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Chapter 1
This essay is divided into two main parts. In the first part, I will argue the point about knowledge; in the second part, I will analyse how knowledge can be acquired in the field of Industrial Design.

What is knowledge? Is data knowledge?

The relationship between knowledge, information and data
From ancient times to the present, knowledge is always with us. It is present in our lives, in our studies and in our work. In other words, knowledge is everywhere in every time we get to know the world through the effort we put in. According to Zhu(2019), in today's information era, in order to facilitate the high speed of society and people's lives, there is a need to convert all kinds of data into information so that it can be transmitted effectively to meet the information exchange in all walks of life. The participants in each field then analyse and understand the information they receive to create value in their lives, studies and work. So, what is data? What is information? What is knowledge? And what is the relationship between the three of them?

First, people need to understand what data is. According to the definition of data proposed by Thierauf (1999), "Data is the unstructured fact that has the least impact on senior management."It is something objective conveyed by facts and figures, but not organized in any way and does not provide further information about patterns, context, etc. In other words, data is an objective description of a phenomenon. Secondly, the different types of data lead to different roles. According to Li(2018), types of data include qualitative and quantitative data. For example, "blue, big, far" are qualitative data which are used to determine the nature of a thing. Quantitative data cannot simply be equated directly with numbers. For example, if I tell you the number "27", can you know the meaning of this number? Of course not! Because I have not told you what the specific unit of measure is. "27 tonnes" is a far cry from "27 grams"! And the states of "27 kilometres" and "27 moles" are not at all similar! Therefore, people cannot simply represent a number as data when they sees it - after all, a number without a unit of measure is not data. As a final example, there are 25 students in a class. I counted the height of the students in this class in centimetres and made a table, which is a piece of data.

Once the meaning of the data is clear, the meaning of the information will then be clarified. According to Braganza(2021),information is an abstraction that "characterises a particular state of existence of a thing or its attributes", it is a time-sensitive, meaningful, logical, processed stream of data that is valuable for decision-making. And Davenport and Prusak(2000) pointed out that if data is to become information, it needs to be studied, classified, computed and compressed by placing it in context. On the one hand, according to Tang and Yanine(2021),information paints a bigger picture: it is data that is relevant and purposeful. On the other hand, information is also time-sensitive. For example, the teacher informs the student that the lesson is taking place in Teams. This information is meaningless. However, the really valuable information that he must tell the students is what time of the day the class will be held at Teams. The timeliness of information has important implications for how people use and communicate information. It reminds people that information is not complete when it loses its timeliness, and can even become a meaningless stream of data. Also use the height table above as an example，if we want to know the maximum and minimum height of the students in this class, we can sort the height data from highest to lowest, and afterwards, it is easy to get the information we want to know. The data table after the sorting is the processed data, which is the information.

We have clearly defined data and information, what about knowledge? According to Gamble and Blackwell(2001), knowledge is a fluid mix of framing experiences,values, contextual information, expert insights and intuition-based knowledge that provides the environmental framework for assessing and integrating new experiential information, which originates and is applied in the minds of wise people. In organizations, it is not only deeply embedded in documents or repositories, but also in the organization's routines, practices and norms. What’s more, in real life, knowledge is useful information that is filtered, distilled and processed from relevant information. However, in a particular context or environment, knowledge to make meaningful connections between data and information, information and information in applications. For example, if a company wants to make custom school uniforms for the above class, then the above information sheet is the knowledge of this company. The business makes bespoke school uniforms for students in this class, there is no denying that this is a specific scenario. And the company's goal is to make custom-fitted uniforms for each student in this class. In this case, height data for each individual is necessary. This information sheet can help this business achieve its goals and create value, and therefore, this information sheet is valuable. For this company, this information sheet is knowledge. Simply put, this information sheet helps this business to achieve its goals and create value. Therefore, this information sheet is valuable. For this company, this information sheet is knowledge.

In summary, data are unorganized, facts about something specific. Information is forward-looking, organized, calculated, condensed data. Knowledge is information such as experience, summaries, insights, etc. In contemporary society, data is not knowledge, but it can be turned into knowledge. Through human activity, it is given context, meaning and value so that it becomes a carrier of information and, in a specific context, can then become valuable knowledge.

How to gain knowledge in the field of Industrial Design

Different professions require different skills, so there are a variety of ways to access data. For example, surveying and mapping engineering requires students to acquire surveying and drafting skills. Professional measuring instruments and drawing charts are how they acquire and analyse data. Moreover, chemistry requires students to work with a wide range of chemicals and reagents, and they need to obtain data from their colors, smells and chemical reactions. However, the Industrial Design profession is a little different from them. In order to effectively guide design activities and produce positive results, Industrial Design needs to obtain data from design research, identify what users want and give them what they want through design.

According to Dai(2014), Design research can help designers break away from the limitations of self-centred design thinking and shift from personal thinking to user thinking, gradually understanding and appreciating users' functional needs, value ratings and aesthetic perceptions of specific products. It is one of the basic professional ways of thinking and behaving that a design practitioner should have, it is also the ability and knowledge that a designer should have, and it is one of the essential steps in the design process. According to the sequence of events, design research can be divided into data collection and research analysis in most cases. 

Firstly, in the data collection section, the designer needs to interact with the users. There are four main types of communication: user observation, user interviews and questionnaires. The point of user observation is that the researcher should act as a "transparent person" and take notes without disturbing the user. In the process, the researcher will also discover issues that even the users themselves do not notice. At the same time, user interviews are a good way to really understand the needs of the user. Before the interview, the researcher needs to do some thinking about the questions that will be asked so that they are not led by the nose by a chatty interviewer. And the researcher needs to do a screening of the interviewees, for example, are they male or female, are they over 13, do they exercise regularly, etc. Besides, it is also necessary for the designer to use some social skills during the research process to make the user as comfortable as possible and to share their thoughts openly with the researcher. Even though questionnaires are a kind of reasonable method of user research, it usually lacks interaction between interviewers and respondents and is often conducted remotely. However,it is the user's behaviour that is the most interesting to discover, instead of the options they make. Furthermore, paper surveys have a higher return rate than online surveys. Hence, if possible, researchers should try to be with the user they are investigating. In fact, design research also includes product research, through the analysis of competing products and product markets, so as to identify deep product needs and design gaps, and moreover, the opportunity to identify different needs and make a distinctive and eye-catching design. 

Secondly, after acquiring the research data, it is more important to analyse, summarize and draw conclusions about the user model, the user's value curve and the characteristics of the product. As a matter of fact, common methods of user requirements analysis include user journey mapping and persona modelling. The former is to sort out the user from the entire experience process, including before, during and after the experience, corresponding to important elements such as the medium of use, change of mood and change of location of use. However,the latter is to locate and refine all the basic information, personality traits and exact product usage characteristics of the target user, and use them as the target user. Obviously, subsequent testing of the product is also an essential part of a successful design process, so the product test data is vital. Among the methods of product testing, Triangulation is an effective method of analysis. According to Murphy(2018), This approach involves using multiple data sources or multiple methods to conduct data analysis in order to increase the credibility of the study. Essentially, triangulation analysis means that questions can be looked at from different perspectives, which can help designers to see parts of the questions and answers that were not previously obvious. It is similar to reflecting some of the potential strengths and weaknesses of the product design process in terms of user satisfaction with the product. For instance:

-Satisfaction indicators have dropped ⟶ Check if output and time spent have also changed.
-Quantitative usability testing has shown a low success rate for subscriptions ⟶ A qualitative study needs to be done to understand which features are going wrong.

-The sales team indicates that users find the software difficult to use ⟶ Do a usability study to observe the problem.

-Analyse data indicating a high error rate for a feature ⟶ Check the customer feedback list to determine if such problems have been reported.
-One researcher recorded several topics in the interview notes and another recorded only a single topic ⟶ Check whether they have some overlap. 

In the Industrial Design process, it is important to get user data and information if you want to design a product with a high level of user acceptance. On the one hand, user research is crucial in design research. Otherwise, designers blindly base their designs on their own assumptions, which is of course undesirable behaviour, as these assumptions are often not always correct. On the other hand, design research should be an ongoing process that is rarely, if ever, 'finished' - it is returned to repeatedly throughout the process. Ideally, designers should take an iterative approach to their designs. Rather than starting a design from a hypothesis, start with user research. Then define the problem that needs to be solved in the design, build a prototype, test the hypothesis and iterate afterwards. It is a process of research, design, prototype and test. It is important to note that this process is run iteratively. By conducting user research, the designer can set a problem, design it, then build a prototype, and later return to the user for testing purposes. As the user experience is shaped by the user's testing and feedback, better results can be achieved in this iterative cycle. Designers can learn a lot by watching and observing how their users interact with their design prototypes in most cases. According to Mohapatra, Angrawa and Satpathy(2016) expresses it in a characteristic style." You can get lots of information just by looking at it".
In short, the key is not to lose the design in a vacuum and not to isolate it from the user. It is therefore important to go out and meet the user. Design that does not take the user into account is not design. It can also lead to unnecessary mistakes being made which are expensive to fix later. As designers, we have a vast array of tools at our disposal to inform our research, and as experience in user research expands, much of it develops, which makes it clear when to use which method. Then it quickly becomes clear that when exploring the analysis of research data it is important to use a mixture of research methods to ensure that findings in design are well-founded and come from a variety of perspectives.

Conclusion

This essay attempts to clarify the relationship between data, information and knowledge by explaining the definitions of the three. It prepares the ground for an analysis of how data is acquired in the field of Industrial Design and in what way it is analyzed to become information and how it is transformed into knowledge. In the Industrial Design process, user research is the main source of data acquisition and the main ways of obtaining information about user needs are described through user observation, user interviews, questionnaires, and other research methods. Later on, during the product testing phase, triangulation can be used to go back to the users and conduct research again. This cycle is a logical way of obtaining data, processing the information, translating it into design knowledge, prototyping it and testing its validity again. By redefining the data, information and knowledge, and by re-analysing the design process and user research methods, I prepare myself for subsequent design reflections and lay the foundations for the next design research directions. (This article contains a total of 2376 words ,excluding references)
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Chapter 2

The purpose of this essay is to provide valuable design information for my future design direction, so I will be reflecting on my previous design behaviour. And according to Biggs and Collis(1982), reflection is a higher level of thinking.This reflection is divided into 2 specific parts: 1. review of the previous design process and design methodology； 2. A summary and reflection on it.

During my postgraduate studies, I specialized in Industrial Design and was involved in designing and completing different assignments and projects. Therefore I will focus on a complete design project and present a design process in its entirety so that I can draw valuable information from this process that can serve me more effectively in my subsequent designs. I take my project entitled" Study on the System Design of Adolescent Scoliosis Orthosis" as an example, recalling and describing it in terms of preliminary research, design analysis, prototyping and design output. And then I will analyse the design process, the research methodology, and summarize and reflect on it. This is probably the most complete design I have ever done, so the insights gained from reflecting on it will be a good reference for future designs.

Recollection and Description

The reason I initially decided on this research topic was that my school had a collaboration with a hospital in an interdisciplinary field, so it was easier for me in terms of answering questions and using resources. After all, medicine is complex and I know very little about the medical field, so this was an opportunity for me to push myself and be challenged.

Preliminary Research

As this was an unfamiliar area, I reviewed a lot of relevant medical literature and consulted with the orthopaedic surgeon I work with at the school when in doubt. For example, the prevailing medical environment, the type of scoliosis, the people who are prone to it, and the rehabilitation methods. After a period of research, I found this study to be valuable. This society has been developing in the direction of information technology and digital orientation for a long time, and numerous user-friendly products have long been available. However, the product for the treatment of scoliosis, the orthosis, is still at a primitive stage, and although there are different kinds of products available, they are all focused on curing the disease and do not take into account the patient's feelings about the treatment. As a matter of fact, one phenomenon that emerged from the research is that patients suffer during the treatment process, so it makes sense to study scoliosis orthosis for adolescents. Understanding the pathology and rehabilitation was mainly a matter of reviewing the relevant literature and talking to doctors, and I found that a combination of orthosis and exercise was a good form of treatment. Once I had an understanding of the disease, I would conduct research on the users. As I had found in my previous research that the population suffering from this disease is mainly adolescents, I would be conducting a series of studies targeting adolescents. Firstly, I summarized the physical and psychological characteristics of adolescents by reviewing specialist psychological literature and my interactions with relatives of adolescents, and by taking into account my feelings as an adolescent and learning in much of the literature about the feelings and psychological state of adolescent patients who are suffering from this disorder. These information enabled me to design purposeful research questions and interviews for the users. Then I designed my questionnaire based on the information I wanted to get as the main content. For example: the age of the patient, the choice of rehabilitation modality, the comfort of the orthosis and how it affects them, attitudes and expectations of the orthosis and other elements. After developing the questionnaire, I printed it out and went to my local hospital, ready to distribute it and have patients fill it out. At that time, God played a joke on me. No target patients for me in the hospital! As my research was due to take place around October, the students were in school, and recovery from this illness was not to take place in hospital, and on top of that the school would not allow me to go around distributing questionnaires for research on a personal basis, so I had to adjust my programme. After discussing this with my tutor, I decided to research online. I checked out a lot of relevant patient groups and forums where patients would share their experiences of treatment, so it was a good opportunity to do some research. Most of the patients filled in the questionnaire enthusiastically because they had so much to say about the painful treatment process, which was exactly what I intended. Immediately afterwards I sought out local group chats and decided to interview some patients. Still, based on the information I was hoping to get, I outlined the interview so that I would not be carried away by the patient's topic during the interview. The interview was extensive, apart from the patient's name, age and parents' educational level. For example, how patients felt about exercise training at home, the differences between exercise training in hospital and at home, the types of activities patients do during the day, their requirements and expectations for exercise training, etc. After the interviews with the patients, the interviews with the doctors were also essential.For example, there were nine questions about the requirements for the use of scoliosis orthosis, what exercises the patient needs to do, and how to assess the effectiveness of treatment for scoliosis,etc. Finally, the interviews with the different users are analyzed separately and then a summary of the questions is made.

Design Analysis

Once the above research was completed, it was time to move on to the design analysis phase. The design analysis was for the feasibility of an orthosis for adolescent scoliosis. And the purpose of the feasibility analysis was to identify what features the product had, whether they could be implemented and on what basis they could be implemented. The first was the user needs analysis. I used a user modelling approach, summarizing the more typical situations of two patients and one doctor, and built three user models to extract the main appeal points of the patients and doctors. In addition，the patient's main daily activities were analyzed to obtain information on the activities that take longer, which could be useful in designing an orthosis that was suitable for the patient's daily life. Besides, by means of user journey maps, the behaviour and emotions of patients, doctors and parents before, during and after rehabilitation could be specifically analyzed, so that user pain points could be derived and corresponding design opportunities could be summarized. What’s more, through a list grid, the three kinds of user needs and pain points were summarized and relevant design suggestions were given. The next was the functional analysis of the orthosis. The above analysis has led to a summary of the various functions that need to be summarized and organized in this section. I realized that only the hardware - the orthosis - was not sufficient to meet the needs of the user and that some of the functions still needed to be combined with software. So in my analysis of the product's functionality, I distinguished between the functions of the hardware and the software and made it clear that both doctors and patients are users of the software. In addition, as this is a system design, the functional system architecture of the product needs to be analyzed. And the architecture of the online consultation system, the offline rehabilitation system and the autonomous rehabilitation system as a whole functional system was created. After that, in order to make the product more feasible, I investigated the relevant technologies that could meet the product's functionality and provided higher support for the product's implementation. This is the end of the user and functional part of the product.

Prototype Design

 This is the product design section of the adolescent scoliosis orthosis. In order to design an orthosis that better meets the needs of the user, I  proposed four strategies based on the above-mentioned research: product safety, data visualization, information communication and psychological fit, as a guide for my subsequent designs. This is a product that fits the human body, so I started by analyzing the distribution and arrangement of the human muscles and bones, as well as the breathing movements of the patient, and based on this information, I determined the structure of the product. Then, based on the patient's age, psychology and expectations, as well as the different colors, materials and processes that give different impressions, I conclude that the colour, material and process of the orthosis met the patient's expectations. Finally, the scenario of the orthosis was analyzed to check whether it really met the patient's requirements for the treatment of the disease in daily life. 
Design Output

In this section, I first defined the design position of the orthosis, in terms of its appearance, materials and how it transmitted information. The final solution for the hardware product was then explored by means of sketches. Once the sketches were finalized, they were designed and rendered. And the final product consists of the manual control side - the inflatable pump, the rehabilitation product - the orthopaedic device and the information display side - the mobile app. To complete the design, I specified how the various parts of the orthosis would be connected and the materials. In addition, I summarized the system architecture of a rehabilitation APP in conjunction with the online functional system framework described in the previous section. I summarized the system architecture of a rehabilitation APP. Besides, I analyzed the APP body colors, secondary colors and font colors to broadly define the overall style of the rehabilitation APP. Finally I designed 20 relevant main functional pages based on the user needs from the previous research. This design of the adolescent scoliosis orthosis is now complete.

Summary and Reflection 
After the above recollection and description of a previous study, I next summarize and reflect on it in terms of the design process and research methodology.

Design Process

In terms of the design process, I think it is still relatively complete up to the level of product output. The first step was to identify the topic, review the extensive literature on the subject, understand the background and current status of the subject, and generate initial ideas. Next was product market research, user research and analysis, which gradually validated and clarified my ideas. After the in-depth research, the user's pain points were clarified and the design opportunity points were analyzed, after all, the user's needs are the starting point and the final destination of the product design. Then the product was positioned, brainstormed, sketched, modeled, renderings of the product hardware and software were output, and the model was printed. All of this seems logical and organized. But I was missing a very important part - product testing. Many products, especially medical products, require a lot of time to test whether they can actually be used in real life. And I had a problem with this product at that time: how do I ensure that this medical product is effective? My understanding was that this was a system design and the validity of the whole system was the first thing I had to consider, and the validity of the product should take time and require specific data to verify. However, without actually implementing this product, I cannot observe how much effort and how long it takes the user to move with the orthosis on, I cannot know how far the orthosis is comfortable under the user's armpit, and I cannot clarify whether these designed features really meet the user's needs, whether they are a potential burden on the user's life, and how to improve them. The lack of follow-up product testing and user feedback is the biggest shortcoming in this product design process.

Research Methodology

The application of research methods is essential in a study and is proof of whether the researcher has conducted the study correctly and professionally. That's why I used many research methods. Examples of literature collection methods, user research methods include observation, questionnaires and interviews. User analysis methods include user journey mapping, persona construction. Overall, I have used a combination of different research methods at different stages of the research to ensure that my research is credible and convincing. I had thought that my research approach was lacking, and through the summaries, I found that I still used many methods to enrich my research. However, through the above recollections and summaries, I find the following shortcomings:

I did not plan my user research time well. Perhaps I did not consider this aspect at that time, or I did not fully consider the unique nature of adolescent scoliosis rehabilitation, which resulted in a mismatch between my research time and the users' free time, resulting in me wasting a lot of time before reaching them. However, this also gave me a reminder that I should be well informed before conducting future research, both in terms of time and environment, to avoid not being able to find users, which could save a lot of time in the whole study.

The above situation has resulted in my questionnaires being sent to users only online upfront. However, paper surveys can have a higher return rate and so have an impact on the accuracy of my research.

Although I used more research methods, some details of the implementation of the methods were overlooked in the process. For example, in the interviews with the users, I did not pay attention to the concept of using structured or semi-structured interviews; I asked the questions according to the information I wanted to know, and although the results were relatively indicative, I did not get answers that were more insightful and representative of the users' attitudes. If I had studied the implementation details of each research method in more depth, I might have been able to use it to greater effect and gather more valuable information.

Although I designed the orthosis for adolescent patients, in this system design, I had three groups of users, the patient, the patient's family and the doctor. In the interviews, I interviewed the patient and the doctor and left out the patient's family, which is detrimental to the design of the rehabilitation system later on. If I had completed the part of the interview with the patient's family, it might have made the whole rehabilitation system better.

By reflecting on the above, I believe that I have considered and achieved the elements of identifying a problem, defining the topic, analyzing the problem, solving the problem and completing a study in a logical manner. However, in the future research, I need to pay attention to some details as well as avoid missing product reviews to improve the integrity of the overall study.
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