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Food waste is a major global issue for sustainability. This study aims to implement a mobile

application by integrating smart barcodes to support consumers in reducing household food

waste. Hence, this study is a case study to gain insights into household food waste and

determine consumers’ willingness to reduce it. Interviews with food waste experts and

consumers were conducted to gather qualitative data. The proposed mobile application

was implemented as a prototype using the User-Centered Design approach, and it enables

users to scan smart barcodes of food items, track food expiry dates and changes, and

share surplus food information using generated smart barcodes. The mobile application

was evaluated by conducting usability testing. The interview findings revealed valuable

insights into consumer food waste and consumer preferences for using smart barcodes and

mobile apps to reduce household food waste. Usability testing results show that app is

easy to learn and has gained an acceptable level of user satisfaction. These findings show

that smart barcodes have the potential to reduce consumer food waste in the household by

increasing consumer awareness, facilitating the sharing of surplus food information, and

simplifying the tracking of expiry dates through the usage of a mobile application.
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1

Introduction

Consumer food waste has been an essential topic since society’s attention to food waste

has been increasing. In the European Union (EU), the food waste of an inhabitant was

estimated at approximately 127 kg in 2020, and 55% of food waste was generated by

households (14) which means consumers are responsible for a high percentage of food

waste in the EU. On the other hand, a large amount of food waste negatively impacts

the environment and has social effects (68). These negative impacts highlight the need

to focus more on reducing consumer food waste. Moreover, United Nations Food and

Agriculture Organization (FAO) intends to reduce food waste and loss by half by 2030, as

the Sustainability Development Goal (SGD) 12.3 (13).

Since the interest in reducing consumer food waste has grown, academic studies focused

on identifying the reasons for consumer food waste behaviors and testing involvements to

minimize food waste through behavioral changes (65, 71). Insufficient planning of grocery

shopping, poor communication between household members (39), over-purchasing of food

(23), inadequate consumer awareness (48) etc. are some factors that lead for consumer food

waste. However, predicting both individual and crowd behavioral patterns of the consumers

is difficult since they do not act as an organization (55). Consumers are encouraged to

change their behaviors to prevent food waste through education and awareness campaigns

(12).

Mobile applications were considered encouraging tools for ensuring sustainable food con-

sumption through consumer behavioral changes (39). Also, the potential use of modern

technology, such as mobile phone applications, is helpful for better understanding global

food security. The MySusCoF app, which aims to increase awareness of sustainable food

consumption, is an example of a mobile application. (39). However, the need to input
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1.1 Background

data manually is a limitation of some mobile applications that could reduce the users’ per-

severance in using the application. Using barcodes and QR codes is an applicable method

to automate the data entry process. Barcodes consist of symbols that can be scanned

electronically using image-based technology or laser, and QR codes contain many indi-

vidual small dots which can store alphanumeric data. Smart barcodes allow consumers

to search product information online rather than just physical retail checkout. Previous

studies suggested using barcodes and QR codes to reduce food waste. The study (73) pro-

posed a smartphone application that integrates a barcode scanning feature that displays

dynamic prices according to the expiration dates to reduce food waste. The prototype app

called FoodChattAR used an Augmented Reality (AR) based approach using QR codes

to recognize food items (75). However, compared to the food supply chain and food dis-

tribution, the usage of barcodes and QR codes to reduce consumer food waste is scarce.

Several companies provide barcodes for businesses, and a worldwide non-profit organiza-

tion called GS1 creates and upholds its barcode standards. The GS1 digital link standard

increases the authority and adaptability of GS1 identifiers by integrating them into the

web (5). This digital link standard is applicable to the food industry. Moreover, GS1

standards have several advantages in distinctly identifying, precisely capturing, and shar-

ing important information automatically about the products (10). Consumers can obtain

information about food items by scanning the smart barcodes through their smartphones

during food purchasing routines. Therefore, this approach can be applied to make more

consumers aware of the environmental impact of food and reduce food waste which can

lead to a behavioral change for consumers. This study aims to implement a mobile ap-

plication that integrates smart barcodes to support consumers in reducing household food

waste. Hence, this study has been conducted as a case study to explore what consumers do

concerning household food waste to identify their willingness to reduce it. Moreover, this

study is a collaborative approach with a partnership with Aalborg University in Copen-

hagen, Denmark, The University of Copenhagen, Denmark, and the GS1 organization in

Denmark.

1.1 Background

Consumer behavior towards sustainable food consumption is critical in reducing house-

hold food waste. It is possible to observe different behaviors, from purchasing food to

dining. The study (46) shows that food waste modestly reduces with a higher shopping

frequency in some places. Hence, purchasing slightly imperfect food could be beneficial

2



1.1 Background

to reduce food waste in the upper tiers of the food supply chain (65).On the other hand,

consumers’ shopping routines influenced by moral attitudes about food waste are identi-

fied as significant predictors of food waste (69). Roodhuyzen et al. developed a framework

connecting personal, behavioral, product, social, and other factors along the household

food chain (62). The study (59) represents a framework called “The Household Wasteful

Behavior” to explain the behavior related to household food waste. Besides identifying the

factors leading to food waste, it also addressed routines and practices. Therefore, these

studies highlight that behavioral changes of consumers can lead to reducing household food

waste.

Technology-enabled behavior change is increasingly recognized as a crucial strategy for

reducing food waste (65). In mobile applications, there are two categories designed to

reduce food waste: household food management apps and food redistribution apps (40).

Household food management apps support consumers by assisting consumers with pur-

chasing, inventory control, and recipe management(39). Food redistribution apps aim to

redistribute food through community sharing, sales to purchase, and donations before it

goes to waste (53). Gamification was integrated into mobile apps to target consumers’

behavioral changes and reduce food waste. A gamified mobile application was developed

in Malaysia to reduce food waste by food sharing (72). Data-driven approaches, Machine

Learning, and Internet of Things (IoT) based approaches are other common ways of ap-

plying information technology to mitigate food waste. The study (18) conducted a cluster

analysis to identify behavioral patterns related to food waste. Cappelletti et al. proposed

an approach consisting of a web application and a smart fridge to monitor food stocks

and the relative expiry dates to reduce the average quantity of avoidable food waste (27).

However, the manual check-in process has been identified as a major limitation of this

system to engage users. Therefore, an automated way of entering details of the food will

be a benefit to engaging more users in the technological applications to reduce food waste.

Barcode-based approaches have been used in expiration date tracking, food sharing, and

recognition of food to limit food waste. GS1 organization provides supply chain standards

to ensure key processes are running smoothly in the industries of retail, healthcare, trans-

port, and logistics (11). Hence, GS1 standards are helpful in establishing clear communi-

cation in the complex food industry to improve product information and traceability (6).

When considering GS1 barcodes, the GS1 Application Identifier (AI), Global Trade Item

Number (GTIN), is used in-store food products to identify the product. Batch Number, se-

rial number, production date, and expiration date/best-before date can be identified as the

other main application identifiers related to food items (4). To implement GS1 barcodes,
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1.2 Objectives

a GS1 company prefix should be obtained, and several other steps should be followed,

including selecting a barcode printing method (1). In that case, GS1 standards are applied

to implement barcodes. However, it is also possible to generate individual barcodes using

an online generator and download them in different formats (2). Professionally, barcodes

can be generated using barcode software by collecting data via an external program, and

the print quality is defined in the ISO/IEC 15416 standard (2).

Moreover, barcodes can be classified as Linear and Two Dimensional (2D). Linear bar-

codes consist of a sequence of parallel lines and spaces, while 2D barcodes use a grid of

dots, squares, or another geometric pattern to store information. Laser or optical scanners

are required to scan linear barcodes. However, 2D barcodes can be scanned with a smart-

phone camera. The benefit of 2D barcodes is a 2D barcode can store a substantial amount

of data and be printed in small sizes or etched onto a product (8). Figure 1.1 shows a

comparison of Linear and 2D barcodes in terms of GS1 organization (7).

Figure 1.1: GS1 Linear barcodes compared to 2D barcodes (7)

A QR Code is a popular type of 2D barcode. Manufacturers can embed the consumer

details related to food products, such as expiry date, best before date, etc., with other

useful information, such as the environmental impact of the product and sustainability of

the manufacturing process. Hence, retailers can embed the dynamic pricing for the food

products in QR codes based on the expiry or best-before dates. Through that, consumer

awareness about food waste and the environmental impact of food consumption can be

increased.

1.2 Objectives

The objective of this study is twofold: First, this study provides insights into what

consumers do concerning household food waste to identify their willingness to reduce it.

Secondly, to design and develop a mobile application by integrating smart barcodes to
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1.3 Research Methodology

support consumers in reducing household food waste. This study aims to answer the main

research question (RQ): How can smart barcodes support consumers in reducing household

food waste?

This RQ was divided into the following sub-research questions:

• Sub-RQ1: How are consumer behaviors related to household food waste categorized

in the literature?

Understanding consumer behaviors is essential to reduce consumer food waste in the

household. This sub-research question aims to identify how consumer behaviors that

affect household food waste based on the literature.

• Sub-RQ2: What are the tasks that barcodes and QR codes facilitate to reduce food

waste?

QR codes are a popular type of smart barcode due to their widespread usage, and

barcodes are widely used in the food industry. This sub-research question tries to

gain insights into how barcode and QR code-based applications support reducing

food waste.

• Sub-RQ3: How to implement barcodes and QR codes to trace food information?

Food information should be traced in barcodes and QR codes to obtain them to use

for mitigating food waste using barcodes and QR codes. Therefore, this sub-research

question aims to discover methods of implementing barcodes and QR codes to trace

and manage food information.

• Sub-RQ4: How to evaluate the mobile applications implemented to reduce food

waste?

A mobile application is proposed in this study to support consumers in reducing

household food waste. Therefore, it is essential to identify the methods of evaluating

mobile applications implemented to reduce food waste to ensure the quality of apps.

1.3 Research Methodology

The design science methodology consisting of several sequential steps was proposed to

fulfill the aim of this study. It is a methodology that focuses on designing and developing

artifacts and incorporates an investigation of the utilization of the artifacts to describe a

5



1.3 Research Methodology

practical issue. (41). The design science methodology was applied in this study since it

focuses on solving practical problems and emphasizes creating artifacts such as prototypes.

Figure 1.2 shows the steps of the proposed methodology.

Figure 1.2: Proposed research methodology

In the first stage, the household’s consumer food waste problem was identified. This

stage involved initial discussions with the research group of the University of Copenhagen,

Denmark, associated with the SESAM program and the discussions with the GS1 organi-

zation in Denmark, as well as a literature study. In the next stage, expert and consumer

interviews were conducted to gain insights into consumer food waste in the household.

Also, it was expected to get the consumers’ and food waste experts’ opinions and per-

spectives about using smart barcodes and mobile applications to reduce household food

waste. Two food waste experts working in the domain of food system transformation at

the University of Copenhagen, Denmark, and five consumers staying in several European

countries were interviewed. Hence, the purposive sampling method was applied to select

the consumer participants. Once the results of the interviews were observed, the findings

were analyzed by using a coding frame and content analysis. As the next step, product QR

codes were generated as smart barcodes for demonstration purposes of several food items,

and a mobile application that integrates smart barcodes was implemented. The food items

most likely to be wasted in the household were selected based on the interview data, and

the QR codes containing food information were generated for those items. Since the QR

codes were generated for demonstration purposes of food items, an online generator was

used to generate them without any involvement of commercial smart barcodes.

The proposed mobile application to support consumers in reducing household food waste

was implemented as a prototype. Moreover, the User-Centered Design (UCD) approach

was used to build the app. The mobile app provides features for getting food information
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1.4 Delimitation

by scanning product QR codes, saving food information of scanned products, tracking food

expiry dates and changes, and sharing surplus food details by generating custom QR codes.

These features aim to support consumers in reducing household food waste. Next, usability

testing for the mobile application was conducted among 14 participants to evaluate the

application by defining a usability goal. The participants of the testing were selected using

the purposive sampling method. In addition to several quantitative metrics, user feedback

was obtained during the testing in qualitative aspects. Finally, the usability testing results

were analyzed based on the defined metrics.

1.4 Delimitation

This work focuses mainly on using smart barcodes to support consumers in mitigating

household food waste. The smart barcodes were generated exclusively for demonstration

purposes without any involvement of commercial products and commercial smart barcodes.

In addition, the proposed mobile application was built as a prototype and has been tested

among a limited number of participants.

1.5 Structure of the study

This study is organized into the following chapters.

Chapter 1: Introduction

This chapter presents an introduction to our study, background information, objec-

tives, research questions, and the research methodology.

Chapter 2: Related Works

This chapter elaborates on the previous studies related to household consumer food

waste, the applications of barcodes and QR code-based techniques, and the usage of

mobile apps to reduce household food waste.

Chapter 3: Interviews and Analysis

Chapter 3 explains conducting interviews with food waste experts and consumers in

detail. Additionally, the analysis of the interviews and findings are described.

Chapter 4: Requirements Specification and Analysis

7



1.5 Structure of the study

This chapter provides a detailed specification and analysis of the requirements for

developing the proposed mobile application in this study.

Chapter 5: Development of Mobile Application

In this chapter, the development approach of the mobile application is explained in

detail.

Chapter 6: Usability Testing of Mobile Application

This chapter explains evaluating the proposed mobile application by conducting us-

ability testing. The results of the testing are analyzed and explained in detail.

Chapter 6: Discussion

This chapter focuses on the analysis of the findings and implications of the study.

Chapter 6: Conclusion

This chapter presents the outcomes and limitations of the study and future works.
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2

Related Works

A review of the literature was used to elaborate on the current state of the art for this

study. The main emphasis of this section is to collect a set of studies related to consumer

food waste and the usage of barcodes and QR code-based techniques, and mobile apps in

reducing food waste. The investigation of the literature was conducted based on the main

research question of this study: Main RQ: How can smart barcodes support consumers in

reducing household food waste? The main research question was divided into four sub-

research questions as in table 2.1 and the exploration of previous works was carried out

based on those sub-research questions.

Table 2.1: Sub-research questions and motivation

Sub Research Question Motivation
Sub-RQ1: How are consumer behaviors re-
lated to household food waste categorized
in the literature?

Identify how consumer behaviors affect
household food waste.

Sub-RQ2: What are the tasks that bar-
codes and QR codes facilitate to reduce
food waste?

Provide insights into how barcode and
QR code-based applications reduce food
waste.

Sub-RQ3: How to implement barcodes
and QR codes to trace food information?

Discover the methods of implementing
barcodes and QR codes to trace and man-
age food information.

Sub-RQ4: How to evaluate the mobile
applications implemented to reduce food
waste?

Identify the methods of evaluating mobile
applications that are designed to reduce
food waste.

The following keywords were used to define the search of related articles: “food waste,”

“food loss,” “QR code,” “barcode,” “app,” “application,” “behavior,” and “behavioral.” Those

keywords were applied to the title, abstract, and keywords to continue the search. In the

9



development phase, the search was carried out manually and in the scientific databases

Web of Science (WoS), Scopus, IEEE Xplore, and Association for Computing Machinery

(ACM) using the search strings in Table 2.2. The searched articles and papers through the

mentioned databases were screened based on fulfilling the criteria in table 2.3. A total of

43 studies were selected that met the defined inclusion criteria.

Table 2.2: Search string for the databases

Search Query
(“food waste” OR “food loss”) AND (“QR code” OR “bar-
code” OR “app” OR "application") AND (“behavioral” OR
"behavior")
(“food waste” OR “food loss”) AND (“QR code” OR “bar-
code”)

Table 2.3: Inclusion and Exclusion criteria

Include Exclude
Article to be found, accessed Article not available
Article in English Article not in English
Full article available Only abstract or poster paper

available
Articles published after 2016

The obtained articles were analyzed using a taxonomy composed of three categories

related to reducing food waste based on the previously defined sub-research questions:

Consumer behaviors (Sub-RQ1), Barcode and QR code-based techniques (Sub-RQ2 and

Sub-RQ3), and Evaluating mobile applications (Sub-RQ4). Table 2.4 shows the observed

articles under the taxonomy. It is observed that a limited number of studies have been

conducted about applying barcode and QR code-based techniques to reduce food waste.

Consumer behaviors affecting food waste comprise several behavioral categories studied in

the research articles (Table 2.5).

Some studies were based on consumer surveys and interviews to analyze consumer behav-

ior. Those surveys and interviews were conducted with the participants of the European

Union (EU), Japan, Malaysia, the United Arab Emirates (UAE), and the United States of

America (USA). In several studies, behavioral models were applied to reduce food waste.

For example, the study (38) applied an extended theory of planned behavior, and a mobile
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Table 2.4: Taxonomy of articles

Taxonomy References Quantity
Consumer behaviors (Sub-
RQ1)

(15, 16, 17, 18, 20, 21, 25, 27, 33, 35,
36, 37, 39, 42, 43, 45, 47, 50, 51, 54,
56, 57, 60, 63, 66, 67, 68, 70, 72, 73,
74, 75, 76, 77, 78)

35

Barcode and QR code-based
techniques (Sub-RQ2 and
Sub-RQ3)

(20, 30, 31, 44, 49, 52, 61, 64, 72, 73,
75, 76, 77)

13

Evaluating mobile applica-
tions (Sub-RQ4)

(15, 21, 27, 30, 31, 34, 39, 42, 43, 44,
49, 50, 51, 56, 57, 60, 64, 72, 73, 74,
75, 76, 77)

23

application was developed to reduce household food waste using Fogg Behavioral Model

(FBM) in the study (15).

Table 2.5: Behavioral categories of consumers

Behavioral category References Quantity
Food consumption (15, 16, 17, 18, 21, 25, 27, 33, 35, 36,

37, 39, 42, 43, 45, 47, 49, 50, 51, 54,
57, 60, 75, 76, 77, 78)

22

Food purchasing (35, 49, 56, 68, 70, 73, 77) 7
Food ordering, delivery and
sharing

(17, 20, 63, 64, 66, 67, 72) 8

Consumer awareness (18, 21, 49, 50, 56, 70, 74) 6

From a consumer behavior perspective, most studies were conducted on consumption

behavior. The study (22) highlights that identifying behavioral consumption profiles is

a point to start when trying to implement public policy and communication initiatives

that benefit consumer behavior. The studies addressing food purchasing behavior high-

light the impact of routine shopping plans, over-purchasing, etc., on consumer household

food waste. Food shopping purchases, as well as location and frequency of food shopping,

impact the decrement of domestic food waste (35). Some studies paid attention to the food

waste caused by food delivery and used food sharing to reduce food waste. The study (66)

addressed the impact of online food delivery on food waste. A reconfiguration of queue-

ing practices for food-sharing events was studied in (20) by partnering with FoodSharing

Copenhagen (FS-CPH), a food-sharing community based in Copenhagen, Denmark.

11



Consumers’ awareness of food waste is essential for reducing food waste. Several stud-

ies addressed consumer awareness and the points that impact consumer awareness. The

study (18) identified that mainly young people have a positive approach toward food waste

reduction through a cluster analysis done using research conducted in the Apulia region,

Italy. The study (56) mentions that around 50 different non-regulated date labels are used

in the USA, and this date labeling confusion impacts food waste.

Different applications of using barcodes and QR codes to reduce food waste were iden-

tified in several studies (Table 2.6). However, the number of articles that addressed this

domain could be more significant. The study (76) mentions that a multifield barcode (ex.,

GS1 DataBar) is the easiest option to record the Date by Use at the Point of Sale (POS)

because it does not need any additional hardware than a standard barcode reader at POS.

Awareness about the important dates of food items play a key role in reducing food waste.

A dynamic price presentation approach based on expiration dates is developed in the study

(73). It contains a function of scanning the product’s barcode using a smartphone to receive

the expiration date.

Table 2.6: Applications of using barcodes and QR codes for food waste reduction

Application References Quantity
Food recognition (61, 75, 77) 3
Food sharing (20, 72) 2
Track food expiry dates (30, 49, 52, 64, 73, 76) 6
Food supply chain man-
agement

(31, 44) 2

A cloud-based expiration date tracking system that uses QR codes to access the pur-

chased item lists and track the expiration dates were developed in the study (49). In

that study, an approach was developed to track expiry dates by scanning a QR code in

the purchase receipt. Through that, a customer can receive expiry date reminders and

notifications to the smartphone. However, that approach depends on the retailer since the

store prints the receipt. Moreover, a barcode for the expiry date and the product barcode

were implemented there to retrieve the expiry date by scanning the barcode in the store.

At that point, using a QR code, a type of smart barcode, is beneficial to include more

food information, and a consumer can quickly scan it within a store or at home with a

smartphone. In the study (52), QR codes were used to communicate the shelf life of fluid

milk, and the data of that study suggests that using QR codes is beneficial to reduce food

waste by including shelf life and dynamic pricing strategies. The outcome of that study is
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a motivation to implement a mobile application that integrates smart barcodes to support

consumers in mitigating household food waste.

In the study (72), a mobile application was developed to collect food waste from house-

holds and restaurants and send it to the farms for treatment using black soldier fly. QR

codes were applied in that approach to verify the collection of wasted food. However,

the QR code-based approach is focused on the decomposition of food waste rather than

reducing household food waste.

Table 2.7: Technologies integrated into mobile applications

Technology References Quantity
Mobile applications (15, 21, 34, 39, 42, 49, 50, 51, 56, 57,

60, 64, 72, 73, 75, 76)
17

Mobile application with gam-
ification

(34, 72) 2

Mobile application with Aug-
mented Reality (AR)

(75) 1

Mobile application with Inter-
net of Things (IoT)

(21, 27, 50, 64, 74) 5

The reported literature shows that developing mobile applications has been a popular

solution for reducing food waste. Table 2.7 shows the studies that worked or analyzed

different approaches and technologies integrated with mobile applications to reduce food

waste. A combined approach of barcodes or QR codes with mobile applications to reduce

food waste was used in the studies (49, 64, 73, 75). The studies (15, 27, 34, 39, 49, 50,

51, 57, 72, 75, 76) conducted usability testing for the evaluation purposes of the proposed

mobile applications. In the study (75), QR codes were implemented to recognize food

items with a mobile application. That mobile app was evaluated in a qualitative manner by

scheduling face-to-face evaluation appointments. However, the primary focus of that study

was to understand human-food interaction, and using the proposed approach to reduce food

waste is suggested as another applicable area. The proposed mobile application in the study

(72) added gamification techniques based on a reward system. That feature was identified

as a positive fact to engage the users through the users’ feedback. The study (39) describes

the process of different usability evaluations to analyze the consumer’s engagement with

the mobile application based on the proposed MySusCof app. Due to the limitations of

accessing the use-by dates of the food items, the expiration dates were manually entered

into the system during the system testing in the study (76). Though the studies (49, 64)
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focused on reducing household food waste by proposing mobile applications implemented

with barcodes, the usability evaluation of those applications needs to be described in

detail. Therefore, there has been a limited focus on evaluating the mobile applications

that integrate barcodes and QR codes in previous studies.
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3

Interviews and Analysis

This chapter explains conducting interviews with food waste experts and consumers and

analyzing them in detail. The problem of consumer food waste in the household was

identified through a case study approach involving discussions with the research group

at the University of Copenhagen, Denmark, associated with the SESAM program (29)

and GS1 organization in Denmark. The concept of applying smart barcodes to mitigate

household food waste emerged through the discussions. Also, the need for the contribution

of consumers to reduce food waste was discussed. A living lab format created around

"Læringshuset" school in Denmark was linked with the SESAM program, and the potential

of using cutting-edge technological solutions through co-creation to reduce food waste was

studied in the living lab-based environment (29). Some pupils who participated in the

qualitative data collection of the living lab mentioned that using 2D barcodes with a

mobile app is an approach to easily gain knowledge about important dates and proper

storage to avoid food waste(29). Hence, the potential of implementing smart barcodes to

reduce consumer food waste, technical aspects of smart barcodes, and the usage of GS1

standards were highlighted during the discussions with the GS1 organization in Denmark.

After the discussions mentioned above, along with the literature study, it was decided

to conduct semi-structured interviews with food waste experts and several consumers to

get insights into what consumers do concerning household food waste to identify their

willingness to reduce household food waste. Also, it was expected to obtain the opinions

of food waste experts and consumers about using smart barcodes in food products and

the usage of mobile apps to reduce household food waste. Though several qualitative data

were collected by the research group associated with the SESAM program, those data could

not be used in this study due to ethical concerns. Also, some data were collected from a

group of school children in the Danish language, which posed additional challenges. In this
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3.1 Expert and Consumer Interviews

study, a total number of seven interviews were conducted, including two food waste experts

and five consumers staying in several European countries, where all the participants were

adults. The selected food waste experts are working as scientific researchers in the field of

food system transformation at the University of Copenhagen, Denmark, and they are also

members of the research group associated with the SESAM program.

3.1 Expert and Consumer Interviews

The interview is a main research tool used in qualitative methods (28). Both expert and

consumer interviews were conducted remotely in English. Combining expert interviews

from food waste specialists and consumer interviews aimed to provide in-depth qualitative

information about consumer food waste in the household and cross-verify the interview

data. The purposive sampling technique was applied to select a specific group of consumer

participants with firsthand knowledge and experience with food waste for the interviews.

Purposive sampling is utilized to precisely match the sample to the objectives and goals of

the research, enhancing the study’s rigor and the trustworthiness of the data and findings

(26). Moreover, the ability to communicate in English was considered as a parameter

when selecting the interview participants since the interviews were conducted in English.

The remote interview method was used since participants were located in geographically

different locations, and the age group and the gender of each participant were recorded as

demographic data. Hence, the interviews were conducted by anonymizing the participants’

identities. Figure 3.1 shows the age and gender distribution of the interviewees. 57% of

the interview participants were under the age group of 18-30 years.

Figure 3.1: Age and gender distribution of the interviewees
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3.1 Expert and Consumer Interviews

Interviewing with food waste experts and consumers reduced interview bias by allowing

participants to talk as much as possible about their experiences without disclosing the in-

terviewer’s opinions and views. During the interviews, the same predetermined interview

questions were provided for both food waste experts and consumer participants to vali-

date the information obtained from the consumers. There were seven questions for each

participant during the interview. Table 3.1 shows the predetermined interview questions

(also provided in Appendix A). The discussions with the research group at the University

of Copenhagen, Denmark, associated with the SESAM program, and the GS1 organization

in Denmark were used to determine the interview questions along with the literature study.

The aim of adding a question about the environmental impact of food production (Q7 in

table 3.1) is to study the potential of encouraging consumers to reduce household food

waste by considering the environmental impact of food production.

Table 3.1: Interview questions

Question No. Question
Q1 Which food items will most likely be wasted in

your household?
Q2 What are the possible reasons that cause food

waste in your household after purchasing food
products?

Q3 Do you prefer to purchase fruits and vegetables
with visual imperfections (color, shape, and mi-
nor damages), but still suitable for eating? Ex-
plain your answer.

Q4 What do you think about the current expiry date
labeling of food items when doing grocery shop-
ping? For example. Date format

Q5 If you can scan a QR code of a food item and re-
trieve information about the product using your
smartphone, which information do you prefer to
receive?

Q6 Do you think a mobile app be helpful to track
the expiry dates of food items and support min-
imizing household food waste?

Q7 If you can observe the environmental impact of a
food product, such as carbon emissions data, do
you like to consider those data before purchas-
ing?

General information about this study was provided to the participants before begin-
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3.2 Analysis of Interview Results

ning the interviews. Some participants asked for a detailed explanation of some interview

questions to provide answers. Figure 3.2 shows the process of conducting interviews and

analyzing the results of the interviews. The findings of the interviews were analyzed to gain

insights about consumer food waste in the household and consumers’ willingness to reduce

it. Also, to study the opinions and perspectives of the participants about implementing

smart barcodes and developing a mobile application to mitigate household food waste.

Figure 3.2: Process of conducting interviews and analysis

All interview data were transcribed into written form for analysis purposes. After orga-

nizing the data, coding and content analysis techniques were used to identify the patterns

of the data. Overall, the expert and consumer interviews helped get in-depth information

about household food waste and identify the potential of developing a mobile application

that integrates smart barcodes to support consumers in reducing household food waste.

3.2 Analysis of Interview Results

An open coding frame was developed as in table 3.2 to analyze the content of the inter-

view data. The relevant interview questions to the codes were linked based on the question

numbers in table 3.1. Due to the limited number of interviews, coding and content analysis

were conducted manually. Several food items most likely to be wasted in the household

were identified based on the developed codes: Milk and dairy products, raw and packed

vegetables, fruits, bread, meat, and meat-based products. Therefore, it is observed that

raw food and processed food based on raw food have a higher chance of getting wasted

than cooked food in the household. Three main categories emerged from the codes as the

reasons for consumer food waste in the household: Lack of awareness and planning, poor

tracking of food expiration, and poor food storage practices.

Figure 3.3 shows the frequencies of those identified reasons based on interview answers.

The frequencies were obtained by using coding schemes and content analysis. Hence,

several subcategories for the main reasons for consumer food waste could be identified in

table 3.3. The interviewees’ opinions about the current expiry date labeling of food items
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3.2 Analysis of Interview Results

Table 3.2: Coding frame from interview data

Code Description
Relevant
interview
questions

Milk and dairy
products

Milk cartons, and food items containing
milk or made from milk that have a limited
shelf life.

Q1

Fruits and vegeta-
bles

Fresh fruits and vegetables with a short
shelf life and a having risk of spoiling if
not consumed within a limited period.

Q1

Bread Brown and white bread that has a limited
shelf life.

Q1

Meat Raw meat that was purchased and in-
tended for a meal.

Q1

Meat-based Prod-
ucts

Meat-based food items that have a limited
shelf life.

Q1

Awareness An individual’s knowledge about food
waste and understanding of food expira-
tion, sufficient portion sizes of meals

Q2

Planning Refers to how consumers plan their gro-
cery shopping routines and meals.

Q2

Expiration Refers to expiry or best-before date men-
tioned in the label of a food item

Q2

Storage practices Refers to how consumers store their pur-
chased food items

Q2

Price Price of a food item that can be purchased
during grocery shopping

Q3, Q7

Freshness Refers to the quality and the condition of
a food item

Q3, Q4

Appearance Refers to the appearance of a food item Q3, Q4
Confusion Confusions about understanding different

date labels on a food item
Q4

Production Refers to the production process of a food
item

Q5

Recipes and Nu-
trition

Refers to the recipes that can be made us-
ing the food item and the nutritional val-
ues of the food item.

Q5

were studied by asking the question, "What do you think about the current expiration

date labeling of food items?". The answers to this question were analyzed by using the

developed coding frame, and figure 3.4 shows the distribution of the answers. Hidden labels

or failure to find the expiry date of a food item has been identified as a significant issue of a
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3.2 Analysis of Interview Results

Figure 3.3: Frequencies of main reasons for household food waste according to the intervie-
wees

current date labeling system. According to the answers, some consumers faced difficulties

in finding expiry dates or best-before-date labels on bottled products and packaged bread.

One food waste expert and a consumer answered that they prefer to judge the shelf life

of some food items based on their appearance and freshness if they are not meat-based

products. Also, a food waste expert highlighted that accurate storage practices are more

important for some food items to decide the shelf life than the expiry or best-before date

labels. Three categories emerged from the developed coding frame to identify the preferable

food information that interviewees would like to retrieve by scanning the product QR codes

of the food items: Date labeling, food production process and locations, and recipes and

nutrition. Figure 3.5 shows those categories with the relevant number of respondents. In

the important dates category, the participants of the interviews are interested in retrieving

the expiry date or a best-before date of a food item by scanning the product QR code.

The food waste experts suggested that including additional information not mentioned in

the food package labels in the product QR codes will be beneficial for increasing consumer

awareness about food waste.

For the question, "Do you think a mobile app be helpful to track the expiry dates of

food items and support minimizing household food waste?" all the interview participants

mentioned that a mobile app would be helpful in tracking the expiry dates of food items.

Five participants out of seven preferred to get notifications of food expiry dates through

a mobile app. Hence, one food waste expert and two consumers mentioned that tracking
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3.2 Analysis of Interview Results

Figure 3.4: Response to the question "What do you think about the current expiration date
labeling of food items?"

Figure 3.5: Preferable food information to retrieve by scanning package QR codes according
to the interviewees

options would be useful to reduce the food waste of refrigerated food items in the household.

Food waste experts’ and consumers’ opinions about purchasing fruits and vegetables with

visual imperfections but still suitable for eating were obtained during the interviews. Six
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3.2 Analysis of Interview Results

of seven interviewees mentioned that they prefer to purchase edible fruits and vegetables

with visual imperfections if the price is lower and the condition is fresh. Therefore, making

consumers aware of the conditions of fruits and vegetables may be beneficial to reduce

food waste of fruits and vegetables with visual imperfections but still suitable for eating.

In answers to the question, "If you can observe the environmental impact of a food product,

such as carbon emissions data, do you like to consider those data before purchasing?", five

of seven interviewees said that they prefer to consider the environmental impact of the

food products before purchasing. However, two consumers mentioned that their preference

would depend on the price of the product. Food waste experts suggested including data

about resource consumption of the production of plant and meat-based food products to

make consumers aware of the environmental impact of food production.

Table 3.3: Subcategories for the main reasons for consumer food waste

Reason Subcategories
Lack of awareness and planning Unplanned grocery shopping, insufficient

meal planning, forgetting about leftovers
Poor tracking of food expiration Inability to track expiration dates, inade-

quate sensory assessment
Poor food storage practices inadequate knowledge of storing frozen

food, poor practices of storing packed
products
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4

Requirements Specification and
Analysis

This chapter presents a specification and comprehensive analysis of the requirements

for developing the proposed mobile application. An in-depth understanding of user needs,

technological capabilities, and the context in which the application will be utilized is re-

quired to design and implement the mobile app. Therefore, this chapter aims to identify

and analyze the functional, non-functional, and technical requirements of the proposed

mobile application.

4.1 Implement Smart Barcodes for Food Items

This study aims to design and develop a mobile application by integrating smart barcodes

to support consumers in reducing household food waste. Therefore, smart barcodes for

several food items were implemented to trace food information. The food items were

selected based on the data of expert and consumer interviews, which were identified as

food items that are more likely to get wasted in the household: a milk carton, a package of

chicken (as a type of meat), a package of meatballs (as a meat-based product), packaged

bread, packaged apples (as a fruit), and packaged tomatoes (as a vegetable). A QR code

was generated for each food item as a smart barcode due to the popularity of QR codes

and the ability to scan QR codes using a smartphone camera or an app. Due to the

limitations of accessing GS1 resources, including commercial products under GS1 GTIN

and time limitations, it was not possible to implement our QR codes as 2D barcodes that

integrate GS1 Digital Link URI. Therefore, in this study, it was decided to implement

smart barcodes for the food products by generating QR codes using an online generator
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4.1 Implement Smart Barcodes for Food Items

and connecting a product database for the selected food items to trace food information.

The purpose of creating a product database is to store food information on each food item.

Each QR code holds a link to the food information of a food item stored in the database.

The food information for the selected products was generated data solely for demonstration

purposes of the smart barcodes. It did not correspond to the actual food products from

the food producers or manufacturers. Hence, attributes of food information were defined

based on the results of the interviews, which were recognized as the information that most

consumers are interested in receiving by scanning a QR code during grocery shopping

routines. Table 4.1 shows the food information that each QR code of a food item traces.

Table 4.1: Food information of each food item

Food information Description
Name Name of the food item
Expiry Date Expiry date of the food item
Best-before Date Best-before date of the food item
Weight Weight or capacity of the food item
Storage Storage instructions for the food item
Sustainability Link Link to a web page that contains the sus-

tainability information of the food produc-
tion process

CO2 Emissions CO2 emissions per kilogram of food pro-
duction

Expiry dates and best-before dates of food items are essential when considering consumer

food waste. A food item may include one of those attributes or neither, depending on the

nature of the food. Figure 4.1 shows a generated QR code for a milk carton, identified as

a food item more likely to get wasted in the household.

Figure 4.1: Generated product QR code for a milk carton

The aim of considering the sustainability information and CO2 emissions of food produc-

tion is to encourage consumers to reduce household food waste by identifying the environ-
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4.2 The Big Climate Database from CONCITO

mental impact of food production. A web page containing the sustainability information

of the production of corresponding food items was created for each food item as the sus-

tainability link attribute. The CO2 emissions per kilogram of a food item that provides

information on the environmental impact of producing the corresponding food item was

retrieved from the big climate database from CONCITO (3) assuming the food items were

produced in Denmark.

4.2 The Big Climate Database from CONCITO

The big climate database from CONCITO provides information on the carbon footprints

of 500 different food products in the Danish market, broken down into each production

stage (3). That database is useful for calculating the climate footprint of recipes and food

plans. This database is freely accessible. Also, the food items are categorized into several

groups in the database. This information supports consumers to make more informed

decisions regarding food consumption habits. When tracing this information with smart

barcodes, consumers can evaluate the environmental impact of a specific food item by

scanning the product QR code. Moreover, consumers can adopt proper purchasing and

consumption behaviors that lead to food waste reduction practices through the knowledge

gained from this big climate database.

4.3 Functional Requirements

In this section, the functional requirements of the proposed mobile application are elabo-

rated. A review of related literature, discussions with the research group at the Univeristy

of Copenhagen, Denmark, associated with the SESAM program, discussions with the GS1

organization in Denmark, and content analysis of expert and consumer interviews revealed

seven functional requirements. Table 4.2 details the identified functional requirements with

the identified source.

The functional requirements were defined by aiming to study the user’s interaction with

smart barcodes. As shown in Table 4.2, FR1 focuses on implementing smart barcodes from

the manufacturer’s perspective, while FR7 focuses on the consumer’s. During the discus-

sions with the research group at the University of Copenhagen, sharing food information

among consumers through QR codes was discussed as a form of collaborative information

sharing. Therefore, this scenario was considered a functional requirement as in FR7. It is

expected to encourage consumers to communicate and keep track of food consumption or
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4.4 Non-functional Requirements

Table 4.2: Functional requirements of the proposed mobile application

Identifier Description Identified source
FR1 The app must allow users to scan a prod-

uct QR code of a food item by using the
device’s camera and retrieve the relevant
food information of the item.

Interviews, Discussions with
GS1 organization, Discussions
with the research group at the
University of Copenhagen

FR2 The app must integrate with the prod-
uct database of the food items to retrieve
the food information based on scanned QR
codes.

Interviews, Discussions with
GS1 organization, Discussions
with the research group at
the University of Copenhagen,
Literature study

FR3 The app must allow users to create a food
list to save scanned items.

Interviews, Literature study

FR4 A user must be able to add the scanned
food items to his or her food list.

Interviews, Literature study

FR5 A user must be able to select a food item
from the food list, track changes in the
item’s smell, color, or shape, and add ad-
ditional information.

Interviews, Literature study

FR6 A user must be able to delete a selected
food item from his/her food list.

Interviews

FR7 The app must allow users to generate and
download a custom QR code containing a
maximum of two selected food items and
a date to prepare or consume.

Interviews, Discussions with
the research group at the Uni-
versity of Copenhagen

surplus food by sharing food information among family members or a group of residents

through a custom QR code, as mentioned in FR7.

4.4 Non-functional Requirements

Several non-functional requirements were identified to guide the development process of

the proposed mobile application. Those non-functional requirements can be elaborated

as follows: Correctness, Integrity, Performance, and Usability. Table 4.3 describes those

quality requirements in a detailed manner.
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4.5 Technical Requirements

Table 4.3: Non-functional requirements of the proposed mobile application

Identifier Description
QR1-Correctness The food information provided to users

and the data stored in the user’s food list
must be accurate.

QR2-Intergrity The food information provided to users
and the data stored in the user’s food
list must be complete, unaltered, and pro-
tected against unauthorized alteration.

QR3-Performance The app must respond to the users with a
fast enough response time in FR1 to FR7.

QR4-Usability The user interfaces of the app must be easy
to use and learn for the users.

4.5 Technical Requirements

The proposed mobile application was developed for the Android platform. A database

to host food information on the products and a cloud-based database for consumer food

lists were required as databases. An Application Programming Interface (API) was needed

to communicate between the mobile app and the databases. The API was developed using

JavaScript with Node.js. Table 4.4 shows the technical requirements of the system. Web

pages were required to display sustainability information on food items’ production and

the content of custom QR codes generated by consumers associated with FR7.

4.6 Use Case Diagram

Figure 4.2 represents the use case diagram of the system where the actor is the user. The

user and smart barcode provider are the main actors of the proposed system. The user

represents a user of the proposed mobile application who can retrieve food information,

add food items to the list, delete items from the list, track changes of a food item, and track

expiry dates. The food list is a database where users can add selected food items. The

smart barcode provider adds food to the product database, which contains information on
1https://appinventor.mit.edu
2https://play.google.com/store/apps/details?id=com.teacapps.barcodescanner
3https://render.com
4https://www.postman.com
5https://www.qr-code-generator.com
6https://www.npmjs.com/package/qrcode
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4.7 Sequence Diagrams

Table 4.4: Technical requirements of the system

Purpose Technology stack
Mobile application development platform MIT App Inventor 1

API development JavaScript with Node.js
QR code scanner (to integrate with the
proposed mobile app)

QR and Barcode Reader app
2

Integrated Development Environment
(IDE) for API development

Visual Studio Code Version:
1.79.2 (Universal)

Hosting product database in cloud MongoDB
Hosting consumer food list in a cloud
database

Firebase

Hosting API in a cloud environment Render 3 cloud hosting service
Testing API Postman 4

Generate QR codes for the products QR Code Generator 5 web
application (as an online QR
code generator)

Generate custom QR codes qrcode6 npm package with
Node.js and JavaScript

Creating web pages to display sustainabil-
ity information and food information

HTML5

selected food items. Both user and smart barcode provider are associated with generating

a custom QR code.

4.7 Sequence Diagrams

Sequence diagrams are capable of capturing the dynamic behaviors of the system. Figure

4.3 shows the sequence diagram for adding food items to the food list. In Figure 4.3, the

product database stores the food information of the products that were selected to generate

smart barcodes. The food list is a database that stores the added food items by the user

as in FR3 and FR4 in Table 4.2. Figure 4.4 shows the sequence diagram for generating

a custom QR code. Selected food items from the food list and the date to prepare or

consume on or before are stored in the custom QR code.

4.8 Data Flow Diagram

Figure 4.5 represents the data flow diagram of the system. The user and the smart

barcode provider are the entities of the system, while the food product data and the food
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4.8 Data Flow Diagram

Figure 4.2: Use case diagram of the system

Figure 4.3: Sequence diagram for adding a food item to the food list
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4.8 Data Flow Diagram

Figure 4.4: Sequence diagram for generating a custom QR code

list are the data stores. A product database was created to generate product QR codes

through the smart barcode provider and to retrieve food information by scanning a product

QR code of a food item. A user can add food to the list, track changes and expiry dates

of food items, delete a food item and generate a custom QR code (via the smart barcode

provider) through the food list data store by providing food information of the selected food

item. As the output of generating the custom QR code, the user can view the generated

custom QR code.
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4.8 Data Flow Diagram

Figure 4.5: Data flow diagram of the system
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5

Development of Mobile Application

In this study, a mobile application was proposed to support consumers in reducing house-

hold food waste by integrating smart barcodes. This chapter explains the development

approach and details about the mobile application.

5.1 User-Centered Design Approach

The User-Centered Design (UCD) approach with one iteration was applied to develop

the mobile application. Figure 5.1 shows the stages of the UCD (9). A user-centered design

approach aims to analyze user interaction with smart barcodes that carry food information.

Figure 5.1: Stages of User-Centered Design (9)
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5.2 System Architecture

In the identity need phase, the problem of consumer food waste in the household was

identified. In the specifying context of the use phase, the circumstances and the envi-

ronment in which consumers will interact with the app were identified. These two stages

involved discussions with the research group at the University of Copenhagen associated

with the SESAM program, discussions with the GS1 organization in Denmark, literature

study, and conducting interviews.

The findings of the interviews and discussions, along with the literature study, were

used to define the requirements of the mobile application in the requirements specification

phase. The mobile application was developed in the produce design solutions phase. Hence,

medium-fidelity prototyping was used in the design phase of UCD to study the users’

interactions with the smart barcodes and other mobile app functionalities at a conceptual

level. After developing the prototype, the mobile app was evaluated by conducting usability

testing to see whether targeted goals had been achieved. The phases of specifying the

context of use, specifying requirements, producing design solutions, and evaluating designs

were carried out only up to one iteration due to the limitations of time and resources.

5.2 System Architecture

Figure 5.2 shows the proposed system architecture of the mobile application. Smart

barcodes were applied from the manufacturer’s and consumer’s perspectives in the proposed

architecture. From the manufacturer’s perspective, QR codes generated in section 4.1 were

applied as smart barcodes to hold the food information of the selected food items. When

scanning the product QR code of a food item, the corresponding food information is

transferred to the mobile application from the product database in JSON format (Figure

5.3).

After scanning the QR codes of the food items using the mobile app, the user can add

the food item to the food list, which is a cloud database. Hence, the user can track the

physical changes of the food items and the expiry dates, which involves communication

among the mobile app, application server, and the food list database. From a consumer’s

perspective, a consumer can generate a custom QR code as a smart barcode by containing

the food information of purchased items, changes in the food, and additional information.

The mobile application was developed by using MIT App Inventor. The food list, which is a

cloud database, was created using Firebase. An Application Programming Interface (API)

was developed to connect the mobile application and the cloud database using Node.js.

and hosted in a cloud-based application server. The source code of the API and the mobile
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5.3 User Interfaces and Features

Figure 5.2: System architecture of the mobile application

Figure 5.3: Food information in JSON format using Postman

app is provided in Appendix B. Figure 5.4 shows a segment of the API log from the hosting

platform of the API. The data flow of the food list database is shown in Figure 4.5.

5.3 User Interfaces and Features

Figure 5.5 and Figure 5.6 show the designed medium-fidelity prototype of the mobile

application. The user interfaces in Figure 5.5 were designed to implement the use cases of

retrieving food information and adding food to the list, which is mentioned in the Figure

4.2 use case diagram. Hence, those user interfaces are related to the sequence diagram in

Figure 4.3. In figure 5.5(a), the scan button of the app to scan the product QR codes can
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5.3 User Interfaces and Features

Figure 5.4: A segment of the API log from the Render hosting platform

be found, and after scanning a product QR code, the food information of the selected food

item is displayed with the corresponding attributes. Under the attribute of sustainability

in the user interface of 5.5(a), sustainability information of the food production process is

displayed through a web page.

Figure 5.5: User Interfaces for (a) Scanning product QR codes and (b) Viewing food list

After obtaining food information, the user can add the scanned food item to the food
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5.3 User Interfaces and Features

Figure 5.6: User Interfaces for (a) Tracking changes of food and (b) Generating a custom
QR code

list cloud database. Figure 5.5(b) shows the user interface of the app to view the food list.

As in Figure 5.5(b), expiry or best-before dates of the food items are displayed in the food

list, and a notification is displayed if a food item is nearing its expiry date. Therefore, the

consumers can view the saved food list and track the expiry dates through the system.

The user interfaces in Figure 5.6 were designed to implement the use cases of tracking

food changes, deleting a food item, and generating a custom QR code, which is mentioned

in Figure 4.2 use case diagram. As shown in Figure 5.6(a), consumers can track the

changes in smell, color, or shape of a food item and add additional information. Adding

this tracking feature makes consumers aware of consuming the purchased food during the

edible period and supports reducing household food waste. As in Figure 5.6(b), a consumer

can generate a custom QR code by adding food items and a date to prepare or consume.

The generated custom QR code can be downloaded and shared among others by clicking

on it. This feature allows users to share surplus food information among family members

or another group that can use leftover food. It is another use of smart barcodes facilitated
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5.3 User Interfaces and Features

by the proposed mobile app of this study to encourage consumers to reduce household food

waste from the consumers’ perspective. The content of the custom QR code can be viewed

as a web page using a web browser by scanning it using a smartphone camera or a mobile

app to scan the QR code. Moreover, the buttons of the user interface in figure 5.5 and

figure 5.6 were designed and named by considering the ease of navigating and learning for

users.

Figure 5.7: Web view of a custom QR code content

Figure 5.7 shows the web view of a custom QR code content. In that web view, the main

food item, additional food item, and a consume/prepare by date are displayed in a tabular

format. Hence, the retriever can view if there are any specific remarks related to surplus

food in the provided remarks section of the web page. Therefore, it enhances readability

and allows users to grasp the food information of surplus food quickly.
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6

Usability Testing of Mobile
Application

The proposed mobile application was evaluated by conducting a usability test as the

evaluating design phase in UCD, as shown in Figure 5.1. Usability testing is a methodology

to evaluate if the current product has been useful in attaining the goals of its users in line

with the design of the product and whether consumers are satisfied with their experience

of using it (58).

6.1 Testing Metrics

Several metrics were used to evaluate the usability of the mobile app, as shown in Table

6.1. Binary assessment related to the completion rate of each task is a useful metric in

usability testing to measure completeness. In this assessment, a clear success criterion was

defined for each task, and partial completions were considered failures. The Single Ease

Question (SEQ) allows one to estimate the ease or difficulty of completing a task. The

SEQ metric was used to evaluate the learnability of the proposed system. The time to

complete all tasks for each user was measured during the usability testing. Hence, System

Usability Scale (SUS) was used to evaluate the user satisfaction of the system. Table 6.2

shows the questionnaire associated with SUS.

6.2 Usability Goal and Components

A usability goal was defined by considering two usability components to evaluate the

goal as in Table 6.3. Learnability and satisfaction are the two usability components that

were used to evaluate the goal. Since the proposed mobile app aims to support consumers
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6.3 Usability Tasks

Table 6.1: Metrics for usability testing

Metric Description
Average Task
Completion Rate

Completion level of each task is assessed in binary, and a
clear success criterion for each task was defined. When a
participant completes a task, a rating of 1 is assigned, while
a rating of 0 is assigned for failure. The average task com-
pletion rate is the average of all 1 values and 0 values of the
task, which is expressed as a percentage.

System Usability
Scale (SUS)

A questionnaire with ten questions and choices of responses
ranging from 1 to 5 is provided, where 1 indicates strongly
disagree, and 5 indicates strongly agree (24). The SUS value
is calculated in several steps. For each question numbered
with an odd number, 1 point from the participant’s answer
is subtracted. For each question numbered with an even
number, the participant’s answer is subtracted from 5. Then,
for each participant, the sum of all the values transformed
in steps 1 and 2 is calculated as the conversion score. Then,
the conversion score is multiplied by 2.5 to get the SUS score
between 0 and 100 (24). After calculating SUS score of each
participant, the average SUS score was calculated.

Single Ease Ques-
tion (SEQ)

A brief questionnaire is provided after completing the tasks
to measure the task level difficulty of each task. It uses a
likert scale that ranges from 1 to 5, where 1 indicates very
difficult, and 5 indicates very easy.

in mitigating household food waste with the use of smart barcodes, it is essential to identify

how consumers learn to interact with smart barcodes and the app.

6.3 Usability Tasks

The usability tests were conducted among 14 participants. Since the proposed mobile

app is a medium-fidelity prototype and serves as a conceptual representation of integrating

smart barcodes to reduce household food waste and due to the time limitation, a limited

number of participants were selected for the usability testing. Moreover, the participants

of the testing were selected by purposive sampling. All the participants were university

students under the age group of 18 to 30 years. The participants were given seven tasks

as in Table 6.4. The users were asked to complete the tasks in the given order. The

usability testing was conducted as in-person moderated testing. An Android smartphone

that had the mobile app preinstalled was provided for the test participants. Hence, a
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6.3 Usability Tasks

Table 6.2: SUS questionnaire adapted from (24)

No. Description
1 I think that I would like to use this system fre-

quently
2 I found the system unnecessarily complex
3 I thought the system was easy to use
4 I think that I would need the support of a tech-

nical person to be able to use this system
5 I found the various functions in this system were

well integrated
6 I thought there was too much inconsistency in

this system
7 I would imagine that most people would learn to

use this system very quickly
8 I found the system very cumbersome to use
9 I felt very confident using the system
10 I needed to learn a lot of things before I could

get going with this system

Table 6.3: Usability goal and evaluation criteria of the usability components

Usability Goal
/ Component Evaluation criteria

Usability Goal At least 80% of new users should be able to com-
plete the tasks within the first 3.5 minutes of us-
ing the mobile app with an average SEQ value
of 4 or higher out of 5, and the system should
achieve an average SUS score of 70 or higher out
of 100.

Learnability Average SEQ value and measure time of each
user to complete the given tasks

User Satisfaction Average SUS score

brief introduction about the app and its purpose was provided for the participants before

beginning the testing. Figure 6.1 shows the gender distribution of the participants.

All participants of the usability testing were asked to provide user feedback through

an online questionnaire (provided in Appendix C) to evaluate the test results based on

quantitative metrics and qualitative insights. Hence, all responses of the participants were

collected and analyzed anonymously.
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6.4 Results of Usability Testing

Figure 6.1: Gender distribution of the participants of the usability testing

Table 6.4: Tasks evaluated during the usability test

Task No. Task
T1 Scan a product QR code by selecting a food item

(A list of product QR codes for the correspond-
ing food items was provided).

T2 Add the scanned product to the food list.
T3 View the food list and recognize if there are food

items expiring soon or already expired.
T4 Select a food item from the food list and track

changes of the selected item (participants were
allowed to update preferable changes to the con-
dition of the selected food items they wish)

T5 Select a food item from the food list and delete
the selected item.

T6 Generate a custom QR code by selecting a main
food item, an additional food item (optional),
and a date to prepare or consume by.

T7 Download the generated custom QR code

6.4 Results of Usability Testing

After collecting the responses associated with the usability testing, they were analyzed

based on the decided metrics. Table 6.5 presents the results of the usability metrics. The

average task completion rate of 98% was obtained. Table 6.6 shows the task completion
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6.4 Results of Usability Testing

rates of each task. Tasks T4 and T5 gained lower task completion rates than the other tasks,

but more than 90%. Therefore, the obtained results for task completion rates demonstrate

the app prototype’s ease of use to accomplish tasks without significant difficulties.

Table 6.5: Results of the usability testing

Metric Results
Average Task Completion
Rate

98%

Average SUS Score 73 out of 100
Average SEQ 4.2 out of 5

Table 6.6: Completion rates of each task

Task No. Completion Rate
T1 100%
T2 100%
T3 100%
T4 93%
T5 93%
T6 100%
T7 100%

Figure 6.2 shows the average SEQ values for each task. The results show that the average

SEQ values for the tasks except T4 and T5 are above 4 out of 5. That means it is quite

easy to learn tasks T1, T2, T3, T6, and T7 than the tasks T4 and T5. All tasks related

to user interactions with product QR codes and custom QR codes, which are T1, T6, and

T7, have obtained a task completion rate of 100% and average SEQ values above 4 out

of 5. It shows satisfactory user interactions with smart barcodes via the proposed mobile

app.

Figure 6.3 shows the time taken by each participant to complete all the tasks, and table

6.7 shows the descriptive statistics for time to complete all tasks. The time taken by the

participants ranged from 1.75 minutes to 4.08 minutes, with a mean value of 2.90 minutes.

Moreover, 85.7% of the participants completed all the tasks within the first 3.5 minutes of

using the mobile app, and an average SEQ score of 4.2 out of 5 was obtained. That means

the criteria for the learnability component of the usability goal was achieved.

The SUS score was measured to evaluate user satisfaction with the system. Figure 6.4

shows the SUS score obtained by each participant. The values of the SUS scores ranged
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6.4 Results of Usability Testing

Figure 6.2: Distribution of average SEQ values of tasks

Figure 6.3: Time taken by each participant to complete all the tasks
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6.4 Results of Usability Testing

Table 6.7: Descriptive statistics for time to complete all tasks

Statistic Value(in minutes)
Mean 2.90
Standard Devia-
tion

0.72

Median 3.04
Minimum 1.75
Maximum 4.08

Figure 6.4: SUS score out of 100 for each participant

between 40 out of 100 and 100 out of 100. As shown in Table 6.5, an average SUS score

of 73 out of 100 was obtained. According to the scale in Figure 6.6 (19), the SUS score is

acceptable with a grade of C and a good rating. Therefore, the system could achieve the

usability goal in terms of both learnability and user satisfaction components.

In the user feedback questionnaire, users were specifically asked the question, "After

viewing the list of saved products, could you recognize a food item’s expiration dates/best-

before dates?". Figure 6.5 shows the distribution of the answers for that question. The

results demonstrate that the majority of the users could recognize expiry or best-before

dates after viewing the list of saved products. However, recognizing expiry or best-before

date dates may vary among the users since the presence of those data depends on the

scanned and saved food item choices.

44



6.4 Results of Usability Testing

Figure 6.5: Answers for the question "After viewing the list of saved products, could you
recognize a food item’s expiration dates/best-before dates?"

The user feedback from the usability test included comments on technical errors and

suggestions regarding the user interfaces of the app. However, the discovered technical

errors were minor usability errors, and the users did not report any critical technical

errors during the usability test or through the user feedback after the test. One user

commented, "The food item looked like not clickable." One participant expressed concerns

about the difficulty of identifying the difference between the terms main and additional

food items when generating a custom QR code. Therefore, the terms used to describe the

functionalities of the app had an impact on the usability of the app.

Figure 6.6: Grading of SUS results (19)

Improving the color scheme of the user interfaces and using color codes to display tracking

information of food expiry dates are the obtained suggestions regarding the user interfaces.

According to a comment from one participant, "Improving the colors would improve the us-

ability a lot." Also, one user suggested adding a brief description of the application. Those

suggestions are useful for moving to a high-fidelity prototype of the mobile application in

further development.
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Discussion

7.1 Interpretation of Findings

As stated in the research methodology, the design science methodology was used to

explore how smart barcodes can support consumers in reducing household food waste.

The literature review revealed that there are several studies conducted about the effects

of consumer behaviors toward household food waste. Consumer behaviors related to food

consumption, food purchasing, food ordering, delivering, and sharing, and consumer aware-

ness were identified as the behavioral categories related to household food waste from the

previous studies. The findings of the interviews revealed that lack of awareness and plan-

ning is one of the main reasons for food waste in the household, which is consistent with

the evidence of (70) and the behavioral category of consumer awareness. Under the lack of

awareness and planning, unplanned grocery shopping and insufficient meal planning were

identified as subcategories. They are aligned with the food purchasing and food consump-

tion behavioral categories, respectively, that were identified in the literature. Also, poor

tracking of food expiration and poor storage practices were the other two main identified

reasons for consumer food waste in the household through the interviews. These two rea-

sons are associated with the consumption behavioral category identified in the literature

review since inadequate storage practices make food spoils or become inedible, which leads

to household food waste.

In this study, the proposed mobile app’s scanning product QR code function allows users

to scan the QR codes on food products and obtain detailed information about the items,

including important dates and storage information. This scanning function is applicable

during grocery shopping or at home. Therefore, this approach combining smart barcodes

and a mobile application supports increasing consumer awareness and making decisions
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7.1 Interpretation of Findings

about purchasing and consumption to reduce household food waste. The interview data

identified confusion regarding hidden labels or failure to find expiry dates as an issue.

Also, confusion regarding expiry and best-before dates is another identified barrier that

is aligned with the findings of the study (56). The developed mobile application in our

study allows consumers to track expiry dates by obtaining them by scanning product QR

codes and saving them in a database. The findings of interviews, consumers’ interest in

retrieving important dates by scanning product QR codes and preferences to use a mobile

app to track expiry dates have a positive impact on implementing smart barcodes. On the

other hand, manual entry of expiry dates of the purchased items is time-consuming and

not an efficient solution (49). In the proposed mobile application of this study, the expiry

dates are obtained and saved in the cloud database by scanning the product QR codes

and adding them to the food list respectively. Therefore, it avoids the manual entry of

expiry dates, which is a tiresome option. Except for tracking expiry dates, the proposed

mobile app allows tracking the changes in shape, appearance, or smell of scanned and

saved food items. These features of tracking food changes and expiry dates may support

meal planning and grocery shopping planning. However, additional app features may be

necessary to implement meal planning capabilities.

The custom QR code generation function in our approach is worthwhile in sharing surplus

food among a group or making family members aware of consuming food before it expires.

The study (20) discusses using QR codes as a queuing practice for food-sharing events.

Hence, using QR codes is suggested as a method to register participants for food-sharing

events. It differs from the custom QR code generation in our approach since the custom

QR codes carry the information of the food items to share. Though custom QR codes

facilitate sharing of surplus food, the concerns of food safety should be acknowledged

when applying it to larger communities. Besides sharing surplus food information, adding

recipe suggestions based on the leftover food to the custom QR codes by implementing a

function in the app would support meal planning.

Moreover, implementing product QR codes, as 2D barcodes, supports tracing food infor-

mation more than one-dimensional barcodes due to the high capacity and ease of scanning

using smartphones. Consumers can access food information through a provided link that

connects to a product database in this implementation. It is an ideal method to trace food

information as it fosters transparency. Hence, it is also beneficial to achieve regulatory

compliance with food information. However, there are limitations and challenges when

implementing 2D barcodes to trace food information for a large number of commercial

food products.

47



7.2 Sustainability Impact Analysis

The proposed mobile application in this study was evaluated by conducting usability

testing, as usability testing was a popular method for evaluating mobile apps developed

to reduce food waste in previous studies. The usability metrics in our study are aligned

with the metrics used in the study (15), where a mobile application implemented to reduce

household food waste was evaluated. However, the app tested in our approach was designed

and developed by integrating smart barcodes, which differs from that study. The results of

the usability test were encouraging and positive for further development of the mobile app.

Achieving the usability goal in terms of learnability and user satisfaction means that the

usage of the app fosters a sense of ease among its users in operating and interacting with it.

This app could facilitate user interactions with smart barcodes with ease, which positively

impacts using smart barcodes to reduce food waste in the household. However, the usability

testing revealed some usability issues. Tracking the physical changes of food items and

deleting a food item need to be addressed with more explicit instructions. Also, the terms

used to describe the inputs to generate smart barcodes should be more understandable for

the users.

Despite the prototype’s medium-fidelity nature, feedback provided by some users pri-

marily pertained to the app’s usability and usage of color schemes, typically associated

with high-fidelity prototypes. This is an interesting challenge that emerged during the

usability testing. On the other hand, the feedback from users is beneficial to develop a

high-fidelity prototype of the app. Overall, usability testing emerged as a valuable method

for evaluating our proposed app. Also, this study addresses a gap in previous works by

conducting a usability test to evaluate the mobile application’s integration of barcodes and

QR codes.

7.2 Sustainability Impact Analysis

The sustainability impact of the proposed mobile application was analyzed using the

Sustainability Awareness Framework (SusAF) presented in the study (32) based on the

five dimensions of sustainability. Individual, technical, economic, environmental, and so-

cial are those five dimensions (32). Figure 7.1 shows the effects of the proposed mobile

application in sustainability dimensions using the Sustainability Awareness Diagram (Su-

sAD) presented in the study (32). From the individual perspective of sustainability, this

mobile application raises consumer awareness with the usage of smart barcodes. It will

motivate meal planning and grocery shopping planning and lead to consumer behavioral

changes to reduce household food waste. Additional app functionalities to implement
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meal planning in a detailed manner would be useful for that. The individual behavioral

changes of consumers to reduce household food waste can impact the community’s behav-

ioral changes in social sustainability aspects. Moreover, this app supports sharing surplus

food among groups through custom QR codes, leading to behavioral changes in consumers

from individual and social perspectives of sustainability. Considering usability when imple-

menting the mobile app ensures technical sustainability. The integration of smart barcodes

and tracking food changes and expiry dates support achieving individual and social sus-

tainability. However, it affects the scalability and maintainability of the system from a

technical sustainability perspective due to the usage of technical resources when the num-

ber of users are increasing. Since the proposed mobile app in this study focuses on reducing

consumer food waste in the household, it positively impacts environmental sustainability

by minimizing leftover food as an immediate effect and supporting resource conservation

as a systemic effect. In addition, consumers can get benefits of cost saving in terms of

economic sustainability by reducing leftover food.

Figure 7.1: Effects of the proposed mobile application on sustainability dimensions using
SusAD presented in (32)
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7.3 Limitations

Conducting interviews with food waste experts and consumers helped to get diverse per-

spectives on household food waste. However, differences in knowledge and perspectives

between the two groups could threaten internal validity. The purposive sampling might

impact the external validity due to the limited generalizability. In this study, generating

product QR codes as smart barcodes for demonstration purposes allowed us to simulate and

assess various user interactions with smart barcodes. However, it is essential to acknowl-

edge that this approach has limitations when transitioning to real-world usage with actual

products. An approach with commercial 2D barcodes and GS1 digital link standard is an

applicable solution for these challenges. When implementing smart barcodes commercially

with a large number of products, standards of the associated links with the smart barcodes

and proper database management are crucial. GS1 standards for implementing 2D bar-

codes (8) are applicable for this scenario due to the standardized URI format. In this study,

smart barcodes were generated using an online tool since they were used for the demon-

stration purposes of the products. Nevertheless, when generating barcodes professionally,

using barcode software and standard print quality is essential (2). When conducting the

usability testing of the app, selecting a limited number of participants based on purposive

sampling, the potential bias of participant selection might affect the internal validity. On

the other hand, the limited generalizability of the results might influence external validity.
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Conclusion

This study aims to design and develop a mobile application by integrating smart barcodes

to support consumers in their attempts to reduce household food waste. Additionally, we

sought to gain insights into what consumers do regarding household food waste to identify

their willingness to reduce it. The findings of interviews conducted with food waste experts

and consumers discovered the background information about household food waste which

coincides with previous studies. Hence, the interview results revealed that consumers pre-

fer to obtain food information through smart barcodes, as it increases consumer awareness

to reduce household food waste, and they prefer to use mobile applications to track the

expiry dates of food items. The proposed mobile application was developed as a proto-

type using the UCD approach. The mobile application includes features for retrieving

food information, including important dates, by scanning product QR codes, saving food

information of scanned items, tracking food expiry dates and changes, and sharing surplus

food details by generating custom QR codes. These features intend to support consumers

in lowering household food waste. Moreover, the mobile app was evaluated by conducting

usability testing. The usability test results indicate that app was easy to learn, with an

average SEQ score of 4.2 out of 5, and obtained an acceptable user satisfaction level with

a SUS score of 73 out of 100. Due to the incorporation of quantitative measurements and

qualitative user feedback, usability testing could be identified as an effective method to

evaluate the app. The findings of this study validate the potential of using smart bar-

codes along with a mobile application to increase consumer awareness to reduce household

food waste and facilitate the sharing of surplus food information. Additionally, integrating

smart barcodes with a mobile application facilitates user interactions with smart barcodes.

It simplifies tracking food expiry dates, which addresses the problem of manual entry for

tracking expiry dates, a challenge identified in previous studies.
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One limitation of this study is that smart barcodes were generated for demonstration

purposes of the products and were not used with commercial products. Also, developing

the proposed app as a medium-fidelity prototype and testing it with a small number of

participants could be identified as other limitations. Developing the application as a high-

fidelity prototype, collaborating with the commercial 2D barcode providers, integrating

GS1 digital link standard, and testing the application with a large and diverse number

of participants over a more extended period is recommended for future research. Also,

implementing additional features to support meal planning in a detailed manner will be

beneficial to ensure sustainable food consumption. Applying a behavioral model during

usability testing might be worth assessing how smart barcodes can support behavioral

changes in reducing household food waste, offering valuable insights for future studies.
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Appendix A

Interview Questions

1. Which food items will most likely be wasted in your household?

2. What are the possible reasons that cause food waste in your household after pur-

chasing food products?

3. Do you prefer to purchase fruits and vegetables with visual imperfections (color,

shape, and minor damages), but still suitable for eating? Explain your answer.

4. What do you think about the current expiry date labeling of food items when doing

grocery shopping? For example. Date format

5. If you can scan a QR code of a food item and retrieve information about the product

using your smartphone, which information do you prefer to receive?

6. Do you think a mobile app be helpful to track the expiry dates of food items and

support minimizing household food waste?

7. If you can observe the environmental impact of a food product, such as carbon

emissions data, do you like to consider those data before purchasing?



Appendix B

Source Code

Github link for the source code of API and mobile app

https://github.com/Rajitha-Manellanga/food-waste-app

MIT App Inventor code blocks of the mobile app

1

https://github.com/Rajitha-Manellanga/food-waste-app


2



3



Appendix C

Usability Testing Feedback

Feedback form

https://forms.gle/mGVidKYy8x3uvJuF9

Product QR codes provided in the usability testing

https://forms.gle/mGVidKYy8x3uvJuF9
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