
[image: Text

Description automatically generated]





Design and produce a usable system to encourage customers of fashion retailers to shop in-store by providing fashion recommendations.
by
Leon Mathias

Supervisor: Dr Nik Whitehead



Project submitted as part of the requirements for the award of 
BSc (Hons) Computing (Software Engineering)


April 2022



DECLARATION 


 
I, Leon Mathias declare that I am the sole author of this Project; that all references cited have been consulted; that I have conducted all work of which this is a record, and that the finished work lies within the prescribed word limits. 
 
 
This work has not previously been accepted as part of any other degree submission. 
 
 

  
 
Date : 25/04/2023 
 
 



FORM OF CONSENT 



I Leon Mathias hereby consent that my Project, submitted in candidature for the B.Sc.(Hons) Computing (Software Engineering) degree, if successful, may be made available for inter-library loan or photocopying (subject to the law of copyright), and that the title and abstract may be made available to outside organisations. 



  
		Date : 25/04/2023


[bookmark: _Toc132812033]Abstract
This project aims to design and produce a usable system to encourage customers of fashion retailers to shop in-store by providing fashion recommendations.
Objectives:
1. Explore the literature on in-store systems and devices available to customers in the fashion industry.
2. Research and investigate suitable technology to produce a product and allow customers to use the product.
3. Design and develop a system that allows customers in-store to scan items and receive recommendations for different items of clothing.
4. Test the product with relevant users and analyse the results to conclude.

The literature review provided an understanding of what influences customers to by clothes and why they shop in-store. Many current in-store technologies were found to help with the development. The possible future uses and in-store technologies were evaluated with the suggestion that AI will have a big role in future technologies. Therefore, users have the option to rate the recommendations given in this system. This rating system would be the first step in a prediction system using AI in future development of the project as AI is not widely implemented into in-store technologies yet. 

It was found after researching current in-store technologies and reviewing the literature that an RFID reader would be used to scan the clothing items as it was popular in current in-store technologies and had many benefits over barcode readers.

A system that was designed and developed by taking into consideration the results of the research and then tested with 22 participants. Therefore, the aim of this project was met as a system was developed that provides customers with clothing recommendations and 82% of the users who tested the system said they would use it if implemented in-store. The system is a technology that can be used in-store now and is designed to allow for many future improvements.
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[bookmark: _Toc132812034]Introduction
As technology becomes more advanced and purchasing items of clothing has become easier than ever due to the rise of online shopping, the reasons for visiting clothing stores in person decrease. As people have become used to online shopping due to clothing stores being closed due to covid-19. In-store technology already exists in some clothing shops and has already implemented technology in-store such as self-checkout, virtual try on and comparison technology.  Allowing customers to interact with in-store technology will give them a reason to visit in-store rather than online for them to get more of an experience while shopping.
While some higher-end clothing stores have the option of a personal shopper or stylist these can be seen as only for the rich and famous. Not many people can afford to pay for these services and the clothing they provide. Therefore, this project will allow customers who want clothing recommendations to do this quickly and easily in-store without the need to pay or book a stylist.

This project aims to design and produce a usable system to encourage customers of fashion retailers to shop in-store by providing fashion recommendations. Therefore, a new in-store technology will be developed that will provide fashion recommendations.

To provide a system that will satisfy the aim, a literature review must be done as well as visiting in-store technologies to gain knowledge of how they work and are used. Background research will be conducted to explore the reasons behind shopping in-store. Also displaying the current in-store technologies and their uses. The different uses of barcodes and RFID readers in a retail environment will be evaluated and compared.

A system design will be produced by taking into consideration the results of the two research methods to suit the needs of the users.

The development process will be reviewed including the issues faced while developing and how they were overcome. Along with how the system itself works.

Once user testing is completed after the final development the results will be analyzed to gain knowledge of what users liked and where improvements can be made. An evaluation of the data will be made to see if the results match the finding of the literature review.

A conclusion of the project will be described along with any recommendations that could be added in the future as well as if the project was to be done again what would change or be done differently.

This report will conclude with a set of recommendations for how the system could be used in a real retail environment, together with a personal reflection on the project and how it could be extended or repeated in the future. 

[bookmark: _Toc132812035]Background Research
[bookmark: _Toc132812036]Customers and clothes shopping
[bookmark: _Toc132812037]What influences the choice of clothes
When it comes to what styles and types of clothing people wear, everyone is different, people have their own fashion styles and preferences. Many different factors influence these choices. 

One of the newest influences on clothing choice and fashion styles of young people at the moment is social media according to Statista [1] there are 4.59 billion users of social media. This shows that social media has an enormous presence across the world. 
In terms of using social media for fashion purposes, women are more likely to be influenced by this. As studied by Nash [2] women who use social media influencers for fashion advice say that it is not specifically the clothes they choose it is the styling of the clothes that influences their decisions. A study by Kwahk and Kim [3] came to a finding that it would be beneficial for clothing brands to collaborate with social media due to the popularity and influence it has in terms of clothing decisions and purchases. Many influencers and celebrities that are used for fashion advice are not professionals in the fashion industry and as Suh [4] states, Instagram especially is a place where influences can show off their style that can have an impact on others. It was found in a study by Sudha and Sheena [5], that the biggest influence on the choice of clothes using social media is made by images with 64% of the participants saying that images attract them to the clothing items. As seen in Figure 1, an Instagram fashion influencer lornaluxe [6] who has 1.4 million followers has links to most of the outfits she wears in her post which allows people to easily view and/or purchase the clothes she wears in her photos. 
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[bookmark: _Ref132791110][bookmark: _Toc132812006]Figure 1: Influencer Instagram [6]

When it comes to purchasing clothes, some people don’t just buy clothes from any brand many people buy into the brand itself. Many millennials choose their clothes by brand as many relate themselves to a brand, a study conducted by Samala and Singh [7] found that many millennials express themselves through the brand. In a paper by Rahman, et al [8], it was found that when it comes to fashion brands brand awareness is a big influence on millennials with it deciding whether or not they purchase from that brand. A brands image is an important factor when it comes to the decisions of young people as stated by Ünal et al. [9] this is especially true when it comes to luxury fashion brands this can also be confirmed in a paper by Kautish et al. [10] where it was found that the brand name influences on the whether they buy from there because the brand name is associated with the quality of the item and how 'in style' it is. 

In a questionnaire handed out to university students by Ofori et al. [11] asking why they decided to wear what they are wearing out of 214, 58 said their reason for the choice in clothing was because of fashion-related reasons. This shows that a large percentage of people purchase clothing to look good. 

[bookmark: _Toc132812038]Shopping online or in-store
Customer experiences play a role in whether they buy from the store [12]. Because customers have become used to many different features through online shopping, in comparison, there is a lack of features in a physical store [13]. Implementing more technology in-store will give a reason for customers to shop in-store. It was found by Qing et al. [14] that shopping for clothes has a much higher percentage of people shopping in-store in comparison to items like a book.

[bookmark: _Toc132812039]Why customers shop in-store

There are different reasons for shopping in-store as opposed to online when it comes to clothes shopping. In-store shopping experience consists of several different elements that all impact the user experience. As seen in the Figure 2 below Terblanche and Boshoff [15] have identified these different experiences. 
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[bookmark: _Ref132791345][bookmark: _Toc132812007]Figure 2: In-store shopping experience[15]

Research conducted by McHugh [16] found that the most popular benefits of in-store shopping are the physical touch of products and being able to consult staff. This shows that many customers like help while shopping. While customers like getting help from staff, many find that clothing store staff has a high turnover which leads to a lack of knowledge on products or misleading information as stated by Ogunjimi et al [17]. 
Some fashion stores offer personal shoppers/ stylists that can help guide the customer based on their needs by using their expertise. An example of this is John Lewis stores [18] which offer personal styling in which the customer will call in advance to inform the stylist what they would like. 

One thing that cannot be replaced by shopping online is the ability to touch, feel and try on the product. Research conducted by Jung-Hwan et al. [19] found that sensory involvement is one of the most important factors in in-store shopping. They also found that customers could imagine what the clothing would look like on whilst physically holding the clothes. In a study by Wang M, et al [20]. they found that stores can influence the decisions of customers by using manikins to display sets of clothes, providing the customer with ideas, and persuading them to purchase similar clothing as they can physically see the clothing styled.

In a study by Lee and Tan. [21] it was found that customers who do not purchase many items online believe that there is a risk to purchasing items online, therefore are more comfortable shopping in-store. When it comes to luxury brands the majority of customers purchase the items in-store research done by Deloitte [22] found that 63% shop in-store for luxury items as many luxury brands provide an experience for the customer that they will remember to keep their custom.

If a customer wants to purchase an item immediately, in-store is the quicker option for many as it can take days for some products to be delivered if purchased online. According to Think with Google [23] when needing an item immediately almost 80% of shoppers will go to the store.

[bookmark: _Toc132812040]In-store experiences 
With the option of online shopping, customers must be given a reason to visit stores. Providing customers with an experience whether that be through in-store technologies or other forms.
The quality of the user's experience will impact the store and how the customer views the store. Therefore, the system should be able to be easy to use, a fun experience, and at the same time be beneficial to the user. This was proven by [24], where they found the design of clothing stores contributes to a positive experience for customers as well as a social experience, which allows customers to experience and gain knowledge about the items in the store as well as spend time shopping.

Creating an appealing environment is also key to ensuring customer satisfaction as explored by Etuhole and Zulu [25], many factors can contribute to the in-store experience for customers. Things such as lighting and music can have an impact on whether the customer will have an enjoyable experience and visit again. As explained by Jang et al.[26] different types of customers have different emotions while visiting the same store. Ensuring inside the store is complex enough to provide an experience but not overly complex to overwhelm the customers is important. It was found by Roozen [27] that women customers are drawn to clothing stores that have a more creative way of displaying items in their windows. It was also found that customers who know what they want to get are less likely to visit stores that are crowded.

As explained in the section above many people shop in-store when it comes to luxury items. As explained by Kauppinen-Räisänen et al. [28] Having a good experience from a luxury store is expected by customers now. Having a good experience can always be bettered by having a great experience which is what keeps customers wanting to come back to the luxury stores.

Bonfanti and Yfantidou [29] studied the value of in-store experiences in sports shops. They found that it is mainly the huge multi-million-pound companies that incorporate the more complex types of experiences. Allowing the customers to try the items on and test them as they would in a real sporting situation which will ensure the customer is happy when they leave the store. Sebald and Jacob [30] Found that customers enjoy trying clothes on in-store in comparison to at home. Trying items on in-store allows the customer to pick a different size or another item there and then without having to return and wait for more items.

[bookmark: _Toc132812041]Impact online shopping has on in-store shopping
Due to the rise in online shopping, the amount of shopping trips to physical stores has dropped and is likely to continue to drop as some customers are now replacing their shopping trips to cities with online shopping as discovered by Hunbo et al. [31]. 
Due to the huge variety of items that are available online, it is difficult for physical stores to provide this many options as explained by Maat and Konings [32], particularly in urban areas online shopping has had a big impact on physical stores. Because customers have a much wider variety of items to choose from without the need to travel to a major city.
As stated by Chiu et al. [33] one of the main benefits of online shopping is that customers can search the whole internet to find the same item at a lower price of course saving them money as well as time because it is quicker to search the internet than travel to different stores. 

[bookmark: _Toc132812042]How covid-19 affected Shopping instore
Although covid-19 has become less of an issue for clothing stores this year in comparison to 2020 and 2021 the pandemic had an impact on the purchases of clothing as a whole. There was a huge impact on in-store visits not only where most stores closed worldwide, but when they were open as found by Szymkowiak et al. [34] customers did not feel comfortable going into stores. 
Although people were used to purchasing items online depending on where they lived and what items they wanted the only way to get them was to shop online as stated by Young et al. [35] this gave people a chance to become used to shopping online eventually abandoning in-store shopping. Although the pandemic had an impact on in-store shopping Wang et al. [36] found that the majority of customers still prefer to shop in-store.

[bookmark: _Toc132812043]Item readers and scanners
[bookmark: _Toc132812044]Barcodes
Barcodes made their entry into retail in the mid-70s. As stated by Dani [37] it was introduced into retail to speed up checkouts by providing information about the product when scanned. 
[bookmark: _Toc132812045]How do barcodes work

While there are different types of barcodes, as seen in Figure 3 a UPC-A barcode which as explained by GTIN [38] is most commonly used for retail products. This barcode is made up of 12 numbers. These numbers are important to give meaning to the computer. 
By using Figure 3 as an example as explained by Thomas [39] the number 0 on the left represents the type of barcode whether that be retail, pharmaceutical, weighted or coupons. The next five numbers in this case ‘12345’ displays the manufactures code. The next five ‘67891’ displays the product code. And the last number ‘2’ is the modulo check character to error check to ensure the code read by the scanner is correct.
[image: barcode-1]
[bookmark: _Ref132793633][bookmark: _Toc132812008]Figure 3: UPC-A Barcode [38]
The way the computer produces these numbers is by reading the bars by using a scanner which creates a beam of light across the barcode as said by Mulyaningtyas and Imah [40] and then depending on whether the light reflects it reads either 0 or 1. The black bars do not reflect light which reads as 1 whereas the white bars do and read as 0. Each number is made up of seven 1’s or 0’s.  
There are three guards on each barcode that tells the reader where to start, stop and separate the first five numbers from the last five. The middle guard that separates the numbers is important to ensure the code is read from left to right. As the numbers on the left are made up of an odd number of ones and the numbers on the right are made of an even number of ones, in case the barcode is scanned upside down.

[bookmark: _Toc132812046]Use in retail
Barcodes were and still are an important technology in retail. As stated by Basker [41] barcodes increased productivity in retail stores. Because the amount of time it takes for customers to checkout is reduced by using barcodes this allows for a higher number of items to be purchased. Also allowing for customers to use self-checkout by scanning the barcodes themselves. 
Barcodes can provide simple and effective stock management systems as said by Gupta and Garg [42]. When an item is purchased, it can be taken note of in the system. Therefore, when the stock gets low enough it can be re-ordered allowing for simple automated stock control.


[bookmark: _Toc132812047]RFID technology
Radiofrequency Identification (RFID) is used to identify objects by using wireless communication by using tags placed on the objects and readers that read the tag and send the data to a system.
[bookmark: _Toc132812048]How do RFID tags work
The way RFID tags work effectively is because the tags contain an antenna to receive and send signals and a chip that stores the data such as the tags ID as stated by Herrojo et al [43]. Once the tag is close to the reader it is powered on by the reader which then a unique Electronic Product Code (EPC) back to the reader for the data to be used by the program. As can be seen in Figure 4, once the tag is close reader a signal is used by the antenna which makes the tag relay its information which the reader passes onto the computer.
[image: ]
[bookmark: _Ref132794358][bookmark: _Toc132812009]Figure 4: RFID [44]
There are two main types of RFID tags. The first is active RFID tags that have a battery to power themselves. The other is passive which uses the reading antenna to get its power.
As explained by Li et al. [45] RFID tags and readers can operate at different frequencies and the higher the frequency the further the tags can be read from.

[bookmark: _Toc132812049]Uses of RFID tags in retail
As explained by Pinto and Fernandes [46] RFID tags can be used in the retail environment by being incorporated into self-serve checkouts. This can speed up the process of the customer checking out. This has been implemented in clothing stores already such as ZARA as can be seen in Figure 5. The customer drops their clothing into the basket and the items are displayed onscreen ready to be paid for.
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[bookmark: _Ref132795775][bookmark: _Toc117155898][bookmark: _Toc132812010]Figure 5: Zara Self-checkout[47]
Adidas has introduced RFID technology into their immersive fitting rooms [48]. The fitting rooms display whatever item you carry into the room by scanning its RFID tag and presenting the user with the item on the screen. Another use of RFID tags that interact with fitting rooms as stated by Kim et al. [49] is to use them so that when a customer walks into the room music will play depending on the type of clothes they take in. This is a use of technology that could enhance the user's experience in the store.
RFID tags can be used to provide statistics to the brand. Again, by using fitting rooms as researched by Landmark and Sjøbakk. [50] The RFID tags can tell the store what items customers are trying on and what they are purchasing. This could inform the brand that maybe customers like the design but not the fit of the item.

[bookmark: _Toc132812050]Comparison of barcodes and RFID technology in retail
Using RFID technology over the traditional barcode technology to conduct a stock take as explained by Wölbitsch et al. [51] is much quicker as it can be done in minutes and is often done every day while using RFID tags. Whereas it could take days in large stores without the use of RFID. Although Atkins et al. [52] found that due to the high cost and the extra work of implementing the RFID technology, therefore, have found barcodes to be more practical.
Barcodes need line of sight to be scanned therefore it can be slower to scan the item as you need to find the barcode label. As Véronneaua and Roy [53] explain, an RFID reader does not need a line of sight of the tag, as long as the tag is in close proximity to the reader there is no need to find the tag or unpack any items to get the data.
One benefit of RFID over barcodes is the ability to read the data from a greater distance as explored by Thanapal et al. [54] In this paper a problem that was found with RFID is that it was found that only 20% of people in retail voted yes to use RFID in a retail environment. This shows that although it has many benefits many retailers are not ready to implement the technology. 
[bookmark: _Toc132812051]In-store technologies
As explained in 2.1.2.2 the user's experience is key to encouraging them to shop in-store. Many technologies can help with this experience. Park et al. [55] found that customers have a negative experience with in-store technology in fashion stores if the technology is not easy to use. But customers are ready to accept forms of technology to be used in fashion stores. In terms of in-store technologies, the most popular benefits are the convenience of the technologies as they are quick and easy to use to get information as found by Alexander and Kent [56]. They also found that the most popular in-store technologies used are with interactive screens. Which can have many different uses for customers. Although in-store technologies are not a required resource by customers the use of new technologies are seen as good additions to a store as explained by Rese et al. [57]

Abebaw and Matukuta [58] conducted a study where they asked 13 store managers of fashion retailers questions regarding in-store technologies. The store managers believe that in-store technologies would be a useful strategy to appeal to the younger generation. In a study by Roy et al. [59], it was found that customers are ready and willing to accept some form of in-store technologies to be implemented in retail stores. As many customers understand the benefits of using them. If customers do not want to use the technologies, they shouldn’t have to rely on them, these technologies should be there to provide help or entertainment who want it not a replacement for customer assistants.
Blázquez [60] found that 23.1% of people will look for fashion inspiration online. Fashion inspiration can be given to customers by using in-store technologies based on what the customer already likes.

[bookmark: _Toc132812052]Past technologies
As explained in 2.1.2.2 user experience is an important part of getting customers to shop before but before the rise of online shopping, providing a good experience was important to keep customers loyal to the store but there was not much competition in terms of technology like the technology online shopping provides to customers.

Self-service technology is now an expected technology by customers in supermarkets. As stated by Orel and Kara [61] only a small percentage of supermarkets in the USA used to provide this technology there are different types of self-service. As stated in 2.3.1.3.1 self-service checkouts are beginning to be used by clothing stores.

[bookmark: _Toc132812053]Current technologies
In many fashion stores there are technologies such as digital signage which can show product information and the latest fashion styles as explored by Yoon et al. [62] this is a way of advertising their products to the customers by using in-store technologies digital signage can show models wearing the outfits to encourage the customer the purchase of those items, as well as providing them with ‘tips’ on how to style them.

Although many customers who shop in-store like the help of staff as explained in 2.1.2.1, Rippé et al. [63] found that many customers instead of using a sales assistant would rather use their mobile phone for any info. Cavalinhos et al. [64] explain that customers tend to use their mobile phones to get information without the need to speak to anyone. Showing that in-store technology could be appreciated by customers. Some clothing shops have already taken advantage of this by making mobile apps to be used in-store. H&M use their mobile app [65] to help customers receive information on their products and how to style them, but to use the features you must first download the app and become a member, not everyone is going to be able or want to do that. Another problem with using mobile apps in-store is there is a possibility that the users won’t be able to connect to the internet therefore the apps won't work.

Nike has created a "digital retail experience" in their store in Berlin, this store includes many customer interactive products. Such as the ability to scan football boots and see the information on them and compare them with other boots which can be seen in Figure 6. Self-serve technology is becoming more popular in retail stores with the use of interactive screens. These screens allow in-store customers to interact with them for many different purposes as described by Vecchi [66]. Whether it is to gain information about products like Nike's boot comparison technology as seen in Figure 6. This technology can be used to browse through a virtual catalogue allowing the customers to see what items are for sale and if they are currently in stock. This can save the customer time and frustration by checking for the item and sizes on the screen rather than trying to find the item in the store.
[image: ftw-4]
[bookmark: _Ref132795800][bookmark: _Toc117155899][bookmark: _Toc132812011]Figure 6: Nike Boot comparison[67]
While the technology must be useful, it must also be fun for the customer to use to create a memorable experience. This then will give the customer a reason to visit the store. The quality of the user's experience will impact whether the customer views that store and the technology positively or negatively. This has been a problem for many virtual fitting rooms as explained by Lee and Xu [68].  As customers have been left dissatisfied as the technology has not been perfected yet customers have issues with the unrealistic look of the items. As also stated by Lee et al.[69] whilst augmented reality (AR) virtual fitting rooms have great potential but with customers preferring to physically try on the clothes to get a more realistic and accurate result at the moment. The technology is not popular with retail shops right now. But the technology is in use, Pietro et al. [70] studied the current use of AR in fitting rooms, providing different examples of how the technology is used, whether that be by allowing the user to choose the colour or if that would be done automatically. Uniqlo opened their new flagship store in San Francisco with an AR feature that allowed customers to try on an item of clothing and then choose a colour for that item and the item will display on them in their chosen colour [71] as can be seen in Figure 7, where the woman is wearing a red gilet in the mirror it looks as if she is wearing a purple gilet because of the technology. This allows the user to only try on one item and test the colours rather than the same item but in different colours. In an article written by Szymczyk [72], he displays the use of AR to display basketball jerseys on fans. This technology had the user stand in a certain position while the machine scanned them and then the users could choose the jersey that appeared on them.
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[bookmark: _Ref132795830][bookmark: _Toc132812012]Figure 7: Uniqlo AR mirror [71]

[bookmark: _Toc132812054]Future technologies
There are many different types of in-store technologies already discussed with the possibility of these being implemented more in the future but there are some technologies that are not ready or do not satisfy the customer's needs yet. 
As stated in 2.2.2.1, customers like to shop in-store because they can physically see the clothes before buying. As discussed by Kakar [73], virtual reality (VR) could make its way to online shopping where the customer will be able to see the product using VR which could become a threat to in-store shopping. By implementing more technology, customers will have more reasons to shop in-store.

[bookmark: _Toc132812055]Future of AI in-store technologies
While artificial intelligence (AI) is becoming a popular topic and is already used in many technologies. While AI is used across online clothing stores it is not yet widely used in a physical retail environment as stated by Low and Clifford [74]. 

Micu et al [75] researched the use of AI in clothing stores which used many different types of AI to conclude where the AI would be useful. The use of facial recognition can be used to gather a lot of different data. Such as age, gender and even emotions the customers are experiencing whilst shopping. Using this type of AI can be useful by providing the company with data such as what items were most looked at or how customers felt about the clothes. 

There is a possibility of unmanned stores in the future as explored by Wu et al. [76] these stores would be possible with the use of RFID tags allowing customers to leave the store with the items and AI technology would then use the details of the customer to charge them accordingly. AI is used in virtual assistance chats in online stores which assist customers based on their requests. Virtual assistance could also be a possible future in-store technology as of now as explored by Escha [77] customers of retail stores are unsure of how they feel regarding the use of virtual assistance technology in a physical store yet.

A study by Pillai et al [78] found that customers of retail stores are optimistic about using AI as they believe AI technology in-store would make their shopping trips more enjoyable. This shows that although the technology is not used by many stores yet, it is likely to have a positive impact if used in stores.

[bookmark: _Toc132812056]Future Style recommendation technologies
An advantage that online shopping has over in-store shopping is the ability to provide recommendations for customers either based on their previous shopping habits or the current clothing item they are viewing. Online stores also can show the items of clothing on a model or with other items of clothing to provide style tips and make the item look better. As mentioned in the section above the use of virtual catalogues can be used by customers and the screens can display the item of clothing as it is seen online where the item is displayed using a model who is wearing other clothing items to display a recommended style, although this isn’t the main purpose of the technology.

In-store-recommendation technology isn't currently a popular in-store technology as stated by Hoyer et al. [79] this is because of the lack of AI in current in-store technology. 
Yang et al. [80] found that by gathering data on people's height, weight and clothing size, a system can be created allowing the customer to enter their height and weight so the system can give them size recommendations. While it is possible to give AI recommendations in general it is difficult to give personalized recommendations to customers in-store without them providing information or owning an account for the store, which many will not want to do. 

Many style recommendation systems are based on expert opinion or what has been displayed on online websites. These recommendation systems provide accurate options in terms of matching items of clothes said Wang et al [81]. A system developed by Guan et al. [82] uses not only a wide variety of clothing items but also considers different style preferences and body types. While these systems can provide recommendations with good accuracy these recommendations will not satisfy everyone as fashion is subjective.


[bookmark: _Toc132812057]Development methodology
[bookmark: _Toc132812058]Research Overview
[bookmark: _Toc132812059]Philosophy
The research philosophy of this project took on both a positivist and phenomenological approach. 

A positivist approach helped while researching the current in-store technologies to help find what is popular. Also, to help gain an understanding of what is proven to provide an understanding of what influences people to buy certain clothing. By conducting user testing and providing them with a questionnaire the total can be added for each question to conclude certain aspects.

A phenomenological approach was also taken as the system will be dealing with many different users, it is important to understand how the system makes them feel. Given the system's interactions with many different users, it is essential to understand the experiences customers enjoy while shopping in-store and how this impacts their shopping behaviour. This was taken into consideration to ensure that the technology is designed to enhance the customer's overall in-store experience.
[bookmark: _Toc132812060]Research Approach
The first steps of the project were to review what research has already been done and what systems are already in place to encourage in-store visits. Research into suitable technology was also done such as what technology is best to allow the user to scan their items.

The system was then designed and built by using the research conducted. The system was tested, and feedback was gained to find out what can be improved and what features were liked by the users.
[bookmark: _Toc132812061]Research Strategies
To collect data that is credible as stated by Esteves and Pastor [83] multiple methods were used during this project. As well as providing the requirements for the system.

Regarding primary research, existing in-store technologies were examined to see the design and see how they are used in-store. How users interacted with these gave a better understanding of the system's functionalities, user expectations, and possible improvements.

In terms of secondary research, a literature review is an important data collection method because it is crucial to see what research has already been performed and what results were found. The data gathered from the literature review helped decide what features should be implemented and what technology is suitable to create the system. To ensure reliability, the literature is up-to-date and relevant, drawn from credible sources such as academic journals.

Software development was used to design and build the system effectively. To ensure the product is built successfully testing of each feature will be undertaken.

User testing was used to observe how users use the system as well as to gain feedback for any recommendations on how the product could be improved. By observing how the user interacts with the product, areas that need improvement and the system’s ease of use will be highlighted.

A questionnaire given to the participants of the user testing was key for gaining feedback as this will help improve the system by understanding the opinion of the participants, allowing for changing the design or adding any features. The questionnaire contained closed quantitative questions as well as open-ended questions. To ensure reliability, each participant was asked the same questions, and each question was worded carefully to avoid confusion.

Using multiple methods of data collection strengthened the validity of the research as it helps check that the data from the primary research produce similar results found in the literature review [84]. 

Achieving a high level of generalisability was difficult because the product is aimed at a large variety of people. Having a large sample from all different ages, gender and even fashion interests will be difficult.

[bookmark: _Toc132812062]Development Overview
[bookmark: _Toc132812063]Methodology
The development methodology for this project was a Feature-Driven Development (FDD). Focusing on implementing one feature at a time allowed for the more important features to be created first. This ensured that if the time to complete all the planned features runs out there will be enough features to ensure the project is deliverable.

The benefit of using an FDD as stated by Baswardono et al. [85] is that the methodology breaks down the development process into manageable tasks to not be overwhelmed with creating the overall final project. This methodology also ensures that progress is being made by completing features one at a time so that progress towards the outcome is being made. As there was a limited time to complete the project it ensured that important features are completed and depending on time it allowed for the addition of any extra features to improve the system or the user’s experience. It is important therefore to order the features by priority to ensure the product is deliverable and add any features that are not crucial to the system if there is time left and that the features delivered meet the needs of the users. 

The issue with using FDD is that it is difficult to break the project down into smaller tasks or features that are realistic as found by Gahyyur et al. [86] Also, as a single developer, it is difficult as FDD is an agile methodology as stated by Dingsøyr et al [87]which does encourage teamwork and reporting to the team to ensure the project is on track.

[bookmark: _Toc132812064]Required Resources
[bookmark: _Toc117155940][bookmark: _Toc132812065]Hardware Resources
· [bookmark: _Hlk131601113]RFID kit RC522 was required to allow customers to scan their clothing items.
· RFID tags to test the system.
· Raspberry Pi 4 Model B to run to program and connect the RFID scanner. According to RaspberryPI.com [88] the following was needed to use the device.
· A 15W USB-C power supply to power the Raspberry Pi.
· Micro SD card with Raspberry Pi OS installed.
· A USB keyboard and mouse to use the Raspberry Pi.
· HDMI cable to connect the Raspberry Pi to a monitor.
· Solderless breadboard along with Male to Female breadboard jumper wires to connect the RFID reader to the Raspberry Pi.
[bookmark: _Toc117155941][bookmark: _Toc132812066]Software Resources
· Visual Studio 2022 IDE as the code editor.
· C# and ASP.Net MVC was be used to create the app. C# and the dotnet framework were chosen because a trend was noticed while searching for job vacancies that they both appeared frequently. According to the Tiobe index ranking [89], C# is the fifth most popular programming language. Both these factors display that it is an industry useful skill.
· Html and CSS will be used to design the page.
· JavaScript will be used to handle the interaction between the Raspberry Pi and the application.
· SQL will be used along with Microsoft SQL server to store and manage the database.
· Microsoft Word will be used to write the report.
· Python was used to write the scripts on the Raspberry Pi
· Tomsplanner was used to create a Gantt chart to schedule the work.
· [bookmark: _Toc117155942]Microsoft OneNote to keep notes.
[bookmark: _Toc132812067]Other Resources
· Clothing items with tags to fill the database.
· Project supervisor was required throughout the project to help with any problems that occur.
· Participants were required for user testing and answering the questionnaire.
· Access to journals and books to complete the literature review.

[bookmark: _Toc132812068]Deliverables
Below are the deliverables for this project.
· Project design: The planning of the implementation will be included along with the idea of the project.
· System itself: A software implementation will be created which will include the hardware that is linked to a web application that will be useable to get clothing recommendations.
· Documentation: A report that details the research done to help create the system along with the design and development process. The testing of the system is followed by the analysis of the results and recommendations for future improvements.

A minimal viable product was set to ensure that there is a system to deliver at the end of the time scale. This was a web application that allows the user to enter a product code for one clothing piece and a picture of that clothing item worn as a set will be displayed.

[bookmark: _Toc132812069]Design
[bookmark: _Toc132812070]Project requirements
The deliverable for this project will be an in-store recommendation system that will allow customers of clothing stores to select multiple items of clothing, scan each item using RFID tags, and receive outfit recommendations based on their choices. This is because it was found while reviewing the literature that many people use social media to help come up with outfit ideas. Also, it is easy to see the item of clothing styled online but difficult to find in-store. This also creates an in-store experience for the customers which was found to be an important factor in why people shop in-store.

RFID tags will be used rather than barcodes to scan the clothes by users as found by the literature review there are many different useful uses in retail and many possibilities for using RFID tags. Also, after researching how they are currently used for in-store technologies shows their use. The literature review showed they are used for self-checkouts as well as immersive fitting rooms. After visiting stores, it is possible to see how they are used such as in Figure 8 below. This example is in Pull&Bear, where the items are dropped in the basket on the left and then an RFID reader scans the item where it is displayed on the screen ready to be paid for.
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[bookmark: _Ref132800774][bookmark: _Toc132812013]Figure 8: Pull&Bear self-checkout

It is important while creating the system to allow for many future developments because while reviewing the literature many discoveries were made for future implementation of AI in physical retail stores and in-store technologies. Many of these future developments were taken into consideration while designing the system even if they were not part of the initial version.

The customers will have the option to rate the recommendations given, the ratings each set gets will influence the position they are shown in the future. This rating system would be the first step in a prediction system using AI in the future development of the project.

Figure 9 below displays how the users will use the system and the flow of the system. The first thing users will do is scan their items of clothing. They will not be able to proceed to the next step if no items are scanned. Once items have been scanned the users can see the recommendations for the items of clothing they have selected and will be given the option to rate each outfit. The items that have been scanned must be cleared from the system to be used by other users.
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[bookmark: _Ref132800801][bookmark: _Toc132812014]Figure 9: System flow
Table 1 displays all the features that could possibly be implemented in the project. They are displayed in order of importance. MoSCoW analysis is also displayed for each feature to provide prioritization.


[bookmark: _Ref132800835][bookmark: _Ref132800830][bookmark: _Toc132812100]Table 1: Feature list
	Feature Number
	Feature name
	Feature notes
	MoSCoW

	1
	Search box
	A search box where users can enter the ID of the piece of clothing.
	Must have

	2
	Display clothing item entered
	Depending on the ID entered the image of that piece of clothing should be displayed on the next page.
	Must have

	3
	Display outfits
	Images of outfits that contain the selected item should be displayed. This is an important feature as it is key to providing recommendations.
	Must have

	4
	Display all items in the outfit
	Images of the items of clothing that are in the outfit should be displayed.
	Should have

	5
	Details about the items
	Details about all items in the outfit should be displayed including the name, price and colour of the item.
	Should have

	6
	Scan an RFID tag 
	The user should be able to scan the RFID tag of an item rather than search by the ID.  
	Must have

	7
	Search for multiple items
	The user should be able to see recommendations for multiple items of clothing.
	Should have

	8
	Scan multiple RFID tags
	The user should have the ability to scan multiple RFID tags before any recommendations are displayed.
	Should have

	9
	Display amount of items scanned
	As the user scans their items they should be able to see how many items have been scanned.
	Could have

	10
	Clear scanned items
	The user should be able to clear all the items already scanned to scan more. This can be useful if someone before them has scanned items but has not continued to view their recommendations.
	Should have

	11
	Add ratings
	Users should have the ability to rate the outfit out of 5.
	Could have

	12
	Display ratings
	The current rating of the outfit should be displayed to show the user how other people view the outfit.
	Could have

	13
	Next and previous buttons
	The users should be able to see the next and previous outfits by using a button. Although this is not a huge priority normally. Because the system will be a touch screen it is easier to use buttons rather than scrolling.
	Could have

	14
	Flip cards
	The items for each outfit could be displayed by images and the user can get more information about the items by flipping the image.
	Could have

	15
	Return to the home page
	The system should automatically go back to the home page where users scan their items after a minute as users may not press the home button when they are finished.
	Could have

	16
	Demo video on the home screen
	A video could play on the home screen that demonstrated how the user uses the system.
	Could have

	17
	Display the items as scanned
	The users could be able to see what items they have scanned as they are scanning before proceeding to the recommendation page
	Could have

	18
	Rating influence 
	The rating for each outfit could decide the position the outfits are displayed in. Although this is not a priority, because as the literature review showed fashion is subjective therefore an outfit one person doesn’t like doesn’t mean another won’t like it.
	Could have



[bookmark: _Toc132812071]Database design 
As seen in Figure 10 which is an entity relationship diagram (ERD) of the proposed database. A star schema was used for the database design. The reason this schema was used is because the items of clothing are to be connected to one table, as stated by Karmani et al [90], making it easier to create and display outfits. The central table in the star schema enables the creation of different clothing sets, which must contain at least one top, bottom, and shoe to make up an outfit. Creating foreign keys for each item of clothing in the clothing set table ensures that the correct items are added, and this also allows for more details for each piece of clothing to be easily accessed.

As seen in the Clothing set table in Figure 10 each outfit will have star ratings. The overall star rating will be calculated by using the formula seen in Equation 1 below. 
[bookmark: _Ref132800929][bookmark: _Toc132812101]Equation 1: Star rating

AR is the average rating
a is the number of 1-star ratings
b is the number of 2-star ratings
c is the number of 3-star ratings
d is the number of 4-star ratings
e is the number of 5-star ratings
R is the total number of ratings

As can be seen in the ERD in Figure 10 each clothing category shares the same columns. These being the information for each piece including the Item description, colour, image and price. Also, there is a rating for each clothing piece. This will be the average of all the OverallStarRatings of each clothing set the item is used in. This can provide data on whether the item is liked by the customers and whether or not it should be used in more or less clothing sets in the future. An amount selected column is included for each clothing item as this will gain information for the product by incrementing each time the item is scanned. Although these are not priority features it is easier and quicker to add these columns at the beginning of the project rather than at the end if there is time for extra features.
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[bookmark: _Ref132800874][bookmark: _Toc132812015]Figure 10: Entity Relationship Diagram
To ensure each ID in all the tables is unique a rule has been made where each table’s ID must start with a specific number to ensure there is no duplication in the clothing set table. For example, the id for all tops must begin with a 5 and all bottoms must begin with a 2. This also allows for any members of staff to quickly identify the type of clothing the ID represents.

Finally, to ensure the database works successfully with the program it was important to include enough test data in both the clothing items tables and in the clothing set table. All the images and clothing sets used were from the H&M website [91] as they had an image of models wearing the clothing and images of each piece of clothing itself. Key aspects such as scalability and ease of access were considered while designing the database.

[bookmark: _Toc132812072]User interface
[bookmark: _Toc132812073]Displaying clothing recommendations 
While deciding how the recommendations should be displayed to the user. Three different approaches were evaluated for the selected item. 

The first approach evaluated was to display their chosen item and then provide all the other items of clothing that would match their chosen item, that being if two different hats matched, they would be listed even though they are not to be worn together.

Another approach was to display the selected item in an outfit, so multiple outfits would be displayed to provide the customer with an idea of how to create an outfit not just match clothes. This idea would place each item on the interface and each piece of the outfit would easily be changeable depending on the customers’ opinion.

After conducting the literature review and observing in-store technology the idea that would be used is to display a model wearing an outfit that contains the chosen item. As it was found that seeing the outfit styled and worn had a big influence on the choice of clothing. While observing in-store technology, as can be seen in Figure 11 which is a digital sign inside of Hollister. The ways that stores advertise their items of clothing is through models who are wearing the clothes. The problem with this approach is it is not realistic to use any machine learning to swap out items of clothing in the outfit quickly as each outfit must be worn by a model and photographed.
[image: ]
[bookmark: _Ref132800967][bookmark: _Toc132812016]Figure 11: Hollister digital sign
The system is planned to be used on a touchscreen for customers to interact with, as this is a common trend in in-store technology. This influenced the design of the interface as it is important to ensure that anything the user can interact with is big enough to be pressed to limit the chance of pressing the wrong button. This was seen in other in-store technology such as Next click and collect, and the self-checkout systems in Bershka and Pull and Bear.

[bookmark: _Toc132812074]Wireframes 
The colour scheme for the user interface will be a minimalist theme. Mainly using white and black as this was found to be most common among the in-store technologies because it matched the store. Therefore, by also taking H&M website [91] into consideration which is mainly white and black, this theme will be used.

In Figure 12 is the interface that users will use to view the items they have scanned. Before this display, there will be a video demonstrating how to use the system and then once the users scan their items, each item they have scanned will be displayed. Once all items have been scanned, they will press the view recommendations button and will be taken to another interface which can be seen in Figure 13. 
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[bookmark: _Ref132801022][bookmark: _Toc132812017]Figure 12: Welcome page wireframe

The interface seen in of Figure 13 displays how the user will be shown the recommendations. To the left of the screen will be the items the users have scanned, allowing them to press the items which will change the display on the right. Each image carousel will display a different outfit where the selected item appears. The information about all other items in the outfit will be displayed below the carousel. The users can then select different images from the carousel which will then provide information about the different outfits. At the bottom of the screen, users will be able to rate the outfits out of 5 stars.
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[bookmark: _Ref132801045][bookmark: _Toc132812018]Figure 13: Recommendation page wireframe

[bookmark: _Toc132812075]Hardware design
The RFID reader will be connected to the Raspberry Pi by using a Solderless breadboard along with Male to Female breadboard jumper wires. The breadboard is used so that the wires do not need to be soldered to the RFID reader itself. The wires were connected from the RFID to the Raspberry by following the instructions provided by the seller of the RFID reader which can be seen in Figure 14.
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[bookmark: _Ref132801063][bookmark: _Toc132812019]Figure 14: Hardware design [92]


Displayed in Figure 15 is how the system would work in a real environment where the users will place their items in a basket and the RFID reader would read them to display on the system. This is not possible for this project due to the high cost of RFID readers that can read at a greater distance. By implementing a more cost-effective solution and using the RFID kit RC522 the system displayed in Figure 15 can be created by using the code with a more expensive RFID reader.
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[bookmark: _Ref132801079][bookmark: _Toc132812020]Figure 15: Real world design

[bookmark: _Ref132801451][bookmark: _Ref132801468][bookmark: _Toc132812076]User testing
Once the system is developed a cognitive walkthrough of the system will be completed before conducting user testing. This will be done by following the structure in Figure 9 to ensure that the system is useable and there are not any obvious issues that the users would face while testing [93].
The User Experience Questionnaire [94] will be used along with open-ended questions, this is because as found in the literature review the user experience is an important part of shopping in-store and using the in-store technology. The open-ended questions will allow the users to provide any improvements or any extra features that could be implemented in the future.

[bookmark: _Toc132812077]Implementation  
[bookmark: _Toc132812078]Creating the database
Since ASP.Net MVC was being used to create the application, a code-first approach was used to create the database. The data models were designed based on the ERD) which specified the content of each table and how they should relate to one another. An example of a data model used to create the Accessory table is shown in Figure 16.
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[bookmark: _Ref132801122][bookmark: _Toc132812021]Figure 16: Data models code
Since the database schema is generated from code, it is easy to move the application to a different database platform or even to a different operating system. By using this approach, it is easier to add or modify entities and fields, and the database schema will be automatically updated.

To create the database after all data models have been defined, the connection string must be set up that specifies the database server, database name, and authentication information. The next step was to use the Package Manager Console in visual studio to enable migration and then use Add-Migration to create the database. Once the Update-Database command is used in the Package Manager Console the database schema is then created. 

[bookmark: _Toc132812079]Displaying outfits
To be able to provide recommendations and complete any of the features described in Table 1. The program must be able to get data from the database and display it on the screen. A file called AppDbContext.cs was created to allow access to the tables created in the database by using the connection string defined earlier. To display data from all tables in one view, a ViewModel was created containing all tables in one model. Previously, only one table could be displayed on the view, but now it is possible to display data from multiple tables.

Now that it is possible to display data from all the tables, features 1-5 can be implemented. Two different pages can be displayed in this application, the home page and the recommendations page. On the home page, a search box is implemented where users must enter the IDs of the item of clothing separated by commas. As seen in Figure 17 The IDs are split into an array using the "," separator. These numbers are also included in the ViewModel allowing them to be used in the View.
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[bookmark: _Ref132801153][bookmark: _Toc132812022]Figure 17: Get items ID's code

On the recommendations page, the code creates a list called scannedList and adds each of the numbers in the array to the list. As seen in Figure 18 each item in each table of the database is checked to check if it matches the numbers entered by the user. If it does, then it is displayed as a scanned item.
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[bookmark: _Ref132801204][bookmark: _Toc132812023]Figure 18: Display scanned items code

To display the outfits for each item scanned, a clothingSet list is created and as seen in Figure 19 each ClothingSet in the database is checked and if any of the individual IDs match any items in the scannedList, the clothigSet id is added to the clothingSet list so that it can be displayed and all the other items in that clothing set can be accessed. 
The list is also made unique as multiple items may be in the same clothing set. 
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[bookmark: _Ref132801222][bookmark: _Toc132812024]Figure 19: Display outfits code

It is now possible to display the items entered by the user, the outfits and all the items in each outfit.

After displaying all the images on the page, it was discovered that the original design of the recommendation page seen in Figure 13 was not going to work as the images needed to be longer to display the entire outfit. Therefore, a new page design was created as seen in Figure 20 taking the image size into consideration.
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[bookmark: _Ref132801244][bookmark: _Toc132812025]Figure 20: Updated recommendation page wireframe
[bookmark: _Toc132812080]Implement scanning RFID tags
Before any usability features are to be created features 6-8 are to be added. To do this the Raspberry Pi must be set up and then connected to the RFID reader. 

Issues occurred while attempting to power on the Raspberry Pi. The device would not power on although the red light was on the green light was flickering. After conducting research into this issue, the documentation said there was an issue with the SD card. Therefore, a new SD card was purchased. After installing the operating system on the SD card, the issue persisted. Finally, it was discovered that the device was not receiving enough power due to being plugged into an extension lead. The device was moved to a different room and plugged directly into a wall socket, which solved the problem.

With the Raspberry Pi working the RFID reader should be wired up following the hardware design. Here another issue arose because although the wires did not need to be soldered, they could be plugged into the breadboard. The pins had to be soldered onto the RFID reader. This can be seen in Figure 21 where the pins were not soldered onto the RFID reader for it to work. Therefore, a soldering iron was purchased to solder the pins into the reader.
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[bookmark: _Ref132801253][bookmark: _Toc132812026]Figure 21: Unsoldered RFID reader pins

After soldering the pins, the RFID reader was successfully plugged into the breadboard, as shown in Figure 22. The Raspberry Pi was connected to the RFID reader using wires.
[image: ]
[bookmark: _Ref132801260][bookmark: _Toc132812027]Figure 22: Raspberry Pi and RFID reader wired

Once these hardware issues were overcome, it was time to write the code to read the RFID cards. it was found while writing the code that there was a library in Python called MFRC522 [95] which was created to work with the MFRC522 RFID module which was being used. Therefore, it was decided that the code to read and write the RFID cards was going to be in Python rather than c#. 

To ensure each RFID tag was related to a product in the database a Python script was written using the SimpleMFRC522 library to write data to an RFID tag. The data that was written was the IDs of each product in the database so that it could be used by the application to get the correct product from the database.


[bookmark: _Toc132812081]Connecting the reader to the Application

Whilst attempting to run the ASP.Net application on the Raspberry Pi an issue occurred. Although the application was running on the Raspberry Pi it could not access the database. After attempting to fix this problem by allowing access to the database server, removing firewalls and enabling TCP protocols it still could not access the database. It was decided that the application will not run on the Raspberry Pi but instead send a request to Raspberry Pi to and allowing the users to still use the RFID reader. This is done by using a JavaScript function displayed in Figure 23 that is triggered when a button is clicked. The function sends a jQuery POST request to the Flask server which is running on a Raspberry Pi see Figure 23 at IP address 192.168.1.55 and waits for a response. When the response is received, it uses the scanned RFID code from the response, adds it to the "numbers" text box on the page, increments the tag count, and updates the tag count display.
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[bookmark: _Ref132801276][bookmark: _Toc132812028]Figure 23: Request ID from Raspberry Pi code

Figure 24 displays the Python script that is run on the Raspberry Pi. A Flask application is created and sets the CORS (Cross-Origin Resource Sharing) policy to allow for cross-domain requests. It also creates an instance of the SimpleMFRC522 class to interface with the RFID reader. To ensure that only one tag is being processed at a time a global variable “processing” is used as this caused issues when pressing scan new item but not scanning an item and viewing recommendations. Therefore, if “processing” is True, the function returns the string '1'. Otherwise, it reads the ID and text data from the RFID tag using the reader.read() method. The id and text of the RFID tag are then returned in JSON format.
The last two lines are to allow the Flask application to listen on all available network interfaces.
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[bookmark: _Ref132801294][bookmark: _Toc132812029]Figure 24: Raspberry Pi python code

[bookmark: _Toc132812082]The final product
All features from 1-16 were added. Figure 25 shows the recommendation page. On this page, the users can see the items they have scanned along with recommended outfits. The users can press on each item to see more information. They also have the option to rate the outfit.
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[bookmark: _Ref132801301][bookmark: _Toc132812030]Figure 25: Completed recommendation page

[bookmark: _Toc132812083]Features not implemented
There was not enough time to implement all the features. Features 17 and 18 were not implemented as they were lower on the list and were stated as “could have” in terms of MoSCoW analysis as they were not crucial but could have been implemented. This is why a feature driven development and MoSCoW analysis were used because not all features made it but the most important features that were key to ensuring the system reached its aims were implemented. The ratings and amount selected could have influenced the position but were not that important because as the literature review showed fashion is subjective therefore an outfit one person doesn’t like doesn’t mean another won’t like it. Therefore, it is not a priority to add this feature. Although the rating system will provide an understanding to people who create the outfits an idea of what is liked by their customers. The implementation of incrementing the amount selected was not completed as this would not have affected the system it would have only provided information to the company on how well-liked some items of clothing are.

[bookmark: _Toc132812084]Evaluation 
[bookmark: _Toc132812085]User test questionnaire results
To evaluate the success of the final product the first step is to evaluate the user testing. As stated in Section 5.5 participants would be able to use the system as they please and then they would be given a paper questionnaire to help provide feedback. The questionnaire was the User Experience Questionnaire (UEQ) [94] along with extra open-ended questions. There were 22 participants in the user testing and questionnaire.

[bookmark: _Toc132812086]User Experience Questionnaire results
The UEQ consists of six different factors, each measured using a separate scale based on 26 questions [96]. The range of the scales is between -3 which is bad and +3 which is good. The six factors are:
· Attractiveness: This scale measures the visual appeal and aesthetic quality of the system.
· Perspicuity: This scale measures how easy it is for users to understand and navigate the system.
· Efficiency: This scale measures how efficiently users can accomplish their goals using the system.
· Dependability: This scale measures how reliable and trustworthy the system is.
· Stimulation: This scale measures how engaging and stimulating the system is.
· Novelty: This scale measures how innovative and unique the system is.
Figure 26 displays the mean and variance for the UEQ scales based on the answers from the 22 participants. 
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[bookmark: _Ref132801333][bookmark: _Toc132812031]Figure 26: UEQ results table

[bookmark: _Toc132812087]Attractiveness:
The mean score of 1.455 suggests that the system received relatively positive ratings, although there is room for improvement in terms of the system's design and user interface. This could affect user engagement with the system.

[bookmark: _Toc132812088]Perspicuity
A mean score of 1.864 indicates that the participants found the system too easy to use and understand. Therefore, it is not likely that the system is not intimidating to users.

[bookmark: _Toc132812089]Efficiency
The mean score of 1.830 displays that the participants found the system to be efficient. This is important as it suggests that users will not lose interest in the system. 

[bookmark: _Toc132812090]Dependability
A mean score of 1.750 suggests that the participants found the system to be dependable. Therefore, they are likely to use the system in-store as they know what to expect from the system.

[bookmark: _Toc132812091]Stimulation
A mean score of 1.534 indicates that the participants found the system somewhat stimulating, but there is room for improvement in terms of providing more engaging and exciting features.

[bookmark: _Toc132812092]Novelty
A mean score of 1.602 suggests that the participants found the system novel or innovative. This shows that the system is something new and that they may not have seen something similar before. 

[bookmark: _Toc132812093]Overall
The fairly low variance of 0.48 for Attractiveness, 0.50 for Perspicuity and 0.44 for Stimulation suggest that the participants had fairly consistent opinions about these factors. While the low variance of 0.19 for novelty and 0.26 for dependability suggests that the participants had consistent opinions on these factors. However, the relatively high variance of 0.62 for efficiency suggests that some participants found the system more efficient than others.


As seen in Figure 27 all the mean scores were positive and the variance on most was low, meaning overall the system was well received by the users. 
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[bookmark: _Ref132801340][bookmark: _Toc132812032]Figure 27: UEQ results graph

[bookmark: _Toc132812094]Open-ended question results
The open-ended questions were asked because by using the UEQ it is possible to take an educated guess of what areas need improvement [96] by evaluating the results. It is easier and allows for more accurate responses by allowing users to express their thoughts and opinions in their own words. This can also help identify more specific issues or problems that users may have encountered while testing, allowing for more informed decision-making in future design iterations. The following open-ended questions were asked:
· Would you use the system if it were in a clothing shop? Please explain why.
· What features would you like see added? (optional) 
· Any other comments? (optional)

When asked if they would use the system in a clothing store. 18 of the 22 participants said they would use the system. The most common reason for why they would use the system with 11 participants saying that they would enjoy using in-store technology. 7 of the participants noted that the extra help with finding recommendations would be helpful. 4 of the participants mentioned it would make them want to visit the store. A single user mentioned that seeing the recommended items would entice them to purchase more. All of these results relate to the results found in the literature review.

The 4 participants that said they would not use the system all provided the same reason. That reason is they do not feel like they need clothing recommendations. This suggests that it is not the system itself that doesn’t appeal to them.

The most popular features that were suggested were to be able to scan multiple items at once, this was suggested by 5 participants. 5 other users would like to see information about the items they have scanned as they have scanned them. A suggestion made by 2 users was to display more images for each outfit. 1 user would like the ability to view recommendations for the items in the recommended outfits. Another user suggested displaying the tutorial video on the screen automatically.

The users had room to write any extra comments as can be seen by the questions asked. 3 users mentioned that a more vibrant colour scheme would make the system more appealing. 1 user suggested that the home screen should be more provide more information about what the system does.

[bookmark: _Toc132812095]Aims and objectives
The expected outcome of the project was met because a system was created that provides recommendations in line with the feedback from potential users. It is suggested that the system will be accepted and used in an in-store environment. 
A literature review was conducted and provided useful information concerning the shopping habits of clothing store customers as well as how in-store technology is used.
To understand what technology is used in-store and how customers use them, in-store technologies were investigated by both a literature review and by visiting stores that use these types of technology. 
A system that would meet the aim was designed by using the knowledge gained through the research of the technologies. A system that allows customers to gain recommendations for clothing items was developed to be used in-store.
The system was then tested by potential users and given a questionnaire to provide feedback, which was then analysed to ensure the aim was met.

[bookmark: _Toc132812096]Conclusion and Recommendations 
In conclusion, the project aimed to design and develop a system that encourages customers of fashion retailers to shop in-store by providing fashion recommendations. The objectives of the project were to explore the literature on in-store systems and devices available to customers in the fashion industry, research and investigate suitable technology, design and develop a system, test the product with relevant users and analyze the results.

The literature review provided valuable information to understand what influences the choice of clothing such as seeing the model wear the items of clothing, therefore this was taken into consideration for the design of the system. This research also showed that user experience is key to encouraging customers to shop in-store. This review of the literature also provides an understanding of what in-store technologies are available and how they are used. Also, the possible future of in-store technologies was found. By reviewing the literature and visiting in-store technology it provided an answer to whether barcode scanners or RFID readers would be used. The RFID readers had more benefits and were more popular with the newer in-store technologies.

Providing a development methodology ensured that the appropriate research was going to be done before starting the project. It also helped gain an understanding of what resources would be required along with the deliverables for the project including the feature list.

The design of the system was influenced by the results found in the literature review and the research done by visiting stores with in-store technology. By visiting the stores, it was clear that the user interface design could not be too cluttered and the items that the user could interact with should be obvious and big enough to press without difficulty. By designing all aspects from the database to the hardware it provided a much easier implementation.

The implementation of the product followed the design and the feature list to ensure the system included the most important features. There were issues while developing the system although these were overcome by allowing flexibility to the initial design. The final system that was developed allowed users to scan items of clothing using an RFID reader and recommended outfits for those items were provided.

After evaluating the results from the user testing it was clear that the system would be a useful addition to a clothing store as a form of in-store technology and met the expectations of the users. The results did show that there could be an improvement in the look of the application and the addition of some features. 

[bookmark: _Toc132812097]Suggestions for further work
As this project had a timescale there were features that did not make it to the final product and features that could be added in the future. 
One change that could be made is to allow the users to scan the RFID tags automatically without needing the user to press scan new item as this is one of the benefits of RFID readers is that they can scan multiple tags at once. Also, this was suggested by participants of the testing as a feature to implement. This was also present in the self-checkouts of the visited stores.
Another feature that was suggested by participants of the testing was to add more images for each outfit. This suggestion is also backed up by the literature review as it states that seeing the clothing styled in an outfit influences the opinion on clothing items. 
The outfits provided could be chosen by influencers that the company pay as it found while reviewing the literature that influencers have a big impact on fashion. The customers could choose the influencer they like to see their clothing recommendation.
The rating feature of the outfits allows for future implementation of AI which could affect the order the outfits are displayed or even change items in the outfits themselves. The literature review found that many forms of AI could be implemented into in-store technologies in the future. Another AI that could be implemented into the system could be AR to display the outfits on the person.
This system could be implemented in changing rooms as it was found that there are such technologies already in use. The items could be scanned as the customer walks into the changing rooms and see their recommendations on the screen.


[bookmark: _Toc132812098]Reflection
If the project was to be done again, more research into the technology used such as the programming languages and the hardware. The research conducted on the project was successful as it provided valuable information about what the system will do. Therefore, this highlights the importance of conducting secondary and primary research to understand what is required from the project. Although to avoid or minimize facing issues such as the soldering of the RFID reader and power supply requirements of the Raspberry Pi, more research should be done before starting. This has now provided the knowledge and skills to work with other hardware systems in the future. 

Many new skills were gained during the project. For example, the ability to program in C# using the .Net framework is a valuable skill for the future that was gained during this project as this was the first time I had used the language and framework. Also, this project was the first time I had used a Raspberry Pi and now have the skills to create many different projects by using all of the skills gained during this project and I enjoyed challenging myself to learn the new technologies.

Although the project was a success, more features and complex recommendation algorithms utilizing AI could have been implemented if more time was available. If the issues faced were taken into consideration before starting the project more features could have been implemented. To improve while developing future projects more thorough research into the hardware and software available will be conducted. This was one of the major setbacks in terms of loss of time. If more research was conducted issues such as the issue with powering the Raspberry PI would not have happened. If the documentation had been read more carefully this could have been avoided or the issue could have been resolved quicker. This is also true regarding the need to solder the pins to the RFID reader it is important not to make assumptions.

This project taught me the importance of planning and time management. I had to plan and organize my work, set realistic deadlines, and manage my time efficiently to ensure that I met the project objectives and completed the tasks on schedule. Allocating time every week to completing the project allowed for steady progress towards completing the project on time. This was especially clear while developing the system as the FDD allowed me to break the tasks into smaller manageable tasks and provided a structure to ensure the system will be usable.

This project allowed me to combine many of the modules completed through university such as Databases Application Development	 that provided me with an understanding on how the database should be structured and created. Both Software Engineering Principles and Testing and Advanced Software Development gave me the ability to ensure the code was written effectively and tested to ensure it works as intended. To provide an understanding of possible future AI implementation and uses the Artificial Intelligence & Machine Learning module was useful to give an understanding of the possibilities.
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