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The aim of the thesis was to describe the role and implementation of simulations in the 

multi-professional product development process. The simulations are utilized further 

product development at Dyme Solutions Oy, a software company in Pori.  In addition, 

the purpose of this project was to study how the outcomes of the simulations can be the 

help of developing simulation teaching at Satakunta University of Applied Science 

(SAMK) and find out how a health care prototype, Florie, can be utilised in health care 

use. 

 

The research of the thesis was carried out as a mixed-methods approach both quantitative 

and qualitative. The data was collected by measuring load cell data during simulations 

(quantitative) and thematic interview (qualitative) with developer.  The first phase of the 

study was arranged simulation with the help of identified simulated cases related on the 

part of the Degree Programme in Nursing at Satakunta University of Applied Sciences 

(SAMK) and development ideas from the client for the further design of the prototype 

and product development process. In the second phase of the study, feedback was 

collected with the questions of the semi-structured interview that addressed themes such 

as the simulations and the role of simulations in product development.  The data consist 

of answers to this semi-structured interview and was analyzed using qualitative content 

analysis.   

 

According to the results of the thesis, simulations of the health care prototype are 

important for further product development and risk management. The results of this 

research show that simulations play a major role in product development and especially 

at the beginning of the product development process, where the possibilities of a product 

can be identified and, on the other hand, existing ideas can be refined into product entities. 

Another significant result identified during this thesis was that the simulations could be 

more widely used as part of nursing studies, and the simulations could be utilized in 

collaboration with companies to achieve broader multi-professional product development 

processes. 
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1 INTRODUCTION 

The simulations aim to understand how the prototype works in different simulations 

and whether the simulations can identify critical issues for product development. 

Simulations and computational modelling play a key role in traditional engineering 

disciplines to support product development and evaluation. In addition, simulations 

are a very cost-efficiency way to test a new product in the industry and manufacturing 

field. According to Mourtzis (2019, p. 2) research, simulation in the manufacturing 

field's design and operation will also offer time, quality, safety, and productivity 

efficiency, as shown in the picture below (Figure 1). 

 

 

Figure 1. Simulation for design and operation of manufacturing systems (Mourtzis, 

2019, p. 2) 

 

In general, simulation offers a practical methodology to investigate and understand 

complex manufacturing systems, such as aerospace and electronics (Mourtzis, 2019, 

p. 2). Simulations can also be of significant benefit in the product development of a 

healthcare product. With the help of simulations, there are many possibilities to 

develop the product, such as decreasing costs or minimising harm to a patient. (Madani 

et al., 2017, p. 9.)  In medical education, simulations have a long history in the 

simulation of the clinical treatment environment. Simulations can offer a powerful 

technique for reflection, learning, abstraction, conceptualisation and connections to 

actual events. Today, the benefits of simulations are also being identified to improve 
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healthcare systems and processes in the healthcare sector by testing new healthcare 

approaches before they are implemented in real life. (Lamé & Dixon-Woods 2020, p. 

87.) 

 

This research is focusing to interface between product development and health care 

prototype simulations.  The work begins with a background of the identified simulation 

cases, and in addition, a simulation plan is prepared. The simulation plan is used to 

perform three different simulations, which are presented in Chapter 4. The work 

examines the measurement results in Chapter 5. In the Chapter 6,  results from the 

simulations and thematic interviews are considered and discussed in relation to the 

findings of the earlier studies. The answers to research questions are finalized in the 

discussion chapter. The final Chapter 7 compiles a summary of the work, reviewing 

its success and its challenges and usefulness for further product development. Product 

testing and product development are an integral part of overall health device 

development to verify the product's performance, effectiveness, and safety following 

the requirements. Medical product development is a continuous process with multiple 

feedback steps and overlapped validations. With the help of clinical tests, product 

development can consider definitions of safety and reliability. (Mathews et al., 2019, 

p. 4.) 
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2 PURPOSE, OUTCOMES AND RESEARCH QUESTIONS 

This master thesis collaborated with the software development company Dyme 

Solutions Oy and Satakunta University of Applied Sciences. The purpose of this 

master thesis was to describe the role and implementation of simulations in the multi-

professional product development process with the help of simulating, designing, and 

analysing three different simulation cases directly related to patient weight monitoring. 

These three pre-set cases are also part of the Degree Programme in Nursing at 

Satakunta University of Applied Sciences (SAMK). The results of the simulations are 

utilized further product development at Dyme Solutions Oy to find out how a Florie-

type device can be utilised in healthcare use. In addition, the outcomes of the 

simulations are the help of developing simulation teaching at SAMK. 

 

This study involved a health care prototype, Florie, created by Dyme Solutions’ Oy, a 

software company in Pori, and it is also linked to further health care service use at 

Dyme Solutions Oy. The prototype was developed to gather weight data with the help 

of sensors placed under the feet of the bed and store and visualise it with Florie's cloud 

service (Dyme Solution Oy, 2021). 

 

The advantage of these simulations is identifying the benefits of simulation in product 

development at Dyme Solutions Oy and creating an operating model for utilising 

nursing simulations in product development. Simulated data was generated with a 

SparkFun Electronics strain gauge load cells TAS606 sensor. A strain gauge is a device 

that measures the change in electrical resistance when a force is applied. SparkFun 

Electronics is an electronics retailer in Niwot, Colorado, United States. It manufactures 

and sells microcontroller development boards and breakout boards. (SparkFun, 2020.) 

 

According to the World Health Organization (WHO), the current approach to estimate 

device safety is to evaluate device possible safety problems and harms. Another 

approach linked more substantial to device product development is clinical 

effectiveness. Clinical effectiveness is a strong indicator of device performance. 

However, like WHO (2003, p. 3) and medical device regulation (MDR 2017/745) also 
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propose in their publication, it is easier to measure a device's performance objectively 

and quantify performance rather than analyse the device’s clinical effectiveness. 

 

According to the design and development approach, the study focuses on the usability, 

functionality, and meaningfulness of products' future needs (Ellis & Levy 2010, p. 

115). This thesis also presents the study's methodology, simulation cases, designed 

simulation plan and data collection process, and summary results.  

2.1 Research questions 

The research questions are: 

 

1. How suitable is the current prototype version of Florie for the simulated cases?  

 

2. How can the acquired simulation data be utilised in the product and service 

development phase of Florie cloud service?  
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3 BACKGROUND 

The concept of this study is to focus on the healthcare product of the concept level 

phase. Therefore, all testing will also be done during the concept development phase. 

3.1 Product design and development 

Product development is a wide range of different activities and opportunities. The role 

of product development is one of the essential things in a company’s operations, 

especially when developing a product that will operate in an industry where the 

lifespan of products can be very short. Product development strives for a technically 

excellent and cost-effective entity by considering product quality and cost objectives. 

(Ulrich et al., 2020, p. 2.) 

 

Ulrich et al. (2020, p. 3) raise five specific dimensions from the investor point of view, 

which are crucial for successful product development: product quality, product cost, 

development time, development cost and development capability. These all factors are 

strongly linked to economic product development success and performance criteria, 

which comes from members of the development team, stakeholders in the enterprise 

and other parties related to the product’s ecologically resources. 

 

Ulrich et al. (2020, p. 12, 57) present that a well-defined development process offers 

good quality, precise coordination and planning, efficient management, and 

improvement. These steps are included in the six phases generic product development 

process (Figure 2). Product development starts with an idea of a new product and, in 

the end, reach the product in sale. Thus, product development could be a very different 

process in every organisation. 
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Figure 2. The generic product development process (Ulrich et al., 2020, p. 14) 

 

As Figure 2 shows, the process begins with a planning phase, when many ideas are 

“on the table”, and it generates input for the concept development phase.  During the 

concept development phase, many specific questions must develop and identify. The 

concept is an early sketch about a future product and can be noticed as the primary 

point-like shape, material, or color. Product conception helps to understand the future 

design challenges of a product and, on the other hand, to potentially innovate new uses 

and thus find entirely new product options for the future — the actual design phase 

focuses more on the product and its functions, materials, tolerances, and other 
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technical functions. Next, early prototypes are built-in in the test and refinement phase. 

This phase helps determine product accuracy and whether the product will work as 

designed. The last phase, production ramp-up, is when the product is launched and 

becomes available for widespread distribution. (Ulrich et al., 2020, p. 15.) 

 

Especially product concept development phase usually needs a lot of coordination and 

time because there are many open questions, and many activities are involved during 

that phase. For example, Ulrich et al. (2020, p. 16) describe how new information 

could cause one step back action during the concept development phase (Figure 3). 

 

Figure 3. Many front-end activities comprising the concept development phase 

(Ulrich et al., 2020, p. 16) 

 

Quick-build products are a very efficient way to repeat the spiral product development 

process (Figure 4). This process benefits are flexible and responsive development 

process, which offers data from every cycle and helps design products for the next 

cycle. (Ulrich et al.,2020, p. 21.) 

 

 

Figure 4. Spiral Product Development diagram (Ulrich et al., 2020, p. 23) 

 

Simulations will support design and development research work as an investigation 

methodology. Lamé & Dixon-Woods (2020, p. 92) describe how simulations as an 

investigative methodology can offer a safer environment to test new technology and 

improve health care products without causing risks to actual patients.  
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According to Sääski and Riitahuhta (2007, p. 2), the main objective is to improve 

product development effectiveness when using simulations. Prototype simulations 

allow developers to improve product development methods and identify possible 

problems in the product development process. Simulation-based product development 

can also improve the process if the simulations are integrated into the whole product 

lifecycle. 

 

Concept level (prototype) testing is used to gather information on improving the 

product for future use. Ulrich and Eppinger (2020, p. 172) point out that tests can also 

refine demand forecasts before production and service launch.  

 

The simulations aim to describe the phenomenon under study or the system's essential 

features using the theoretical model. Therefore, simulations are emphasised, especially 

when modelling dangerous scenarios potentially harmful to the environment or people. 

(Potyondi 2013, p. 10.) 

3.2 Health care product definition and legislation 

WHO (2017) defines devices, medicines, vaccines, procedures, and system 

development that solve any health problem or improve quality of life as a health care 

technology. The Healthcare product field is vast, and the regulations are very tight. In 

the European Union (EU), medical and in vitro diagnostic medical devices are 

regulated by a European Union framework. These two Regulations, namely, 

Regulation (EU) 2017/745 relating to medical devices (MDR) and Regulation (EU) 

2017/746 relating to in vitro diagnostic medical devices (IVDR), entered into force in 

April 2017. The Regulations are intended to increase clinical safety and guarantee fair 

access to the market for manufacturers of medical devices and software. The regulation 

relating to medical devices prioritises patient safety and increases transparency in the 

device compliance process. (MDR 2017/745, 8 §.) 

 

A prototype is used for testing during the master thesis, and therefore, no other position 

is taken on regulations and laws during simulations. However, it is good to understand 

that if the end products fit the definition of health care products, they must comply 
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with the medical device EU-regulation (MDR 2017/745) and new national legislation 

about The Medical Devices Act (719/2021) in Finland. Ståhlberg (2015, p. 52) states 

in his study, that one of the essential issues in product development is identifying the 

regulatory environment in which it operates, thus giving the company a clear 

competitive advantage. For example, if the product is a medical device, the first stage 

of the product development process must consider the European Parliament's 

classification of the device according to, among other things, the duration of use and 

contact with the body. 

 

As Ståhlberg points out (2015, p. 52), product categories define the needs of product 

requirements, and thus the product developer and manufacturer must be aware of the 

device's ability to meet the requirements set for it, in which case product development 

must consider the use of lower product categories. However, Stålberg comments that 

the device can still be sold, for example, in a hospital environment and does not 

automatically mean that the device should be registered as a healthcare device, but that 

the device can still be subject to the exact safety requirements as healthcare devices. 

3.3 Florie 

Florie is a cloud service prototype developed by Dyme Solution Oy that measures and 

monitors weight changes. Ravn et al. (2016, p. 5) state two main understandings of the 

word prototype found in product development literature. A prototype can mean a more 

extensive product development that takes place during product design, in which case 

only an attempt is made to gain an understanding of the model, or a prototype can be 

a more advanced design model that tests the reliability and functionality of the product 

before the actual production phase.  

3.3.1 Mock-up 

A physical mock-up, like Florie, is a very early phased prototype, a scale or full-size 

model of a design, to test and simulate design ideas early in the product and 

development phase. According to Peavey et al. (2012, p. 140), a physical mock-up is 
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fast to test and support the product's operation and future concept and technical 

functionality (Table 1). 

 

Table 1. Physical Mock-up part of basic benefits and challenges of simulation and 

mock-up types (Peavey, E et al., 2012, p. 140) 

 

Type Benefits Challenges 

Physical  

Mock-Up 

 

• Provides rapid user feedback 

• Fosters user, owner buy-in 

• Test impact of design decisions 

• Useful for education and training 

• Offers some flexibility to test design alternatives 

• Evaluates usability, positioning, mobility, room 

dimensions, layout, finishes, colour, specific furnishing, 

equipment, materials, etc. 

• Useful as a live laboratory to test real patient numbers 

 

• Cost of construction 

materials and labor 

• Space for construction 

              (depending on detail) 

• Transport of users to 

mock-up 

 

 

Ulrich et al. (2020, p. 297) defines prototype as follows: A prototype approximates a 

product to one or more dimensions of interest. Prototypes can be classified into two 

dimensions. The degree of the first dimension is where the prototype is physical rather 

than analytical. Here physical means prototype created by the development team for 

testing and experimentation and analytical is a nontangible, usually mathematical, or 

visual product for analyzing a not built product. The second dimension is the 

comprehensive degree. Such a prototype already has most of the features of the 

product. Physical prototypes that differ from the comprehensive prototype are concrete 

objects created to iterate the product. Outcomes of interest to the product development 

and design team have been built as an object for testing and experimentation. Examples 

of physical prototypes are models that look and feel like a product, concept prototypes 

used to test an idea quickly, and experimental hardware used to test the functionality 

of a product. (Ulrich et al., 2020, p. 304.) 
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3.3.2 Data 

Florie’s data is stored in a data-driven cloud service, from which it can be monitored 

and analysed as required (Figure 5). With the help of the data, professionals can plan 

the necessary measures related to the treatment or, for example, identify possible 

diseases. (Dyme Solution Oy, 2021.) 

 

 

Figure 5. Florie cloud service (Dyme Solutions Oy, 2021) 

 

The data processed by Florie are collected from four weight sensors (Figure 6). The 

sensors can be placed, for example, under a mattress or, as in this thesis, the sensors 

were placed under the wheels of a hospital bed using separate 3D printed adapters 

designed for simulations. In addition, the data generated by the device can be read  

  

Figure 6. Florie prototype set-up (Leppänen, 2021) 
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directly from the user interface connected to the cloud service or, as in this thesis, the 

excel data produced by the device can also be used for analysis. 

3.4 Spark Fun´s TAS606 as the load cell in health care 

In the healthcare industry, weighing and monitoring are already becoming more 

important, especially now in the middle of the pandemic healthcare also needs 

technologies that can remotely monitor. COVID-19 pandemic has shown that 

monitoring patients remotely or wirelessly improves treatment and helps prevent the 

spread of the virus. (Siwicki, 2020.) Therefore, new modern wireless interfaces and 

enhanced semiconductors and electronic circuit devices have become vital in 

designing new medical devices. The design of the devices must aim for clear 

communication between the patient and the device used and be useful in the work of 

the healthcare professional. The use of force feedback is one way to monitor these 

requirements, for example, during surgery, or with the help of an assistive living 

outside of the hospital or during medical training with interactive cardiopulmonary 

resuscitation manikins. (Lowe, 2019.) 

 

A load cell is a physical element (or transducer if you want to be technical) that can 

translate pressure (force) into an electrical signal (Sparkfun, 2021). It converts a force 

such as tension, compression, pressure, or torque into an electrical signal that can be 

measured and standardised. As the force applied to the load cell increases, the 

electrical signal changes proportionally. The most common types of load cells used 

are strain gauges, pneumatic, and hydraulic (Wikipedia, 2021.) Disc load cell 

(sometimes called a strain gauge) can translate up to a whopping 200kg of pressure 

(force) into an electrical signal. Load cell (Figure 7) can measure the electrical 

resistance that changes in response to, and proportional to, the strain (e.g., pressure or 

force) applied to the disc. (Sparkfun, 2021). 

https://en.wikipedia.org/wiki/Force
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Figure 7. TAS606 Miniature compression type force sensor (Sparkfun, 2021) 

3.5 Identified Use Cases  

To evaluate Florie's additional value and use in the care context, weight-measurement 

related use cases were identified by SAMK care professionals. Three pre-set healthcare 

cases (Figure 8) are directly linked to weight changes: premature baby nutrition, heart 

failure and position treatment.  The pre-set cases were chosen because cases were 

identified as essential by health care professionals (SAMK nursing professionals), and 

the changes in weight changes or weight compositions that occurs in cases can be 

simulated under laboratory conditions. 

 

Figure 8. Pre-set simulation cases (Leppänen, 2021) 

3.5.1 Premature baby nutrition 

Babies born at less than 37 weeks gestation (premature) have different nutritional 

needs than babies born at full term (after 38 weeks). Premature babies will often stay 

in the neonatal intensive care unit (NICU). They are watched closely to make sure they 

are getting the right balance of fluids and nutrition. (MedlinePlus, 2020.) 
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3.5.2 Heart failure 

Tarnanen, K et al. (2018) describe that heart failure is a condition in which the heart 

cannot pump blood efficiently enough. About 90% of cases are found to be due to 

coronary artery disease, high blood pressure, or valve defect. Heart failure affects 1-

2% of the total population. The incidence increases sharply with age: about 10% of 

those over the age of 70 have heart failure.  

 

Suspicion of heart failure may arise if the patient begins to gain weight abruptly. 

Sudden weight gain can indicate fluid accumulation in the body, and therefore weight 

monitoring in heart failure cases should also be considered. (Tarnanen et al. 2018.) 

3.5.3 Position treatment 

In long-term care and nursing wards, special attention is paid to preventing pressure 

ulcers by changing the patient's position often enough. The basic rule is that pressure 

points should be changed every couple of hours. Thus, one of the essential rules for 

treating pressure points is that pressure points should be changed every couple of 

hours, such as turning a person from side to side, which changes the weight distribution 

on the skin. (Lumio, 2021.) 

 

A pressure ulcer is a localised injury to the skin and/or underlying tissue, usually over 

a bony prominence due to pressure or pressure combined with shear. Several 

contributing or confounding factors are also associated with pressure ulcers; these 

factors' significance is yet to be elucidated. (European Pressure Ulcer Advisory Panel 

and National Pressure Ulcer Advisory Panel, 2019.) 
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4 METHODOLOGY 

4.1 Design and development research 

This research strategy is design and development research. Design and development 

research is a practical way to test and validate theory in practice. Ellis & Levy (2010, 

p. 108) present (Figure 9) that design and development research targets building a 

bridge between conceptualisation and evaluation cycle.  

 

 

Figure 9. Design and development research framework (Ellis & Levy, 2010, p. 109) 

 

In this study, design and development research is adapted especially for the product 

testing and development phase. Ellis & Levy (2010, p. 109, 111) have defined the 6-

phase design and development research approach (Figure 10). 

 

Figure 10. The 6-phase design and development research approach (Ellis & Levy, 

2010, p. 111) 

 

It is essential to understand the differences between design and development research 

and product development. Product development aim is to develop a product for 

commercial use without research context. The research target is addressing knowledge 
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of the problem, building upon existing literature, and making an original contribution 

to the body of knowledge. 

 

In the concept phase of product design, a product description is created, which 

estimates the product's cost, performance, reliability, and, for example, safety. 

Furthermore, the simulations make it possible to utilise test data and validate the 

maturity of the product before the actual release of the product. (Bhuiyan, 2011, p. 

748.) Therefore, the simulations of this thesis and the simulation report formed from 

it provided valuable data specifically for the further development of the product and 

clarified the more detailed product structure and purpose.  

4.2 Approach and data collection 

The mixed-methods approach is used in the thesis as both quantitative and qualitative 

data is used in the research. The data is collected by measuring load cell data during 

simulations (quantitative) and thematic interviews (qualitative) with the developer 

specialists from Dyme Solution. Combining qualitative and quantitative data provide 

a more diverse understanding of the study's subject than a qualitative or quantitative 

research method alone (Doyle et al., 2009, p. 178). Although the research questions 

are qualitative, the quantitative data provide how the simulations support further 

service and product development. Quantitative data provide an overview of sensors 

functionality to pre-set cases in the study, and qualitative data made it possible to open 

questions about how to physical mock-up health care product simulations support 

more detailed product development.  According to Vilkka (2007, p. 49), quantitative 

analysis is suitable for studies when numerically describing something and measuring 

its changes and how much one thing affects another. Data will be collected from the 

signal information obtained based on the simulations; the aim is to identify the data 

that significantly affect the pre-set example cases’ weight monitoring and are directly 

connected to service development. The sensors’ measured values will be read from the 

Florie application’s cloud service (Dyme Solutions Oy, 2021) and collected to excel 

format.  
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The qualitative part of this study's approach was to understand simulation data results 

and those further used for product and service development and prototype simulations 

as a part of the development process (Alasuutari 2011, p. 34). Produced data from the 

simulations were presented to the developers. After showing the results, thematic 

interviews, a conversational interview method was arranged for developers to assess 

the significance of the simulations in the product development phase and how 

simulation-based product development can set the boundary conditions for further 

development. 

4.2.1 Simulations and laboratory measurements 

Peavey et al. (2012, p. 135) present several mock-ups and simulation models for design 

decision making (Figure 11). In this study, a physical mock-up is used to build up 

immediate feedback from prototype simulation cases. During simulations, the 

researcher can easily modify mock-ups to gather and investigate different data from 

prototype use. In this study, a physical mock-up is built to capture situations that can 

occur, especially in a patient’s behaviour (Pietroforte & Tombesi 2010, p. 95). This is 

because a patient’s behaviour can be challenging to forecast, and the researcher can 

manually adjust the simulation environment to detect more realistic situations. 

 

 

Figure 11. A simplified diagram of the simulation and mock-up types discussed in 

this article as options available for informing design decision making (Peavey et al., 

2012, p. 135) 

 

 

The simulations were performed on the 8th – 9th of April 2021 in the nursing class of 

Satakunta University of Applied Sciences. The functionality of the equipment and the 

condition of the tools was ensured on the 8th of April.  Dyme Solutions presented the 

prototype of Florie before simulations. 
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On the 9th of April, the simulations were held 9:00 – 14:00. At the simulation, there 

were two participants: a simulator (thesis author) and a SAMK project employee with 

nursing expertise. With her help, it was ensured that during the simulations, treatment 

situations would be simulated correctly. Simulations were started from case 1 and then 

continued from cases 3 and 2. 

 

The simulation used Dyme Solution’s Florie cloud service software, the researcher’s 

own mobile phone and laptop, four Spark Fun’s TAS606 sensors and realistic nursing 

dolls; one of adult size and one of baby size and two realistic hospital beds; one regular 

size and one baby size (Appendix 1). 

 

During the simulations, the basic idea was to observe and study the electrical resistance 

changes on each TAS606 sensor when adding extra weight in the bed to infer possible 

bodyweight changes or changes of weight distribution - sensors placed on the 

simulation's room hospital bed's legs with unique mounting base (Figure 12). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. 3D printed adapter for the sensor (Leppänen, 2021) 

 

When the person is lying in bed, the bodyweight distribution changes, and it causes 

each loadcell’s resistance to adjust accordingly. Sensor data will be collected to the 

Florie cloud service. 
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Before performing the simulations, a simulation plan was created that defined what 

would be simulated and with what accuracy the simulation would be performed and 

how the results will be used. The tools required for the simulations were defined in the 

first section of the simulation plan (Table 2).  

 

Table 2. The equipment required during the simulations (Leppänen, 2021) 

 
Tools/Things Responsible 

person 

Nb! 

Load cells (4 pcs) 

SparkFun TAS606 

Dyme  

Stands (slides) for sensors (8 pcs) 

• for normal hospital bed (4 pcs) 

• for baby hospital bed (4 pcs) 

SAMK  

Nursing doll 2 pcs;  

• one adult 

• one baby 

 

SAMK  

Hospital bed 2 pcs;  

• one normal hospital bed 

      (Merivaara Futura PLUS)                                       

• one baby hospital bed 

SAMK 

 

Laptop / Tablet Henna  

Mobilephone (+stand) Henna  

Scale SAMK  

Weights (rice bags) 

• CASE1: 5 x 20g bags filled with rice 

• CASE2: 10 x 200g bags filled with 

rice 

• CASE3: no need for extra weights 

 

Henna   

Simulation assistance SAMK  

Florie cloud service Dyme 
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The necessary preliminary information and objectives are defined in the third part of 

the simulation plan (Table 3).  

 

Table 3. Information and objectives for the simulation (Leppänen, 2021) 

 
INFORMATION AND OBJECTIVES FOR THE SIMULATION 

 

PREPARATION PHASE  

Basic knowledge of simulated situations→ 

• what to observe? 

• how much weight needs to be added? 

 

Preliminary plan:  

APPENDIX1, APPENDIX2, APPENDIX3 

The authenticity of the simulated situation→ 

• doll and doll positioning / turning 

(weight distribution on the bed) 

• necessary weighing 

 

 

The most important roles known to perform 
the simulation → 

• the division of roles is clear before 

the start of the simulation 

 

Simulation plan 

Necessary tools available and ready Simulation plan 

Aim of observing and recording (as well as 

videotaping) situations that may need to be 

studied in the simulation report 

 

Simulation plan 

SIMULATION PHASE  

Chronological and systematic execution of the 
simulation 

 

Simulation plan 

Data collection 
 

Florie cloud service 
 

Videotaping 

 

Mobile phone 

 

PRE-SET SIMULATION CASES 

 

 

Premature Baby Nutrition Appendix 1 

Hearth Failure Appendix 2 

Position Treatment Appendix 3 

 

Finally, the last section contains roles and responsibilities (Table 4) and monitoring 

risks and problems (Table 5). 
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Table 4. Roles and Responsibilities of the simulation (Leppänen, 2021) 

 
ROLES AND RESPONSIBILITIES OF THE SIMULATION 

Actor Role Responsibilities Additional 

considerations 

Henna 

Leppänen 

Simulator Arranging and performing the entire 

simulation 

 

Dyme 

Solution Oy 

Supplier of the 

product to be 

simulated 

Product installation and instructions for 

using the software/confirmation of 

operation / possible participation in the 
simulation 

 

Nursing 

student 

Supports 

simulations 

Supports the simulator and gives a view on 

how to perform the simulations 

 

SAMK Simulation 

facilities 

Required spaces + equipment 
 

Henna 

Leppänen 

Simulator Arranging and performing the entire 

simulation 

 

Dyme 

Solution Oy 

Supplier of the 

product to be 

simulated 

Product installation and instructions for 

using the software/confirmation of 

operation / possible participation in the 

simulation 

 

 

 

Table 5. Risks and problem management (Leppänen, 2021) 

 

RISKS AND PROBLEM MANAGEMENT 

Possible exceptions and problems Appropriate corrective action 

Schedule Clear timetable (APPENDIX 4) 

Workload  Division of roles defined (see division of roles and 

responsibilities) 

Pressure sensors do not work  Testing with a software company before 

simulations 

 

Weight changes are not shown in the program The number of weights required to get a response 

 

One of the sensors is broken  Testing with the software company before 

simulations  

 

Remember to simulate everything needed Simulation definitions (APPENDIX1, 

APPENDIX2, APPENDIX3) 

 

How to control the simulation  Division of roles (see division of roles and 

responsibilities) 

 

 

Recording date Risk description Probability Effect Mitigation plan 

19.3.2021 Timetable 2 3 Clear timetable 

19.3.2021 Workload 2 3 Clear division of roles 

19.3.2021 Weight sensors 2 2 New simulation 

19.3.2021 Weight changes 3 2 New simulation 

19.3.2021 Simulation 3 2 New simulation 

5.4.2021 Illness 2 3 New simulation 
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The simulation plan also included preliminary data for each case to be simulated, and 

these cases will be presented next. 

 

Case 1, Baby Nutrition 

 

Before the simulation, the instruments used (baby and extra weights) were weighed to 

know the exact weights for each device participating in the simulation. Then, the 

sensors were installed under the feet of a nursing crib using separate 3D-printed 

adapters. 

 

Weights of a baby and additional weights were used to monitor weight changes (Figure 

13).  

 

 

 

 

 

 

 

 

Figure 13. Weights of 20 grams (Leppänen, 2021) 

 

Five of these weights were reserved to simulate weight changes over five days period 

corresponding to a preterm growth rate of 15g/kg/day as determined by the intensive 

care unit. Each “daily” weight gain was reviewed and verified by Florie’s service. 

Weight increases were made in the abdominal area of the baby doll (Figure 14) 

according to the computational plan (Table 6). 
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Figure 14. Weight gain point (Leppänen, 2021) 

 

 

Table 6. Computational plan case baby nutrition (Leppänen, 2021) 

 

Case 2, Heart failure 

 

A manikin was used in the simulation. The sensors were installed under the feet of a 

nursing home hospital bed (Merivaara Futura PLUS) using separate 3D printed 

adapters (Figure 15). A manikin and bags filled with rice weighing 200g were used to 

monitor weight changes.  

Day Weight 

 

First addition  

(according to day 1 situation): 

Baby weight on day 1 (1,270g) / 1000g * 15g  

= 19g 

➔ increase rounded to 20g 

Second addition  

(according to day 2 situation): 

Baby weight on day 2 (1,290g) / 1000g * 15g  

= 19.35 g 

➔ increase rounded to 20g 

Third addition  

(according to day 3 situation): 

Baby weight on day 3 (1,310g) / 1000g * 15g 

 = 19.65g 

➔  increase rounded to 20g 

Fourth addition  

(according to the day 4 situation): 

Baby weight on day 4 (1330g) / 1000g * 15g  

= 19.95 g 

➔  increase rounded to 20g 

Fifth addition  

(according to day 5 situation): 

Baby weight on day 5 (1,350g) / 1000g * 15g 

= 20.25 g 

➔ increase rounded to 20g 
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Figure 15. Merivaara hospital bed and 3D printed adapter with TAS606 sensor 

(Leppänen, 2021) 

 

Weight increases were made in the lower extremities and the upper abdominal area, 

where fluid accumulation in the body was simulated and adjusted as closely as possible 

in the case of heart failure according to the simulation plan (Figure 16). 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 16. Weight increases in the lower extremities as well as in the upper 

abdominal area (Leppänen, 2021) 
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Weight increases were made in the lower limbs and upper abdomen according to the 

computational plan (Table 7). 

 

Table 7. Computational plan case hearth failure (Leppänen, 2021) 

 

Case 3, Position treatment 

 

The sensors were installed under the feet of a hospital bed in the nursing class 

(Merivaara Futura PLUS) using separate 3D-printed adapters. An adult mannikin and 

only the mannikin’s weight were used to monitor weight changes. Weight changes on 

the mattress are simulated by moving the doll to different positions.  

 

An attempt was made to simulate situations corresponding to correct movement in bed, 

such as: 

o The distribution of weight changes at different points of the bed (edges, 

ends). 

 

Pillows or similar devices were used to support the position (Figure 17): 

 

o The 30-degree recommendation for the lateral position was taken into 

account. Perpendicular side effects of 90 degrees should be avoided in 

bed patients due to an increased risk of pressure ulcers. Therefore, the 

Day Weight 

 

First addition  

(according to day 1 situation): 

Right and left lower limbs: 

➔ right: 200g 

➔ left: 200 g 

Second addition  

(according to day 2 situation): 

Upper abdomen: 200g 

 

 

Third addition  
(according to day 3 situation): 

Right and left lower limbs: 
➔ right: 200g + 200g 

➔ left: 200g 

 

Fourth addition  

(according to the day 4 situation): 

Upper abdomen: 200g 

 

 

 

Fifth addition  

(according to day 5 situation): 

Right and left lower limbs: 

➔ right: 200g 

➔ left: 200g + 200g 
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position of the bed patient is supported to a lateral part of about 30 

degrees using pads, whereby the pressure at the pelvis is evened out 

over the widest possible area. (Juutilainen & Hietanen 2012, p. 319.) 

 

o Each posture change was reviewed and verified (recorded) by Florie. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Position support with pillows (Leppänen, 2021) 

 

 

During the simulations, a measurement report (Table 8) was kept, in which all 

measurements made during the simulations were recorded with a timestamp so that 

later, in the analysis phase, it was possible to go back to each measurement time to 

find the related functions of the specific timestamp. In addition, other observations that 

emerged, such as additional spikes in the measurement data or other simulation-related 

disturbances, were also recorded in the measurement report. 
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Table 8. Example of the measurement report (Leppänen, 2021) 

Timestamp Action Additional notes 

9:15 Simulate a day 1 situation: The 

baby wakes up and moves 

Rocking the baby on the bed/sensors respond 

to changes in weight distribution that can be 

seen on Florie 

 

9:18 Simulating baby care: Changing a 

diaper/diaper with a bed. General 

movement. 

 

The sensors respond a lot. 

9:19 Simulate a mother's visit to a baby. 

Baby off the bed, stroking the bed . 

 

The sensors respond a lot. 

9:21 Add 20g of extra weight to the 

baby’s abdominal area (picture in 

the report). 
 

An increase of 20 grams mimics the need for 

daily weight gain according to a preset plan. 

Measurement point 1 in the simulation report. 

9:25 Add 20g of extra weight to the 

baby’s abdominal area (picture in 

the report). 

 

An increase of 20 grams mimics the need for 

daily weight gain according to a preset plan. 

Measurement point 2 in the simulation report. 

9:26 Add 20g of extra weight to the 

baby’s abdominal area (picture in 

report). 

 

An increase of 20 grams mimics the need for 

daily weight gain according to a preset plan. 

Measurement point 3 in the simulation report. 

9:28 Add 20g of extra weight to the 

baby’s abdominal area (picture in 

report). 

 

An increase of 20 grams mimics the need for 

daily weight gain according to a preset plan. 

Measurement point 4 in the simulation report. 

9:29 Add 20g of extra weight to the 

baby’s abdominal area (picture in 
report). 

 

An increase of 20 grams mimics the need for 

daily weight gain according to a preset plan. 
Measurement point 5 in the simulation report. 

9:32 Some spike in the data in sensor 

F1, in others no change. No 

information on what caused the 

peak. 

 

 

9:35 External vibration was tested 

(distance approx. 0.5m) → no great 

effect on the sensors 

 

 

9:36 The bed is shaken (slightly). 

 

 

9:39 2kg extra weight on the bed. The scale changes substantially in the 

application. 

 More information:  

The simulation followed the 

simulation plan. 

Position the sensors in the legs of 

the bed as shown. 

F1: value_a 

F2: value_b 

F3: value_c 

F4: value_d 

 

 

F1 F2 

F3 F4 
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The data from the simulations were obtained in .csv format and further analysed using 

Microsoft Excel. The measurement data were collected from the obtained data with 

the help of important measurement moments, and the measurement results were 

analysed concerning the case to be measured (Appendix 3). Each example of the cases 

was different, and the measured data had to be processed as required by the example 

case. 

 

Each case set specific attributes for analysis that needed to be looked at from the data. 

The data itself was the same format for each example case (Figure 18); however, 

through the interpretation of the data and the excel analysis performed on it, it was 

possible to define different information from the data (Figure 18). The results of the 

simulation report are presented in Chapter 5. 

 

 

 

 

 

 

 

 

Figure 18. Collected sensor data in excel and excel analysis (Leppänen, 2021) 

4.2.2 Thematic interview and content analysis 

It was important for the thesis assignment company that the research provided 

comprehensive information related to the operation of the prototype device and its 

suitability in three example cases, and at the same time produce data for future further 

development. The second part of the study was carried out qualitatively to find out the 

importance of simulations in this case and at the same time to form a better 

understanding of the importance of simulations in the further development of the 

product. The success of the simulations and their application to the further 

development of the product is easier and more valuable to describe verbally than just 

statistically. A deeper understanding of the importance of simulations enables more 
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comprehensive product development and more efficient design (Mourtzis, 2019, p. 2). 

The flexibility of qualitative research provides answers to precisely these questions, 

and for this reason, a semi-structured thematic interview was chosen as one of the data 

collection methods. A thematic interview is an intermediate form of an open and a 

form interview, in which the themes of the discussion are structured in advance. (Valli 

& Aarnos, 2018, p. 24.) 

 

Valli and Aarnos (2018, pp. 27-28) raise three different factors in favour of thematic 

interviews: the opportunity for the interviewee to express their views, the sharing of 

their own experiences and participation in scientific research, and the good experiences 

gained from it.  

 

During the preparation of the interview framework for this thesis, the previous product 

development literature, and the role of simulations in product development were 

examined. The answers of the interview were not tied to the answer options and the 

interviewee was allowed to answer in his own words. The interview highlighted the 

interviewee's own experience and definitions of the intended use of the simulated 

product and the success of the simulations. The interviewee was also one of the 

facilitators of the simulations and the interviewee understood the purpose and thematic 

areas of the interview. (Hirsjärvi & Hurme, 2008, p. 47-48, 60, 66-67.)  

 

The interview requires good contact with the interviewee, which is why the 

interviewee's workplace was chosen as the place of the interview (Hirsjärvi & Hurme, 

2008, p. 73-74).  In the interview situation, the questions act as a checklist and, if 

necessary, a discussion facilitator. The choice of questions in this study was based on 

simulations and the utilisation of data obtained from them. The themes of the interview 

framework were divided into two parts according to the conceptual framework, i.e., 

the simulations themselves and the utilisation of simulations in further development. 

Within the themes and preprepared questions, the intention was to ask in-depth 

questions improvising depending on the course of the discussion. Therefore, the 

interview body was made as short and flexible as possible to obtain authentic and 

relevant responses. (Valli & Aarnos, 2018, p. 38.) 
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In qualitative studies, the sample size is always one significant factor. However, it is 

also possible for the researcher to choose their material at their discretion in qualitative 

studies. The discretionary term arises from the fact that a researcher can choose a 

research subject at his or her own discretion so that it is nevertheless justified from the 

point of view of the research. In this case, the aim is not to generalise the results but 

rather to understand the phenomenon or find new perspectives. (Vilkka, 2007, p. 58.) 

 

One person was selected for the discretionary sample size in this study because the 

interviewee was already chosen at the thesis assignment time. The person selected for 

the interview also acts as one of the designers and developers of the product, and in 

that case, his own motivation to discuss the results of the simulations helped to achieve 

the results of this study. 

 

In qualitative analysis, the material is often considered a whole, but in such a way that 

it is possible to distinguish between the reduction of observations and the solution of 

the main task. The material was listened to through several times and, at the same time 

further delved into the knowledge base of the topic. After listening to the material, it 

was transcribed. Literation refers to writing interviews cleanly. It is a good idea to do 

the transcription as soon as possible after the interviews. A successful and appropriate 

transcription method is essential for successful analysis. According to Hyvärinen et al. 

(2017, pp. 367-368), spelling can be performed at different levels of accuracy 

depending on the research questions and the method of analysis. From the saved file, 

the text is a transcripted word for word. During transcription, repetitions were ignored, 

and unnecessary filler words were left out. 

 

After transcription, it was possible to summarise the findings of the interview material 

into themes and group them into an analysis framework. Thus, thematising was chosen 

as the method of analysis, which is the basic method of qualitative research that aims 

to outline key themes (Tuomi & Sarajärvi, 2018, p. 79; Hirsijärvi & Hurme, 2008, p. 

173). With the help of thematising, it was possible to create a unified whole from the 

material, which was included in the final analysis framework. The analysis framework 

was theoretical in which existing theory was identified but guided by the research data. 
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5 SIMULATION, LABORATORY MEASUREMENT RESULTS AND 

THEMATIC INTERVIEW RESULTS 

The aim of the thesis was to find answers on how simulation data can be utilised in the 

product and service development phase of the Florie cloud service and how nursing 

simulations can be further utilised in the design of prototype product and service 

development. Answers to the research questions of the thesis were sought with the help 

of a simulation event organised at Satakunta University of Applied Sciences Pori and 

an expert interview conducted at Dyme Solution Oy. The simulations and interviews 

were conducted during spring and summer 2021.  

5.1 Simulation 

The simulation was conducted on the 8th – 9th of April 2021 in the nursing class of 

Satakunta University of Applied Sciences. The functionality of the equipment and the 

condition of the tools was ensured on the 8th of April with the help of a designed 

simulation plan as well as a specialist from Dyme Solution Oy. The total duration of 

the simulations was approximately 180 minutes. Before starting the simulations, all 

simulated equipment was checked, and the needed tools were confirmed. The 

simulation plan and nursing student assisted of the simulations ensured that all critical 

steps related to the identified use cases were considered.  

 

A particularly valuable outcome of the simulations was the construction of a 

simulation measurement report and simulation report. A great help in this was the 

nursing student, whose knowledge and skills could be used during the simulations. 

Because the simulations were not performed in the hospital environment, it was 

important to get information from the nursing student about how the patient is being 

treated in each situation and how the patient and nurse might behave. During the 

simulations, a reflection on the functionality of the device was conducted together with 

the nursing student. The following questions arose during the simulations: What 

worked well or as expected when using the device? What were the errors and problems 
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using the device? What are the strengths of the device? This reflection was written out 

the simulation report and its results are discussed in the following section 5.2. 

5.2 Laboratory measurement 

The data from each identified use case was stored in the Florie cloud service, from 

where it was collected in .csv format in Excel for further analysis. Results are opened 

here in each case alone. 

 

Case 1, Baby Nutrition 

 

The graph was formed from the calculated measurement moments, and the data 

average graph (Figure 19) added a linear trend line to predict the future behavior of 

the variable based on the data, if the trend continues similarly. It can be seen from the 

graph that the average of the sensors increases with each measurement moment, which 

indicates an increase in the child's weight concerning the previous measurement 

moment as well as the total weight. 

 

Figure 19. Average change of sensor data case baby nutrition (Leppänen, 2021) 
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However, in this example, the weight increases are so small that the change is minimal 

from value 0,30 to 0,36 but still interpretable from the sensor data. 

 

This example case was used to produce data that required exact precision, and 

considering the results obtained in the simulation, it is conceivable that these results 

are helpful when trying to understand how a prototype device works with such small 

weight changes, and these interpreters can also be used for further product design. 

 

Case 2, Heart failure 

 

The graph was formed from the calculated measurement moments, and a linear trend 

line was added to the mean change graph (Figure 20) to predict the future behavior of 

the variable based on the data, if the trend continues similarly.  

 

Figure 20. Average change of sensor data case heart failure (Leppänen, 2021) 

 

It can be seen from the graph that the average of the sensors increases with each 

measurement moment from the value of 6,35 to value 6,67, which indicates an increase 

in weight relative to the previous measurement moment as well as the total weight. A 
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bar graph was also formed from the data, to which the averages of all sensors at the 

time of measurement were introduced (Figure 21). 

 

 

Figure 21. The average value of sensors at the time of measurement (Leppänen, 

2021) 

 

It can be seen from the bar graph that in the initial situation, the average of sensors a 

and b at the top of the bed is greater than the value of sensors c and d at the foot end. 

The weight can be said to increase steadily according to the simulation plan, but for 

example, the accumulation of fluid in the feet (sensors c and d) can by no means be 

observed explicitly from this data because the average change of each sensor at each 

measurement time is very close to the average of the previous measurement. 

 

The obtained results indicate that these results are helpful when trying to understand 

how a prototype device works with these changes, and these interpreters can also be 

used for further product design. 

 

Case 3, Position treatment 

 

From the measurement results, each measurement moment must be considered as its 

own to interpret whether the weight distribution is detectable from the data: 

 

Measurement time 1 = patient lying on his back in bed (baseline). The sensor values 

are distributed as shown in the bar graph (Figure 22) at measurement 1. 
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Figure 22. The average value of sensors at the time of measurement (Leppänen, 

2021) 

 

Measurement time 2 = The patient's legs are raised on the pad/heels raised. However, 

the average of the sensors shows a momentary change in the sensor data; the average 

of the sensors returns to the level of the initial situation (Figure 22) as indicated at the 

time of measurement 2. Thus, lifting the legs does not indicate that the weight was 

distributed differently than measurement time 1. Presumably, the sensors are located 

too far apart relative to the position of the manikin on the mattress for such a change 

to be interpreted from the sensor values. 

 

Measurement time 3 = The position is changed to the side position on the right side 

of the bed (Figure 23). A change from the previous measurement moment is detected  

in each sensor. The sensor values now more accurately indicate the weight distribution 

on the mattress. The value of sensors b and d becomes smaller than the values of the 

previous measurement moment, and the value of sensors a and c increases from the 

last moment measurement (Figure 22). 
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Figure 23. Lateral position on the right side of the bed (Leppänen, 2021) 

 

Sensor data can be used to detect changes in weight distribution; however, the 

detection of weight distribution is not accurate enough to interpret which point of the 

patient's weight is more in contact with the mattress (pressure ulcer formation). The 

obtained results indicate that these results are helpful when trying to understand how 

a prototype device works with these changes, and these interpreters can also be used 

for further product design. 

5.3 Interview 

The thematic interview was conducted on the 18th of June at the Dyme Solutions Oy. 

The presentation of the results of the simulations and the total duration of the interview 

was approximately 90 minutes. Before starting the interview, the interviewee was 

asked permission to record the conversation. The interview was conducted without 

interruption, and the discussion also progressed beyond the preliminary topics. The 

implementation of the interview was successful, and the discussion provided a 

diversity of information. Referring to the research tasks, five different main themes 

emerged from the data (Figure 24):  
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Figure 24. Themes formed by the results of the interview (Leppänen, 2021) 

5.3.1 Validation of existing hypotheses 

Theme 1 of the interview was about the importance of simulations in defining 

prototype hypotheses. A prototype manufactured by the product development team 

was used to test the hypotheses during the simulations. The challenge for companies 

that are constantly innovating can be how to develop a product that is of interest to 

customers and how to develop a ready-made solution from a hypothetical product. 

During the interview, the interviewee stated that “At the beginning of this study, 

product development had some hypotheses about a prototype's behaviors’ before the 

simulations…” The interviewee continued that “…simulations strengthened faith in 

the product and provided new ideas for further product development.” 

5.3.2 Validation of development issues (concreteness) 

The concreteness of the simulations was reviewed through interview questions of 

Theme 2, i.e. “Do the simulations facilitate the formation of the meaning of the 
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product?”. The importance of the simulations was found to be very important for the 

further development of the product, especially because the three pre-defined example 

cases provided a concrete way to verify the functioning of the prototype at an early 

stage. The interviewee stated that “during the simulations, as well as the data related 

to the outcome of the simulations, issues related to the development of the sensors and 

concrete requirements became clearer.” 

5.3.3 Controllability of product development 

Theme 3 of the interview was about developing a technological product that contains 

intelligence and is intended to be a healthcare product when a certain kind of 

controllability and precision are needed. Therefore, especially from the point of view 

of product design, it is essential to manage vital things to develop the product further. 

The interviewee agreed that “in the early stages of prototype development, it is 

essential to see if the product fits the goals at all just to make big changes in the 

beginning.”. For this reason, the data obtained from the simulations means a lot to 

which further development of the product is to be taken.  

5.3.4 New perspectives related to product development 

Concerning the new perspectives, the interviewee believed that the simulations 

produced information that helped to “add new angles to the box.” According to the 

interviewee, the simulations provided an expanded perspective on how or where the 

device could be helpful or where or how it should not be used. Before the simulations 

and the pre-set cases performed in the simulations, there was no information on how 

the product would behave in these situations, so the added value brought by the 

simulations was perceived as an excellent addition to product development. 

5.3.5 Prototype validation 

Theme 5 of the prototype validation was built on based on the previous four themes.  

The interviewee said that “Simulations provided a much better understanding of user 
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interface and sensor development”. The interviewee also thought that "Initial type 

testing is an important part of seeing whether a prototype is fit for purpose at all or 

whether major changes need to be made in the beginning."  

 

Concerning quality assurance and risk management, simulations of a product in the 

prototype stage could also be used to validate product safety and failures. In general, 

product safety arises at the design stage. Before placing a product on the market, the 

manufacturer must assess the intended use of the product at different stages of its life 

cycle and consider the different user needs. (Lamé & Dixon-Woods, 2020, p. 89.) 
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6 DISCUSSION 

With the help of the data obtained from the simulations and the analysis framework 

produced from the interview, five key topics can be raised, which were essentially 

related to the product's further development and support a spiral product development 

process. In addition, new and even refreshing perspectives were found on the actual 

research problem, i.e., using simulation data in the product development process. 

Because data from the simulations was available for a limited period, the simulation 

model's validity can only be assessed in this situation in the observation area. 

Furthermore, the measurement data accumulated very little concerning what should be 

simulated in this type of case, so it is not possible to make a clear interpretation of it: 

Is there a clear dependence between the averages? Would a more extended period of 

data (enormous amounts of data) better determine these dependencies?  

 

Based on the results of case 1, it would be necessary to perform more detailed tests 

over a much more extended period and in the hospital environment to consider 

deviations that cannot be considered in this test (e.g., treatment measures, different 

movements during the day). In addition, even when the weight changes to be 

monitored are very small (15-20g), other weight changes occurring during the day may 

distort the result of the measurements and give an erroneous impression of a 

continuous increase in weight. From the measurement results of case 2, it is not 

possible to see, for example, exactly where the weight of the parts accumulates, which 

would be essential data in this case. However, the weight was increased unevenly in 

the simulation by adding 400g to the chest area throughout the simulation and 1600g 

to the legs so that it was evenly distributed between 800g and 800g on both the right 

and left legs. For this reason, it could have been thought that the weight distribution 

for sensors a and b and sensors c and d could have been better interpreted from the 

data, but this was not noticeable.  

 

The sensor data from case 3 can be used to detect changes in weight distribution. 

However, the detection of weight distribution is not accurate enough to interpret which 

point of the patient's weight is more in contact with the mattress (pressure ulcer 
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formation). If more sensors were placed directly under the mattress, the weight 

changes could be more noticeable. However, the four sensors used in the simulation 

under the feet indicate that the position has changed, which in a sense already indicates 

that movement has taken place. Therefore, the measurement results have mainly 

examined whether the sensors react to the mattress's weight distribution (dummy 

transfers) to be interpreted from the sensor data. Based on simulation results, more 

testing and development is needed. Although there were clear variations in weight 

from the measurement results, the data was still so rough that more measurements and 

possibly more sensors were needed to obtain more accurate data for the weight 

distribution use of the product. However, the simulations showed that the current 

prototype is already suitable for indicating whether the patient is in bed and even for 

noticing where the patient's weight on the bed changes. At this level, it would already 

be possible to use the prototype to example case 3, but other example cases need longer 

testing periods and more accurate data. 

 

According to the study, testing the hypothesis confirmed where the further 

development of the product should be adjusted. In addition, the three example cases in 

the testing generated measurable results that were used to construct the direction of the 

product, which in turn helped refine the product hypotheses. Testing the prototype 

creates concreteness and savings in software development. In particular, the study 

highlighted the benefits of concretising the prototype in the sense that the simulations 

and the data generated from the simulations provided a clear indication of how to steer 

the prototype in the right direction, anticipate errors and identify potential future 

problems, and estimate development costs. (Ulrich et al., 2020, p. 304.)  

 

Particularly crucial during this thesis was that data was explicitly obtained on how the 

product would work in an end-user environment. Thus, data acquisition through 

simulations is valuable, especially when there is no existing knowledge base for a 

possible operation in the end-user environment. The simulation data can also react very 

early to developing a compliant product, thus better responding to regulatory 

requirements, user needs, safety, and quality. The study showed that the simulations 

also provide accurate data if product would fail and lead to a product failure. No 

accurate risk analysis was performed during this thesis, but the simulations created an 
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opportunity for the company to conduct its risk analysis for the further development 

of the product, and the results raised issues that should be considered in the design of 

healthcare products. With the help of risk management, the company receives 

operational benefits that can be used to identify or reduce disruptions even before they 

occur and to use the data obtained from simulations in suggestions for improvement. 

(Healthcare Failure Mode and Effect Analysis, 2021, p. 3.)  

 

Katsaliaki and Mustafe (2011) point out that simulations are applied to many health 

issues, and the field of simulation has developed a lot in recent decades. However, 

according to my research and the focus of Katsalia's and Mustafee's research, 

simulation techniques can be used to provide better accuracy, cost-effectiveness and 

risk management through health care future planning and development. Like Bhuiyan's 

(2011, p. 764 - 765) research and this study shows, in the development phase, when 

the desired prototype data is available, data can be used to be able to agilely iterate 

whether a product is going in the right direction and prove the product is following the 

required target. Ulrich, Eppinger, and Yang (2010, p. 173) also emphasise that testing 

is a stage mastered throughout the project. In this study, prototype simulation helped 

identify future uses in concretising and testing business ideas. Furthermore, with the 

information and data from the simulations, it is also possible to communicate and 

explain the issue to stakeholders, such as gathering new ideas, refining existing 

development ideas, and providing concrete discussions for possible discussions with 

funders. (Ulrich et al., 2020, p. 300.) 

 

One of the essential outcomes of this study was that the simulations were used to 

perform controlled and pre-defined tests from which specific expected results could 

be compared with the results obtained. In addition, a pre-defined simulation plan 

created a manageable way for the study to investigate pre-set case studies and helped 

analyse the results from the simulations. This study showed that one significant factor 

in the success of the simulations was a simulation plan. Without a plan, simulations 

may not yield similar benefits. Lamé & Dixon-Woods (2020, p. 87) state in their 

review that quality can be measured precisely through pre-set quality criteria, which 

in this thesis were promoted by e.g., availability, reliability, safety, and findings of 

boundary conditions related to simulations and simulation plan. 
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The study put emphasis on achieving new perspectives through simulation. Satakunta 

University of Applied Sciences' nursing simulation facilities made it possible to utilise 

product testing in its natural environment without the risk situations contained in the 

hospital environment. Furthermore, when the prototype was tested in the natural 

environment, many issues relevant to product development emerged that would have 

been missing or ignored if the product had not been simulated at such an early stage. 

Thus, the importance of simulations in supporting product development is a valuable 

addition to the entire product development process. Mandanin et al. (2017, p. 8-9) 

study admit that the importance of simulations in the industry should also be 

considered on the healthcare side. The role of simulations and their usefulness, 

especially in the field of innovation processes, is excellent. The simulations provide 

much information based on which strategic decisions can be made for the further 

development of the product. The data analysis from the simulations obtained during 

the thesis revealed critical data for further design. This was confirmed during the 

simulation phase when validating the possible use of the product during identified 

health care cases. Mandani et al. also demonstrated that simulated environments could 

provide an effective means to assess the actual needs of the subject and use the data 

from the simulations for possible removal of potential development as desired and a 

second time to minimise costs and possible deployment. Very typical of successful 

product development of available products, high quality, development costs and 

product development capability (Ulrich, Eppinger and Yang, 2010, p. 3). 

 

Gheng et al. (2014, p. 1092) state in their study that simulation-based training 

effectively improves the knowledge and skills of health care professionals. This 

research showed that studying and testing the introduction of new medical technology 

is much more risk-free and more ethically acceptable through a simulation 

environment than in a hospital situation. The results of this research are consistent with 

Gheng et al. study that showed that one value area where simulations can play a 

significant role could be in the training of multiple end-users. Looking at the results 

from the simulations concerning Ulrich et al. (2020) process model of the Generic 

Product Development process can be stated that during the detail design phase, many 

boundary conditions are created before the tests, which are verified in the simulation 

and testing phase. When designing the simulations during research, a nursing student 
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was used to identify the parameters needed in the simulations and consider the further 

development of the product; it could also be possible to include expert-specific 

working life results in the simulations, which could be needed for the further use. With 

the help of nursing students, views and boundary conditions could be achieved at a 

very early stage of product development that would be essential for the further 

development of the product in launching the product on the market. For example, the 

health care students would have the necessary vision to define, even at a very early 

stage, needs that would only become apparent in the regular stage of product 

development when the product is already in its natural environment of use. Producing 

such added value together with students and professionals in the field would further 

increase the importance of simulations in the healthcare product development phase. 
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7 CONCLUSION  

Based on the outcomes of the thesis, the simulations were seen to improve the further 

design of the product in the prototype phase and highlight important design and 

development boundary conditions. Furthermore, the simulations aimed to bring out 

new perspectives and go through different ways of working on how the product 

development work could be carried out in cooperation with Satakunta University of 

Applied Sciences, especially concerning simulations. 

 

As the research results showed that the simulations provided a much clearer picture 

for the further development of the product and especially for the possible operation of 

the product in future operating environments and cases, one further research task could 

be to investigate the possibilities of the Simulation model and its use in the future use 

in Degree Programme in Nursing at Satakunta University of Applied Sciences 

(SAMK). 

 

Another research task could be to explore how simulations could also be implemented 

to develop prototype devices in the healthcare sector collaborating with the private 

sector actors and students. Is it possible, for example, to organise a course that invents 

the innovation and testing of a product in the prototype stage explicitly? Can students 

’skills be extended to the design side of simulation situations that could support the 

testing prototypes of the private sector.
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