the increased awareness of users and the complexity of design undertakings, the need for mutual communication between designer and user, including dialogue, is constantly growing [26,28,45,47,48,49,51]. Communication is crucial not only in the designer-user relationship but also within the design team. In such a way, “designers are partners with the problem owners” [52]. Users’ knowledge helps them to look at the problem differently, generating various designs and concepts for the design team [42]. These led us to move from technology-centred to user-centred methods [53]. Marcolino et al. claim that the early stage of design decision-making significantly impacts the energy consumption of buildings [15]. Thanks to such reconciliation between the parties, the proposed and implemented solutions will be entirely accepted and fully used by the user [54,55]. The user will not experience difficulties in operating and understanding the solution. The user will use all functions of a given solution and, therefore, energy will be consumed as designed. Otherwise, when the user is dissatisfied with the solution and his environment, changes will be made in the system; for example, Reinhart and Voss [56] reported that in 88% of attempts to close the blinds automatically, the users override the control algorithm. Nicol and Humphreys [57] noted, “If a change occurs, such as to produce discomfort, people react in ways to restore their comfort”. There is evidence that tailoring the design of a building’s elements and systems around occupants may reduce the energy consumption of buildings and increase occupant satisfaction [2,58]. User-centred design (UCD), participatory design (PD), usability engineering (UE), and user experience design (UX) are practical approaches to improving designs based on end-users’ needs [42,59]. It is already known that lighting is a significant factor influencing occupants’ performance in indoor environments and other aspects [60]. Therefore, lighting will be the scope of the article. So, it is crucial to design lighting in the manner mentioned above.



This article presents the adaptation of the Design Thinking tool for lighting design, based on the example of office lighting, as a tool for designing around users and their needs. The versatility and transparency of this method can ensure its success in lighting design, as is the case in other areas [61,62,63,64,65,66]. According to the author, this will reduce the discrepancy and uncertainty between the assumptions in the design and actual use, which are linked to energy consumption. Thanks to this approach, we will also experience less user interference in the lighting equipment and its functioning due to dissatisfaction. Thus, we could reduce energy consumption for lighting, which is around 1/6 to 1/5 of worldwide electricity production [67].




2. Methods


2.1. Design Thinking Approach to Design


Design Thinking is a method of creative problem-solving and a tool for creating new products and innovative solutions based on a broad understanding of the problems and needs of users. Tim Brown, CEO of IDEO, presented the most accurate definitions of this method: “Design thinking begins with skills designers have learned over many decades in their quest to match human needs with available technical resources within the practical constraints of business” [62,63]. In Design Thinking, users and stakeholders are involved in the design process from the beginning. Design teams are composed of people with different competencies and roles. Considering people’s uniqueness, there is a potential for innovative solutions because they are not standard but individual, unusual, and unrepeatable [65]. This was the reason for the creation of this method in the 1980s and 1990s at Stanford University in California: a need to transfer creative and innovative ideas to the Silicon Valley business world. This trend is still valid worldwide.



Design Thinking is, therefore, the design process, with the main goal of meeting the needs of future users of the designed solution [68,69,70,71,72,73,74,75]. However, for the fulfilment of these needs to be feasible, it must be ensured that the effects obtained using this method are cost-effective, innovative, and technologically feasible [76,77].



Therefore, the main assumptions of the Design Thinking method are:




	
focusing on the user;



	
creatively looking at the problem from different perspectives;



	
prototyping and testing solutions to check the correctness of design.








Due to the universality of Design Thinking, it can be used to solve problems wherever there is no one obvious solution. Such issues happen in engineering, e.g., lighting design. The problems we face in lighting also require a combination of different competencies, i.e., technology, design, business, physiology, or psychology. Considering the above, the potential of the Design Thinking method in lighting design is justified. To sum up, Design Thinking can be used when designing lighting that considers users’ needs.



Every design is different, but some general activities are common. The Design Council has developed the ‘Double Diamond’ model to illustrate this (Figure 1) [78]. The model is divided into four phases: Discover, Define, Develop and Deliver. It maps how the design process passes from points where thinking and possibilities are as broad as possible to situations where they are deliberately narrowed down and focused on distinct objectives (see the vertical extent in Figure 1). We can adopt the ‘Double Diamond’ model in our lighting design field.



The double diamond, in more detail, looks as follows (Figure 2a): The Discover phase (the start of a project when the initial problem is known) is a period of discovery, gathering inspiration and insights, identifying user needs, and developing initial ideas for designing a solution to a problem. After that is the Define phase, in which designers try to make a clear brief that frames the fundamental design challenge that constitutes an actual problem. After having a design brief, we move to the Develop period, where we develop solutions and make prototypes and tests. Each is iterated and constitutes a process of trial and error to help designers improve and refine their ideas. The final part of the double diamond model is the Deliver phase, where the resulting product or service (working solution) is finalised and launched. The whole process is iterative, and each stage is also iterative. Each iteration aims to move closer to the final solution [78].




2.2. The Commonly Applied Basic Lighting Design Process


Poland’s commonly applied basic lighting design process in a new or modernised facility is similar. It is a part of the entire facility design process related to the electrical installation design. The design office designs independently or by order, and an external company carries out a lighting design based on the technical documentation of the facility and the architectural concept. The electrician, architect, and supervisors then verify that the lighting design proposal presented by the lighting designer meets the requirements. If the conditions are not met, corrections are made. After the final acceptance of the concept, the lighting design, which constitutes the lighting solution, is attached to the facility design and forwarded for implementation. (Figure 2b).



The basis for implementing a lighting solution is the law that imposes the obligation to provide the facility with a lighting installation, e.g., to ensure lighting conditions in the event of a mains power failure, and the specifications of a given project [79,80]. An additional aspect often emphasised is the energy efficiency of the lighting solution [5,81]. The above is an initial problem that the designed lighting intends to solve (Figure 2b).



To find a solution to this problem, the lighting designer takes into account, in addition to the appropriate lighting standard and applicable normative acts, the architect’s requirements. However, relevant standards [79] usually give the limit values of lighting parameters without considering whether the values of the lighting parameters fit into a given situation. Moreover, when creating designs, it is often overlooked that lighting is not to be used only as a technical (as for electricians) and decorative (as for architects) element but as one of the elements enabling the proper functioning of the people who use it. As a result, it is forgotten that each user reacts differently to the lighting conditions defined by the designer and has different lighting needs. We can see it in the example of the selection of the colour temperature of light sources. Some people prefer a given room to be lit with a cold colour temperature, and others prefer a warmer one. Such differences in preferences apply to each of the defined lighting parameters. So, when we look at lighting design from the perspective of users’ needs, we are faced with a challenge in terms of design. It becomes insufficient to design solutions by a small group of specialists in a given field, who often base design decisions solely on their experience, proven solutions, and habits. Moreover, the constant change in market trends is in opposition to the craftsmanship that the designer achieves. Also, users’ attitudes that question solutions that do not suit them based on the knowledge gathered from various sources due to free access to unlimited information deepen the situation. So, an excellent way to deal with the problem is to include its future users in the design process. Therefore, it is vital to consider specifications, legal aspects such as standards, and actual user needs, whether interior lighting or road lighting. We can achieve this effect by basing the design process on the Design Thinking method.



The lack of such an approach currently being used results from the nature of the entire design process, which is characterised by high complexity [82]. Therefore, all optional elements are eliminated, i.e., they do not lead to significant errors or omissions that could cause failures, damages, and legal disputes. Failure to meet the user’s needs in a given case has no direct or negative consequences. This fact should be considered regarding user comfort and work efficiency, which are complex to assess and ambiguous during design and at the facility’s start-up time. Each person is also subject to the process of adaptation to the prevailing conditions. Nevertheless, this leads to adverse effects in the long run. Moreover, outdoor lighting is not generally treated in such a way that its selection and operation can be influenced. Even simply turning the lighting on/off translates directly into the working conditions and energy consumption.



Many people are involved in the design process, from identifying the initial problem to implementing the final lighting solution. These include lighting designers, architects, industry designers, investors, contractors, and users. The presence of these people in the process, the activities performed, and the moment of their action vary. From the perspective of the subject of this article, what is significant about this commonly applied basic lighting design process is that the user appears only at the end of the entire process (Figure 2b). This is the moment when the lighting solution is already implemented (made, installed, and launched). After entering the facility and starting work, the user needs to change the lighting setting, e.g., due to the approaching dusk. They also become familiar with this solution and learn how to use it. Unfortunately, due to the designer’s lack of knowledge of the actual problem, there is a real risk that the lighting, due to its parameters or their selection via the control interface, will not allow for the creation of lighting conditions convenient for a given person, taking into account their preferences and needs. An attempt to “repair” this lighting will lead to various actions, e.g., changing the workstation, purchasing an additional desk lamp, constantly closing the blinds, turning off or covering luminaires that cause glare, having disputes with neighbours about the lighting settings, etc. All this constitutes the problem described in the introduction, which translates into different, often higher energy consumption than assumed in the design, user modifications in the lighting system, and, in general, discrepancies between the design and the usage of the installation, in this case, the lighting installation. This article proposes a solution to this problem, which will be described in the next chapter as a proposal for a lighting design method.




2.3. The Proposal Lighting Design


Considering the lighting design process and its characteristic features described above in the commonly applied basic lighting design process section, a proposal can be made to modify this process. The modifications will aim to eliminate the problems described above. To achieve this, the Design Thinking design tool will be utilised. So, the lighting design process will now be presented as a modification of the currently used process using the Design Thinking methodology (Figure 2c). Industry organisations bringing together lighting designers, such as the Illuminating Engineering Society (IES), the International Association of Lighting Designers, or the Professional Lighting Designers’ Association (PLDA), promote the design process in their works, courses for designers, and materials that have features in common with the one proposed by the author. However, a different methodology was used in this work based on Design Thinking, and the resulting differences in approach concern, among others, deep consideration of the end users of the lighting solution.



As before, the reason for implementing a lighting project will also be the applicable law and specifications of a given project and, of course, the energy efficiency of the solution. This will be an initial problem. However, when solving this problem, a lighting designer will consider the appropriate lighting standards, applicable normative acts, and the architect’s requirements, specifications, and experience. He will act in a slightly different way and will take action to find out the actual problem.



Initially, a design team of the previously mentioned people is appointed, i.e., a lighting designer, architect, industry designer, investor, and contractor. In addition, the design team will be joined by people such as exemplary users, people responsible for maintaining the lighting installation, specialists in the physiology of vision, and any other people with competencies in the field of lighting design, its impact on humans, and who use, manage, and maintain the lighting installation. Then, a critical stage begins, distinguishing the proposed lighting design process from the currently used one.



	
First stage—Discover






The first stage that starts the entire process is the Discover stage. This stage is one of the most critical stages of the Design Thinking method. It aims to reach future users of the lighting installation to learn about their needs and actual problems. Various internal, external, individual, and contextual factors influence users’ behaviour in a space. Therefore, it is necessary to study them in a multi-disciplinary manner to incorporate many elements such as sociology, psychology, economics, engineering, and design perspectives [9,12,16,83]. To avoid this ambiguity, a good way is to reach future lighting users and examine them in the context of lighting. Such an approach is proposed in this article.



Nowadays, a common practice for many lighting designers is to create solutions based solely on standards, applicable normative acts, specifications, and their own experience, and to define a given problem subjectively [34,40]. Lighting and its performance are strongly associated with users using it individually [47,84,85]. Therefore, when developing solutions with this method, the first stage will be conducting observations, talks, or surveys with users to get to know the actual problem. The result of this stage should be a thorough understanding of the user for whom the final solution is being created. It would help look at the world from the perspective of those that will ultimately use designed lighting. The lighting designer, therefore, will know how the client might be tempted to alter the design and will be more successful in meeting the client’s needs [40]. This is a challenging task.



First, it is essential for the lighting designer to observe the users for whom lighting will be designed in their natural environment. Such a method, called in situ observation, offers first-hand evidence of users’ behaviour [86]. The lighting designer’s observations should examine users’ lighting preferences at different times of the day. It is worth paying attention to whether, for example, a given user chooses to work with electric lighting or natural lighting in the morning when starting the day. One should also monitor if the light does not cause glare and the associated feeling of tiredness and sleepiness. The lighting designer should also acquire some subjective impressions and feelings. Thanks to this, he can determine what lighting elements are missing from his perspective. For example, we can sometimes observe that a luminaire is covered with cardboard, so it does not shine on a projector screen. These activities directly prove unrealised lighting needs. Carrying out these activities with the people using the space allows us to obtain information about their life, disposition, age, feelings about the existing lighting installation, and the nature of their work or the time spent in the space during the day. It is critical to determine what level of illuminance, colour, or illumination uniformity users prefer. We should find out their needs regarding the type of lighting—whether they prefer general lighting or maybe localised lighting directly aimed at their workplace. The entire stage allows us to learn about users’ needs, features, opinions, and current ways of dealing with lighting. The above activities can be performed most easily in lighting modernisation. However, in the case of new investments, we do not always have access to future users.



Next, we must conduct interview surveys [12,27,66,86,87,88]. Because of user behaviour diversity, we need an adequate sample to represent the survey population [56,89,90]. During such tasks, both standard and nonstandard users are essential. Nonstandard users allow us to obtain information that we do not even know. Such a user can be a cleaning service person. Although such a person only stays in this area occasionally, he performs essential user activities. In conclusion, we want to find out what the problem is here. This is not only necessary from the perspective of the investor and architect but also, and perhaps mainly, from the perspective of the future user of the lighting installation.



We have many tools that can be used at this stage, for example [76,77,78]:




	
Safari service—an experience of the designed lighting environment by the lighting designer himself. The designer collects information about lighting, uses it, and records his feelings and observations. This activity enables one to understand lighting from the user’s point of view, thus raising awareness of strengths and weaknesses.



	
User shadowing—the lighting designer observes the user and his environment while using lighting. The observation aims to gather as much knowledge as possible about users’ needs and understand their behaviour.



	
Interview surveys—personal interview surveys are used to test the user’s responses and simultaneously to notice his behaviour.



	
The “5 × WHY” technique allows for determining the cause (source) of specific user needs. It examines cause-and-effect relationships leading to the heart of a given problem by asking questions that begin with “Why”. This method is also helpful in other stages.








	
Second stage—Define






In this stage, we need to define the problem that needs to be solved. Following the previous stage, we analyse the responses and observations obtained during the first stage (Discover). In this analysis and synthesis, it is recommended that methods and techniques such as those suggested by Ideo [91] and Stanford [92] be used. It all constitutes essential information. With the help of this information, we can check whether the reason for designing the lighting installation presented at the beginning of the process covers actual problems relating to future lighting users. We should answer the question of what the user exactly needs. How can these requirements be met? It is worth remembering that specific needs are searched for at this stage, not solutions to the problem.



In the second stage, the previously defined problem might appear differently than it is. For example, the initial problem may be changing the layout and luminaires to achieve a transparent effect in a room [93]. After we have asked users in the first stage what they think is causing this lack of transparency, and within different answers, it may turn out that the problem does not lie with lighting and is generated, for example, by the wrong arrangement of office furniture or the lack of access to windows. In this situation, there is a need to redefine the design problem and return to the first stage (Discover), focusing on the need for more access to natural light or furniture arrangement. The multiple redefinitions of the design issue are also the basis of the Design Thinking method. This approach gives the lighting designer the confidence to meet the actual needs of users—not his own. Thanks to such redefinitions, the newly formulated problem fully defines what needs to be done and what the user needs. Therefore, the expressed problem is likely concerning lighting and other aspects, e.g., furniture arrangement, which should be considered in the design (wider solution part of the diagram in Figure 2c). We can then approach lighting design holistically, combining the lighting system’s design with other systems. The proper definition of the problem will allow the design of a lighting system that users will ultimately use without any further alterations and with designed energy consumption.



As in the case of the Discover stage, various techniques can be used to define the problem. We may use here [76,77,78]:




	
Empathy map—a way to profile users. Most often, it is made in a diagram divided into six areas. Each area answers different questions: What does the user think and feel? What does the user see? What does the user hear? What does the user say and do? What are the fears and frustrations of the user? What are the needs?



	
Creating a persona—creating a non-existent character treated as a representative or archetype of the user group for which the lighting solution is being created through his actions and approach [54].



	
Problem mapping—allows us to create an initial outline of its solution by establishing:




	
the owner of the problem, i.e., who the problem concerns;



	
the sources of the problem, i.e., where the problem came from, what are its causes;



	
the symptoms of the problem, i.e., how do you know about the issue;



	
support, or how we can help to solve a given issue.













	
Third stage—Develop






Having a correctly defined problem, we can move on to creating potential solutions to the problem, which have our user (persona). As is well known, any technical issue can be solved in many ways. The Develop stage is about presenting possible solutions from very different perspectives. This stage occurs in groups and consists of generating as many ideas as possible for solving a defined problem and selecting the best one for implementation according to cost-effectiveness, technological feasibility, sustainability, etc. [54,88]. Ensuring various participants in this stage [31,42,54,94,95] is crucial. Therefore, the Design Thinking method assumes working on a project in interdisciplinary teams. The participation of lighting engineers or architects is essential, but there are also people with little in common with lighting design, e.g., the user or even such people as the cleaning and maintenance service. This allows us to create new and unconventional ideas and, thus, innovative designs aligned with Design Thinking.



The brainstorming method here is recommended and often used in business [78]. Thanks to this technique, each person participating in the project can provide their ideas and develop other people’s ideas. However, it should be remembered that, like any technique, brainstorming has specific laws. Compliance with these laws is crucial to achieving the intended goal. The basic principle of brainstorming is knowing that every idea is good. No statement should be criticised—it can be modified to be as creative as possible. In addition, this stage should result in many ideas—a small number will not lead to an optimal solution. Finally, the design team democratically selects the best concepts according to defined criteria, and we can go further on their basis.



However, before implementation, it is essential to prototype the selected solution. The key is to present the solution to the user as soon as possible to verify the design and obtain feedback. When it turns out that we made a mistake in the previous stages, we save time and money on its correction. Regardless of the final result of the work, the prototype must have certain features: be low-budget, simple, and time-saving, and be as close as possible to the target solution [76,77,78]. It can be a visualisation from a lighting design program such as DIALux or Relux, as often happens when consulting the proposed lighting solutions with the architect and investor. The role of virtual and augmented reality is gradually increasing, which allows us to see the designed space after putting on special glasses [96,97,98,99,100]. Thanks to this, we can present the room model, luminaires, and their arrangement, and most importantly, we can show the visualisation of the lighting effect. However, a prototype can also be used in field trials or demonstration designs, where it is possible to present solutions that can become part of the final design. In lighting design, physical models, such as mock-ups or technical drawings, will not meet their assumptions because it is difficult for users to visualise lighting effects. It is essential that the user can see and imagine what his future lighting will look like.



Immediately after the prototype is made, it is presented to the users, and we ask them for their opinions. This allows for verifying the fulfilment of the needs they define. During tests, it is necessary to explain the operation of the lighting installation. When the user is watching or trying out the effect of the work, we listen to his opinion and ask questions that will help improve the final result. We should refrain from resolving or undermining users’ choices during the talks. The created lighting serves the users and cannot be based on the impressions of third parties. We should give them the freedom to get to know the solution and express their opinion. After performing the tests, the comments received from the users should be considered. Testing makes it possible to check whether the entire process has been carried out correctly and whether the users will be satisfied with the final lighting solution. It is crucial to determine whether the solution meets their requirements and what changes should be introduced. The prototype must be improved until the users are satisfied with it. This stage guarantees that users will fully use the selected and implemented lighting concepts as designed. Therefore, there will be limited discrepancies between what we have developed and what we have obtained, and interaction with building systems to reach the user’s desired comfort will be limited. Finally, energy consumption will be as determined [12,15,16,17,18,19,20,21,22,23,24,25,26].



	
Fourth stage—Deliver






Only when the user’s opinion is satisfactory can we proceed to the last stage—design delivery. During this stage, final design documentation is created. Then the documentation is sent for implementation. After the entire lighting installation is completed following the design, it is launched by the contractor. At this point, all lighting location adjustments are made, and parameters are set in the controllers. Then, after the entire interior is finished and the user moves in, there is an essential time during which the user is familiarised with the lighting installation. The operation of the entire installation, control system, and possibilities are presented. In addition, the user is informed of how the lighting installation works, for what purpose, and why. After some time, when the user gains experience using the lighting installation, the feedback phase begins. The user then shares his observations about the operation and service of the lighting installation. This is when corrections can be made, e.g., the orientation of luminaires and control parameters. Only after such a series of actions can we be sure that the lighting installation will work as it should, meet users’ needs, and work optimally.



To summarise, the lighting design process presented using Design Thinking stages should be carried out considering that they benefit users (personas). Therefore, the user participates in many project stages (Figure 2c). In each part of the work, one should deviate from the usual patterns and approach the defined problem as creatively as possible. Doing all the stages one by one does not guarantee success, and we may need to go back to one of the previous stages. The stages of creating lighting using the discussed method can be compared to the closed circle shown in Figure 3. The design team moves along this circle, creating an increasingly innovative solution to a given problem.





3. Procedure and Results


The problem that this article is about is the frequently encountered discrepancies between the design and the use of the lighting installation in a building, manifested, in particular, by different, often higher, energy consumption during the use of a building than what was assumed in its design and user modifications to the system during its use.



The author proposes using the Design Thinking method when making lighting designs to solve the above problem in the lighting area. The general form of the Design Thinking method has been described. It describes how lighting designs are carried out and why changes should be introduced. On this basis, the author modified the lighting design process currently in use using the Design Thinking method.



Since the proposed approach to lighting design following the Design Thinking method and its use in lighting design have yet to be described in the scientific literature, this chapter will present an office room whose interior and lighting will be the subject of a project according to the described method. Due to the study nature of the project, not all stages of the process shown in Figure 2c will be used. Nevertheless, it will allow us to draw several valuable conclusions.



The office room for which the lighting design will be developed has the shape of a cuboid 5 m long, 6 m wide, and 3 m high. The room has a suspended ceiling with recessed luminaires and access to four windows with blinds. There are four workstations and five wardrobes in the room. The floor in the room is covered with a grey fabric carpet, and the walls are white. The office room is currently very untidy—it has not been renovated for over 15 years, and the walls and carpet are significantly dirty. Figure 4 shows exemplary photos of the room.



The existing lighting installation in the room consists of nine identical raster luminaires with linear fluorescent lamps with electromagnetic ballasts recessed in the suspended ceiling. There is no lighting control system in the room. All luminaires are manually turned on simultaneously. It is also worth noting that the lighting installation has not been changed or renovated since the building was built.



In terms of energy, annual electricity consumption should be determined. However, we need to estimate the expected annual electricity consumption if we do not have actual electricity measurements throughout the year. For this purpose, the installed lighting power in the room should be determined (1). It is based on the following audit:


       P   i   = q u a n t i t y   o f   l a m p s   i n   l u m i n a i r e · p o w e r   o f   o n e   l a m p · q u a n t i t y   o f   l u m i n a i r e s     +   q u a n t i t y   o f   b a l l a s t s · p o w e r   o f   o n e   b a l a s t     










    P   i   = 4 · 18 · 9 + 18 · 10 = 828   W  



(1)







Then, we need to assume the operating time of the installation throughout the year. The lighting can only be turned on completely, making calculations easier. For office rooms, their use is assumed to be 2250 h per year [81]. Hence, the annual electricity consumption will be (2):


  E = 0.828 · 2250 = 1863   k W h / y ,  



(2)







The above level of electricity consumption per year is only an estimate. We need to know how users use lighting to get closer to the actual value. The Design Thinking method can also be used for this purpose.



The primary users of the office are office workers working at computer stations—a total of four people. Employees from other rooms and company buildings also occasionally appear in the room. The nature of the work performed in the room can be considered mental work.



Initial problem—the office room has not been renovated for over 15 years, and therefore, the manager plans to modernise (1 to 1) the lighting and refresh the room (paint the walls and ceiling). The manager will do this without the informing or consulting with employees (room users). He will commission an electric company that he is familiar with to perform the work.



In addition to the lighting designer, architect, electrical installation designer, and company owner, the design team also included a representative of the contractor, four regular users, six people visiting the room, a room service technician, and a person from the cleaning service.



The Design Thinking method research tools presented in the described lighting project will only serve as an example. Their purpose will be to enable the designer to learn about the lighting needs and preferences of the users of the designed lighting. As a result, it is expected that the problems mentioned in this article will be reduced.



3.1. First Stage—Discover


According to the method description in Section 2.3, the designer will first become acquainted with the space covered by the design and its users. An exemplary research tool called user shadowing and service safari will be used for this purpose.



The user shadowing method was the first used when working with the respondents. The idea of this tool is to observe users while using the product—in this case, the lighting available in the room—without interfering with their behaviour. During the designer’s several visits to the room, two research groups were selected among the users. The first group consisted of four employees who stayed in the office room regularly (every day), sitting at their workstations. The second research group consisted of six employees who remained in the room occasionally. Observing their work schedule, it was possible to learn the typical behaviours of people working permanently indoors (the first research group). Of course, each employee has a slightly different action plan based on the tasks assigned, depending on the day. Despite this, some similarities were noticed during the observations.



In terms of room lighting, a fascinating situation was noticed. On a sunny summer day in the office, almost all the blinds were closed, and the electric lighting was on all day. All lighting was turned on, allowing for the completeness of the installation to be checked. Two fluorescent lamps in one luminaire were not working correctly—flashing periodically. This caused repeated irritated glances from users in this direction. Also, during the lunch break, the lighting remained on when users went to the canteen together. A similar situation always occurred among people visiting the room. They were wondering where they could sit and talk to the room’s workers. Finding a place to do the work was challenging when there was a need to display materials on a computer screen. In the case of remote presentations, users used a webcam but with a background, often depicting the attractive interior of a modern office. It was noticed that the room’s users changed their positions in their armchairs very frequently, especially in the afternoon. Employees adopted various sitting positions—from upright to hunched.



The next tool used at this stage was the Safari service method. In this case, the lighting designer took on the role of the room’s user and had the opportunity to better understand all the behaviours, impressions, and interactions with the light in the room that he had previously observed. He was able to spot additional issues that he might not have seen when watching users as a third party. During two full days of work in the room, the designer occupied two characteristic workplaces, one for each day, each located differently around the windows. Together with the regular users of the room, he fulfilled similar duties and tried to behave similarly. Thanks to this, he could feel like a user of the room, which allowed him to examine what, in his opinion, the respondents’ needs were and how they could be satisfied. Of course, the observations and feelings were subjective, but they provided another layer of information necessary for the design. The first thing the designer noticed was the pollution of the room, poor technical condition, and mess, e.g., documents in various places. By working in different areas of the room, the designer could learn about the lighting conditions on a sunny day. Opening the blinds at workstations with the monitor facing the window made working impossible. The luminance contrast between the exposed windows and the monitor in their background was too high for a visually comfortable position in places facing opposite directions.



Based on the two previously presented methods, the designer had the opportunity not only to get acquainted with the environment for which he will be carrying out the project but also to define certain typical behaviours and reactions specific to a given interior and its users and certain situations occurring in the room. The next step in understanding users’ needs is to learn about their opinions, emotions, and motivations. The following research tool was used to obtain such information: user interviews [86].



Interviews were conducted with everyone employed by the company that stays in the room regularly (4 persons) and stays there occasionally (6 persons). The research was performed individually, i.e., one researcher + one subject, in the room being the subject of the study. The duration of the examination for one person was approximately 20 min. After this time, the test person was changed, with one person tested per day. The tests were carried out in a non-invasive way. At the beginning, the subjects agreed to participate in the study. All people were healthy adults (admitted to work based on a medical certificate). The interviews were divided into two parts—the first one concerned general information and was conducted in the form of a questionnaire, completed independently just before starting the second part—the primary interview. The survey asked about age, eyesight condition, position held, seniority, activities performed, and time spent in the designed room. The second part of the interview was conducted in the form of a live conversation. The person who conducted the interview was the moderator and only had an idea of the talk’s direction. The interview was conducted as an example conversation scenario using the questions below. During the interviews, the discussion depended mainly on the respondent, and the questions and their order were adapted to the given person and the answer.




	
Are you satisfied with the work you do?



Why do you get this impression?



Are these the only reasons?



	
What is your job?



What tools do you use while working?



	
Are you satisfied with the room in which you work?



Why are you satisfied/unsatisfied?



	
What does your dream office look like?



What would you like to have in it?



Why does such an office meet your expectations?



What benefits do you see in such an office?



What would it affect?



	
What do you feel when you are in the room?



Why do you feel this way?



If it is variable, what does it depend on?



How do your feelings change after leaving the room (during breaks or at the end of the working day)?



	
Do you think you have enough space in the room?



If yes/no, why do you feel this way?



What do you think? What influences your feelings?



	
Do you think your workplace is well-lit enough?



Why do you think so?



What can you say about the lighting of the entire room?



How would you like your workplace/room lit?



Do the blinds fulfil their functions?



	
Do you think there should be daylight in the room?



Are you satisfied with the amount of daylight in the room?



Why do you think there should be more/less of it?



What impact does adequate daylight have on you?



	
How many hours a day is artificial lighting on?



Does this change throughout the week?



Does it change with particular seasons?








After collecting user information, the designer familiarised himself with the lighting standard for office interiors [79], applicable normative acts, and the investor’s specifications. Moreover, he was inspired by photographs of modern office interior design solutions. All this provided an extensive collection of diverse information that describes the design situation from different perspectives. The order used—user first and then standards and specifications—is purposeful and very important here. Thanks to this, the first image of the situation in the designer’s head comes from the user, not the standards. It thus remains permanently in memory, giving this information significance. Therefore, knowing the user’s needs, we understand why we should use specific technical means. We know their justification, unlike generalising norms.



Completing the first stage of the Design Thinking method allowed us to collect information about the users, the room, and the interactions. Based on them, it was possible to move to the next stage, after which the users’ needs would be determined and the resulting actual design problem, referred to as a design challenge in the Design Thinking method, would be defined.




3.2. Second Stage—Define


After all the interviews with the users and observations, it was crucial to create a user persona. A user persona is a character that embodies all user research in an easily identifiable and understandable form. It brings together lots of information about the users to create a single character that represents the group. In this case, since we have two different groups of users—regular and occasional—there was a need for two personas. Such personas cover name, age, occupation, where they live, family, hobbies and interests, likes and dislikes, and most importantly, needs. Among the persona’s information, the most important for the project were those related to interior design and lighting (Table 1).



After analysing all user information using the previously mentioned research tools, it was concluded that the office room should be renovated and refreshed in decor. The identified user needs can be divided into two groups: the first group is the needs related to the new interior design, and the second group is the needs directly associated with replacing the existing lighting installation.



The most crucial interior design needs are:




	
Furniture replacement—more wardrobes and chests of drawers to store items. Rectangular and slightly larger desktops. Adjustable desks and chairs so the employee can decide in which position he wants to work at a given moment. The furniture has bright colours, but its arrangement requires changes to improve communication between employees while maintaining the sense of privacy provided by the current furniture arrangement.



	
Supplementing the room’s equipment with furniture, enabling the teamwork of the people working in the room with external users. Additional chairs or a sofa and a table where visitors could work.



	
Inserting elements that enable the presentation of work results during internal meetings or client conversations. A magnetic board or TV screen allows employees to share their ideas and projects with other team members more quickly.



	
Bringing the room to an aesthetic condition (renovation) that will motivate users to perform everyday tasks.



	
Room decor that looks good. Plants, paintings, or photo wallpapers can be added to decorate the room’s walls.








The most crucial lighting needs are:




	
Changing the light sources in the luminaires—the previously used fluorescent lamps negatively affect concentration and irritate the room’s users.



	
Changing the colour temperature of light sources—the users claim that the light produced in the room is too cold.



	
Introducing a lighting control system with the ability of dimming the luminaires—the respondents who use the room want to influence the lighting conditions in and at their workstations and adapt them to the weather outside the building.



	
Changing the type of lighting at workstations—apart from general lighting, employees also need luminaires to illuminate their workstations.



	
Illumination of the walls and ceiling.



	
Highly durable luminaires (light sources)—employees often request to replace burnt-out fluorescent lamps. Unfortunately, based on their statements, it can be concluded that these requests are very rarely fulfilled.








To create a lighting design using the Design Thinking method, in addition to meeting users’ needs (personas) examined at the Discover stage, it is also necessary to consider the parameter values listed in the standard [79] and other applicable normative acts that were not in the scope of this work. Therefore, Table 2 compares the normative lighting criteria with the critical opinions of the users (personas) in the interviews. Then, the resulting parameter values for the design are presented, along with their justification. The designed room was given an area type—CAD workstations, conference rooms, and meeting rooms by [79].



Based on Table 2, the following conclusions should be drawn: The values of illuminance and uniformity (items 1 and 2 in Table 2) are currently at a higher level than required by the standard. By carrying out the project without knowing the users’ needs, these values would be lowered to match the value in the standard. Therefore, user dissatisfaction with “worse” lighting conditions after modernisation would arise. Their work could become less efficient, and thus, they could take action to increase the lighting intensity by, for example, purchasing additional desk lamps and therefore increasing the electricity demand.



Based on the measurements, the intensity and uniformity of the illumination of the walls and ceiling (item 3 in Table 2) turned out to be lower than recommended by the standard. Therefore, the design should include better lighting on these surfaces. This can be achieved by selecting appropriate luminaires and their installation location and using white wall and ceiling surfaces with high reflectances (item 9 in Table 2). The current luminaires built into the suspended ceiling (a standard solution in offices) and textured walls need more lighting, especially the ceiling. Better illumination of the walls will positively impact reducing luminance contrasts under artificial lighting. It will positively minimise glare and improve the quality of work at monitors (items 6, 9, and 10 in Table 2). Glare occurring in the room comes from, among others, windows and their location. The existing blinds do not fulfil their function because, after they are covered to prevent glare in the room, there is too little light, forcing users to turn on artificial light. This completely contradicts the use of natural light. Additionally, existing electric lighting is also perceived as causing glare. When designing new lighting, you need to consider this and use appropriate luminaires so that the URG determined in the room is low (item 6 in Table 2). Therefore, the UGR value was reduced compared to the norm. New blinds must be selected so that on a sunny day, they eliminate excessive luminance in the room and thus illuminate the room sufficiently so that it is not necessary to turn on artificial lighting.



The colour temperature of light in office rooms is often set at 4000 K (item 8 in Table 2), which is currently the case in this room. However, according to the users, the light in the room is presently too cool and makes them feel bad while working. They often mentioned that the light made them feel overstimulated, which led to irritability. A warm light colour will create a calmer and more pleasant working atmosphere in the room. Therefore, warmer light colours, characteristic of places of rest and not intensive work, should be considered. In addition, employees want to be able to adjust the light colour to the time of day and circumstances. This leads to a lighting control system that allows the colour temperature and intensity to be changed (item 10 in Table 2).



The selection of high-quality luminaires and durable light sources is essential to eliminating the current frequent lighting failures and long waits for their repair, which irritate users (item 11 in Table 2).



Energy efficiency is also essential (item 12 in Table 2). The project must ensure the rational use of electricity. Nevertheless, it must be remembered that the actual energy consumption of the designed lighting will result from the equipment and technical solutions used and how users use them. The Design Thinking method ensures that this use stays consistent with the project’s assumptions. As a result, the problems addressed in this article are expected to be reduced. However, based on users’ observations of the time the lighting is on during the day and clarification of this during interviews, it can be assumed that the room is used on average 9 h a day. During this time, the lighting is on all the time. Even on sunny days, due to the need to cover the windows and reduce the lighting level due to glare, it is necessary to illuminate the room with artificial lighting. In 2022, there were 251 working days in Poland, and assuming an average of 9 h of lighting per day, we obtain 2259 h. Therefore, this value is consistent with the initial estimates. Nine hours of lighting operation per day throughout the year, regardless of the availability of daylight, gives a justified need to improve the functioning of lighting through energy-saving luminaires, appropriate lighting control, and appropriate distribution of daylight into the interior for room lighting instead of artificial lighting.



The initial problem identified at the beginning of the project, consisting of a simple modernisation of outdated lighting (one-to-one replacement) and refreshing the room, can now be confronted with the results of the Define phase. As the above results show, there are several problems in the room, not only related to lighting, which the designer learned through the Discover phase. In this way, there is an opportunity to implement the project in such a way that the needs of future users are met, and they can fully use it following the project. This gives us a chance to reduce the problems this article is concerned with. Therefore, the actual problem will be broader than initially expected.



The actual problem caused by the failure to meet user needs identified in the Define phase must be appropriately defined as a design challenge. This will allow us to continue working on the project through Design Thinking. This will allow for the proper orientation of subsequent activities performed by the project team. Using the recommendations, the design challenge should first of all be formulated in such a way that:




	
It is not too general or limiting;



	
It focuses on specific users or groups of users;



	
It addresses the needs and problems that were revealed in the Discover stage;



	
It is designed in such a way that it allows for the creation of various solutions.








Taking the above into account, the following design challenge was identified as a real problem:



“How can we design the decor and lighting of an office room to provide employees and their guests with an environment conducive to the effective fulfilment of daily business duties?”



As we can see, the design challenge, i.e., the actual problem, differs significantly from the initial problem, which was supposed to concern only replacing the lighting with more economical lighting and refreshing the room.




3.3. Third Stage—Develop


This stage aims to create a design that will solve the problem defined at the end of the Define stage. First, ideas for solving the user’s (personas) issue will be generated; then, prototypes will be created and tested by users. Ultimately, the final design solution will be made iteratively.



Generating ideas is most often associated with a well-known design tool—brainstorming. In this project, such a tool was used based on the principles of this method. Conducting a creative session with the design team involved presenting potential solutions to the design challenge defined above. From the lighting, it was the choice of luminaires; from the furniture, it was the choice of desks, armchairs, wardrobes, and wall and ceiling finishes. When selecting potential solutions, the need to meet the needs identified in the Define phase was considered. Some solutions were ultimately chosen from the entire pool based on discussion and voting. The selected solutions will then be used to create prototype solutions to the design problem.



Prototyping is another activity in the Design Thinking process. It takes place right after the idea generation stage. Thanks to the created prototypes, the designer can easily and quickly verify whether the solutions developed and selected during idea generation suit a given project.



In this project, three prototypes (from now on referred to as variants) were created. Individual variants are treated as three independent room designs. The variants differ significantly in terms of interior equipment and the selection and arrangement of lighting. For each, details related to the interior design, lighting, and photometric calculations performed to verify the values of individual lighting parameters assumed in Table 2 can be presented. Due to their number, they will not be described in this work. These were the basis for developing variants in terms of lighting and interior design:




	
The lighting requirements defined in Table 2, determined by analysing user needs related to lighting and the lighting standard EN 12464-1:2021 [79];



	
The defined needs related to room equipment at the Define stage;



	
The design solutions are presented at the idea generation stage.








Several variants were chosen so that users could analyse and compare them in detail. This way, we can draw more valuable conclusions. Variant models were made using the lighting design program—Dialux EVO Version 5.12.0.5620. Figure 5 shows one exemplary view of a 3D model for each of the three variants, constituting a prototype. A prototype made in this way allows the user to present the design in the form of realistic photographs or a dynamically changing view using manual control. It is a frequently used lighting design and visualisation tool in the lighting industry. Both designers and users are used to it. Of course, other tools allow us to obtain more realistic models, such as 3ds Max. However, creating models for them is time-consuming and, therefore, expensive, and this is in contradiction with the idea of prototyping, which assumes that the user will be presented with a potential solution to his problem quickly, efficiently, and at low cost. In addition to creating a prototype in lighting design software, field tests were carried out to select the material from which the blinds would be made. The lighting effects that were obtained could not be simulated by a computer, so field tests were conducted.



Testing is a crucial design activity according to the Design Thinking method. Prototypes of the designed solutions are presented to and assessed by the users. This allows us to check whether the course of action adopted by the design team is consistent with what users expect. Sometimes, finding an appropriate solution to the problem took time. Testing conclusions regarding prototypes allows for the efficient selection of the final solution to the design problem. Testing is also another opportunity (after the Discovery stage) to understand the user, interact with him, and build relationships. This is due to observations and conversations, sometimes leading to new comments and conclusions.



Taking into account some good advice, as reported by [47], which should be used to ensure that these activities are carried out correctly, it was decided that testing should take into account:




	
Showing the prototype and not talking about it—when presenting the prototype, everything was not explained at once, i.e., the testing person was allowed to interpret what he saw, and the designer had to carefully observe and listen to the user’s questions about issues related to the presented prototype;



	
Creating the impression of an experience to which the user responds—the user had the opportunity to get to know the prototype in all possible ways, thanks to the dynamic change of the presented view;



	
More than one prototype allowed the user to compare them and reveal hidden needs.








The project involves creating a lighting solution and introducing changes to the interior design of the office room. Therefore, it was decided that the testing stage would take place as follows:




	
Discussing with users the conclusions regarding the Discover stage and confirming the needs defined at this stage;



	
Presenting variants (3D models) of the designed room using the Dialux Evo software Version 5.12.0.5620 and making the program available to the respondents, which allowed them to independently rotate the views and thus observe the variants from every possible side; presentation of the luminance distribution in the room and a short instruction on how to understand it;



	
Receiving preliminary comments on each of the three presented prototypes;



	
Explaining to users the solutions used in the prototypes and discussing how they will affect the fulfilment of needs;



	
Writing down each prototype’s comments received and its advantages and disadvantages.








The tests were conducted on the same users (10 people) interviewed during the Discover stage. Efforts were made to ensure that the tests were carried out in groups, i.e., more than one user participated at one time. Thanks to this, testing was carried out more efficiently, and at the same time, it was possible to conduct discussions between users themselves and between users and the design team. This allowed the design team to receive many constructive comments and observations, which are the most important at this stage.



The results obtained in the testing phase formed the basis for further action. A survey summarising the tests was conducted after a detailed analysis of the conclusions obtained during the testing stage. The survey consisted of arranging the variants in an order consistent with the preferences of a given respondent—the user numbered the prototypes from 1 to 3, marking the design with 1—the most suitable design, 2—less, or 3—the least meeting his needs. The survey results are graphically presented in Figure 6.



As seen in the chart (Figure 6), variant number I was chosen most often, then variant number III was selected, while the second variant was not chosen as the best. Due to the presence of two characteristic groups of users (regular and occasional), it was decided to check what the results of this test look like for the individual groups. Analysing these results, it turned out that regardless of whether the user is an employee of the room or its guest, variant I is chosen as the best design; however, in the case of type two respondents, variant number III also received the same number of votes. This could be due to the clear separation of the cooperation zone and a more significant amount of space intended for work with guests in variant III, which needed to be added regarding the comments about design I.



Summarising the survey results, variant I was the obvious choice for the best solution to the design problem. However, considering the results obtained in the survey conducted only among guests (the same number of votes for variants I and III), it was worth considering the few advantages of variant III and applying them to the most frequently chosen variant I. Therefore, by adding mobile seats for guests, the design team introduced minor changes in variant I, relating only to the area associated with an additional place for cooperation with visiting room collaborators. Figure 7 and Figure 8 present the final form of the solution to the design problem, i.e., a slightly changed variant I, which considers the respondents’ comments obtained during the testing stage.



The improved variant I and the unchanged variants II and III were subjected to another survey. As the change was relatively small, the results did not change in the area of selection of regular users of the office room, but this happened in the case of the second group of respondents, i.e., occasional users. Once users accept a solution, they can move on to the next stage.



In terms of energy, the installed lighting power in a room, depending on the number and power of luminaires, is (3):


    P   i   = 4 · 36 + 2 · 69 = 282   W ,  



(3)







The exact operating time of the lighting installation after the room’s modernisation has yet to be discovered. In such a situation, the only savings can be made by reducing the installed lighting power from 828 W to 282 W. This results in an almost 3-fold decrease in power consumption. In addition, there are benefits of automatically turning off the lighting when there are no people in the room, adjusting the lighting level according to current needs, and not turning on the lights on sunny days, thanks to the appropriate introduction of daylight through dedicated blinds. All this has great potential for savings.




3.4. Fourth Stage—Deliver


This stage still needs to be completed as part of the project. The reason was the project’s planned completion at the ready documentation stage, awaiting possible implementation. In the case of performing this stage, one would need to follow the steps described in the fourth stage—Deliver in Section 2.3, The Proposal Lighting Design.



To sum up, two critical steps are needed after installing the designed solution. The first one is to adapt the luminaires and the control system to the users’ needs, which were determined during work on the project. The second occurs after some time of using the room and assumes making corrections in the installation operation, knowing the users’ experience using the facility. Before using the room, there is also a stage of instructing the user on the functioning of the entire installation.





4. Discussion


This article presents the Design Thinking method in lighting design. It aims to minimise the problem of discrepancies between the sustainable design and use of the facility and modifications by users aimed at meeting their needs, which often cause higher energy consumption. Many conclusions can be drawn by analysing the results and experience gathered during the project described in this article. For clarity, the findings will be divided into individual stages of the Design Thinking method.



	
First stage—Discover






In the lighting project described, based on the Design Thinking method, exemplary research methods were used to collect information about the users and lighting. Other methods and their combinations may replace the techniques used. It is important to emphasise that more than the methods used are needed. Several methods are essential to getting complete results. They should be applied in the appropriate order so that each subsequent method allows for supplementing or clarifying the information obtained from the previous process. This is what happened in this work. Thanks to this, knowledge about the user increases without complicating the situation. In the case of both user observations (user shadowing), user activities performed by the designer (service safari) and interviews, appropriate user representatives (a representative group) should be selected. A representative group, i.e., one for which the addition of another respondent does not introduce a significant change in the available information. In the case of this project, the situation was convenient because the number of people who came to the room regularly or occasionally was small and could be fully taken into account in the research. When the designer finished using the methods described in this work, he felt that he was no longer learning new things, and what he had learned was starting to repeat itself. In another project, choosing the right people will be a challenge. Being “invisible” to users is difficult with the user shadowing method. There is always a change in some user behaviour due to the observer effect (Hawthorne effect). Users initially felt uncomfortable with the designer’s presence, but after a few hours, they got used to it and almost did not notice it. This situation can also be expected in other projects. In the service safari method, the value of which is the confrontation of previous observations from the user shadowing method with the designer’s feelings, it is difficult to impersonate the user and behave like him. The designer must be trained by one of the employees about the work performed by the employee. However, the novelty effect always occurs and affects the designer’s perception. The designer playing the user role is in a new, uncomfortable position. The designer must focus as much as possible on the task. Therefore, the designer is required to feel comfortable in a new environment. To be effective, the interview (questions) should be prepared based on information from the previous stages, such as user shadowing and service safari. The interview is intended to obtain answers to unclear issues observed by the designer.



Regardless of what they are, the research methods should be described as time-consuming, requiring much commitment on both sides (designer and user), cooperation, user self-awareness, designer research skills, and respondents’ selection. All this will affect the results obtained, their quality, and the time spent. In this project, the designer already had basic knowledge and experience about the methods used. Additionally, he had no time limit. However, if the designer needs to gain knowledge and experience, the participation of a Design Thinking moderator in the design team is necessary.



The Discover stage allowed us to learn about several problems that are only sometimes typical for offices. They result from the specificity of the room, including equipment, lighting, and users. The critical problem observed during the project was glare, caused by many factors, including inappropriate window covers.



The Discover stage allows us to learn about user needs in a given situation. Thanks to this, it is possible to meet users’ needs with appropriate lighting design and, in this process, keep in mind the goal of sustainable development, which is the rational use of electricity for lighting purposes. This approach is supported by the Design Thinking method.



	
Second stage—Define






User needs identified in the Discover stage verify whether the initially defined problem resulting from the assumed user needs is reflected in reality. In the described case, the scope of work to be carried out had to be changed (deepened) to consider the researched user needs. This is how the actual problem arose. This became the starting point for determining the requirements for the project, i.e., selecting specific parameter values (including lighting). The article focused on the lighting side, so Table 2 contains a detailed analysis and comparison of normative requirements with users’ needs. This did not happen in the described case, but it can be expected that it will be challenging to establish requirements when users’ needs oppose the normative requirements. It can be expected that the requirements will need to be increased or decreased within the range permitted by standards according to users’ needs. In this project, there was a need to increase illuminance and lighting uniformity and decrease the UGR value. Such situations may be challenging to implement due to the demand for additional solutions that increase costs and, sometimes, energy consumption. Of course, reducing parameters and, thus, energy consumption would be desirable. Nevertheless, meeting users’ needs is crucial for their proper operation. It guarantees that there is no risk of users introducing modifications that may result in an additional increase in energy consumption, e.g., through non-optimal operation of devices. Introducing a reduction in energy consumption due to the design not meeting users’ needs will probably lead to modifications that will eliminate the savings achieved in the design. Therefore, implementing sustainable lighting may be illusory, i.e., real only in the design documentation and not reflected in the use of this installation.



The identified actual design problem had to be skilfully described as a design challenge to enable further practical work. It was not a simple matter. This required the intuition and experience of the design team. No need could be omitted because not all needs would be solved.



	
Third stage—Develop






Correct execution of the Discover and Define phases allowed for rapid progress through prototyping and testing. The changes needed were cosmetic, decreasing with each iteration and converging to the final solution. However, this was an optimistic case. In practice, a long process should be taken into account. It is often the case that we base decisions on our ideas rather than facts.



Knowing the actual problem and having a specific design challenge, it was necessary to present potential solutions and select those that would be implemented. Generating solutions took a lot of work. Knowledge of tools, considering group dynamics, and how to make choices was needed. Even though the diversity of participants was limited, and they were required to comply with the rules entirely, it still caused problems with mutual communication. Some people use a different language depending on their competencies. Moreover, people specialising in a common area tend to find solutions quickly and do not appreciate comments from people outside their area of competence. Despite these difficulties, solutions were selected for implementation. Due to their non-standard nature (innovation), the resulting solutions will often require field tests to verify their usefulness, durability, etc. This was the case in this project, which involved selecting a new method of covering windows instead of the existing blinds. Choosing the degree of dispersion of the light transmitted through the blinds from the available materials was necessary to minimise glare.



The appropriate method for making prototypes needs to be chosen. In this work, the standard form of the prototype, i.e., visualisations, was chosen. Prototypes such as visualisations are a means of presenting the design and making decisions. However, they still need to be fully addressed to the user. In this work, instead of showing ready-made, static images, the view was presented directly from a computer program so that it could be freely changed. In addition, the presence of a designer was ensured so that the user could receive help and explanations when needed. It was crucial that the prototype be understandable to the user and clearly illustrate the new office room. This is extremely difficult when we present unusual solutions for which the user cannot use their previous knowledge, experience, and associations to interpret them. There was a desire to use all the solutions developed in one design. This forced the selection of solutions and their division into several separate variants. The selection of people for testing is arguable. They may be people who took part in the Discover stage, which was the case in the project, or they may be completely new.



Failure to meet user requirements or the misunderstanding of the prototype results in the need for corrections. It is unknown how many there will be and how long this process will take. Because the design process usually operates within a predetermined time frame, there is little freedom to extend it. Experience, intuition, and good decisions guarantee efficient prototyping and testing. Continuous contact with the user, confirming assumptions, and drawing conclusions is critical to the smooth completion of the entire process. Thanks to this, the testing process for this project took place efficiently and within an acceptable timeframe. However, there is always a risk of incorrect assumptions in the Define phase. When this happens, you must go back into the process and make corrections in the appropriate places. This involves a repetition of actions, this time well-oriented.



	
Fourth stage—Deliver






Due to the lack of the implementation of this phase of the method in the presented project, documented conclusions cannot be provided. Only recommendations on this issue and areas for review will be given.



The final selection of a given interior design solution and its installation, including lighting, is not the end. Each solution has a specific range of freedom from the installation location and the selection of settings and parameters. These values initially result from the Discover and Define phases. However, the final values are known only later and result directly from a given solution. Only then can a new solution that meets the user’s needs be completed and implemented. At this point, implementing the goals of sustainable lighting design and other energy-using systems can be verified. The risk of failing to meet these requirements should be limited because, when using the Design Thinking method, we consider the users’ needs for a given space and consider them throughout the design process.




5. Conclusions


To sum up, an approach to designing sustainable solutions that uses standard solutions and models must be revised. People’s needs are only partially repeatable. They use the designed devices differently. This project identified the unusual requirements of office employees, which no one talked about or took into account before the planned modernisation. The uniqueness of needs directly results in using devices to ensure comfort, constituting discrepancies between design and use. These, in turn, cause energy consumption to be different than expected.



This article addresses the need for communication between the designer and the user using the Design Thinking method. The designer did not impose solutions on the user, but the results were based on a thorough understanding of his needs. The user was almost always at the centre of the design process. His knowledge allowed designers to look at designing good lighting differently. The user supported the creation of various solutions to meet his needs. The designers’ knowledge allowed them to verify these proposals.



Decisions made during design have a crucial impact on future energy consumption, demonstrating the fulfilment of sustainable development goals. The presented project confirmed this. If not for the inclusion of dedicated and user-friendly controls, the lighting would still be left on when employees were absent. If it were not for using appropriate blinds, the lighting would still be turned on on sunny days. This translates into energy consumption and is more than just due to the luminaires and control schedules.



After testing the designed solution, especially after talking to users, there is a guarantee of total acceptance and use of the devices for their intended purpose. It is reasonable that there will be no future problems with their operation, and energy will be consumed as expected in the design. Employee satisfaction, comfort, and efficiency, crucially influenced by lighting, will be high. Therefore, sustainable development will be achieved by meeting people’s needs while preserving natural resources.



The presented project successfully used the Design Thinking method, as shown in the literature on other fields.



The problem of discrepancies between the design and use stages presented in the article’s introduction can be considered reduced. Users’ interference in the operation of devices will be eliminated due to meeting their needs and thus achieving comfortable conditions for them.



The ease of application of Design Thinking in lighting design depends on the case. In the case of lighting modernisation, it is much easier than in the case of new investments; when there are no specific users yet, it is challenging to define them, and we have to use generalisations. The author recommends using the presented method wherever lighting is modernised. There are regular users in such places, and they can take part in the design process. In addition to selecting the desired lighting, the method will indicate other areas related to a given space that should be included in the modernisation process.



Design Thinking and its potential can be used in lighting design and technology. The author sees the possibility of using this method, among other things, for:




	
Knowledge about user needs—real, often unrealised, hidden needs, thanks to which we can take them into account when designing lighting and other devices in the field of lighting technology.



	
Matching designs—by examining users’ needs, a lighting design meets the user’s actual needs, which is why it is better used.



	
User involvement—we involve users in the design process during needs research and testing. Thanks to this, we can use their knowledge and experience to show our commitment to solving user problems.



	
Educational potential—during needs research and testing, we explain to the user how the proposed solution works and why this is and not otherwise. We present what modern technology can offer, thus introducing the user to the basics of lighting, i.e., what is not well known.



	
Sustainable resources/environment use—thanks to the knowledge of users’ needs, we can choose needed solutions that will be fully used. Thus, we do not introduce options that no one will ever use or luminaires that no one will ever turn on. This allows for better use of resources, thus meeting sustainable development goals.



	
Prototyping—having the proposed solutions as a prototype (visualisation, showroom, etc.), we can quickly and inexpensively verify and modify them before implementation.



	
Enhance new solutions—new, unusual, non-obvious lighting ideas arise thanks to the inclusion of different people in the design process, often from outside the lighting industry, and getting to know their thoughts and their way of seeing the solution.



	
Dealing with the excess of solutions—today, we have many lighting solutions, and thus, it is easy to make the wrong choice. Thanks to the knowledge of the actual needs of the users, choosing the right option is easier and more correct.



	
Orientation of science/research—the initiator of the new study is a potential user of their results. The need for research is derived from getting to know user problems and needs.



	
The “clash” of lighting standards with users’ needs is an actual situation in which the known user requirements will oppose the standards. There is a field for seeking a compromise, and sometimes there may be a need to initiate future changes in the standards.
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Figure 1. Design Council double diamond model [78]. 
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Figure 2. Design process models. 






Figure 2. Design process models.



[image: Sustainability 16 03561 g002]







[image: Sustainability 16 03561 g003] 





Figure 3. Design Thinking stages and their sequence based on the ME310 Sugar Design Process at Aalto University, Finland. 
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Figure 4. Photos showing the interior of an office room. 
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Figure 5. An exemplary view of a 3D model for each of the three prototype variants. 
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Figure 6. The survey results regarding selecting the best solution to the design problem by all respondents (10 people). 
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Figure 7. Visualisation of variant I after corrections motivated by user suggestions—view from the right side of the room. 
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Figure 8. Visualisation of variant I after corrections motivated by user suggestions—top view. 
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Table 1. Personas representing two groups of room users.
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	Persona
	Profile and Mindset
	Needs and Aspirations





	Peter (regular user)
	He is 30 years old; married. A Service Engineer who stays indoors every day. Satisfied with the work performed and with the opportunities for professional development. Irritated by the condition of the room—dirty, messy.
	Opportunity to develop. He needs to have a sense of privacy. Comfortable place at the desk, nice interior, visual comfort. He likes the entrance of daylight into the room. He appreciates the ability to adapt the lighting to current needs and situations.



	Anna (occasional user)
	She is 40 years old; has a husband and a son. A Service Manager who visits the room more than twice a week. She values her high position and the influence she has in the company. She likes freedom of action.
	Ease of communication, exchange of views, discussion, and teamwork. She needs a dedicated place to work in the designed room. She likes the entrance of daylight into the room. She needs good lighting in warm colours throughout the entire space.










 





Table 2. Comparison of standard values of lighting parameters with user opinions.
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Lighting Parameter

	
Normative Value

	
User Opinion, Justification

	
Value Selected






	
1. Average illuminance

	
Task area ≥ 500 lx

Immediate surrounding area ≥ 300 lx

Background area ≥ 100 lx

	
Users from the first research group agreed they had enough “amount of light” at their workplaces.

The measurements showed a higher level than required by the standard, so the requirements increased.

	
Task area: ≥750 lx

Immediate surrounding area: ≥500 lx

Background area: ≥200 lx




	
2. Lighting uniformity

	
Task area ≥ 0.6

Immediate surrounding area ≥ 0.4

Background area ≥ 0.1

	
The measured values are much higher than those recommended in the standard. This requirement has also been increased to match the accepted values.

	
Task area: ≥0.7

Immediate surrounding area: ≥0.5

Background area: ≥0.2




	
3. Illuminance and lighting uniformity of other surfaces

	
Walls:

Em ≥ 150 lx

For offices:

Uo ≥ 0.1

Ceiling:

Em ≥ 100 lx

Uo ≥ 0.1

	
Users said the walls and ceiling could have been better lit and wanted everything to be a lighter colour throughout the room.

The measurements showed lower values than the norm. Therefore, standard lighting values were used, with the possibility of increasing them.

	
Walls:

Em ≥ 150 lx; Uo ≥ 0.1

Ceiling:

Em ≥ 100 lx; Uo ≥ 0.1




	
4. Average cylindrical illuminance and uniformity

	
For offices:

Ez ≥ 150 lx

Uo ≥ 0.1

	
The interviews show that good communication and appearance are essential for employees during meetings. Values at the level specified in the standard will be adopted.

	
Ez ≥ 150 lx

Uo ≥ 0.1




	
5. Modelling

	
0.3–0.6

	
0.3–0.6




	
6. Discomfort glare

	
RUGL ≤ 19

	
The research wants to ensure that on sunny days, natural light does not reflect from computer monitor screens and that artificial light does not significantly dazzle them.

The value was reduced from the norm because users during interviews claimed that the lighting bothered them.

	
RUGL ≤ 16




	
7. Colour rendering index

	
Ra ≥ 80

	
In remote and on-site meetings, users want to look attractive. They want the light to reflect their appearance better.

Light sources other than fluorescent lamps (LED) with a high Ra value will be used.

	
Ra ≥ 80




	
8. Correlated colour temperature

	
There are no specific requirements for the correlated colour temperature value.

The value depends on the lighting intensity, interior colours and ambient climate.

	
According to users, the light in the room is currently too cool; they prefer a warmer light colour.

Employees want to be able to adjust the light colour to the time of day and circumstances.

	
Tcp = 3000 K

controls




	
9. Luminance distribution

	
No specific requirements.

Too high and too low luminances and contrasts should be avoided.

Light colours for the walls and ceiling are advisable.

	
Users prefer the white colour of the ceiling and walls, without texture.

Luminance from natural light disturbs employees at work.

According to the respondents, the room has insufficient light when the windows are covered with blinds.

	
White colours of the room. Blinds transmit light in a diffused manner with limited luminance.




	
10. Specific requirements

	
Work with DSE

Controllable lighting

	
When working with artificial light, light from luminaires reflects off computer screens.

They want to be able to control the lighting so that it is sometimes brighter and sometimes darker.

The respondents want to choose which luminaire should be lit at a given moment.

	
L ≤ 3000 cd/m2, for monitors with L > 200 cd/m2




	
11. Maintenance factor

	
There are no specific value requirements.

	
Users do not like the neglected state of the entire room.

They claim they too often have to ask the building maintenance service to replace worn-out fluorescent lamps.

	
Light sources and luminaires that do not require frequent maintenance, T ≥ 50,000 h




	
12. Energetic efficiency

	
There are no specific value requirements.

	
No user opinions.

	
Ensure energy efficiency.
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