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Today one of the biggest challenges is to reduce environmental impact. In the past few decades, 

there is an expeditious growth in urbanization and solid waste management is a primary issue 

due to this situation. Increasing waste is a significant challenge and most of the issues are the 

result of improper waste collection and disposal systems. Proper management of waste material 

is essential as a large amount of waste is produced every day. For proper recycling sorting waste 

before dumping is very important. Universities are regarded as small cities nowadays because of 

their huge size and have significant impacts on the environment. Many universities maintain 

protection measures to reduce their environmental impact, but a more systematic and 

sustainable approach is necessary. The aim of this thesis is to explore and find solutions to 

improve the waste management situation of Lappeenranta University of Technology. 

Furthermore, it aims to explore the importance of Living lab and co-design approach to develop 

a design solution. The experience of users, their frustrations, and their needs are revealed by 

performing literature studies, surveys, and interviews. Findings are then transformed into design 

challenges and used in a co-design workshop to ideate solutions from the participants. As very 

few studies used the Living lab and Co-design approach together at the end of this thesis, we 

developed a framework based on a literature study that can combine these two methods and 

propose a design solution. 
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1 Introduction 

1.1 Background 
Waste is the outcome of an end user-based lifestyle. It has a deep connection with country urbanization 

and the development of a country. Because of urbanization, the economy of a country rises. A rising 

economy involves higher income, high consumption of service, and goods which results in increase waste 

production. The easiest way of minimizing waste is to minimize economic activity which cannot be a wise 

solution. The most noticeable and harmful impact of this way of life is solid waste. Solid waste 

management is one of the largest budget items for the government of a country (Hoornweg and Bhada-

Tata, 2012), and due to improper recycling, our environment can be affected by pollution which causes 

the greenhouse effect, production of toxic gas, and bad odors, soil and water pollution. To increase 

recycling and minimize the environmental impact source separation can be an effective method. In this 

method, solid wastes are categorized and separated at the source place which means putting waste into 

separate containers or bins to be collected later on. It makes the waste management process easier and 

cost-saving (Supakata, 2018). However, this approach is not that simple to accomplish. Public participation 

is one of the major factors here. Different bins are available almost everywhere in developed countries 

still it is not gaining that much public attention. It can be a lack of awareness, inconvenient bin locations, 

access problems, visibility issues. To change a behavior, it is necessary to raise awareness first. So, the 

solution should be something that not only makes the source separation approach easy but also motivates 

them to change bad practices. 

In this research, we are going to use an innovative approach Living Lab to find a solution to a solid waste 

management problem. In traditional methods generating customer requirements and understanding the 

complications of a customer are crucial tasks and making assumptions about the benefits of a new product 

is rarely possible. This is the reason why designers often fail to predict whether the product will be 

beneficial for consumers or not. As a result, innovation fails in the market and waste of investments. A 

living lab is a user-centric open innovation approach where users are involved in designing and developing 

the product. Instead of setting restrictions, this approach invites users to actively take part in the design 

process and development of the product. In our research, we turned Lappeenranta University of 

Technology (LUT) into a living lab. According to (Alshuwaikhat and Abubakar, 2008) campus function can 

be considered as a small city because of their huge size, the number of students, and many activities that 

take place inside the campus. These activities have active and passive impacts on the environment. 

Because of these impacts campus sustainability is now an issue of global concern. (Gilbert et al.,1996) and 

(Adger and Jordan,2009) showed in their research that campus sustainability involves a practice that 

improves sustainable resource usage. 

1.2 Research problem 
In Finland, we have different waste bins for different kinds of waste. For example, paper, plastic, metals, 

glass, etc. However, how many of us put waste in proper bins. The recycling target for municipal solid 

waste was introduced in the waste framework directive of the European Commission. Recycling and reuse 

of municipal solid waste should be increased to 50% by the year 2020 (European Commission 

Directive,2008/98). In December 2015, the European Commission take on a circular economy package to 

boost global competitiveness, foster sustainable economic growth, and produce new job opportunities. 

By the year 2030, 65% of the municipal solid waste should be recycled. The target for packaging waste is 

75% (European Commission, 2016). In Finland, the goal was to keep the municipal recycling rate to 50% 
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by the end of the year 2016 (Ministry of the Environment, 2008). But in 2014 the recycling rate of 

municipal solid waste in Finland was only 33% (Statistics Finland, 2015a). So, it was not possible to reach 

the target. To achieve the 50% target by the end of the year 2020 with new recycling targets Finland needs 

to maximize the recycling of municipal solid waste. Because of this recycling target interest in composing 

mixed waste has increased. Mixed waste is the remaining part after doing source separation. It is a major 

part of the total amount of waste. There are some additional potentials in Finnish mixed waste such as 

biowaste, cardboard, plastic. 65% of the mixed waste is comprised of these potentials. So, to increase the 

recycling rate proper source separation is necessary (Liikanen et al., 2016).  Therefore, the focus of our 

project is selective sorting and the proposed method will help to improve the quality of selective sorting.  

This research aims to find a sustainable solution for solid waste management for the university premises 

by using a co-design and living lab approach. By the end of the research, we will successfully turn the LUT 

campus into a living lab. The output will then determine whether a similar approach can be implemented 

in large scale areas, for example, Lappeenranta city. In this full research our focus will be on the following 

research questions:  

1. By using a co-design and living lab approach how can we motivate and help people to use the 

correct bin for a particular waste? 

2. How IoT can be considered as a valuable resource to achieve the desire solution? 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Basic steps of the research 
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The basic processes of our research are illustrated in fig 1. Our first activity will be the survey to gain 

insight into the current waste recycling situation inside the university. The second process will be the 

interviews with persons who are related to the waste management of the university. The third step is our 

co-design session with the participants from the university. After getting ideas from the co-design 

workshop there will be an evaluation survey to evaluate the final results. 

2 Related work 

2.1 Solid waste management 
The generation of waste is increasing day by day and it becomes a challenge all over the world. Especially 

in developing countries because of the huge population and urbanization. Nowadays the production of 

waste is a natural practice for everyone’s life. Solid waste management is a big process. It consists of waste 

collection from the garbage, transferring it to proper authorities, storage, and recycling process. The main 

difficulties in waste management are sorting or separating the waste and collecting it from the source 

place. A well-planned solid waste management solution is necessary to overcome this. Over time many 

IoT based smart system has been proposed to solve the challenges regarding waste management in smart 

cities. Many researchers invented several methods and techniques to solve the problems of solid waste 

management. A smart waste bin with IR sensors to detect the amount of garbage inside the bin proposed 

in (Bharadwaj, Rego and Chowdhury, 2017). According to the status of waste bins, garbage trucks can be 

notified and collect the waste. In the proposed system waste separation should be done at the source 

place where citizens sort the waste into plastic, paper, metal, glass, wet, bio waste, and put the waste into 

the correct bins. Bins will be fitted with different kinds of sensors and indicators which include IR sensor, 

gas sensor, load cell, LED, and LCD indicators. The IR sensor is used to measure the garbage level in the 

bin. The gas sensor is used to detect the presence of harmful gas, the weight of the bin will be measured 

by a load cell and the LCD/LED indicators will be used for notifications. In their design, they have used the 

LoRa transceiver module which is a long-range wireless modem to send and receive all the sensor data. 

Then after local processing, the data will be sent to the cloud. The collected data will be shown on a 

dashboard. Based on the waste-collecting trucks will be notified to collect the garbage from a bin. They 

will provide proper directions to the truck drivers by using google map. Authorities can monitor the whole 

process by using an admin panel where reports will be generated. 

In (Hannan et al., 2011) a waste collection method using the help of IT technology has been presented. In 

the paper, the author discussed a model that will help in waste collection, waste transporting, recycling, 

and processing the waste. They made a solution that uses RFID which can read data from tags transfer it 

to a computer system without any kind of physical involvement, a low-cost RGB camera that will be used 

for monitoring the bin system. The camera will be placed on the top of the truck with the RFID reader to 

take images. These two are attached with the truck in such a position that it can cover a minimum distance 

around the bin. The system will use GPS which helps to monitor the position of the trucks on an electronic 

map and GSM/GPRS for mobile voice transmission and SMS transmission. The result of this research 

showed that the system helps municipal authorities with the data produced from monitoring the waste 

and collection. Their produced system is capable of creating an innovative way of recycling and collection 

of waste. Another innovative method of measuring the waste level of bins is presented (Mamun et al., 

2013) which uses wireless sensors. The architecture of the system uses ZigBee and GSM/GPRS for 

communication and some sensors to monitor the bin status. The architecture of the system is composed 

of three tiers. See Fig 2 
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Fig 2: Architecture of the bin monitoring system 

In the lower tier, there are smart bins, in the middle tier there are gateways and the upper tier is the 

control station. Physically the system consists of sensor nodes that are attached with the smart bins. These 

sensors are used to measure the waste filling level of the bins, the weight of the waste inside the bin, and 

the temperature inside the bin. The upper tier is used for data storing and monitoring. The system usually 

remains idle and it will respond only if someone puts a waste inside the bin. The sensor consumes 

minimum power when it is idle. When a waste will be dumped inside the bin the sensor will measure 

everything and deliver necessary information about the status of the bin. After collecting all information, 

it will be sent to the gateway. Data containing the bin and its status then store in the local database. By 

using these stored data authorities can monitor the status of the bin.  

Another same type of approach to monitoring the waste level in bins presented (Khedikar et al., 2017). In 

India, most of the time dustbins in public areas are overloaded which is very unhygienic for health, and 

also it produces bad smells. To make a solution to this problem they came up with an idea of a smart bin 

with sensors that monitor the level of waste in bins. Their proposed design is equipped with ultrasonic 

sensors and a GSM module. The sensor is used to measure the level of waste with some defined threshold 

levels. If the level of waste reaches the maximum defined limit than the sensor notifies it. Arduino is 

responsible for all types of communication. It sends the notification of the sensor to the responsible 

people. In India, the concept of a smart city is ongoing research. To contribute toward the smart city in 

(Swarnakar and Sarkar, 2018) a model of a smart bin proposed which has on-site handling, storage, and 

transfer process. In this model, sensors can measure the level, volume, and weight of the bin. Different 

colors of LEDs are used to indicate the waste level of the bin. If the sensor detects an overflow the 
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information of the bin with GPS location will be sent to the local server. An android device can be used to 

collect the information from the server which includes the location of that bin. So that the waste collector 

truck can collect the garbage. In India, another similar type of smart bin is presented in (Ravale, 2017). 

They have used two different kinds of sensors. One sensor detects if the waste level is 50% inside the 

waste bin and another sensor detects if it is full. When the bin is 50% full a warning notification is sent to 

the authority.  

(Ali et al., 2020) a proposed similar type of waste measuring approach. This system aims to handle the 

waste generation in a city of Saudi Arabia. Their approach is capable of measuring the waste level and also 

detect if there is any fire inside the bin which can save human lives and property. They used the distance 

placement model in placing the bins. Collected data from the sensors are stored on the server for further 

analysis. This stored data can also be used as past experiences. They believe the system will also help in 

traffic congestions and other cost-effective factors which human cannot predict.  

A different approach proposed in (Anjomshoaa et al., 2018) where vehicles with onboard sensors are used 

to monitor the urban environment. They have used Raspberry Pi which is a series of small single-board 

computers. They used it with an ultra-sonic sensor to get the actual ratio of waste material. The proposed 

system is capable of making communications between humans and sensors to get the status of waste bin 

filling with waste materials.  

A smart waste bin that can measure the level of waste and detect the level of harmful gas produced inside 

the bin is proposed in (Gattim et al., 2018). The waste containers are monitored by a system that sends a 

notification to the authorities through a web page. For measuring the waste level, they are using sensors. 

It also uses RF sensors to let the local people know about the garbage truck arrival. It contains a buzzer 

which gets active if the limit of harmful gas increases.  

(Bin, 2017) presented a different smart bin mechanism with the help of solar energy. It consists of two 

bins. One is used for crushing biodegradable wastes. It crushes the waste to compress and make space 

for more wastes. The other bin is used for non-biodegradable wastes which are not recommended to 

crushed for example plastic, glass, metal wastes. Both of these bins can measure the level of waste and 

send a notification to the authorities when the bin is full.   

Some different IoT approaches regarding waste management are suggested (Comber and Thieme, 2013). 

This approach was not intended to change an individual’s behavior but to improve awareness among 

them. They came up with a smart bin idea named BinCam bin. It is a two-part system of an augmented 

bin and a BinCam application on Facebook. It is mainly designed to monitor both conscious and 

unconscious behavior in waste management. It captures images with a smartphone attached under the 

bin’s lid. The camera is triggered every time the lid is closed and wireless communication images are 

posted on the BinCam application on Facebook. The owner of the bin is also displayed with the picture to 

encourage reflection. Pictures are analyzed to detect a different kind of waste. They also introduced some 

competition regarding household waste minimization. For an individual’s waste every week the 

percentage of the waste is compared with the previous week’s waste. This will motivate and influence 

individuals to minimize their waste generation. Some other different approaches to raising awareness are 

proposed in many types of research. Trashcan (Paulos and Jenkins, 2005) is a public city project which 

visualizes the collected trash to urban people on roads. The actual motive of the system is not raising 

awareness but prompt wonderment and storytelling on waste.  
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For sorting, a waste of different types of approaches is proposed. In (Glouche et al., 2014) smart waste 

approach uses QR code and RFID tag to detect waste. Based on this some approaches are given below:  

Information on waste can be stored in a QR code or RFID tag. The problem with QR code is to read the 

code it needs to be in the line of sight. Which is kind of impractical? Unlike QR code RFID can be used 

without any precise position. Currently, supply chain management is using UHF tags which can be read at 

a distance of five meters. This concept of tagged waste use data bank's memory for information storage. 

This tag memory is not going to use an external database to store the identifier of waste instead the 

information will be stored in the tag itself. So, no external database is needed only an RFID reader can 

read the information of the tag. Now the data bank of an RFID tag is limited. So, in this approach different 

ID number is given to a different kind of waste. This ID will be stored in the data bank of each RFID tag. 

The major aim of this approach is to reduce sorting errors. Sometimes people do not know which waste 

should go in which bin. As a result, they put the waste into the wrong bin. This approach will use a self-

describing method. An RFID reader will be placed which can read the information of an RFID tag. So, if 

someone wants to dump a plastic bottle then the RFID reader will read the code of the RFID tag when it 

comes into its antenna radius. If the bin is for plastic bottles, then it is lid will open otherwise not. A single 

RFID reader can maintain multiple waste bins. So, it is possible to put different waste bins at a place with 

a single RFID reader. The reader will detect the code of the tag and according to the ID lid of the proper 

waste bin will open. The management can also trace the waste information dumped in each container. 

This can later help them to reject unauthorized waste.  

Now a UHF RFID reader is quite expensive which can be an issue for global implementation. So, there is 

another approach to using the QR code technology which relies on the NFC sensor. In this approach, each 

type of waste is tagged with a QR code holding the description of the waste. A mobile application will be 

used to store the information for each type of wastes in its database. Before dumping a waste, the user 

needs to scan the waste to update the current inventory. Nowadays every smartphone has a camera that 

can read a bar code or QR codes. So, after scanning the QR code proper instruction for dumping that waste 

will be sent to the user’s smartphone.  

Another concept is a smart trash bag where again an RFID tag is used. People in domestic places never 

put the waste directly into a bin. They always use a trash bag where they put all the waste and then drop 

it into the container. In this approach, waste-collecting management can check the waste in the bag. An 

RFID tag will be attached to every trash bag where some information can be stored. For example, waste 

type, how many items are in there, the name of the owner, address, etc. By tracking the waste bag 

contents much useful information can be gathered for example weight of the bag, waste type. The process 

of updating information on the tag is fully independent. No external system is required. A collective smart 

bin will be used to dump the smart trash bags. With the smart trash bag approach, this collective smart 

bin can detect waste flow and alerts. The smart container will open if the right trash bag is brought by a 

user. The full process is the user will bring the smart trash bag in the reader area. The reader will check 

the content of the bag by reading the RFID tag. The container controller then takes the decision depending 

on the waste type. For example, if the container is for plastic waste and there are glasses in the waste bag 

then it will reject it and explains the cause of rejection. 

From all the related works, we have found that different kinds of sensors, indicators, and RFID readers are 

very useful to design a smart recycle bin. With the help of these, the situation of solid waste management 

can be improved. It answers our third literature review question which is  



 
14 

 

●       What role does technology have in these cases? 

But in most of these cases, smart recycling bins are used to detect and measure the level of waste to 

inform the authority about waste collection. Of course, they are useful to measure the level of waste in 

waste bins or to detect any harmful gas inside the waste bin, but it does not solve the problem of source 

separation or collective sorting. Only in (Glouche et al., 2014) some solutions are presented which is 

related to waste sorting. Our goal will be to find a solution to a smart bin which will make the waste sorting 

process easier. 

2.2 Living lab 
Experience and feedback of users have become mandatory for the development of a new application. A 

lot of innovative products and services fail in the market not just because of lack of technology but 

because of not understanding customer needs. To understand the need of customers it is necessary to 

involve them in the early design process and the Living Lab environment has a good relation in involving 

users in the development process (Chen et al., 2016). A perfect definition of the Living Lab is stated in 

(Jere, Kauhonina and Gamundani, 2014) where Living Lab defined as “open innovation environments  in  

real-life settings,  in  which user-driven  innovation  is fully  integrated   within  the   co-creation   process  

of   new   services,  products   and   societal  infrastructures”. All over in Europe Living lab is now an 

umbrella concept for multiple sets of innovation. It can be considered both an innovative environment 

and an innovative approach.  It is an open innovation environment where user-driven innovation is a co-

creation process (Kareborn and Stahlbrost, 2009). It is one of the methods of service design where co-

design with participants in a real environment is possible. Co-designing with participants is the main 

theme of the living lab. In the living lab, process designers have the opportunity to talk with the users 

directly to recognize their problems before doing any planning. Designers then make prototypes with the 

help of co-creation to make solutions to the problems and test the created prototypes in a real 

environment. This process can be repeated again and again. This testing process helps the designers to 

learn what is important for the participants while participants get updated products. In a living lab process, 

a service provider can create a service that customers want (Masayuki Ihara (&), Mizue Hayashi, Fumiya 

Akasaka, Atsunobu Kimura, 2019). As Living lab is a new research area the number of theories that support 

understanding the concept is very low (K. Feurstein; A. Hesmer; K.A. Hribernik; K.-D. Thoben and J. 

Schumacher, 2019). The situation is the same when we are talking about methodologies, methods, and 

tools. Fig 3 represents the key components of the living lab. They are: 

 



 
15 

 

 

Fig 3: Key components of a living lab 

 

1. User 

2. Application Environment 

3. Technology and infrastructure 

4. Organizations and methods 

5. Partners 

User means end users who also take the role of innovation co-creators. The application environment is 

the place where users interact in a real environment. Technology and infrastructure play a role where 

new and existing technology makes it possible to use new cooperating and co-creating methods among 

the service providers and stakeholders. Organization and methods are standards that are proposed to 

follow the best practice inside the living lab environment. Lastly, the role of living lab partners is to 

introduce specific knowledge and expertise to gain higher standard results (Kareborn and Stahlbrost, 

2009).  

The Living Lab approach has been used in solid waste management in many cases. In Malaysia reducing 

waste is a part of solid waste management according to Solid Waste and Public Cleansing Management 

Act 207 (Act 672). It covers generating and collecting waste, transport, recycles, disposal, and other 

processes to get rid of critical situations. UTM is a university of Malaysia where the research of waste 

minimization was conducted by using the Green Offices initiative. They adapted the living lab as a strategic 

approach in this case. The first step of this research was waste profiling which includes waste generation 

and characterization. They collected waste from different locations of the campus to include different 

source place. It was done to differentiate the character and composition of waste according to their 

source place. A minimum of 100 kg of waste was collected from each source area. They were categorized 

and then weighted all together. The same approach was also used to study the generation of waste just 
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they were not categorized. Specific waste bins were collected and weighted to form a baseline. After that 

lowest and highest rate of waste per day was calculated. Three cycles were executed. All the collected 

data were processed and analyzed. The result was presented in the form of a pie chart, bar charts, or line 

graphs. In the full process students from Chemical engineering were involved. They participated in waste 

characterization where they got help from OAD and OCS. This created a bridge among the major element 

(Research, operation, teaching, and learning) of campus sustainability based on the living lab. By 

performing this knowledge was transferred and students experienced the actual impact of waste 

management on campus. Employees from OAD and unit sustainability also learned the necessity of waste 

minimization, the importance of waste generation, and characterization (Zen et al., 2016). 

The University of Monastir has its living lab as presented in (Benltoufa et al., 2018). They work with all 

users to solve and make solutions to fulfill the demand of every user. Their focus is on the open innovation 

approach. Their motive is to generate results for real people and real markets by providing real solutions 

to real problems. They are very much interested in working on waste management. Some of the main 

activities and projects of this living lab are related to waste management. They take waste from the 

campus and transfer to Monastir city through a model. Some of their projects are discussed below. 

Project 1. HAND’ART is created by a team of engineering school of Monastir. It involves creating and 

marketing environment-friendly handmade items. These are made from high-quality materials and 

recycled waste.  

Project 2. A company created by the cultural association of the Monastir fashion institute makes fashion 

and decoration products from scarp fabrics.  

Project 3. A solar panel is invented by using dumped soda cans. The cans are drilled and glued in tubes. 

Later they are painted black so that they can capture more heat. Ventilators are used for air circulation. 

They already applied it to one building of Monastir engineering school.  

In (Satapathy et al., 2016) a mobile waste management approach has been described by using a living lab 

framework in two cities of India. In India, waste management is a major problem for developing sanitation 

in some areas. Here they invented a mobile application to face the waste management issue. They used 

the living lab approach as the baseline for their project. They applied it in their project as follows:  

Co-creation by allowing the idea and concept from everyone.  

Exploration by engaging citizens who are the main creator of waste so that they can join in building waste 

management systems. Data collected from them are put into a mobile application and use it to raise public 

awareness. 

Experimentation by engaging citizens who are responsible for waste generation and disposal to 

experiment with the new application.  

Evaluation by testing it with all stakeholders (citizens).   

The application is being tested in two cities. After creating an account in the app, it can be used for 

tracking/reporting waste management problems. Citizens can report a problem by entering their state 

and city names. Under the issue field, there are several issues like waste pileup, Trash collection, etc. In 

the solution field, citizens can request a solution to the problem. By using google map the place where 

the issue was reported can be tracked and the authorities can take necessary steps. For example, if the 
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waste bin in that place needs to be emptied then it can be done and if there is no waste bin then the 

authorities can take action to put a waste bin in that area. With the help of citizens, authorities, 

communities, educational institutions, and private sectors in this living lab approach a smart city with 

sustainable waste management solutions can be built.   

Another study (Harder et al., 2014) focuses on the differences in the consumption of goods and generating 

waste in an induvial household by using the living lab approach. For this, they need disaggregated data 

from an individual household. Two approaches were proposed. One is analyzing the shopping receipt and 

waste generation of a household. The second one is tracking the consumption of goods and waste 

generation by using an application. They performed a case study to validate the idea.  

Most of the products from retail trade are wrapped inside a package. So, in the first approach, two 

information sources are receipts from the retail store and the disposed of package. Every receipt includes 

more or less the quantity of the product, price of the product, and product description. The packages 

which are disposed of also contain information on product type and quantity. By combining both of these 

data they found an estimation of purchased goods and related waste generation. Households were asked 

to store the product receipts from the store, recycle waste in a container and organic waste in a different 

container.  

In the second approach, a web app was developed named Food Watch. A web app was used to simplify 

the documentation. The members of the household will directly put the data into the app. This app will 

track from the purchase to the disposal of a product. The application uses a barcode to identify the 

household and a product. 

From the literature review, we found different types of living lab approach applied to different types of 

environment to solve solid waste management problems. The living lab approached has been used in 

university premises, in a full city, and in an individual household which answers our first literature review 

question: 

●       What case studies of Living lab have been presented in literature? 

But none of these studies has used a living lab to improve the situation of sorting waste nor used living 

lab and co-design approached together to solve waste management problems which is the aim of our 

research. 

3 Methods 

3.1 Literature review 
To conduct the research Systematic literature review was used as the main research methodology. A huge 

amount of research is produced each year on various topics. In this kind of situation, it becomes very 

unclear about what is the main picture or which result should be chosen. A systematic literature review 

aims to solve this problem by finding the relevant and quality studies addressing some research questions. 

It involves a systematic search process by addressing some specific research questions (Siddaway,2014). 

The research questions we used for this literature review are given below:  

1. What case studies of solid waste management and Living lab have been presented in the 

literature.  



 
18 

 

2. What co-design activities have been used for developing solid waste management activities in 

literature?  

       3.    What role does technology have in these cases? 

3.1.1 Search string 
Based on our research questions we created our search string on four areas shown in table. We did not 

use one search string but multiple search strings in different databases as using one could make the search 

string quiet complex. Our final search strings used for this research are as follows:  

A. (“waste minimization” OR “Recycling” OR “waste management” OR “Smart recycle bin” OR 

“Smart bin” OR “solid waste”) AND (“LIVING LAB” OR “user-driven innovation” OR “Living Labs”) 

AND (“Internet of Things” OR “RFID” OR “QR code” OR “ICT” OR “Smart city” OR “green IT”) 

B. (“waste minimization” OR “Recycling” OR “waste management” OR “Smart recycle bin” OR 

“Smart bin” OR “solid waste” AND “LIVING LAB” OR “user-driven innovation” OR “Living Labs”) 

C. ("Participatory design" OR "co-design" OR "co-creation" OR "user-centered design" OR "design 

research") AND ("waste minimization" OR "Recycling" OR "waste management" OR "Smart 

recycle bin" OR "Smart bin" OR "solid waste") 

D. ("Participatory design" OR "co-design" OR "co-creation" OR "user-centered design" OR "design 

research") 

E. (“co-design probes”) 

 

Research Area 1 LIVING LAB and all synonyms 

Research Area 2 Co-design and all synonyms 

Research Area 3 Solid waste management and all synonyms 

Research Area 4 IOT and all synonyms 

 

Table 1: Different areas for the search strings 

3.1.2 Data source 
We ran our search strings into several databases for reviewing related papers and articles. We used all 

five strings into every database and the results were different. For the same string in some databases, the 

results were too many and, in some databases, there were no results at all. Here we skipped those. The 

following are the selected databases and their results. 
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1. Springer 

2. IEEE 

3. ScienceDirect  

4. Web of Science  

After initial search by the strings we found following results:  

Database String A String B String C String D String E 

Springer 
 

40 
(Section: 

Engineering) 

112 
(Section: 

Engineering) 
 

277 
(Section: 

Engineering 
Year: 2015-

2021) 

Too many 
results 

 

94 
2017-2020 
(Section: 
computer 
science) 

IEEE 
 

Too many 
results 

60 
(Year: 2017-

2020) 
(Section: 

Internet of 
things, smart 

cities) 

1559 
(Year: 2015-

2020) 
(Section: 

Recycling, 
waste 

management, 
Internet of 

things, waste 
handling) 

372 
(Year: 2012-

2021) 
(Section: user 

centered 
design, 

internet of 
things) 

29 
 

ScienceDirect Too many 
Boolean 

connectors 

216 
 

Too many 
Boolean 

connectors 

Too many 
results 

 

No results 

Web of 
Science 

6 50 Too many 
results 

Too many 
results 

57 

 

Table 2: Initial results from the databases 

3.1.3 Inclusion and exclusion criteria 
Inclusion and exclusion criteria help to select relevant research papers based on the research question 

that we have. It works like a standard we need to maintain for each paper. The inclusion and exclusion 

criteria we followed for this literature review are given below. We applied this in all the studies that we 

received from the different databases.  

Inclusion:  

• For waste management, we will particularly look at solid waste management and what 

approaches have been used so far to solve solid waste management problems by using IoT. 
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• By using the keywords “smart bin” and “smart recycle bin” we look for methods that have been 

used in recycling bins to improve their usability. 

• In a living lab approach, we will put less focus on what a living lab is and more focus on how this 

approach can be used in university premises to improve waste recycling. 

• In finding the results for co-design our focus should be on the approaches and methods used in 

co-design in our related field. 

Exclusion: 

• For waste management, papers not referring to solid waste, but other kinds of waste should be 

excluded. 

• Results that are related to medical waste or factory waste should be excluded. 

• Living lab approaches that have been used for an entire city, village or a domestic household 

focusing not on recycling or waste management should be excluded. 

• Using co-design in other fields for example economy, hardware, or software should be excluded. 

• Papers that are too old (Published before 1998) should be excluded. 

• Tutorial summaries, panel discussions, papers with less than 3 pages should be excluded. 

3.1.4 Study selection 
After performing the inclusion/exclusion criteria to all the resulted papers some further steps were 

followed for final paper selection. 

●       Reading the Titles of the papers for filtering.  

●       Read the abstract to know the purpose of the paper.  

●       After these three steps, papers will be selected for further reviewing.  

●       If the full text is not available, then it will be thrown out.  

●       As mentioned in the exclusion criteria paper less than 3 pages will be excluded.  

●       Duplicate studies found on different databases should be excluded.  

●       After completing the previous stages remaining papers will be selected for reading.  

●       Perform snowballing by looking at the references. 

After performing inclusion-exclusion criteria and study selection we found in total of 36 papers from all 

the databases for further review and snowballing. For snowballing we analyzed all the references of the 

selected studies and looked for relevant papers. Here we used the same study selection and 

inclusion/exclusion criteria that we have used in earlier paper selection. We selected in total 18 papers 

from snowballing process. The whole process of paper selection is illustrated in Fig 4. 
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Fig 4: Process of selecting papers 

3.1.5 Data Extraction 
Data extraction in systematic literature review helps to identify what information should be collected from 

the papers to answer the research questions. A predesigned data extraction form was used to collect the 

data. All extracted information from the papers was stored in a google spreadsheet for further analysis. 

Data items used in the predesigned form are given below:   

• Title of the paper 

• Author 

• Publication year 

• Database 

• Topic of the paper or Keywords 

• Paper objective  

• Any involvement of IoT 

Phase 1: Source of 

information 

 

Phase 2: Inclusion and 

exclusion criteria used by 

reading title and keywords 

 

Phase 3: Study selection by reading 

abstract and conclusion 

 

Phase 4: Snowballing 

 

Phase 5: Read the full paper and 

find specific contents 
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• User involvement 

• Snowballing 

3.1.6 Data Synthesis 
For synthesizing the extracted data, we divided them into two categories.  

• Related work on similar approach  

• Methods and techniques used in the literature for targeted domains  

The first set of data were analyzed by searching for similar kind of works which were presented in all the 

selected papers. The result of first set of data reported in section 2. The second set of data were analyzed 

by looking for the methods and techniques used in the literatures for conducting similar kind of research. 

Results presented in section 3.2 and 3.3. Later on, our research these techniques are used and also 

developed a new framework of combining Living lab and Co-design approach.  

3.2 Living Lab 
In this research we have used the campus of Lappeenranta University of science and technology as a living 

lab. In (Kareborn and Stahlbrost, 2009) five major principles have been suggested which we followed 

throughout the process:  

● Continuity: A good cross border collaboration increases innovative ideas and creations and it 

depends on faith and confidence which takes time to build.  

● Openness: It is very good if the process of innovation is open as much as possible. Because bringing 

together multiple perspectives and combining power for the progress is necessary. It is also 

important for the process of user-driven innovation, ask users to join no matter what their 

backgrounds are.  

● Realism: Of course, the results should be compatible for the real markets, so it is mandatory to 

encourage real situation and behavior as much as possible. Realism is important also because 

focusing on actual users in real life situations distinguish living lab from other co-creation 

environments.  

● Empowerment of users: Engaging users in the design process is fundamental for innovating ideas 

in a preferred direction depending on the desires and needs of the users. Effectiveness of Living 

Labs depends on participants/users’ creative ideas. So, this is very important to increase the 

motivation of the users so that they engage in the process.  

● Spontaneity: It is essential to meet the personal needs, motivate usage and fit into the social 

demands in order to succeed with new innovations. In living lab, it is important to detect, 

aggregate and analyze user’s reaction over time to time.   

Among the five principles, three principles are the core of the living lab. They are the empowerment of 

users, openness, and realism. The empowerment of users is because the main idea of a living lab is to 

engage and empower users to join in the creation of an important asset directing on an objective set by 

the customers.  The second one is openness which is connected to open innovation, crowdsourcing, and 

involvement of users. Realism is just concentrating on real-world settings. It is also a fundamental 

property of the living lab. In this paper, we are going to focus on these three principals. 
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3.3 Co-design approach 
Nowadays designers are facing complex design problems. Because of the user-centered concept, there is 

a big change. Now they need to focus on users. Co-design is a design process where participants from 

different mindsets and backgrounds are involved. In the past making solutions to design problems is 

usually done linearly. First, discuss the cultural factors, designers will complete their design, lastly dealing 

the technical problems. In this kind of process, there is no room for discussion, so the result loses the 

original design requirements. Co-design becomes more widely used after continuous modification in the 

design field (Cutler, 2010).  

Lots of studies explain the term co-design which has been used in this research. In the designing field, co-

design means involving users in the design process. Users mean anyone who is going to be affected by the 

design. It can be stakeholders or end-users. According to (Sanders and Stappers, 2008) three factors can 

be used as a medium of interaction with users and customers: “say”, “do”, “make”. Here the “make” is 

related to co-design. By doing interviews it is possible to analyze what other people “say” and their 

expression. Observations are used to help in monitoring what other people “do” and their usage of the 

product or service. By introducing workshops people can identify their requirements and “make” a 

possible solution. The core concept of this “make” or co-design is to engage users for joint creativity. 

These users or non-designers can be from different backgrounds or disciplines who may have different 

roles within the project. The main challenge is to look for a suitable way for involving them in the design 

process. (Sanders, Brandt and Binder, 2010) proposed a framework that can be useful to decide what 

tools and techniques can be used for a situation. 

It is important to define the terms which we used in this research to explain the co-design applications. 

Following are the concepts which define the co-design approach (Sanders, Brandt and Binder, 2010). 

a) Tool: Materials used in co-design events.  

b) Toolkit: Combination of tools to achieve a specific goal.  

c) Technique: Instructions of using the tools and toolkits. 

d) Method: Combination of Tool, Toolkit and technique to serve the purpose.  

e) Approach: A structure to guide the research plan implementation.  

(Sanders and Stappers, 2014) divided the co-design approach into four phases. They are  

● Pre-design phase 

● Generative phase 

● Evaluative phase 

● Post design phase  

Timeline of these four phases are shown in Fig 5.  

Pre-design is the research that takes place before the generative phase. Post-design is the phase when 

the design is already produced. The main focus in the pre-design phase is on the context of experience 

and the post-design phase is all about how people actually experiencing the product. Design opportunities 

and design decisions are made in the generative phase while design development takes place in the 

evaluative phase. There are two black spots in the figure. The first black spot (left side) indicates that 

design opportunities have been recognized and the second black spot (right side) indicates that the main 

outcome has been made. In the pre-design phase, co-designers and designers learn the experience of 
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users. The second stage is the generative phase where co-design participants jointly participate and 

generate ideas. This phase proposes a design solution. The third stage is for verifying the design solution 

achieved from the generative phase through prototypes and evaluations. The post design phase is mainly 

about how people actually using the product. This can be achieved by publishing the product into the 

market and monitor people's experiences. 

 

 

Fig 5: Four phases of co-design (Sanders and Stappers, 2014) 

Pre-design phase  

Pre-design is the phase where designers gather the experience of users by performing various methods. 

In our research we have used following methods to collect data.  

Survey 

The word survey is used to define a method of gathering data from a sample of people. These people are 

a fraction of the target population. Survey has many different purposes and can be conducted in many 

different ways. For example, over the phone call, by email, or by in person. In the survey, all members of 

a target population are not studied. It studies only a few portions of the entire target population. The size 

of the portion depends on the purpose of the research (Scheuren, 1948). Here we used a webropol to 

conduct the survey.  

Some disadvantages of surveys are it is often not possible to collect a perfectly random sample unless 

putting radical limitations. Studies that are conducted face to face have a high response rate because 

people who show up for the study will likely complete the full study. But surveys never have this kind of 

high response. According to (Buhrmester, Kwang, and Gosling, 2011) when it happens online participants 

start the survey and quiet after answering a few questions if they are not finding it interesting or 

appealing. Based on research 10% of participants quiet the survey after reading instructions and 10-15% 

at the middle point. Generally, in a face to face meeting, it is possible to have 1-4 hours of a participant if 

it is paid wherein online cases it is challenging to ask 20-30 minutes from a participant. Either they will 

quiet or answer randomly which is a big challenge in gathering accurate data. (Crump, McDonnell and 

Gureckis, 2013). Another main drawback of online surveys is the lack of proper instruction. In face to face 

meeting researchers verbally deliver instructions that increase the understanding of participants. This 

communication gets more complex where they never meet.  
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Though the survey has some limitations we used in our research. Because access to a new population is 

very easy through an online survey and due to the COVID 19 situation face to face meeting with this 

amount of people was impossible. Generalization or targeting a group of people is possible in online 

surveys. For example, Our research target population was the students and staff of the university. So, it 

was simple to pass the link of the survey to all students and staff via university email or social media.  

It is very important to get data from a large age range to expand the accessible population. Another 

important issue is gender (Field, 2013). In our case, we needed both. We were trying to find if the age 

range and gender have any impact on waste sorting behavior or not. An online survey is very helpful in 

targeting a specific population. In practical surveys analyzing data is very time-consuming. Because in the 

traditional data collection process participants need to be brought into a laboratory and then collecting 

data with the help of assistants. This process can take several weeks or months based on the number of 

participants. But an internet-based survey has the opportunity to collect data from hundreds or even 

thousands of participants in a very short time. Also, this process is cost-effective. An online survey has 

another advantage and that is anonymity. In specific cases, participants do not deliver honest data if 

anonymity is not guaranteed (Rice et al., 2017). 

Interview  

According to (Kvale and Steinar,1983) interviews in qualitative research can be defined as "An interview, 

whose purpose is to gather descriptions of the life-world of the interviewee with respect to interpretation 

of the meaning of the described phenomena". Interviews can be done in several ways. For example, Face 

to face interviews, phone call interviews, and now with the help of internet and computer technology 

conducting interviews through email and messenger is also very popular. In our case study due to the 

COVID, 19 situation face to face interview was not possible at all. We conducted several interviews and 

all of them were online interviews. This can be put under the phone call interview technique. One of the 

advantages of this type of interview is as it is asynchronous communication of place it extends access to 

participants then face to face interviews. But there are drawbacks to this type of interview for example 

reduction of social cues. Here interviewer and interviewee do not see each other so there are limitations 

in using body language which is always considered a good source of extra information. Another issue is 

failing to create a good interview ambiance because of not having any proper place (Opdenakker, 2006). 

Despite the disadvantages, we followed this technique because due to the lockdown situation everyone 

was working from home, some people were in their home country and some people were in quarantine.  

So, this technique helps us to (Mann and Stewart,2000) 

● contact people who might be difficult to work on a face to face interview  

● allows to access people who are working in a place which have limited access 

● It has wide geographical access so people from anywhere in the globe can be interviewed 

Generative phase  

In this phase, stakeholders participate in designing and propose a design solution. Designing with 

participants is done by arranging hackathons and workshops. Co-design approaches that we have used 

during our workshop are as follows:  

Cultural probe 
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In co-design probes are used to invite people to reflect and illustrate their experience, thoughts, feelings 

in a way that works as a motivation for the designers (Gaver, Dunne and Pacenti, 1999). Cultural probes 

are used to provoke the response of the participants. Probes can take many forms such as books, cameras, 

diaries, games, etc. Probes are created by the designers and deliver to the participants with little 

instructions or sometimes with no instructions at all. Participants complete it and return it to the designers 

(Sanders and Stappers, 2014).  

Generative toolkits 

Generative toolkits explain a participatory design language that can be used by participants. It helps non-

designers so that they can think and propose their ideas about how they want to use a product in the 

future (Sanders 1999). Toolkits can be anything made of 2D and 3D components. It can be pictures, words, 

blocks, shapes, buttons, pipes, wires, etc. Toolkits are produced by designers or researchers. They are 

given to the participants during the co-design process to make artifacts for the future (Sanders and 

Stappers, 2014).  

Evaluative phase 

In this stage, the ideas generated from the previous phase are evaluated by the stakeholders and non-

designers. It can be done in many ways for example making prototypes and gather people's responses or 

gathering feedback about the ideas from the end-users.  

Post-design phase 

This is the last phase of the design session and it is all about people’s experience. In this stage, the final 

design has already been made and now it is time to see people’s reactions and experience with the 

product.  

By applying our systematic literature review process, we found very few studies of co-design which aim 

to solve the solid waste management problem. That is why we focused more on the methods of co-design 

instead of co-design approaches which have been used to solve solid waste management problem. Here 

we are done with our second literature review question: 

● What co-design activities have been used for developing solid waste management activities in 

literature?  

As we mentioned earlier none of the studies has used Living lab and Co-design approach together to solve 

solid waste management problem. Based on our literature review we need to find a method or framework 

which can combine these two approaches to solve our main research questions.  

4 Results 
We designed our research steps (see Fig 6) by reflecting on co-design approaches which composed of four 

phases, the pre-design phase, the generative phase, the evaluative phase and the post design phase. All 

these phases are interdependent.  
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Fig 6: Process diagram of methods used in this research 

 

4.1 Survey  
To learn how much people, know about solid waste management and get precise knowledge on common 

waste management behavior of an individual we conducted an online survey regarding the issues related 

to waste recycling inside the university campus. As in this research study, we are using the LUT campus as 

a living lab, so all the participants were LUT students and staff. The questions of the online survey explored 

the following key areas: 

● How much awareness do the participants have regarding waste generation or waste 

processing?   

● Waste dumping behavior of the participants.   

● What do the participants think about waste sorting?  

● How often the participants are dumping waste into correct bins? 

● If they are not using the correct bins what are the complications? 

4.1.1 Participants 
The survey occurred in March 2020. Several methods were used to approach the participants. Firstly, the 

link of the survey was sent through personal email to all known persons who studies or works at LUT with 

proper introduction and details of the survey. Secondly, the link to the survey and proper description was 

published in the university portal. Lastly, the invitation was posted into the International group of LUT on 

social media. The survey mainly targeted people who are or were related to the university. In total 93 

participants including students and staffs age limit of 17-24 (26%), 25-34 (42%), 35-44 (18%), 45-64 (14%) 

took part in the survey. The overall participants consisted of 52% males and 44% of females where 54% 

of them are native Finnish speakers and the rest of them are from different countries. Among the 

participants 37% were university staff, 56% were students including Ph.D., MSc, BSc students, and 7% 

were other people related to the university (see table 3). 
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Table 3: Participants role inside the university  

4.1.2 Data analysis  
Table 4 displays how many participants know about waste sorting. 82% of participants responded yes, 

they have heard about waste sorting and mentioned at least two activities related to sorting waste. Some 

common answers were recycling and reusing, source separation, identify the waste, Separation of 

biowaste and other waste fractions at home, separating different waste from each other, waste 

segregation, put waste in a different basket, waste reuse, etc. and almost every answer was right.   

 

Table 4: Participants knowledge about sorting waste 

Table 5 indicates how much they care about sorting waste before dumping and 72% responded that they 

strongly believe the waste should be sorted. To gain a deeper understanding table 6 shows a scale of 1-5 

about the importance of waste sorting and 63% of participants responded scale 5 which is very important 

and 30% responded scale 4. Based on these two tables we can clearly say that most of the participants 

seriously believe that waste should be sorted before dumping. 
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Table 5: Participant’s care about waste sorting 

 

Table 6: Participant’s care on a scale of 1-5 

In terms of using the appropriate recycle bins we found some different results (see table 7). 67% 

participants said that they use different recycle bins every time they need to dump a waste whereas 19% 
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said if the bin is near to them then they use it and 14% said it depends on the situation which means in 

total 33% participants are not using correct bins every time they dump a waste.  

 

Table 7: Proper waste bin usage of participants 

As in this research, we are using the LUT university as a living lab, so we wanted to know what participants 

think and how they are using the recycling system of the university. For this purpose, we asked several 

questions. The first question was about the waste container. The university already has separate 

containers for different kinds of waste in several places. The participants were asked to mention all the 

different waste container’s name they know. The answers were analyzed, and a list of commonly used 

words from the answers was made. The purpose of this question was to find out how much the students 

and staffs know about the recycling containers of the university. Most of the answers included the 

following words which are mostly correct: 

● paper 

● plastic  

● energy 

● Biowaste  

● Bottles 

● Metal 

● Organic 

● Mixed  

● Batteries 

● Cardboard 

● Glass 

Some of the participants also mentioned the place of the containers. From their answers, we can clearly 

state that they have enough ideas about university waste containers. The second question was about the 

last two month’s recycling behavior of the participants inside the campus. 72% of participants answered 
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that they used appropriate bins every time they disposed of waste and 26% answered they did it 

sometime. Only 2% of participants didn’t even notice (See table 8). 

Table 8: Last two month’s waste dumping behavior of the participants 

The third question indicates the difficulties participants faced to select the proper container for waste in 

the last two months. 12% participants answered they had problems every time they dump a waste, 64% 

answered sometimes they had problems, 16% answered they never had any problems regarding waste 

dumping and 8% didn’t notice their behavior (see table 9). 

 

Table 9: Difficulties faced by the participants 
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Based on the last two questions it is clear that a major group of people is still maintaining the proper 

dumping methods but most of the time they are having problems choosing the correct bin. This can create 

a big impact on their recycling behavior in the future because if it continues like this, they may lose interest 

to follow the proper dumping criteria. Another possibility is although they are maintaining the proper 

method of sorting waste, maybe they are choosing the wrong container. To get a clear insight into this 

our fourth question measures the confidence level of the participants to select an appropriate bin on a 

scale of 1 to 5. Only 22% answered 5 which is very confident about selecting the correct bin, 62% of people 

answered 4, 12% of participants answered 3, and rest 4% answered 2 (See table 10). So, as our prediction, 

a major amount of people are not fully confident about their bin choice. 

 

Table 10: Confidence level of selecting a proper bin 

At this level, we already identified participant’s conception about waste sorting and their common 

behaviors regarding dumping waste. Now it is time to look for the problems participants are facing and 

some improvements according to them. So, the next question was about the reasons for not using the 

appropriate bin according to the participants. 61% of participants answered it is a lack of awareness, 46% 

answered because of visibility problem, 32% answered not interested and 18% answered because it is 

time-consuming. 16% of participants mentioned about some other problems. For example, not sure about 

what are the dry waste, lack of different containers, lack of glass containers, accessibility problem, not 

sure about which container to select. To get deeper into the problem we asked the participants to mention 

at least three problems which according to them are the barriers against using proper bins. We analyzed 

the answers and identified some common issues. So, we categorized their answers into different problems 

and explained the problems according to their answers (See table 11).   
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Problems Explanation 

People are lazy and busy. Generally, people are too lazy to find the 
appropriate bin and in most of the situation they 
do not have time to sort waste because waste 
sorting is very time consuming. For example, its lot 
easier to put all the waste in a bag and throw it 
instead of putting different waste in different bags 
which needs more efforts.  

Lack of awareness Based on participant’s feedback most of the 
people do not know the consequences of their act, 
they do not even know why they should do it or 
the benefits of waste sorting. People think 
recycled products do not have that much demand. 
Some even mentioned that they do not do it at 
home so why here.  They always think there is 
nothing for them so why wasting time. This is the 
result of not having proper education on waste 
management or recycling. Another reason 
mentioned by some participants is the 
international students. They think most of the 
international students are not aware about proper 
recycling because maybe they do not have that 
practice at their home country.  

Confusion on choosing the right container  People often get confuse about selecting the right 
container. Sometimes they do not understand 
what kind of waste they have, sometimes they 
found different containers for same waste and 
sometimes they have waste which contains 
different materials. For example, coffee cup.   

Visibility problem For example: Names are too small to understand, 
written in different language, not having any 
proper instruction or visual signs, different design 
for the same container, it will be better if there are 
color coded bins.  

Insufficient recycle bins and wrong placing of the 
bins 

Some participants think that the university do not 
have enough bins. Also, some containers are not 
available in every place. For example, someone 
needs to dump glasses, but that container is not 
near, and the person doesn’t even know where to 
find it because there are no instructions, 
university don’t have any container for coffee 
cups, offices don’t have different containers. 
There are only mixed waste and paper waste 
containers.  
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Also, some of the participants mentioned that the 
bins are not situated in the right place.  
 
 

Not having proper knowledge about different 
containers  

People do not have proper knowledge about 
different bins. For example, what they should put 
in “energy waste” container.  

Size problem Size of the containers are not enough and most of 
the time they are full. So, you do not have any 
option rather than choosing the wrong bin.  

Product packaging  The packaging of the products should be 
improved. For example, the metal lid of a yogurt 
can should be removed so that it becomes fully 
plastic and people will throw it in plastic 
containers. A good example is beer cans. They are 
full metal. Based on participants feedback this can 
encourage people to change their behavior.  

 

Table 11: Identified issues from participant’s answers 

The next question was designed to get participant’s though about the improvements of the current 

situation. They were asked if the recycling procedure of the university should change or not and if yes 

then what suggestions they have on their mind. After analyzing the answers, we put their suggestions into 

different problem areas (See table 12).  

Problem areas Suggestions 

Visibility problem ● Instruction should be in English. 

● Put proper sticker on them. 

● Should be some clear instruction.  

● Picture of waste in the bin would be 

better.  

● Should be like something which can 

attract the students.  

● Role of energy waste and combustible 

waste should be clarified.  

● Clear leveling  

● Clear visibility  

Raise awareness ● Giving students and staffs proper 

directions.  

● Reducing the waste generation is more 

important. For example, using coffee 

mugs instead of paper cups.  
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● There should be some advertisements on 

waste management or recycling to raise 

awareness.  

● Have more attention while dumping 

plastic waste. There should be proper 

markings.  

 

Placing new bins  ● Offices should have separate bins 

● Need separate bins for big boxes. 

● More containers needed for plastic, 

cardboard and bio waste.  

● Bins for batteries. 

● Should be some separate bins for pizza 

boxes. Pizza boxes should not fall into the 

cardboard waste.  

● Should place some metal bins in chemistry 

lab.  

● Need batteries, oil, medicine and 

hazardous waste containers.  

● Coffee places should have more different 

containers not just the energy and 

biowaste.  

● The amount of waste bins should be 

increased.  

● Need glass collection containers. 

● Add plastic and carboard containers in 

every place.  

● Study rooms should have separate bins for 

example bio waste.  

Bin placements  ● Waste bins should be placed according to 

the place demand. For example, bio 

waste, plastic, metal, paper containers 

should be near restaurants and paper and 

plastic bins should be near the 

classrooms. 

● Remove the mixed bins    

● Glass containers should not be in canteen. 

Information  ● There should be proper instruction where 

a particular bin is. For example, someone 

needs to dump metal waste but do not 

know where to find metal container or 

does the university have any metal 
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container? From the instruction the 

person will get the idea.  

  

Table 12: Suggestions to improve current recycling procedure 

Last question was about how to motivate people to use the correct bins according to the participants. 

Based on their responses we pointed out four major criteria and placed similar answers on each section 

(See table 13).  

 

Criteria 1: By adding monetary value  ● By giving something in return can be a 

good idea. For example, dump trash and 

get money.  

● Charge fine if they do not sort.  

● By adding tangible benefits of sorting.  

 

Criteria 2: By educating and delivering valuable 
information 

● By creating more awareness.  

● Delivering knowledge about the benefits 

of sorting waste.  

● When they know why they need to.  

● Showing them how different waste are 

treated so that they will understand they 

need to sort.  

● By arranging seminars to show the 

importance of waste sorting.  

● By educating them  

● Showing them the impact of their 

behavior.  

● Sending them email or offer short courses 

on waste recycling will be better.  

● Strict instructions and awareness building 

program 

● By showing real time effects on the 

environment. 

● Raise awareness by showing video or tour 

on campus to all the new students and 

employees.   

● Introducing recycling games to motivate 

and teach.  

● Showing the amount of unsorted waste to 

everyone for motivation.  

● Recycling rate of different materials 

should be published. For example, Finland 
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is doing good in recycling plastic in EU. 

This kind of information can motivate 

people.  

● Identify the people who are not sorting 

properly and publish their identity in wall 

of shame.  

● Showing people how much money can be 

saved by following proper sorting and 

how that money can be invested in other 

sections.  

● Add a tv screen above the bin container 

which will show if we put waste in the 

wrong bin. It can also show the 

importance of sorting.  

● First, they should practice it at home.  

Criteria 3: By changing the visual representation of 
the recycle bins  

● Clear information and visual.  

● Clear symbols.  

● Put some guidance near the bins. 

● Put pictures of nature into the bins to 

raise awareness.  

● Make it easier and faster.  

● Put bin location in university portal so that 

everyone can see.  

● Detailed info about what goes and what 

does not go in a specific container. 

● If people can see what kind of waste is in 

the container then there will be no 

confusion.  

● By highlighting the bin location or put 

some color symbols on walls near the 

bins.  

Criteria 4: By increasing the number of recycle bins 
and recycle points  

● Put more bins to motivate people 

● By increasing the number of separate 

containers. 

● Äyroskis that identifies waste and thanks 

the user for the right choice 

● More recycling points  

 

Table 13: Ways of motivating people 
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4.1.3 Findings  
By analyzing participant’s responses, it is confirmed that the current waste sorting methods need to be 

upgraded. A new design may help to overcome the current situation. Responses from each participant 

were different. Based on these different responses we created four unique user groups. Each of these 

user groups has some different perceptions, different motivations, and different frustrations. We made 

the user groups by applying a top-down approach to the survey questions. 

 

Fig 7: User group clustering 
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Fig 7 represents the top-down approach we applied for the group selection. It is based on the questions 

and answers from the participants. Based on the answers we found several groups of participants had 

similar responses. Here we only considered a group with a minimum of seven people. Groups having less 

than seven participants were ignored. By following this we found User group 1 with 27 people, User group 

2 with 7 people, User group 3 with 8 people, User group 4 with 16 people. Based on their answers we 

made the following four personas. 

User group 1 

⮚ Persona name: Jonna 

⮚ Age: 33 

⮚ Work: Student coordinator 
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Jonna is a 33 years old woman working as a student coordinator in LUT. From her bio, we can see that 

waste sorting and recycling is very important to her and she has good knowledge about waste sorting. Of 

course, she has some issues for example She’s not fully confident in herself to select the correct bin.  

Although among the four user groups Jonna is the oldest and has more potentiality towards waste sorting 

and recycling. Age and maturity turn people into a more responsible person and responsible people have 

positive impacts on the environment. Researches showed that people with big personal responsibility 

more likely to take part in environmentally friendly behavior than others. (Hines, Hungerford and Tomera, 

1987). Also if we think from the demographic factors then women normally have less environmental 
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knowledge than men but emotionally they are more engaged, have more concern about the destruction 

of the environment, barely trust technology, and ready to change (Kollmuss and Agyeman, 2010). 

User group 2 

⮚ Persona name: Daniel 

⮚ Age: 30 

⮚ Work: Junior Researcher 

 

Daniel is from Italy and doing his Ph.D. in Lappeenranta, Finland. His conception towards waste sorting is 

clear and he thinks it should be followed strictly. But he uses the proper bin only if he finds it near to him 

and sometimes it depends on his mood. According to him the reason for this attitude is a lack of awareness 

and lack of time. As he’s always very busy. It can be mentioned as ‘practicality’ the third barrier of action 

according to (Blake, 1999). Social and institutional constraints stop people from doing pro-

environmentally tasks even if they want to. Such limitations are lack of time, money, and information. But 
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as mentioned he’s trying to change his behavior. A strong pro-environmental attitude is found helpful in 

acting pro-environmental behavior (Hines, Hungerford and Tomera, 1987).   

User group 3 

⮚ Persona name: Nikko 

⮚ Age: 24 

⮚ Work: Bachelor student  

 

Nikko is a 24 years old bachelor student from LUT. He doesn’t care that much about recycling or sorting 

because most of the time the correct bin is not in front of him and sometimes, he’s too busy with these 
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things. This is the reason why he didn’t use the proper bin in the last two months. A major concern in 

Nikko’s behavior is according to him one’s action will not make any significant impact. This behavior is 

identified as responsibility, one of the barriers to action according to (Blake, 1999). He mentioned in his 

paper that this kind of attitude is close to ‘locus of control’. This type of person thinks that their action 

will not change the situation, or they don’t have any responsibility towards it. Nikko thinks like this 

because he can’t see any visual impact of his good behavior. According to (Kollmuss and Agyeman, 2010) 

direct experiences always have a stronger impact on people’s behavior compare to indirect experiences. 

For example, Nikko may get proper knowledge from the university about environmental problems and 

how one’s behavior can change everything but in the end, he’s not going to believe it. But a real-life picture 

or scenario may change his mind. 

User group 4  

⮚ Persona name: Amit 

⮚ Age: 31 

⮚ Work: Masters student 

 

Amit is a foreign student doing his masters in LUT. He is from Bangladesh where waste sorting is not strictly 

followed inside the household or in other places. This is the reason why he never heard about waste 

sorting or have any proper knowledge about waste sorting. Also, there is a lack of awareness. Social norms 
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(McKenzie-Mohr & Smith, 1999, p. 97), traditions, and influence of the family have a major impact on an 

individual’s behavior. For example, in a culture where lifestyle is unsustainable, pro-environmental 

behavior is very rare (Kollmuss and Agyeman, 2010). Knowledge is also an issue because a person needs 

to be familiar with environmental problems to perform pro-environmental behavior (Hines, Hungerford, 

and Tomera, 1987). That’s why Amit faces difficulties while sorting. However, Amit tries his best to use a 

proper bin for waste because to him it’s a good practice. 

4.2 Expert Interview  
We conducted three expert interviews with persons from LUT who are related to the waste management 

of the university. Through the expert interviews we got information about the current waste management 

situation of the university, biggest challenges and what they think can be effective to change the current 

waste sorting situation. To show them the actual scene about what students and staff are thinking about 

the current condition we presented the four user group personas as a cultural probe. A cultural probe 

helps to understand and combine useful information about a topic or situation (Mattelmäki, 2005). We 

can define Cultural Probes as “collections of evocative tasks meant to elicit inspirational responses from 

people” (Podest, Bonacin and Gon, 2018). It helps them to open up a bit more and discuss the issues they 

are facing now. 

4.2.1 Participants 
In total four persons were contacted for the interview. Unfortunately, we got to interview just three of 

them. The first interviewee person was the newly appointed sustainability manager of the university. The 

second person was from Lassila & Tikanoja (L&T) which is a cleaning company. He deals and handles all 

the issues related to university cleaning. The third person was the university’s head of development 

program.  

4.2.2 Procedure 
Because of the COVID-19 situation, everything was locked down. So, all the interviews were conducted 

online. We used Zoom online meeting for video conferencing. The sessions were planned for 40 minutes. 

Interview questions, consent forms, and other information were sent to the participants beforehand 

through email. The first ten minutes was the introduction session. The interviewer (The Author) 

introduced himself, described the goal of the project and the interview. After explaining the purpose of 

the research, the interviewees were asked to sign the consent form which described the confidentiality 

of the collected data. After the introduction part, the main interview started. Interviews were semi-

structured and focused on the following aspects. 

a) Current situation and biggest challenges of the university regarding waste management.  

b) Show the personas (End result of the survey) and gather their opinions.  

c) What behaviors of the students and staffs can be changed and how? 

During the interview a cultural probe – personas of four different characters (From the survey) was shown 

to the interviewees to reflect on the recycling behaviors and frustrations of the students and staffs. Goal 

of this cultural probe was to open up the thoughts of interviewees on recycling issues faced by students 

and staffs.  
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4.2.3 Data Analysis 
All the interviews were audio-recorded and noted through different software. All the data were initially 

categorized after each interview. All the audio and notes were analyzed. Notes were read and the audios 

were listened several times to get an overall idea. All the interview conversations were separated into 

meaningful texts and developed a precise meaning. Among all the conversations similar meanings were 

merged and established a subtheme. These were then connected with a theme. See table 14: 

Actual Sentence Precise meaning  Subtheme  Theme  

“Main problem is 
inside the building. 
There is not enough 
different type of 
recycle bins” 
 

Need more different 
type of recycle bins 
inside the campus 

 
 
 
 
 
 
 
 
 

Campus needs more 
different type of 

recycle bins 

 
 
 
 
 
 
 
 
 
Adding more different 
type of recycling bins 
can be a solution and 

makes it easier to sort. 

“but the sorting must 
be easy. There should 
be different recycle 
bins with good 
instructions”  
 

Need different bins 
with proper 
instructions 

 
“Enough number of 
bins” 
 

Need more bins.  

“Arranging more 
plastic, glass, metal and 
cardboard containers 
can be easy” 

More different type of 
bins. 

“In many places there 
is only one waste bin. 
For example, in the 
classrooms. So, the 
students can’t sort 
their waste. Lack of 
different waste bin is 
one challenge” 

Classrooms need 
different type of bins.  

 
 
 
 
 
More different type of 
bins should be placed 

in certain places. 

“Put different recycle 
bins in every place” 

Every place should 
have different bins.  
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“Should be clear 
sorting instructions” 

Need proper sorting 
information in the 
bins.   

 
 
 
 
 

Lack of clear sorting 
instructions on the 

bins. 

 
 
 
 
 

 
 

Need to change the bin 
appearance. It can be 
clear instructions or 
proper labeling or 

instructions in English.  

“Proper instructions 
and visual 
representation of the 
bins” 
 

Clear instructions on 
the bins and change 
the visual 
representation of the 
bins.  

“Proper labeling and 
instructions is also 
quite easy to do” 

Labeling and 
instruction should be 
updated and it’s an 
easy task to do.  

“Instructions are not 
clear. They should be 
in proper English also” 

Improper instruction 
and not in English. 

Unclear instructions 
and language barrier.  

“Waste bins are not in 
a logical way” 

Bin placements are not 
correct 

 
 
 
 

Placements of the bins 
inside the campus are 
not in a proper way. 

 
 
 
 
 
 
 
 
 

 
 
 
 

Need to change the 
location and 

placements of the bins 

“It’s because people 
are lazy. They don’t 
like to carry waste and 
walk for a minute to 
find the proper bin. 
May be the proper bin 
placements or 
information can help” 

Bin placements are not 
correct that’s why 
people need to walk to 
dump a waste.  

“Changing the bin 
placement can also be 
helpful because it’s not 
been done” 

For a very long-time 
bin placements have 
not been changed. 
Now it needs to 
update.  

 
 
 
 

University should 
change the bin 

placements. 
“Where are the recycle 
bins” 

We can change where 
the recycle bins are.  

“Getting the users 
know how to do 
sorting” 

Teach the students and 
staffs how to sort.  
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“Easiest and effective 
way is to improve 
people’s knowledge on 
recycling” 

Teaching people about 
recycling.  

 
 
Teach people about 
sorting and recycling 

 
 
 
 
 
 
 
 
 
 
Need proper education 

regarding waste 
sorting and recycling. 

“Teach people about 
different kind of waste 
bins” 
 

Teach people about 
different kind of waste 
bins so that they won’t 
have any problem. 

“We don’t have any 
kind of system which 
can teach or give ideas 
about proper sorting 
to students or the 
staffs” 

No proper way to 
teach everyone about 
sorting.  
 

Lack of proper 
education system on 
recycling 

“Organize workshop 
where people will 
learn by performing 
activities.  
Raise awareness, 
giving information 
about the recycling 
points, teach 
importance of 
recycling through 
email to all staff 
members” 

Different kind of 
methods can be used 
to teach people. For 
example: Workshops, 
raise awareness, 
deliver information of 
recycling points, send 
students and staffs 
mail regarding the 
importance of sorting.  

 
 
 
 
Various events, 
courses and emails can 
be introduced to teach 
people about sorting 

“A map describing the 
different recycle 
points” 

A map with different 
type of bin locations.  

People need directions 
so that they don’t get 
confuse.  

 
 
 
A map indicating the 
location of different 
type of recycle bin is 
necessary.  

“giving information 
about the recycling 
points” 

Let everyone know 
where the recycling 
points are.  

Let them know about 
the recycling points.  

  

Table 14: Data analysis from the interviews 

 

4.2.4 Findings  
From the analysis, we got five major themes and eleven related subthemes. The interviewees gave their 

opinions on how to improve the current situation and what procedures or measures can be taken into 

consideration.  
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According to the conversations I had with the interviewees I found that several things can improve the 

situation. Finding a new solution is not the only option. Implementing a small change in the current system 

can also lead us to a better solution. For example: adding a more different type of recycle bins, proper 

labeling on the bins, change the location and placements of the bins.  

By using the cultural probe interviewees got some clear ideas about the frustrations of normal people. 

Most of their feedbacks were according to the issues that students and staff are having. 

Increasing the amount of recycle bins. We also got this from the survey that the amount of recycling bins 

inside the campus is not enough. Many commented that there is a lack of different kinds of recycling bins. 

Interviewees also mentioned in different conversations that it is true. But there is a limitation. As from 

one of the interviewees, increasing the amount of bin which we already have is not a big problem but if 

we need to put some new type of bins then it’s going to be difficult. There are some complications 

between the university and the building owner. Waste collection rooms are very few which is under 

building owners. So, it’s not that easy to add a bin for new material if there are no collection rooms. 

Need to change the bin appearance. There are many complications with the current bin’s visual 

representation, and we got these comments both from the survey and interviews. Visual representation 

includes a lot of things for example improper instruction, language barrier, lack of proper image.  

Change the bin location and bin placement. From one of the interviewees we got information that the 

placement of the recycle bins inside the campus haven’t been changed for a very long time. Students and 

staffs mentioned that they didn’t find right bin in many places.  

Proper education on waste sorting. As we all know we have many international students in our campus. 

Most of them are not familiar with waste sorting in their home countries. So, we need proper education 

and guidelines on sorting. Even many European students and staffs has very limited knowledge regarding 

waste sorting. Interviewees suggested that we can overcome this issue by introducing short courses, 

seminars or sending mail to all staffs and students.  

Map indicating bin location. One of the may frustrations of students and staffs is not finding proper bin 

for their waste. They know what kind of waste they have and where to put it, but they don’t know where 

to find this particular bin. Interviewees also ensured that a map indicating all the bin locations can be very 

helpful.  

4.3 Finding solutions with the users – Co-design workshop 
The co-design workshop was set up to explore, find and create possible solutions to improve the current 

waste management situation. From the interviews and survey, we already identified some common issues 

regarding the waste management of the university. Motive of this workshop was to find solutions which 

can minimize those issues.  

4.3.1 Participants 
At first, the idea was to create an event for the workshop. Through that event, the participants will be 

recruited. We would advertise the event on social media and the university portal. By doing this we could 

have different stakeholders in our workshop. Our initial number of participants were 15-20 people. But 

because of the COVID-19 situation, none of these were possible. Most of the students were in their home 

country as the university was closed and it was not possible to recruit participants by creating an event 
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because no one would participate because of the pandemic. The government also enforced a rule of not 

allowing the public gathering of more than ten people. All these issues made us look for a different 

approach. At first, we dropped the idea of creating an event. We planned to ask people to participate in 

our workshop. We used social media and our connections to recruit participants for the workshop. As this 

is a co-design workshop so we needed different stakeholders. We are using the university as a living lab, 

so our main users are the people related to the university. We selected in total five master’s students and 

one ex-student from different fields and they were computational engineering, software engineering, 

GMIT, and chemical engineering. The goal of selecting students from different fields was to get different 

ideas. We invited three staff from the university where one of them is working as a junior researcher in 

sustainability, one of them is working on a project and the last one was an ex-junior researcher.  We also 

invited the owner of a university restaurant. As he was maintaining his business inside the campus for a 

very long time, he can give us useful suggestions. Because of the government rules, we conducted our 

workshop with nine participants. All these nine people participated in our last survey. 

4.3.2 Procedure 
We conducted the co-design workshop in June 2020 at LUT university. Because of the COVID-19 we 

needed special permissions to perform the workshop inside the university. The whole session was divided 

into following parts:  

1) Conversation starters (20 mins) 

2) Framing the design challenge (15 mins) 

3) Storyboard (15 mins) 

4) Tour inside the university (30 mins) 

5) Introducing the user groups (15 mins) 

6) Brainstorming (30 mins) 

7) Peer review and feedback (30 mins)   

Conversation starters We started the event with some little introduction and greetings to make the 

atmosphere comfortable and relaxed. We then started explaining our topic, our goal and why are we 

doing this workshop. We presented some information about our recent work. As we were thinking to add 

IoT in our design we showed and explained some examples of IoT based smart bins. This gave the 

participants some idea of what a smart bin is.    

Framing the design challenge. The second activity was to frame our design challenge. We presented all 

issues as design questions, showed them what the impacts are we trying to have and also presented some 

possible solutions. These solutions are based on the survey results and interviews. Framing the design 

challenge helped us to get off on the right foot. We also had some discussions with the participants here. 

Participants asked questions about the problems and our suggested solutions. This session made them 

open up their thoughts about the topic a little bit.  
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Fig 8: Formal introduction and framing the design challenge session with the participants 

 

Storyboard.  Third activity was the storyboard. Participants encountered a short story of a student who’s 

trying to dump his waste in the recycle bins (see fig 9). The scenario showed what type of difficulties the 

student faces while selecting the correct bin for a waste. In the first picture a student is thinking why there 

is only one bin inside the classroom, in the second picture the student confused because the bin 

instructions are not clear, in the third picture a stuff cannot find a proper bin for coffee cup outside the 

restaurant.  The goal of the storyboard was to make the participants feel about their own frustration 

regarding waste dumping. All these scenarios were made based on the survey results.  
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Fig 9: Short storyboard 

 

Tour inside the university.  This session was basically a competition among the participants. There were 

nine participants and we divided them into three groups. Groups were formed by us beforehand according 

to participant’s education background. For example, we put a participant whose background is IT in every 

group, other participants are from another background. This type of group can help to develop different 

ideas. This grouping was maintained till the rest of the session. The objective of the game was to find 

different bin location inside the campus, identify some problems with that recycling point and at the last 

take a selfie on that recycling point with all the group members. Main idea was to let the participants find 

different recycling points and identify the issues of that point by themselves. We also put different points 

for different tasks. Finding a bin location is 3 points, each identified problem gave them one point and 

taking a selfie with all group members is one point. At the end team with maximum points win the 

competition. This competition was a part of problem identification process.  
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Fig 10: Participants performing tasks during the tour inside the university session 

 

Introducing the user group. Just to let all the participants think more deeply about the problems, we 

presented the personas of the four user groups that we created based on our survey results. We asked if 

they can relate themselves with any of the user groups. We gave the printed version of the personas to 

all the groups. Here the goal was to let the participants relate themselves with the personas and think if 

they have any more frustrations so that when they will brainstorm some ideas which can be a solution to 

all these problems. 
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Fig 11: Participants getting familiar with the user group personas 

 

Brainstorming. This was the most important part of the workshop. In this session participants will work 

as a group and ideate some solutions. We maintained the same group that we formed at the time of the 

competition. Each group was given a task to think about the problems they have encountered so far and 

create a design of a solution which can be helpful. We delivered big papers, pencils, colorful pens and 

other necessary stuffs to sketch and write down their ideas. At first, we allocated thirty minutes for this 

session but during the workshop it took like 1 hour. After finishing their group work one member from 

each group came forward and presented the solutions the made.  
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Fig 12: Brainstorming session to ideate solutions of the problems 

 

Peer review and feedback. This was the last session of the workshop. After finishing the brainstorming 

session one member from each group came and gave a short speech about their project. They explained 

why they choose that solution and what kind of benefits are possible from that solution. While thinking 

about the solution they took one of the personas which they think matches with their own personality 

and tried to make solution of that persona character. After presenting the solution members from other 

groups delivered their comments and feedback about the solutions.  
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4.3.3 Findings  
We divided all the participants into three groups. Group 1, Group 2, Group 3. Each group presented some 

solutions for the current situation. We asked all the participants to study the personas and find which 

persona is closed to their personality. Each of the participant chose one persona which is somehow related 

to their personality and tried to make solutions for that persona’s frustration. As all the personas had 

different and multiple frustrations so one solution couldn’t help. That’s why participants came with 

multiple solutions. They thought that just changing the current recycling procedure or adding a new 

system won’t help to solve this problem. 

Solutions. Each group presented some different and unique solution. Some group found solution of a new 

system which can motivate people to use the correct bin while other group suggested some little 

modifications to the current system which can change people’s behavior. They are given below: 

Group 1. While making solutions participants of group 1 considered the persona Amit as their role model 

and tried to find solutions for Amit’s frustrations. Solutions are given below:  

1. Implementing a KIOSK (Digital display) inside the university. Basic design of the KIOSK is 

given below (see Fig 13). On the left is the display and options. On the right side is the 

description of the options. Make a survey and find what are the most commonly used 

waste inside the campus. This will help to cluster most commonly used waste: 

 

 

  

 

 

 

  

 

 

 

  

 

 

 

Fig 13: Design of the KIOSK presented by group 1 

 

Bin location 

Show the location of different 

bins in different places 

Show full details on where to 

dump these wastes and where 

to find these bins. For 

example: Beer cans(metal), 

Pizza box(cardboard), 

Bottles(plastic).  

Popular LUT waste 

Find the right bin for your waste  People can type the waste 

name and it will say which bin 

is correct for the waste.  
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                                   Fig 14: Solutions presented by group 1 

 

2. Recycle points will have a system which will read student’s magnetic key and they need 

to type which kind of waste they have. After determining the waste, the lid of proper bin 

will open. The system will count the points of the students for using the proper bin. Based 

on that there will be three top selected persons for the hall of fame each month. The 

names will advertise everywhere, and they will be given complementary lunch as a 

reward from any of the university restaurants.   

3. LUT has very good energy department and they can make a research on how to convert 

bio waste into energy.  

4. Introduce biodegradable coffee cups instead of paper cups and mugs. This will reduce 

waste generation.  

 

Group 2. Participants of group 2 also took the persona Amit as their role model and presented 

solutions for him.  

1. For the new students some tasks can be arranged in the orientation weeks. As we all 

know in the orientation weeks, we have many games and tasks from the guilds. We can 

also add something which will teach new students about recycling and sorting.  
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2. Most of the international students don’t know about waste sorting. So, workshop or 

teaching event can help them to learn about it.  

 

                                                                  Fig 15: Solutions presented by group 2 

3. Every building should have at least one type of different waste bins. It does not have to 

be in same order.  

4. A map indicating bin location. Don’t need to be a touch screen map. It can be a road map. 

Just like the instruction we have for the room numbers right now.  

5. We can also put footsteps direction like in the schools. For example, for the bio waste 

you have to follow the yellow footsteps, for the metal you have to follow blue footsteps.  

6. Instead of paper cups or the suggested biodegradable coffee cups we can use re-usable 

cups which will have LUT logo in it and also some words regarding sustainability or waste 

sorting which can raise awareness among the people.    

Group 3. This group considered the persona Nikko as their role model because the participants of this 

group thought Nikko has more difficulties than the other personas. They mentioned every frustrations of 

Nikko and found solutions for that problem.  

1. Problem: Sorting is very complex.  



 
58 

 

a. Solution 1: Visual images on the recycle bins. Put images of commonly used waste in 

recycle bins. For example: A Coca-Cola can and beer can image in metal container.   

 

                                                                      Fig 16: Solutions presented by group 3 

b. Solution 2: Symbol and different color in waste and waste bin. For example: Every paper 

waste will be equipped with a black star symbol on it. The container for the paper waste 

will be also equipped with black star symbol. So, there will be no confusion and people 

don’t have to think for sorting. They will just dump waste based on the color and symbol.  

 

2. Problem: Insufficient proper bin.  

a. Solution: Conduct some research on types of the bin, sequence of bin and the placement 

of the bin.  

b. Types of bin: It is simple that the university doesn’t need every bin inside the campus. A 

simple research can say which are the mostly used or commonly used bins. University can 

just increase the amount of those bins.  

c. Sequence of bin: In every place if there are more than one bins then the sequence should 

be the same. For example: first bin is bio waste, second bin is metal waste, third bin is 

paper waste. This sequence should be maintained in every recycling points inside the 
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campus. Benefit is soon people will learn about the bins and they will know for example 

the 3rd bin is correct for him.  

d. Placement of the bin: Make some research on which place needs how many bins. For 

example: Building no 6 needs three bins. Then we don’t need to put random bins here 

and there. We can just place those three bins. This will force the people to not put wrong 

waste in random bins because there are only three bins in that building.  

 

3. Problem: Difficult to find bin location. 

a. Solution: Tutor plays an important role for every student. They teach students about 

various things. This bin location can also be a part of tutor’s task. Tutors can guide 

students about sorting and different bin locations inside the university.  

b. Solution: Also, students visit moodle or university website very often. We can put the bin 

information there. For example: the location of different types of bins around the campus.  

Benefit of these solutions is they are not expensive, and it doesn’t require that much 

effort.  

 

4. Problem: Lack of knowledge.  

a. Solution: Introduce some short courses. For example: courses of one or two credit on 

waste sorting. This course will give them proper knowledge and ideas about waste bins 

and sorting. The persona Nikko has a perception. He thinks that one’s action will not make 

any significant impact. Maybe he will change his perception after completing this course.   

Each group suggested some different solutions. Some of the solutions are easy to implement, some of the 

solutions are cost effective and some of the solutions are effective but needs more investment and time. 

As we had a peer review session in our co-design workshop participants delivered their feedback about 

the solution ideas. Each group delivered their feedback about the other group’s solution ideas. Table 15 

presented the group name and comments from other groups.  
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Workshop participant’s feedback.  

 

Groups Comments from other groups 

Group 1 The idea of KIOSK is good, but it needs more 
research, time and investment. It’s not that easy 
and cheap to implement KIOSK all over the 
university. Same for the second idea. Need a lot of 
research to implement a smart bin like that.  
 
Introducing biodegradable cups will not reduce 
waste entirely. It’s also expensive.   

Group 2 The idea of re-usable cups is not practical. Some 
students may not want to carry a mug all over the 
university. Students will put those cups 
everywhere. So, collecting those cups will be an 
extra work for the cleaners. 

Group 3 Ideas are good. Specially the color-coded waste 
and recycle bin idea.  
 
Most of these ideas can be implemented easily and 
doesn’t need that much effort which is a good 
thing.   

 

Table 15: General feedback from the peer review session 

 

4.4 Collecting feedback on the ideas 
In order to achieve the final solution all the ideas generated from the workshop are assessed by the 

students and staffs of the university. As we found multiple different solutions from the workshop 

participants, selecting just one idea from them is not a good decision. Also just implementing one change 

will not solve the present waste sorting situation. Taking these issues into account we decided to 
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categorize the solutions into different sections and collect feedback on them. End result will be solutions 

in different areas. We categorized all the solutions from the workshop into following areas (see table 16). 

 

Area of solution Solution 

Implementing a new system 1. KIOSK (Digital display) 

2. Smart recycling points 

3. Smart recycle bins which will give 

feedback 

Implementing a change 1. Biodegradable coffee cups. 

2. Bin sequence 

3. Change bin location 

4. Every building should have every type of 

bin 

5. A map  

6. Footstep direction 

7. Reusable cups with LUT logo 

Attachment to the current system 1. Put popular waste image in recycle bins 

2. Different symbols and colors in waste and 

waste bins 

3. Increase the amount of commonly used 

bins 

Raising awareness 1. Tutor’s can show students different 

recycling points.  

2. Introducing short courses 

3. Task in orientation week regarding waste 

sorting  

4. Organize workshop or teaching events for 

new students 

 

Table 16: Categorizing the ideas into different sections 
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4.4.1 Participants 
We performed the survey in July 2020. We used the same methods for approaching people as we used 

for our previous survey. First, we sent the link of the survey to all known persons through email. Then we 

also used social media to reach out to people. Also, this time the target group was the students and staff 

inside the university. In total 36 participants responded to the survey. The number of responses was less 

than before due to the summer vacation. Age limit of the participants were 17-24(22.22%), 25-

34(55.56%), 35-44(11.11%), 45-64(11.11%) where 55.55% were female and 41.67% were male. Among 

the participants 44% were staff members, 3% were bachelor students, 33% were master’s students, 14% 

were doctoral students and 6% were other people related to the university (see Table 17). 47% of 

participants were native Finnish speakers, the rest of them were from different countries. 

 

Table 17: Background of participants 

4.4.2 Data analysis  
As mentioned before, we divided all the ideas into four categories. In each question, we put ideas related 

to that category with a detailed explanation. We asked the participants to rank the answers according to 

their choices. The first question was about implementing a new system. Option A was the smart recycling 

point which will read the student's magnetic key, option B was the smart recycling bin that will deliver 

feedback and option C was the digital display (KIOSK). 50% of participants choose option B the smart 

recycle bin as their first choice (see Table 18). 

 

Table 18: Participant’s feedback for first question 

The second question was about implementing a change to the current system. We put the idea of 

biodegradable coffee cups in option A, changing the bin sequence in option B, perform research and 
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change bin location in option C, a map indicating the bin location in option D, implementing footstep 

direction in option E and introduce re-usable cups with LUT logo in option F. According to 33.33%, people 

option A which is using biodegradable coffee cups is the best idea (see Table 19). 

 

Table 19: Participant’s feedback for second question  

A new attachment to the current system was our third question and we put popular waste image in recycle 

bins in option A, different symbols and colors in waste and waste bins in option B, increasing the amount 

of commonly used bins in option C. Here 69.45% people ranked A in their first choice (see Table 20).  

 

Table 20: Participant’s feedback for third question 

Our last question was which is the best way to raise awareness among the students and staff. We put the 

tutor’s role in option A, putting information in moodle in option B, introducing short courses in option C, 

introducing orientation week task in option D, and arranging a workshop in option E. Here two ideas 

ranked in the first place with the same amount of responses. Those two ideas were A which is a tutor’s 

role and D which is arranging tasks in orientation weeks (see Table 21). 
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Table 21: Participant’s feedback for fourth question 

4.4.3 Result 
As an outcome of the feedback survey we got four different ideas in four different categories (see table 

22). 

Category Idea 

Implementing a new system A smart system which will give feedback 
whenever someone dumps a waste. So, if 
someone’s dumping a waste into a wrong bin 
then it will show a sad emoji which means the 
bin is wrong. Over the time the person will 
realize and change his behavior. 

Implementing a change  Introduce biodegradable coffee cups instead of 
paper cups and mugs. This will reduce waste 
generation. 

Attachment to the current system  Visual images of waste on the recycle bins. Put 
images of commonly used waste in recycle 
bins. For example: A Coca-Cola can and beer 
can image in metal container, Water bottle 
image in plastic container. 

Raising awareness  Tutor plays an important role for every student. 
They teach students about various things. 
Showing bin location can also be a part of 
tutor’s task. Tutors can guide students about 
sorting and different bin locations inside the 
university. 
 
For the new students we can arrange some 
tasks in the orientation weeks. As we all know 
in the orientation weeks, we have many games 
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and tasks from the guilds. We can also add 
something which will teach new students about 
recycling and sorting. 
 
 

 

Table 22: Results from the feedback survey 

 

5 Discussion and Conclusion  
This section will describe the overall outlook of our research and its approaches towards answering the 

research questions we have, challenges we faced, impacts of the results and our future plan.  

5.1 Answering to research question 1 
Research question: By using co design and living lab approach how can we motivate and help people to 

use the correct bin for a particular waste? 

The aim of this question was to find a solution or an idea with the help of Living lab and co-design which 

will make the waste sorting process easier for everyone inside the university.  A living lab can be designed 

in many ways. In our case, we used the university campus as a living lab. While designing the survey we 

used the scenario of the university campus so that we get feedback based on that. Exploring and finding 

the depth of the problems regarding waste sorting is a difficult task. Both the living lab and co-design 

helped students and staff to take part in the design process and contribute their ideas to make a solution. 

By implementing these two methods we got the chance to listen to what is their general expression 

towards sorting, what are their frustrations, and what authority has to say about it. At the same time, we 

discovered the general waste sorting behavior of students and staff by asking about their waste sorting 

practice in the last three months. All these played an important role in finding the problem regarding 

waste sorting. Based on these results we formed the design challenges which has been used as design 

directions in the co-design workshop.   

In this research, the co-design approach helped to create some well-developed ideas. The approach was 

used in different stages of the research with students and staff from the university. Such as based on the 

result of our survey we made four user group personas which we used as a cultural probe during the 

interviews and as a generative toolkit during the co-design workshop session. A short game took place in 

our co-design workshop which we called “Tour inside the university” also used as a cultural probe during 

the co-design session. This full workshop was a combination of a Living lab and a co-design approach. 

During the game, participants were asked to go to different recycling points of the university to check 

issues related to waste sorting. Here the full university premises were used as a living lab and participants 

also got more familiar with the waste sorting issues of the university by performing practical tasks. Based 

on our research and literature review we developed a framework that combines the Living lab and Co-

design approach. In the following section, we are going to explain how we combine these two approaches 

and how we used the framework throughout our research process. 
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5.1.1 Framework 
In this case study, we developed a framework of combining Living lab and Co-design based on a literature 

study that can be used to make a solution to any design problem. The framework also reflects on the 

major principles of the Living lab which we discussed earlier in our method section and the four major 

phases of co-design. In this section, we are going to discuss how our case study of finding a sustainable 

solution for solid waste management problem used Living lab and co-design together and reflect on their 

basic principles. The proposed framework is illustrated in Fig 17. 

 

 

 

Fig 17: Process of merging living lab and co-design in a same framework  

 

As discussed earlier in our method section among the five major principles of living lab (Kareborn and 

Stahlbrost, 2009) we will focus on the three core principles in this case study. Those three core 

principles are:  

⮚ Openness 

⮚ Empowerment of users 

⮚ Realism 

For the co-design we followed the four phases of co-design (Sanders and Stappers, 2014). They are  
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⮚ Pre-design Phase 

⮚ Generative Phase 

⮚ Evaluative Phase 

⮚ Post-design Phase 

The pre-design phase is all about people’s experiences. Researches are made in this phase to get a clear 

view of public experience. This is the time when designers learn about people by conducting various 

research methods. In our case, we performed a survey. Our study was to improve the waste sorting 

situation inside the university. For this first, we needed to know what the current situation is. We 

performed a survey with the students and staff inside the university to learn their experience, thoughts, 

frustrations, and expectations towards the current system. The survey questions were made in a way to 

let the participants be open as much as possible. From the result, we found very interesting issues about 

participant's frustrations, behaviors, and based on that we made four different user group personas. 

These personas describe the character of different types of people. To get more insight into the current 

situation we performed interviews of some of the admin persons who are responsible for the waste 

management of the university. Interview questions were made to get a clear picture of the challenges, 

limitations, and development possibilities. We also presented the four user group personas that we 

created from the survey so that they can have a clear understanding of user’s frustrations and 

expectations. This is the phase where we involved users to be open about their experience no matter 

what their background is. We completed the survey with students and staff from every background and 

every department. As we were designing for the university the only restriction was participants must be 

related to the university. This satisfies the first principle of the Living lab which is Openness.  

The second phase of the co-design is the generative phase. In this phase, the design opportunities and 

design decisions are made. With the involvement of the participants after this phase, a design decision 

was proposed. Here participants from different backgrounds joined and worked together to generate 

ideas. In our case, we performed a co-design workshop inside the campus with the students and staff of 

the university. Students from different backgrounds and staff from different positions were invited to join 

the workshop. Together they generated several solution ideas about the current waste management 

situation by participating in games and different events that were arranged during the workshop. The 

effectiveness of a Living Lab depends on the participant's/users’ creative ideas. So, this is very important 

to increase the motivation of the users so that they engage in the process. This satisfies the second 

principle of the living lab which is the empowerment of users.  

The third phase of co-design is the Evaluative phase. At this point, design decisions are already made and 

now it’s time to verify the ideas by using prototypes or evaluation. Because of the COVID 19 situation 

making prototypes and monitor user reaction was not possible so we conducted an evaluation survey. We 

performed another survey to evaluate our findings from the generative phase. As there were several ideas 

proposed from the generative phase, we decided to put them into different categories and evaluate one 

idea from each category. From the result of the survey we successfully got our four design solutions. The 

main idea of the evaluative phase is to evaluate the ideas with the help of real people. This satisfies the 

third principle of the living lab which is realism. The solution should be focusing the real users.  
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The final stage of the co-design is the post-design phase. At this stage, the product is already made, or the 

proposed solutions are already performed. In this phase, the product of the designs is open to use for the 

public and monitor how they are using the product, what their real experiences are and is the solution 

helping or not. This stage also satisfies the third principle realism of the Living lab which is focusing on 

actual user’s real-life situations. The full process of our research is illustrated in Fig 18. 

 

 

 

Fig 18: Research steps by merging Living lab and Co-design 

5.2 Answering to research question 2 
Research question: How IoT can be considered as a valuable resource to achieve the desire solution? 

From our literature review we constructed ideas on how IoT helped in solving solid waste management 

problems which we mentioned in our related work section. Our initial motive was to design an IoT based 

smart bin solution which will improve the waste sorting situation. But as we moved forward with our 

research, we realized that by creating one design of a smart bin will not impact on the overall waste sorting 

situation. By performing the surveys, we discovered the basic problems people have regarding waste 

sorting or waste recycling. Based on that we decided to put our focus not only on the smart bin but also 

on how to raise awareness, educate and motivate people to sort waste before dumping. However, we put 

remarkable focus on developing a design of a smart bin during the co-design workshop. In the introduction 

session we introduced some ideas of IoT based smart bin which helped the participants get familiar with 

the technology used in a smart bin and designed a similar solution according to their demands. As a result, 

from the workshop we got three different ideas of IoT based smart bins. They are given below:  
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1. Implementing a KIOSK (Digital display) inside the university. 

2. Recycle points will have a system which will read student’s magnetic key and they need to type 

which kind of waste they have. After determining the waste, the lid of proper bin will open. 

3. Smart recycle bins which will give feedback.  

After performing our evaluation survey, we got a final result which is A smart system which will give 

feedback whenever someone dumps a waste. So, if someone’s dumping a waste into a wrong bin then it 

will show a sad emoji which means the bin is wrong. Over the time the person will realize and change his 

behavior. 

 5.3 Limitations & Future Research 
As we divided our outcomes from the co-design workshop into four categories, after performing the 

evaluation survey we obtained four solutions. They are  

1. Implementing a new system: A smart recycle bin which will deliver feedback to people.  

2. Implementing a change: Introduce biodegradable coffee cups instead of paper cups and mugs. 

3. Attachment to the current system: Visual images of most commonly used waste on the recycle 

bins. 

4. Raising awareness: Tutor’s role in orientation week and introducing tasks regarding waste 

sorting in orientation week.  

Implementing the solutions drop outside of the area of our responsibilities but still we tried to implement 

one of them. The first three solutions need a lot amount of research and permissions from the university. 

For a smart recycle bin we need a design of an IoT based smart to recycle bin and funding from the 

university to implement it. It is more like a new project proposal. To introduce a biodegradable coffee 

cup, we need special permissions from the authority, and this is also expensive. So, we propose some 

more research into this solution. The third solution was adding visual images of popular waste into the 

recycle bins. This solution is not that complex based on the interviews we had at our initial stage. Our 

proposal is to conduct a simple survey on the most commonly used waste inside the university and based 

on the results the recycle bins inside the university can be upgraded. We tried to implement the last 

solution which is under the raising awareness category, the role of tutor, and tasks in orientation weeks. 

In Lappeenranta University of science and technology every year for the new students we have orientation 

programs. During the orientation weeks, we have several tasks and games to enjoy and get familiar with 

the university campus. During this time tutors play a special role. Tutors are mainly elder students who 

help new students to get familiar with the campus and the city. For this job, all the tutors need to complete 

a tutoring camp of 2-3 days. The proposed solution was adding some tasks in the orientation week 

program which will deliver the new students precise knowledge about different recycle bins and waste 

sorting. Another proposal was to give all the tutors a new task to introduce students about different waste 

recycling bins, waste recycling points, and the importance of waste sorting. To implement this, we 

contacted people who are responsible for the orientation week programs and tutoring camp but 

unfortunately at that time the orientation week was very closed, and all the arrangements were already 

made. Also because of the Covid-19 situation, most of the orientation week tasks were canceled for the 

safety of everyone. So, it was not possible to implement the change, but they gave us hope that there is 

a possibility to implement all these changes from the next year.  
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Another goal of this research was to determine if the resulted approach can be applied to a large-scale 

area for example Lappeenranta city. As we developed a new framework that can combine the Living lab 

and Co-design method, we can use it to perform a similar kind of research for Lappeenranta city waste 

management. The plan is illustrated in Fig 19. 

 

Fig 19: Plan of using co-design and Living lab approach in Lappeenranta city 

First, we need to identify the problems with the current waste management situation of the city. We can 

perform several surveys with the citizens of the Lappeenranta city. As in this case, we have to work with 

all kinds of people so an online survey may not help here. Because we also have to consider elderly citizens 

who might not capable of performing an online survey. We can send the survey questions as newsletters 

or in some other ways so that people can fill it up and can be collected later on. Also, we can ask the 

housing companies to send emails or newsletters to all the tenants to perform the survey. For example, 

LOAS which is a student housing company in Lappeenranta city can send the survey link to all the students 

via email.  

Secondly, we need to perform several interviews with people who are related to Lappeenranta city waste 

management. It can be persons from housing companies, authority persons who are responsible for the 

cleaning, persons from the recycling companies, city councilors. From the experience of our research, it is 

determined that the more different people we interview the more different issues will be identified. So, 

it is better to perform interviews as much as possible to get different insights into the problem.  

The next step is the co-design session. As this time the area is a city, so we need to invite more participants 

from different backgrounds. We need different stakeholders and there are possibilities of conducting 

multiple workshops. In this kind of research, the role of the community is a very important part, and 

sometimes what researchers want and what communities want can be different. Many complexities may 

arise if the proposed idea goes against the community’s value (DiSalvo Carl, Clement Andrew, and Volkmar 

Pipek, 2012). Another issue here is to gain access to citizen groups and when we have access to how much 

participants can rule over the design (Amanda M., Williams and Lilly Irani 2010) 
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After generating ideas it’s time for the evaluation phase. We can perform some type of evaluation surveys 

as we did in our research. But our recommendation is creating prototypes of the solutions and gather 

reactions which we couldn’t perform in our research due to the Covid-19 situation. It is always better to 

gather reactions from a working object.  

Based on the evaluation or monitoring of the prototypes we can identify the best solution. 

5.4 Conclusion 
In this research, we looked over how a Living lab and co-design approach can be used to make a solution 

of a solid waste management problem within a university campus. In order to achieve the target solution 

comprehensive literature studies, surveys with participants, expert interviews were performed to get an 

insight into the problem and experience the common waste sorting behavior, frustrations, and 

expectations of users. Also, many co-design tools for example cultural probes, generative toolkits were 

used to reveal user behavior. These led us to the actual problem users were experiencing due to the 

current waste recycling situation. In order to solve our research questions, a co-design workshop was 

executed from which we ideated several solutions with the help of participants. Ideas were later evaluated 

by the users. After reflecting on the whole research process, we developed a framework that combines 

the Living lab and co-design approach which is effective in making solutions to design problems. Previous 

studies explained how to use a Living lab and co-design approach with the participants to make a solution 

to design problems, this thesis explained the process of how to combine them and make a solution to 

problems. 
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Appendix 1. Survey question 1 

 

1. Participation in the study 

• I understand the purpose of the research and volunteer 

• I don't want to participate in the research 
 

2. Have you ever heard of waste sorting, especially solid waste? 

• Yes 

• No 
 

3. If Yes, write two activities which you think are related to waste sorting. 
 

4. As an individual how much do you care about waste sorting? 

• Strongly 

• Neutral 

• Not interested 

• I don't know 
 

5. I use different recycle bins – 

• Every time I need to dump waste 

• If the bin is near to me 

• Depends on the situation 

• I don't have time to recycle 
 

6. On a scale of 1-5 how important is waste sorting to you? 
1 Not at all important 
2 
3 
4 
5 very important 
 

7. How many types of waste container are available in university campus? (e.g Plastic 
containers for plastic bottles). Name all you can think of. 
 

8. In the past two months did you dispose trash into the appropriate bin inside university 
campus? (e.g. plastic bottles in plastic bins, papers in paper bin etc.) 

• Every time 

• Sometime 

• Never 

• Didn't notice 
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9. In the past two months if you sorted, was waste sorting difficult? (e.g. You have to think 
carefully about which bin the waste belongs to?) 

• Every time 

• Sometime 

• Never 

• Didn't notice 
 

10. On scale of 1-5 how confident are you in your ability to select appropriate bin? 
1 not at all confident 
2 
3 
4 
5 very confident 
 

11. According to you which statements are true for not using appropriate bins? (You can 
choose multiple answers) 

• Time consuming 

• Visibility problem 

• Lack of awareness 

• Not interested 

• Others 
 

12. In your opinion, what are the barriers against using proper recycle bins? Mention at 
least three problems. 
 

13. Do you think the recycle procedure (waste bins) of the university should change? Why? 
How? 
 

14. In your opinion how can people on campus be more motivated to use separate 
containers for separate waste? 
 

15. Thinking about the questions you have answered, is there anything else you would like 
to add? 
 

DEMOGRAPHIC QUESTIONS 

16. Age? 
o 17-24 
o 25-34 
o 35-44 
o 45-64 
o 65 + 

 



 
77 

 

17. Gender? 

• Male 

• Female 

• Wish not to answer 
 

18. What is your main role at the university? 

• Staff 

• Bachelors student 

• Masters student 

• Docoral students 

• Other 
 

19. My Finnish language skill is_ 

• None 

• Poor 

• Average 

• Excellent 

• Native 
 

20. What is your mother tongue? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
78 

 

Appendix 2. Feedback Survey Questions 

 

1. Participation in the study  

• I understand the purpose of this research and volunteer  

• I don't want to participate in the research 

2. Which of the following system is the best to improve waste recycling situation inside the 
campus and why?  

A. Recycle points will have a system which will read student’s magnetic key and they need to 
type which kind of waste they have. After determining the waste only, the lid of proper bin will 
open. The system will count the points of the students for using the proper bin. Based on that  

there will be three top selected persons for the hall of fame each month. The names will 
advertise everywhere, and they will be given complementary lunch as a reward from any of the 
university restaurants.  

B. A smart system which will give feedback whenever someone dumps a waste. So, if someone 
is dumping a waste into a wrong bin then it will show a sad emoji which means the bin is wrong. 
Over the time the person will realize and change his behavior.  

C. Implementing a KIOSK(Digital display) inside the university. Basic design of the KIOSK is given 
below. On the left is the display and options. On the right side is the description of the options. 
There will be a survey to find the most popular waste.  

• A  

• B  

• C  

3. Which of the following changes can improve the waste sorting situation inside the campus 
and why?  

A. Introduce biodegradable coffee cups instead of paper cups and mugs. This will reduce waste 
generation.  

B. In every place if there are more than one bins then the sequence should be the same. For 
example: first bin is bio waste, second bin is metal waste, third bin is paper waste. This 
sequence should be maintained in every recycling points inside the campus. Benefit is soon 
people will learn about the bins and they will know for example the 3 bin is metal which is 
correct for him.  

C. Perform some research on which place needs how many bins. For example: Building no 6 
needs three bins. Then we don’t need to put random bins here and there. We can just place 
those three bins. This will force the people not to put wrong waste in random bins because 
there are  
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only three bins in that building.  

D. A map indicating bin location. Don’t need to be a touch screen map. It can be a road map. 
Just like the instruction we have for the room numbers right now.  

E. Implement footsteps direction like in the schools. For example, for the bio waste you have to 
follow the yellow footsteps, for the metal you have to follow blue footsteps.  

F. Instead of paper cups or the suggested biodegradable coffee cups we can use re-usable cups 
which will have LUT logo on it and also some words regarding sustainability or waste sorting 
which can raise awareness among the people.  

• A  

• B  

• C  

• D  

• E  

• F  

4. Which of the following attachment to the current system can be useful and why?  

A. Visual images of waste on the recycle bins. Put images of commonly used waste in recycle 
bins. For example: A Coca-Cola can and beer can image in metal container, Water bottle image 
in plastic container.  

B. Symbol and different color in waste and waste bin. For example: Every paper waste will be 
equipped with a black star symbol on it. The container for the paper waste will be also 
equipped with black star symbol. So, there will be no confusion and people don’t have to think 
for sorting. They will just dump waste based on the color and symbol.  

C. It is simple that the university doesn’t need every bin inside the campus. A simple research 
can say which are the mostly used or commonly used bins. University can just increase the 
amount of those bins.  

• A  

• B  

• C 

5. Which idea is the best to raise awareness among the students and staffs and why?  

A. Tutor plays an important role for every student. They teach students about various things. 
Showing bin location can also be a part of tutor’s task. Tutors can guide students about sorting 
and different bin locations inside the university.  

B. Students visit moodle or university website very often. We can put the bin information there. 
For example: the location of different types of bins around the campus and some general 
knowledge about sorting.  

C. Introduce some short courses. For example: courses of one or two credit on waste sorting. 
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This course will give them proper knowledge and ideas about waste bins and sorting.  

D. For the new students we can arrange some tasks in the orientation weeks. As we all know in 
the orientation weeks, we have many games and tasks from the guilds. We can also add 
something which will teach new students about recycling and sorting.  

E.Most of the international students don’t know about waste sorting. So, workshop or teaching 
event can help them to learn about it.  

• A  

• B  

• C  

• D  

• E  

DEMOGRAPHIC QUESTIONS  

6. Age?  

• 17-24  

• 25-34  

• 35-44  

• 45-64  

• 65+  

7. Gender?  

• Male 

• Female  

• Wish not to answer  

8. What is your main role at the university? Staff  

• Bachelor Student  

• Masters Student  

• Doctoral Student  

• Other  

9. My Finnish language skill is  

• None  

• Poor  

• Average  

• Excellent  

• Native 


