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DUTCH SUMMARY 

Gezien verschillende bacteriële SOA’s terug in opmars zijn in Europa, is deze studie gericht op het 

identificeren van de behoeften omtrent het SOA testing proces. Meer bepaald ligt de focus hier op 

SOA testing bij jongvolwassenen, daar zij een uitgesproken risicogroep vormen. Een mobiele SOA 

testing applicatie via smartphones wordt hier voorgesteld als een mogelijke innovatie. Deze studie 

draagt bij tot het designproces van zulke applicatie door de behoeften van jongvolwassenen omtrent 

het SOA testing proces te identificeren. Vervolgens worden deze omgezet in aanbeveling voor het 

daadwerkelijke design van de applicatie. Deze applicatie kan leiden tot meer SOA testing onder 

jongvolwassenen en dus vroegere diagnoses, minder overdracht en een lagere prevalentie.  

De literatuurstudie begint met de bespreking van de beschikbare mobiele technologieën. Hierin wordt 

kort een kader geschetst van wat mobiele technologie inhoudt door de belangrijkste componenten kort 

toe te lichten. Drie grote groepen technologieën worden onderscheiden: de mobiele apparaten, de 

software en de netwerken. Hieruit kan besloten worden dat de voorgenoemde technologieën snel 

evolueren en steeds meer aanvaard worden binnen Europa.  

Het tweede deel van de literatuurstudie behandelt mobile telemedicine, dat alle gezondheidzorg die 

voorzien wordt via mobiele technologieën omvat. Dit hoofdstuk heeft als doel een beter beeld te geven 

over wat mobile telemedicine allemaal inhoudt. Allereerst zullen de verschillende componenten 

besproken worden waaruit mobile telemedicine is opgebouwd. Daarna wordt er een categorisering 

voorop gesteld, gebaseerd op de literatuur, waarin de smartphone applicatie voor SOA testing wordt 

gesitueerd. Twee grote groepen binnen mobile telemedicine werden onderscheiden. Vervolgens wordt 

er dieper ingegaan op de regulering omtrent mobile health, waaruit duidelijk wordt dat dit nog een 

belangrijk werkpunt is in Europa. Om dit deel af te sluiten, worden de verschillende uitdagingen voor 

mobile telemedicine besproken. Hieruit blijkt dat regulering, technologie en de integratie in de 

gezondheidzorg belangrijke determinanten zijn voor het succes van mobile health. 

Hoofdstuk drie tracht een basis aan informatie te verstrekken over SOA’s. Hierin worden allereerst de 

verschillende soorten SOA’s besproken, waarna een focus wordt gelegd op de drie meest 

voorkomende bacteriële infecties in Europa: chlamydia, gonorroe en syfilis. Verder worden hun 

prevalentie, biologische karakteristieken en de belangrijkste determinanten uitvoerig toegelicht. 

Vervolgens worden de verschillende testmethoden besproken. Hoewel in het verleden SOA testing 

enkel mogelijk was via een doktersbezoek, is het aanbod reeds uitgebreid met de mogelijkheid om een 

eigen staal in het laboratorium binnen te brengen of om een thuis test te doen. In de toekomst zullen 

SOA tests evolueren naar miniatuur laboratoriums op een chip, die accuraat en zeer snel een resultaat 

kunnen geven. Dit hoofdstuk wordt afgesloten met een bespreking van de barrières die jonge mensen 

ervaren om zich te laten testen bij de dokter op SOA’s. Deze worden later in het onderzoek gebruikt  
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In het vierde deel wordt de smartphone applicatie voor SOA testing voorgesteld als sociale innovatie 

in Europa.  

Na een uitgebreide literatuurstudie, wordt het daadwerkelijke onderzoek besproken. Deze studie heeft 

als doel om bij te dragen tot de ontwikkeling van smartphone applicaties voor de diagnose van SOA’s 

door middel van een user-centred design (UCD) onderzoek. Hier ligt de focus op de eerste fase in de 

UCD-cyclyus, nl. het identificeren en analyseren van de behoeften van (in dit geval) jongvolwassenen 

omtrent SOA testing.  

Diepte-interviews werden afgenomen om kwalitatieve data te verzamelen bij jongvolwassenen. 

Daarbij lag de focus op informatie over de gebruikersgroep, de omgeving en de acties. De interviews 

hadden als doel om na te gaan hoe potentiële gebruikers van de mobiele SOA testing applicatie 

zichzelf nu laten testen op SOAs en wat hier aan verbeterd kan worden. De verhalen die aan bod 

kwamen tijdens de interviews vormden de basis voor zes verschillende scenario’s. Deze werden 

vervolgens visueel voorgesteld als storyboards waaruit verschillende behoeften geïdentificeerd 

werden, welke opnieuw gegroepeerd konden worden volgens de drie voorgenoemde bouwstenen van 

het interview (behoeften met betrekking tot de gebruikersgroep, testingomgeving en acties).  

Tot slot werden de geïdentificeerde behoeften omgezet in praktische aanbevelingen met betrekking tot 

de tweede fase in de UCD-cyclus, nl. de design fase. Afsluitend werden enkele beperkingen en 

suggesties voor verder onderzoek geformuleerd, gebaseerd op de beperkte generaliseerbaarheid van de 

resultaten en het voltooien van de UCD-cyclus.  
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INTRODUCTION 

The internet revolution has led to an immense increase in the availability of information. Patients now 

have the opportunity to access detailed information about medical conditions, which enhances their 

healthcare knowledge. Consequently, patients take on a more active role in contrast to only being the 

healthcare receiver (MovingLife, 2013). Doug Thompson endorses this change and calls it “patient 

activation” and defines it as “a patient’s ability and willingness to manage his or her own health and 

health care” (Chester Street, 2012, p. 16). The involvement of the patient in the healthcare process is 

thus rapidly increasing (European Patient Forum, 2013). As mobile technologies are advancing and 

becoming more widespread in the healthcare sector, the active role of the patient can be extended even 

further.  

Mobile health or mobile telemedicine can be defined as “emerging mobile communications and 

network technologies for healthcare” (Istepanian, Pattichis & Laxminarayan, 2006, p. 3). Mobile 

telemedicine is stimulated by the fact that the access to healthcare professionals is getting more scarce, 

since the demand for their services is surpassing supply (Ng, Sim, Tan & Wong, 2006). This thesis 

concentrates on the deployment of social innovations within the European healthcare sector based on 

mobile technologies. One of these innovations is the use of smartphones or tablets in the testing and 

diagnosis of sexually transmitted infections (STIs).  

The occurrence of STIs is one of the growing medical problems in the developed world today and is 

especially affecting adolescents and young adults (Panchaud, Singh, Feivelson & Darroch, 2000). STIs 

are characterized by no, mild or acute symptoms and can lead to severe health consequences if not 

detected and treated in an early stage (World Health Organisation, 2013). Asymptomatic infections 

(i.e. infections that go without symptoms) are dangerous, as they develop without the knowledge of 

the individual. Consequently, the infected individuals pass the infection on to others without knowing 

it. Early detection is thus essential for avoiding severe health problems (Panchaud et al., 2000). 

Despite the importance of early diagnosis, people still experience barriers for getting tested at a 

doctor’s office (Tilson et al., 2004). This thesis proposes the use of a mobile STI testing application as 

a way to overcome these barriers. More specifically, it creates the possibility for individuals to test 

oneself by using a smartphone together with an accessory. This innovation makes testing independent 

from time and space and would possibly be a stimulation for individuals to take a test more frequently, 

which eventually can lead to increased early diagnoses and less health complications. Also, this can 

reduce the transmission of the infection to future partners. Ultimately, the main goal is to decrease the 

incidence and prevalence of STIs in Europe (eSTI², 2013). 
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The starting point of this thesis will be a literature study, in which detailed information about the 

different topics and concepts will be discussed. Firstly, mobile technology will be defined and 

elucidated by covering its main components. Subsequently, a review about the current state in Europe 

of each component will be presented. Secondly, this study will introduce mobile telemedicine. Besides 

a thorough definition, a categorization based on the literature regarding the total mobile telemedicine 

area and the general composition of the average health application will be given. This will serve as a 

background for understanding different terms used further in the study. The chapter will end with an 

overview of some of the challenges for mobile health and an introduction to one of its most important 

ones: the legal framework. Thirdly, a description of the different STIs and STI testing methods will be 

given as well as a discussion of the barriers that young people experience when they want to get an 

STI test at the doctor’s office. The literature study will end with a chapter in which the mobile STI 

self-testing application will be introduced as a social innovation.  

After a thorough literature overview of what the topic is all about, this thesis will elaborate on the 

design research paradigm and user-centred design (UCD). More specifically, this study aims to 

contribute to the development of smartphone applications for STI testing by conducting UCD 

research, that is grounded in the design research paradigm. In this paradigm, boundaries between 

theory and design are removed. Therefore, existing theories are adjusted based on findings that 

emerged from the (user-centered) design process, leading to more accurate theories and subsequent 

improved design solutions. Hence, the design process is being considered as an opportunity for 

learning and not merely as an application of the theory, as is the case in conventional academic 

research (Edelson, 2002). The choice for UCD research is based on the literature, in which this method 

is associated with increased usability of the design solution (De Vito Dabbs et. al, 2009). Usability and 

the inclusion of practical considerations are core values in UCD research, which implies that 

collaboration between researchers, designers and participants are seen as key elements. This 

collaboration takes place in real-world settings, resulting in higher external validity for design theories 

and principles (Barab & Kirshner, 2001; Edelson, 2002; Holtzblatt, 2003; Wang & Hannafin, 2005).  

This thesis will focus on the first phase in the UCD-cycle (i.e. the analyzing phase as described by 

Gulliksen et al. (2003) (cfr. part 2, 2)). Information about user groups, the environment of use and the 

tasks will be collected by means of interviews in which the emphasis will be on how potential users of 

mobile STI testing applications currently perform the tasks (i.e. STI testing). In turn, this will lead to 

the emergence of storyboards that will be used to identify and comprehend weaknesses in the current 

system, the needs of the end-users and the requirements of possible solutions (i.e. mobile STI testing 

applications). In turn, these needs and requirement will form the basis for recommendations for the 

second phase of the UCD-cycle (i.e. the design phase).   
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This study contributes to the scientific literature and theory in two ways. Firstly, a clear overview of 

the literature of emerging topics like mobile telemedicine and mobile STI testing applications is 

presented. Secondly, this thesis elaborates on and stresses the importance of a UCD approach in the 

design of interactive health applications and medical devices in general. By clarifying the origin, 

purpose and the application of the UCD approach, this study contributes to the rather limited literature 

on this topic and presents a practical description on how to perform the first phase of the UCD-cycle 

(i.e. the analyzing phase). In addition, by formulating recommendations about the design of mobile 

STI testing application, this thesis contributes to the practical field of mobile telemedicine. 
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PART 1: LITERATURE STUDY 

1. MOBILE TECHNOLOGY 

The transformation of health towards mobile health is inevitable, as mobile technologies form the 

ideal platform for both research purposes and healthcare delivery (Boyer et al., 2010). Hence, this 

section clarifies what can be understood by the term mobile technology. Since this thesis concentrates 

on innovations within Europe, a brief description of the current state of the technology is also 

provided.  

1.1. Definition 

In this thesis, mobile technology is seen as wireless portable IT devices and all services needed for its 

correct functioning. Mobile technology covers three different components: hardware (mobile devices), 

software developed for and used by the hardware (operating system and applications) and the 

infrastructure that enables mobile communication (network services) (Jarvenpaa & Lang, 2005).  

1.2. The three components of mobile technology 

Mobile devices include devices like detectors, pagers, cell phones, motion sensors, personal digital 

assistants (PDA), smartphones, tablets, etc. (Sarasohn-Kahn, 2010). The smartphone combines the 

utilities of different mobile devices into one small device. As a result, the smartphone is known for 

being efficient and highly portable with powerful computing capabilities and large storage capacities 

(Boulos, Wheeler, Tavares & Jones, 2011; Burdette, Herchline & Oehler, 2008; Perera, 2012). Mobile 

devices like PDA’s, cell phones and pagers are becoming obsolete as their functionalities are being 

integrated into the smartphone (Liu, Zhu, Holroyd & Seng, 2011). Therefore, the smartphone is seen 

as the main mobile device in this study. 

The software developed for and used on smartphones encompasses mobile operating system platforms 

(mobile OS) and applications (apps; i.e. software programs especially designed for a specific operating 

system). Operating systems (e.g. Android, iOS, Blackberry OS, Windows mobile) are the foundation 

on which software applications can be built (Liu et al., 2011). These applications benefit from the 

various high performing features which are standard for smartphones (e.g. high-definition images) 

(Milošević, Shrove & Jovanov, 2011).  

Communication on mobile devices is made possible through a heterogeneous wireless network 

environment. Verizon Wireless (2010) distinguishes 3 groups of wireless networks based on their 
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coverage: the wireless personal area network (WPAN), the wireless local area network (WLAN) and 

the wireless wide area network (WWAN) (cfr. figure 1). In addition, Jeffrey, Ekram and Dusit (2008) 

distinguish the wireless metropolitan area network (WMAN). WPAN (e.g. Bluetooth) has the smallest 

coverage and is only used for short-range communication between devices. WLAN, with wireless 

fidelity (Wi-Fi) as its most known form, only covers limited areas and is mainly used at home. 

WMAN provides communication possibilities to larger areas (e.g. metropolitan areas) while WWAN 

uses cellular technologies to provide wireless access to broadband networks. These technologies were 

initially only designed to transmit a voice signal (first generation). The second generation (2G) added 

message services (SMS) and limited data transmission to the wireless capabilities. Eventually, high 

speed data transfer was enabled, which represented the third generation (3G) of wireless network 

technology (Tachakra, Wang, Istepanian & Song, 2003). Even the transition to a fourth generation 

(4G) is currently happening and investments in a fifth generation (5G) have started, aiming to increase 

download speed and capacity even further, especially in mobile scenarios (e.g. in a moving car) 

(Jeffrey et al., 2008; Perry et al., 2001; van Hoek, 2013).  

 

Figure 1. Visual representation wireless networks (Verizon Wireless, 2010). 

1.3. Mobile technology in Europe and Belgium 

Europe has already reached high adoption rates for the three components of mobile technology 

(Greenspun & Coughlin, 2012). Smartphones with 3G-compatibility were reported having an average 

penetration rate of 51% in Europe by the end of 2011. It should be noted that there is heterogeneity 

across Europe regarding this penetration rate (cfr. figure 2). For example, only 28% of the Belgian 

population owned a 3G-enabled smartphone at the end of 2011, but this percentage is expected to 

increase rapidly (GSMA, 2012).  
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Figure 2. Penetration rate of 3G enabled smartphones by end of 2011 (GSMA, 2012). 

The demographics of smartphone owners in Belgium were defined in a study that was published by 

Google (2012) (cfr. figure 3). Remarkably, there are significant differences in smartphone ownership 

between males and females. Furthermore, the main group that possesses a smartphone is aged between 

25 and 35, followed by the 18 to 24 years old group. In addition, there are more smartphone owners in 

urban areas than in rural or suburban areas. Also, 38% of smartphones are owned by singles.   

 

Figure 3. Demographics smartphone owners in Belgium 2012 (Google, 2012). 
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In Europe, the most important smartphone platform providers are Google’s open source Android and 

Apple’s iOS. Both platforms provide a centralized app store with their own health category, which 

offers the ideal environment for the distribution of add-on applications (GSMA, 2012; Liu et al., 2011; 

StatCounter, 2013). Windows eventually introduced its own mobile platform in 2011 and is slowly 

entering the market ever since. By June 2013, Windows had a reached a market share of 

approximately 3% in Europe, while iOS and Android still dominated the market (market share of 

respectively 39% and 45%; cfr. figure 4) (Casais, 2013; StatCounter, 2013). In contrast, not Android, 

but iOS is the top mobile OS in Belgium, owning 52% of the market (cfr. figure 5) (StatCounter, 

2013).  

 

Figure 4. Mobile operating systems in Europe June 2013 (StatCounter, 2013) . 

 

Figure 5. Mobile operating systems in Belgium June 2013 (StatCounter, 2013). 
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The mobile network for voice and messaging (2G) covered 100% of the European population by 2010 

(cfr. figure 6), which means that the entire European population is able to communicate wirelessly. In 

addition, the coverage of the 3G network in Europe reached 90% and in Belgium even an average of 

98%. Hence, the possibility of data transmission at an acceptable rate is widely spread. Furthermore, 

the 4G network is being commercialized in different European countries. As mentioned above, 

investments in the fifth generation (5G) have started, which could be initiated from 2013 on, 

depending on the allocation of spectrum. These advancements in network technologies drastically 

increase capacity and download speed. The fact that high percentages of the population have access to 

continuous wireless connectivity, improves the suitability of mobile technologies for healthcare 

(GSMA, 2012; Liu et al., 2011).  

 

Figure 6. Coverage of mobile network in Europe in 2010 (GSMA, 2012). 
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2. MOBILE TELEMEDICINE 

After an elaboration on the content and state of mobile technologies in Europe, the transition can be 

made towards the use of these technologies in healthcare. Since the social innovation that is presented 

in this thesis (i.e. mobile diagnostic tool for STI self-testing) is part of the mobile telemedicine area, a 

delineation of this area is provided here. The technological structure of such an application is depicted 

in figure 7 (cfr. part 1, 2.2). This forms the basis for figure 14 (cfr. part 1, 4.3), in which the structure 

of the proposed diagnostic tool is visualized.  

2.1. Definition 

Approximately 40 years ago, the conventional telemedicine concept was introduced when 

telecommunication and information technologies were used as an aid for healthcare delivery at a 

distance (Mitchell, 1999). The word telemedicine is a conjunction of the Greek tele, which means 

from afar, and the Latin word mederi, which means to cure or heal and can be defined as “the delivery 

of healthcare and the sharing of medical knowledge over a distance, using telecommunication means” 

(Pattichis et al., 2002, p. 144). The practice of medicine, though, was still bound to certain locations 

since telephone and desktop systems were wire-dependent. With the rise of mobile technologies, the 

conventional telemedicine changed drastically as it evolved towards mobile telemedicine, in which 

wired technologies were replaced by mobile technologies (Jovanov, 2006; Tachakra et al., 2003). 

Wireless connectivity advanced rapidly and small mobile devices started to replace big fixed devices. 

Since then, medicine can be practised anytime and anywhere (Jovanov, 2006; Pattichis et al., 2002; 

Sarasohn-Kahn, 2010). Different terms are being used in the literature, often with small distinctions, 

for the same phenomenon, namely the delivery of healthcare at a distance by making use of mobile 

technology. These terms include wireless telemedicine, mobile telemedicine, wireless health, mHealth, 

mobile health, mobile eHealth and wireless eHealth (Istepanian et al., 2006; Ng et al., 2006; Pattichis 

et al., 2002; Singh, 2000; Tachakra et al., 2003). Henceforth, this study will use mobile health and 

mobile telemedicine interchangeably.  

2.2. Components of mobile telemedicine 

According to the definition used by Istepanian, Jovanov and Zhang (2004, p. 405), mobile health 

encompasses “mobile computing, medical sensors and communication technologies”. Essentially, as 

figure 7 shows, front end medical sensors communicate through wires or close range network services 

(e.g. Bluetooth) with a smartphone, on which a mobile operating system (e.g. iOS) is installed together 

with mobile software applications (e.g. health apps). The smartphone can be seen as a mobile base unit 

that collects the data from the sensors and processes this locally or remotely. This information, either 
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processed or raw, is then sent to the back end server through wide range network services (e.g. Wi-Fi, 

3G). The back end allows further processing, data storage and controlled communication with the 

appropriate parties through a wireless web-based system (Gyselinckx et al., 2006; Istepanian & Lacal, 

2003; Jones, Gay & Leijdekkers, 2010; Kumar, Nilsen, Pavel & Srivastava, 2012; Liu et al., 2011; 

Pereira, Caldeira & Rodrigues, 2011).  

 

Figure 7. Overview components mobile telemedicine based on Gyselinckx et al. (2006), Jones et al. (2010), Kumar et al. 

(2012). 

Sensors can be located inside, on or outside the body. Three important types of sensors can be 

distinguished: bio-electric sensors, imaging sensors and bio molecular sensors.  

Bio-electric sensors are active on the surface of the skin and monitor and measure heart, brain and 

muscle activity (e.g. electrocardiography, electroencephalography, electromyography). For imaging, 

the conventional methods are scans such as MRI and CT. In spite of their many possibilities, these 

options are impossible to use in smartphones. Nevertheless, the smartphone offers other advantages: 

lens-free computational microscopy, tomography and radio frequency imaging. As bio-electric sensors 

and imaging are outside the scope of this study, they won’t be discussed any further. The emphasis 

will be on the mobile and miniature version of a laboratory: the lab-on-a-chip (biomolecular sensing) 

(Balagadde, 2010; Kumar et al., 2012). These small chips use small volumes of body fluids or human 

breath for diagnostic purposes. The advancements in nano, microfluidic and solid-state sensor 

technologies are all contributing to the wave of innovations that stimulates evolutions in miniature 

health systems (Kumar et al., 2012). Nanowire sensors are used to detect specific biological and 

chemical species (e.g. proteins and viruses) (Patolsky, Zheng & Lieber, 2006). Microfluidic 

technologies are used to control microreactions on a chip, with the purpose of analyzing droplets of 

complex fluids. These technologies can be used in reusable integrated instruments, disposable tests 

and disposable tests with reading device. Reusable instruments require strict standards regarding  

hygiene and are currently used in centralized labs. Disposable tests have the advantage that they can 
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be produced at low costs and used without having clinical knowledge. However, their sensitivity and 

specificity can be questioned. PATH, a non-profit organization that focuses on global health 

innovations, has developed disposable tests for various STIs based on microfluidic technologies (e.g. 

chlamydia, gonorrhoea and syphilis) (Yager et al., 2006). Yager et al. (2006) posit that disposable tests 

with reading device are the most promising in its category, as these combine the high performance of 

integrated instruments with the low cost and usability characteristics of the disposable test. 

Nevertheless, the complexity of development increases with this technique.   

2.3. Categorization within mobile telemedicine 

Istepanian, Jovanov and Zhang (2004) noted that the classification of the mHealth area will be 

challenging as there are a lot of different categorizations used in the scientific literature (e.g. Boulos et 

al., 2011; GSMA, 2012; Milošević et al., 2011, Orange Healthcare, 2013). This study, however, will 

combine the categorizations described by Orange Healthcare (2013), GSMA (2012) and Kreuzer, 

Diemer and Huber (2009) to create one overarching categorization.  

Orange Healthcare (2013) puts a general division forward, in which the first category comprises 

wellness and prevention and includes wellness, fitness and awareness oriented applications, which are 

pure business to consumer applications (B2C). GSMA (2012) described a comparable category: 

mobile wellness applications. The author highlighted the fact that this group is non-regulated, since it 

doesn’t fall under any legal framework (for a description of the existing legal framework, cfr. part 1, 

2.4.). Therefore, this area within mobile telemedicine will be named non-regulated telemedicine. 

Furthermore, GSMA (2012) distinguishes mobile medical applications as the second category. Since 

sensitive medical information is involved, these applications fall under the regulated segment of 

telemedicine. As a result, the second group of telemedicine in this study will be named regulated 

telemedicine. This thesis will subdivide the regulated telemedicine category into health management 

and services for health professionals as suggested by Orange Healthcare (2013). The health 

management subcategory encompass mobile medical solutions that are used for patients’ treatment, 

diagnosis and disease management (e.g. smartphone-based glucose monitors for diabetes patients). 

Services for health professionals can be defined as mobile solutions that help health professionals in 

the practice of their job (e.g. mobile access to clinical databases). The latter is, as opposed to the 

wellness-oriented applications, purely business to business (B2B). The aforementioned categorization 

is visualized in figure 8.  
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Figure 8. Visual representation of categorization based on Orange healthcare (2013) and GSMA (2012). 

This study focuses on mobile self testing instruments for STIs, which are considered as part of the 

health management subcategory. Kreuzer et al. (2009) indicates that the role of smartphones can also 

differ between different telemedicine systems. As noted before, the smartphone is the base unit of a 

telemedicine system and performs both the communication with the back end and the data collection 

and transfer (cfr. part 1, 2.2.). How the smartphone handles raw data, is the basis for the three 

additional sub-categorizations in the health management category. The first and most general role of 

the smartphone is the transfer of raw data without processing it. In the context of STIs, this could be 

the transmission of  pictures of a genital rash to a gynecologist. The last two categories are more 

complex, as the smartphone is, besides the receiver of raw data, also functions as the processor and 

evaluator. The difference can be found in the selectivity at which the processed data is transferred to 

the back end: either all data or only significant data is transferred (Kreuzer et al., 2009). These last two 

categories can be used for diagnostic purposes, such as the innovative mobile self-testing tool for STIs 

presented in this research.   

2.4. Legal framework for mobile telemedicine 

New emerging mobile technologies are entering the healthcare sector (e.g. mobile health apps, health 

sensors, information systems). As a result, the development of mobile health solutions is in its 

transition phase in which it faces many different obstacles. One of these is the current legal 

framework. Because regulations are lagging behind, they are challenged by the innovations in the 

healthcare sector and form a barrier for bringing ideas and products to the market (GSMA, 2012; 

Tsang, Pollard & Kracov, 2012). Besides the manufacturers, regulation also affects the end-users of 

mobile health solutions. Their trust is expected to increase with the establishment of uniform  set of 

regulations and data protection throughout Europe to ensure quality and safety (MovingLife, 2013). 

Since this study will discuss mobile diagnostic tools for the self testing of STIs that fall under the 

regulated category of mobile telemedicine (cfr. part 1, 2.3.), the following section will give a brief 

introduction to the current legal framework. 
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In Europe, mobile health applications are not regulated properly yet. Evidence can be found in the fact 

that new mobile health devices fall under two different frameworks: the Radio Equipment and 

Telecommunications Terminal Equipment (RTTE) and the EU Medical Devices Directive (MDD) 

(GSMA, 2012). Consequently, confusion and coordination problems prolong the time to bring a 

product to the market, while timing is crucial to the performance of many start-ups in such an 

innovative environment (GSMA, 2012; Gyselinckx et al., 2006). Hence, Europe is in urgent need of a 

reframing of the MDD so that medical applications can be regulated properly. Furthermore, clear 

distinctions and boundaries should be made between applications that fall within the scope of the 

regulation and those that do not (MovingLife, 2013). The intended use (i.e. medical purpose) is the 

basis for the categorization of mobile health applications (regulated versus non-regulated category). 

Bearing this in mind, the boundaries between wellness and medical applications can become unclear if 

a wellness application would be incorporated in the regimen of a patient as an aid for diagnosis and 

treatment. While the US Food and Drug Administration (FDA) stipulates these boundaries, the 

European regulation lacks details in this area (GSMA, 2012). The FDA specifically addresses “mobile 

medical applications” (i.e. the regulated subset of mobile telemedicine) in its guidelines and defines it 

as “software applications that can be executed (run) on a mobile platform, web-based software 

applications that are tailored to a mobile platform but are executed on a server” (FDA, 2011, p. 7). 

Further in the definition, the intended use is cited. This is the same as the current one defined for 

medical devices (i.e. treatment, diagnosis or prevention of disease) (Tsang et al., 2012; Vollebregt, 

2011). Within the scope of the regulated medical devices lay the software application accessories and 

the applications that transform a mobile platform into a regulated medical device (FDA, 2011). 

Vollebregt (2011) highlights the importance of the FDA guidance draft, introduced in 2011, for 

regulating mobile medical applications in Europe. As the American market stands is ahead on the 

regulation and its level of detail, it can be expected that the European regulation will develop in the 

same direction. The author also points out that although the FDA regulations significantly differ from 

the EU regulatory system, there is a fit between the two basic legal frameworks concerning software 

and hardware. Consequently, Vollebregt (2011) posits that the FDA guidance (of which the final 

version is expected to be published at the end of 2013) could potentially form the basis for the 

development of one overarching and coherent European regulatory system.  

2.5. Challenges 

The success of mobile telemedicine depends on several determinants. The MovingLife (2013) 

initiative (i.e. a consortium that works on a roadmap together with stakeholders to facilitate the 

implementation of mobile health) identifies challenges according to their type: medical uptake, 
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technical and socio-economical. This study will follow the author’s division as a structure for some of 

the most important challenges, besides the abovementioned legal framework. 

One of the medial uptake challenges is the acceptance of mobile telemedicine solutions by the end-

users, which is mainly determined by trust (Jones et al., 2010; MovingLife, 2013). This trust will 

increase through one uniform regulation throughout the European Union. Users need to be ensured of 

the quality and safety of mobile telemedicine solutions, which can be achieved by authoritative 

certifications. Moreover, besides trust, both usability and learnability contribute to the acceptance of 

mobile applications in healthcare. Comfort with the technology is thus recommended, implying that 

some level of education is needed. Since mobile health solutions also affect the health professionals, 

this group will also need to be stimulated to adjust to these new ways of healthcare delivery 

(MovingLife, 2013). Anderson (2007) states that health professionals experience some difficulties 

with adaptation to mobile health because of the lack of IT knowledge and financial support. 

Furthermore, the first technical challenge that can be identified is the state of the technology (Jones et 

al., 2010). Certain technologies still limit the performance of mobile health. Further research, 

investments and eventually introductions of new innovations need to overcome these limitations (e.g. 

size, energy autonomy of the device, energy consumption of the different parts and the intelligence of 

devices) (Gyselinckx et al., 2006). In addition, mobile health applications often depend on the 

availability of network connectivity. Either the networks needs to guarantee constant connectivity at 

high capacity or the mobile health application should be designed to function both on- and offline 

(MovingLife, 2013). The second technical obstacle is the lack of standards and interoperability of 

software and hardware in the mobile health industry, which hinders its evolution (MovingLife, 2013). 

Some mobile health applications fall under the MDD framework, which means that they need to be in 

conformity with the existing directive. As stated earlier, a lack of clarity often leads to confusion. 

Europe will need to go more into detail when reframing the current MDD framework, which will be a 

challenging task (MovingLife, 2013). Security and safety also have a significant influence on the 

success of telemedicine (Jones et al., 2010). Medical information has a high sensitivity level and needs 

to be private and confidential at all times. Especially when it comes to cloud computing, with its many 

advantages and opportunities (e.g. easy access, data integration, collaboration, interoperatability). 

Consequently, control and security of medical data in the cloud will be ever more important (Lauren, 

Yang & Fei, 2008; MovingLife, 2013).  

The main socio-economic challenge is the incorporation of mobile telemedicine in the organization of 

the healthcare system. Especially the reimbursement system for mobile health applications will need to 

be transformed and integrated before mobile health application can be seen as a potential treatment 

option. In addition, patient-centered approaches will become increasingly important (MovingLife, 

2013).  
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3. SEXUALLY TRANSMITTED INFECTIONS (STIS)  

Despite persistent efforts in the areas of STI prevention and patient education, STIs still pose a major 

public health problem in the world (Ağaçfidan & Kohl, 1999; Brown, Yen-Moore & Tyring, 1999; 

Panchaud et al., 2000; Uusküla, Puur, Toompere & DeHovitz, 2010; World Health Organization, 

2003). Not only are STIs the second most frequently mentioned reason to consult a medical 

practitioner (after trauma, i.e. a physiological wound caused by an external source), which indicates a 

high prevalence, they also have far-reaching social, economic and health consequences (Gerbase et al., 

1998; Hay & Ugwumadu, 2009; Mayaud & McCormick, 2001). Besides morbidity, the latter also 

include severe complications and in some cases mortality (Uusküla et al., 2010).  

Although other conditions (such as unintended pregnancy) disproportionately affect the developing 

countries, STIs are a public health problem in all countries (World Health Organization, 2013a), and 

thus also in Europe (Fenton & Lowndes, 2004; Gerbase et al., 1998; Uusküla et al., 2010). Since many 

European states are observing an increase in the incidence and prevalence of several STIs in the past 

few years (Fenton & Lowndes, 2004), the focus in this study will be on Europe. 

The following section will give a clear definition of STIs and will discuss the most frequently used 

categorizations. As will be argued, this study focuses on the three most common bacterial STIs 

(chlamydia, gonorrhoea and syphilis) and the group with the highest risk of infection, namely young 

people between 15 and 24 years old. For these STIs, the prevalence, biological characteristics and 

other key determinants and challenges will be discussed. Finally, an overview of the different modes 

of testing and the patient barriers for testing at the doctor’s office will be given. 

3.1. Definition and categorization 

The term sexually transmitted infections (STIs), as the name suggests, encompasses infections that can 

be transmitted and contracted through sexual contact (De Schryver & Meheus, 1990). In most cases, 

STIs are contracted following unprotected sexual contact (i.e. without use of condom or dental dam). 

SENSOA, the Flemish expertise centre for sexual health, posits that STIs are transmitted through 

“contact between two mucous membranes (inside the anus, penis, vagina or mouth) or through contact 

between a mucous membrane and vaginal fluid, (menstrual) blood, semen, pre-ejaculatory fluid or 

infectious body fluids (such as pus)” (SENSOA, 2011, p. 3). Furthermore, the degree of infectivity 

varies between STIs and also depends on the nature of the sexual contact (SENSOA, 2011). 

The most frequently used categorization divides STIs according to their pathogen. STIs can be caused 

by bacteria, viruses and parasites (Ağaçfidan & Kohl, 1999; SENSOA, 2011; World Health 

Organization, 2013a). Table 1 gives an overview of the most common STIs within each category. 
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Bacterial 

 Neisseria gonorrhoeae (causes gonorrhoea or gonococcal infection)  

 Chlamydia trachomatis (causes chlamydial infections)  

 Treponema pallidum (causes syphilis) 

 Haemophilus ducreyi (causes chancroid)  

 Klebsiella granulomatis (previously known as Calymmatobacterium granulomatis causes granuloma 

inguinale or donovanosis). 

Viral 

 Human immunodeficiency virus (causes AIDS)  

 Herpes simplex virus 1 and type 2 (causes genital herpes)  

 Human papillomavirus (causes genital warts and certain subtypes lead to cervical cancer in women)  

 Hepatitis B virus (causes hepatitis and chronic cases may lead to cancer of the liver)  

Protozoan (parasites) 

 Trichomonas vaginalis (causes vaginal trichomoniasis)  

Table 1. Most common STIs according to their pathogen (World Health Organization, 2013). 

A further subdivision can be made by dividing STIs into curable and non-curable (Ağaçfidan & Kohl, 

1999). The non-curable STIs are of viral origin. At present, they can merely be controlled by treatment 

(Ağaçfidan & Kohl, 1999; World Health Organisation, 2013). Currently, the category of the curable 

STIs encompass the bacterial infections chlamydia, gonorrhoea and syphilis and the protozoan 

infection trichomoniasis. To illustrate the magnitude of the curable STI problems, the World Health 

Organization estimated in 2008 that each year 499 million new cases of curable STIs occur around the 

world in adults aged 15 to 49 years (World Health Organization, 2013a). Furthermore, although 

antimicriobal therapy for bacterial STIs (most often through prescription of antibiotics; National 

Institutes of Health, 2008) is associated with cure, emerging resistance of all bacterial STIs poses a 

serious challenge for public health control (Buntin et al., 1991; Ison, 2012).  

3.2. Chlamydia, gonorrhoea and syphilis in Europe  

3.2.1. Prevalence 

Despite the efforts and resources devoted to research and intervention of HIV and AIDS, it remains 

the most serious STI in Europe in the 21
st
 century (Nicoll & Hamers, 2002; Panchaud et al., 2000). 

Given this strong focus on HIV and AIDS, considerably less attention has been given to other STIs 

although they have been found to increase the risk of sexual transmission of HIV (Buntin et al., 1991; 
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Panchaud et al., 2000; World Health Organization, 2003). Moreover, individuals infected with a 

bacterial STI often are asymptomatic and therefore go undetected and untreated, with severe morbidity 

and even mortality as possible consequences (Panchaud et al., 2000; Peeling, Holmes, Mabey & 

Ronald, 2006). Early STI diagnosis is crucial for the prevention of transmission in asymptomatic 

individuals, contributes to an effective treatment of bacterial STIs and has been suggested as a good 

way to prevent HIV transmission (symptomatic STIs are associated with enhanced HIV transmission; 

cfr. part 1, 3.2.3.). Hence, this study focuses on the testing and diagnosis of the three most common 

bacterial and curable STIs in Europe, namely chlamydia, gonorrhoea and syphilis (Budiharsana, 2002; 

European Centre for Disease Prevention and Control, 2012; National Institutes of Health, 2008; Rieg 

et al., 2008). 

The AIDS prevention campaign in the late 1980s and early 1990s led to a widespread modification of 

the sexual behaviour and, as a consequence, a substantial reduction in the number of reported cases of 

chlamydia, gonorrhoea and syphilis in many European states. However, this reduction was not 

maintained as recent figures show an upward trend in the incidence and prevalence of the three 

aforementioned STIs in several European states, which indicates that people increasingly take sexual 

risks (European Centre for Disease Prevention and Control, 2012; Fenton & Lowndes, 2004; Nicoll & 

Hamers, 2002).  

Figures 9, 10 and 11 respectively show the trend in the number of reported chlamydia, gonorrhoea and 

syphilis cases between 1990 and 2010. Figure 9 shows a strong upward trend for chlamydia. 

Furthermore, chlamydia is the most frequently reported STI in Europe and was reported more often in 

women than in men. Figure 10 shows a fluctuating trend in the number of reported gonorrhoea cases, 

with a small upward trend since 2007. Figure 11 shows a strong decrease in syphilis cases ever since 

the peak around the year 2001. The figures should be interpreted with caution, since the small number 

of countries with consistent reporting between 1990 and 2010 make it difficult to generalize this 

overall trend to the whole EU (European Centre for Disease Prevention and Control, 2012).  

Table 2 shows more recent indicators of chlamydia, gonorrhoea and syphilis in the EU. Due to 

improved diagnostic tools and surveillance systems, these figures are based on a larger number of 

reporting countries, which improves the generalizability. The overall trend for chlamydia across the 

EU appears to be increasing (+41% from 2006 to 2010). Gonorrhoea and syphilis trends on the other 

hand, appear to be decreasing (respectively -5% and -17% from 2006 to 2010). These downward 

trends should be interpreted with caution, since there is a clear divergence between countries. For 

gonorrhoea, a substantial decrease was reported in countries with very high rates in the past decade 

(e.g. a 50% decrease in Estonia, Latvia and Romania from 2006 to 2010) while significant increases 

were noted in Scandinavian and Southern European countries. The same pattern can be found among 

European countries for the number of reported syphilis cases, with a decrease of 
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Figure 9. Trend in number of reported chlamydia cases per 100 000 population in 8 EU countries with 

consistent reporting, 1990-2010 (European Centre for Disease Control, 2012). 

 

Figure 10. Trend in number of reported syphilis cases per 100 000 population in 10 EU countries with 

consistent reporting, 1990-2010 (European Centre for Disease Control, 2012). 

 

Figure 11. Trend in number of reported gonorrhoea cases per 100 000 population in 14 EU countries 

with consistent reporting, 1990-2010 (European Centre for Disease Control, 2012). 

 

Indicators 2010 Chlamydia Gonorrhoea Syphilis 

Rate per 100 000 population 186.0 10.4 4.4 

Number of countries reporting 24 28 29 

Trends from 2006-2010 +41% -5% -17% 

Male-to-female ratio in reported cases 0.7 2.5 3.7 

Percentage in young people of 15-24 years 76% 43% 17% 

Table 2. Comparison of indicators: chlamydia, gonorrhoea and syphilis in the EU, 2010 (European 

Centre for Disease Control, 2012). 
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more than 30% in Estonia, Latvia and Romania, while a substantial increase was reported in the Czech 

Republic, Denmark, Slovakia, Slovenia and Malta. The previous statistics indicate that the three selected 

STIs still pose a major public health problem in many European states (European Centre for Disease 

Prevention and Control, 2012).  

In addition, chlamydia is reported more often in women than in men while the opposite is true for 

gonorrhoea and syphilis (cfr. figure 9, 10 and 11). Recent information from the male-to-female ratio for 

the three selected STIs (cfr. table 2) indicates that the reported increase among men is likely due to 

increases among men who have sex with men (MSM). Furthermore, table 2 shows that young people 

between 15 and 24 years old are at risk since (especially for chlamydia and gonorrhoea) a high prevalence 

among this age category is reported. Although they only represent 25% of the sexually active population, 

they acquire almost half of all new STIs (Anderson, Lemay, Maranda & Blake, 2013). The main reasons 

for this age category being at risk, is inconsistent condom use, a lack of knowledge and, as a 

consequence, an underestimation of the risks (Anderson et al., 2013; SENSOA, 2011). Since members of 

this age group are at risk and often possess a smartphone (cfr. part 1, 1.3.), this study will focus on 

participants from this age category for conducting the interviews (cfr. part 2, 3.3.).  

3.2.2. Biological characteristics 

Despite a wide variety in pathogens, the most common STIs display more or less the same symptoms. 

Therefore, for example, urethral discharge in men can be caused by chlamydia or gonorrhoea alone, or 

both at the same time (World Health Organisation, 2013). According to the World Health Organisation 

(2013), the main symptoms of the most common STIs are: 

 urethral discharge  

 genital ulcers  

 inguinal swellings (a swelling in the groin)  

 scrotal swelling  

 vaginal discharge  

 lower abdominal pain  

 neonatal eye infections (conjunctivitis of the newborn) 

It should be noted here that syphilis symptoms are often divided according to three chronological stages: 

primary, secondary and tertiary syphilis. Symptoms and their gravity vary according to the stage (e.g. an 

ulcer in the primary stage, rashes, warts and fever in the second stage and disorder of the central nervous 

system in the tertiary stage) (MedlinePlus, 2012). Furthermore, some STIs (especially chlamydia and 

gonorrhoea) can exist without symptoms and are often incidentally diagnosed during consultations 

following other medical reasons (e.g. pregnancy). Asymptomatic are therefore often named as hidden 

drivers for the ongoing epidemic of symptomatic STIs. In addition, symptomatic as well as asymptomatic 
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STIs can have severe complications (Rieg et al., 2008; SENSOA, 2011; World Health Organisation, 

2013). Table 2 displays the main complications for the three STIs under study. 

STI Complications 

Chlamydia 
Pelvic Inflammatory Disease (PID), infertility, ectopic pregnancy (women), 

inflammation or infection of the epididymis (men) 

Gonorrhoea 
Infertility (women),  inflammation or infection of the epididymis (men), complications 

and/or stricture in the urethra (men)  

Syphilis 
Impairment of the nervous system and/or cardiovascular impairment, infection of the 

foetus during pregnancy  

Table 3. Main complications of chlamydia, gonorrhoea and syphilis (SENSOA, 2011). 

3.2.3. Key determinants and challenges 

As noted above, age, region and sexual orientation are important determinants of STIs. Overall, the group 

of young people from 15 to 24 years old are at risk because they take sexual risks and lack the sufficient 

knowledge about STIs to make a comprehensive assessment of the risks and consequences (Anderson et 

al., 2013; Nicoll & Hamers, 2002). Furthermore, the earlier discussed surveillance report by the European 

Centre for Disease Prevention (ECDC) (2012) showed regional differences in the incidence and 

prevalence of chlamydia, gonorrhoea and syphilis. More specifically, Fenton and Lowndes (2004) 

indicate that the increase is most clear in residents of major metropolitan areas. In addition, urban areas 

have a good 3G coverage (while some rural areas still lack high speed mobile internet) (IDATE 

Consulting & Research, 2009). Therefore, a mobile STI testing application can be seen as an ideal 

solution to the increasing prevalence and incidence of STIs in metropolitan areas. However, urbanization 

(i.e. the demographical shift from rural to urban areas (World Health Organization, 2013b)) should be 

considered as a part of the explanation of this trend (i.e. the increase of STI prevalence in metropolitan 

areas).  

In some EU states, variations in ethnic and migrant minorities have also been noted, reflecting “high 

disease prevalence in their countries of origin, higher prevalence of risk behaviors and generally poor 

access to culturally appropriate STI prevention and treatment services” (Fenton & Lowndes, 2004, p. 

258).  

The ECDC report also indicated an increase in the prevalence of the three STIs under study among men, 

which was likely due to MSM. Statistics show that they also are a group at risk (Fenton & Lowndes, 

2004). For example, a Belgian study showed that 60% of Belgian men diagnosed with an STI was found 

to be homosexual or bisexual (SENSOA, 2011). In addition, the number of different sex partners is 

reported to have a positive association with the incidence of STIs (SENSOA, 2011). Sexual contact on 

holidays (especially overseas) also has a strong association with higher STI incidence because of the 
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relaxed atmosphere, a higher chance of (often unexpected) unsafe sexual contacts and the possible higher 

prevalence of STIs in other countries (Fenton & Lowndes, 2004; SENSOA, 2011). Moreover, since many 

western European countries are still major recipients of asylum applications, immigration of individuals 

arriving from high STI prevalence countries may pose a serious challenge for sexual health in Europe. 

Finally, networks of prostitution and sex workers, often involving illegal drug use and human trafficking, 

will continue to drive STI transmission (Fenton & Lowndes, 2004). 

3.3. STI diagnostics 

3.3.1. The role of diagnostics in STI management 

Effective management of infectious diseases (and thus also STIs) encompasses three important activities, 

namely diagnosis, prevention and treatment. The main focus often lies with prevention and treatment. 

Although diagnostic activities generally do not get the same recognition as the two aforementioned 

activities, it forms the basis for efficient surveillance, public health interventions and disease management 

(Ronald et al., 2006). More specifically, effective and improved diagnostics contribute to STI 

management in two ways. Firstly, early detection prevents further complications and thus improves the 

treatability of STIs. Secondly, early diagnosis, especially for asymptomatic individuals, reduces the 

infectious period and thus reduces the risk of transmission. In addition, early partner notification also 

contributes to the reduction of transmission (Gaydos, 2006; Mayaud & McCormick, 2001; Peeling, 

2006b; SENSOA, 2011; World Health Organization, 2006).  

3.3.2. Testing 

In the past, testing for STIs was limited to the doctor’s office for collecting specimen by means of an 

invasive gynecological/genital examination for chlamydia and gonorrhoea (e.g. endocervical swab for 

women) and drawing blood for syphilis. Also, laboratory equipment was needed for the analysis of the 

collected specimen (Peeling, 2006b). These tests had a very high specificity (i.e. ability to exclude 

infection) and a high sensitivity (i.e. ability to detect an infection) (World Health Organization, 2006). 

High specificity and sensitivity are crucial for STI tests. Low specificity can result in false-positives, 

often leading to personal disasters (e.g. stigmatization, breakdown of relationship). Low sensitivity, in 

turn, can lead to false-negatives, resulting in a public health disaster since the false sense of security 

causes ongoing transmission (Peeling, 2006a). 

For chlamydia and gonorrhoea, advances in STI diagnostics resulted in a new generation of STI tests, 

namely nucleic acid amplification tests (NAAT). These tests are more effective than the aforementioned 

culture tests since they not only have a high specificity but also offer higher sensitivity (Peeling, 2006b). 

This sensitivity makes it possible to use non-invasive or minimally invasive specimen for testing, such as 

urine and urethral or vaginal swabs. In addition, research shows that there is no difference in the detection 
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rates for self-collected versus doctor-collected swabs. This means that a doctor’s visit is no longer 

necessary for the collection of the specimen. However, the analysis still needs to be performed at a 

laboratory (Hay & Ugwumadu, 2009; Peeling, 2006b).  

Recent progress in technology has led to the development of rapid STI tests (cfr. figure 12). Rapid tests 

can be used in all settings since they require no specific equipment. Furthermore, they allow an 

immediate start of the treatment since they give a visible and easy interpretable result within 30 minutes. 

Thus, the collection of the specimen as well as the analysis of the results can be done by the users, outside 

of the doctor’s office and the laboratory (Peeling, 2006b; World Health Organization, 2006). Despite the 

fact that rapid tests generally have lower sensitivity than laboratory-based tests, research has indicated 

that rapid tests can lead to more infected people being identified and treated. However, since these tests 

are commercially available for purchase from the internet or over the counter, the current lack of control 

on the accuracy of these tests poses a serious problem as inaccurate tests increase the likelihood of false-

positive or false-negative results (Peeling, 2006b). 

 

Figure 12. Rapid test for chlamydia, gonorrhoea and syphilis (SOA Tests, n.d.). 

It should be noted that it takes some time before STI tests are highly accurate, depending on the 

incubation time. Accurate testing can be done from 2 to 3 weeks after exposure for chlamydia and 

gonorrhoea and from 12 weeks after exposure for syphilis. Earlier testing can decrease the sensitivity of 

the test (McKinley Health Center, 2010).    

The future of diagnostics moves towards point-of-care systems that are able to provide high sensitivity 

and specificity tests, while still providing results rapidly. These systems stem from advancements in nano 

and microfluidic technologies. OPKO, a pharmaceutical and diagnostics company based in the US, has 

developed such a mobile point-of-care device (handheld base unit that works with disposable cards) for 

the detection of different infectious diseases among which HIV and syphilis (cfr. figure 13). This 

innovation is essential for the detection of infection in developing countries, while in developed countries, 
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it would offer a more convenient way for testing as high quality results can be given within less than half 

an hour (OPKO, 2010).  

 

Figure 13. Portable labs for STI testing (OPKO, 2010). 

Since the use of smartphones is becoming more widespread (cfr. part 1, 1.3.), innovations in STI 

diagnostics are also tending towards the use of smartphones as the base unit for the processing of data. 

One of the organizations that is working on such application, is eSTI² (cfr. part 1, 4.3). They propose a 

mobile medical application for STI testing, which makes self testing possible anywhere and anytime. This 

application transforms a smartphone into a diagnostic point-of-care tool with the aid of an accessorial 

medical sensor. This sensor requires a fluid sample (blood, urine or swab) of the user and collects and 

partly processes the data which will be further processed by a software application. After less than a hour, 

the results will be shown to the user via their smartphone. Later on, this application will be discussed in 

more detail (cfr. part 1, 4.3.).  

3.3.3. Barriers for STI testing at the doctor’s office 

As mentioned above, STI tests often require patients to go by the doctor’s office. The following section 

describes different barriers for STI testing at the doctor’s office. 

Focus group discussions conducted with participants between 14 and 24 years old in the United States, 

showed that individuals experience barriers when they want to approach healthcare practitioners for STI 

testing without the prevalence of symptoms. As young people have a higher sensitivity for perceptions of 

others, are low on resources and often don’t possess detailed information, they are more likely to 

experience certain barriers than the older age categories (Tilson et al., 2004). During the focus group 

discussion that Tilson et al. (2004) conducted, three groups of barriers were detected: system, societal and 

interpersonal barriers. The system barriers consist of the cost associated with a doctor’s visit, the waiting 

time that can be rather long, the hours that patients can visit the medical practice and for male participants 

the way these tests were done (the urethral swaps). The societal barriers that were brought to the surface 



24 

 

are shame, stigma and fear. Cunningham et al. (2002) found that stigma might be an important aspect in 

whether or not STI testing is sought by female youth. Their perception of the reaction of a healthcare 

provider is also influenced by stigma and determines what female adolescents will tell about their sexual 

behaviour (Cunningham et al., 2002). The interpersonal barriers represent the perception of judgement 

and discrimination of the healthcare providers (Tilson et al., 2004). 

Chacko et al. (2008) made a decision balance to come to a better understanding of the process of female 

participant for deciding to get an STI test. The pro’s and con’s of getting screened were considered. 

Awareness of own health and staying healthy were mentioned as the most important pro’s, as well as 

knowing that one is infected in time so that treatment can follow rapidly before the STI gets worse. Also, 

the prevention of negative effects that STIs can have on others and the trust that comes with knowing that 

their partner are STI free vote for getting screened. On the contrary, the most important categories that 

were considered as cons were barriers of time and money, fear and aversion of the results and systematic 

issues like waiting times in office and for results (Chacko et al., 2008). 

Tilson et al. (2004) also raised the matter of how the ideal STI testing condition should look like. A 

feature that is mentioned is the environment that should feel familiar and relaxed, but at the same time 

professional. As teenagers visit the practice most of the time alone, they shouldn’t feel uncomfortable. 

Some counselling should thus be provided, as teenagers are often afraid of the testing process and the 

results. Also, STI testing visits should be possible at evenings and weekends since school attendance 

often reduces the moments youngsters are able to get tested. The cost, on the other hand, should be very 

low. In addition, males highlight the use of urine based test for their convenience, as they have a big 

aversion to urethral swaps (Tilson et al., 2004). 
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4. SOCIAL INNOVATION: MOBILE SELF TESTING INSTRUMENTS FOR 

STIS 

In 2000, the Lisbon Strategy emphasised the importance of innovation as the foundation for a knowledge-

based society. However, by 2010 only few goals were met (Bepa, 2011). This encouraged the European 

Union to shift their focus to social innovations in which citizens are mobilised in the search for progress. 

With the smart, sustainable and inclusive growth strategy introduced in 2010, the EU prepares itself for 

the next decennium with new goals. To achieve smart growth, social innovations should become the 

foundation for coping with societal changes and a solution for the crisis that is hitting the European 

Union. One of the points for improvement, is to lower the barriers for bringing new ideas to the market. A 

culture based on trust, in which risks can be taken, would be the perfect environment for innovations to 

grow (Bepa, 2011; EUFacts, 2010; Marlier & Natali, 2010).  

As a result of the ageing population, the demand for healthcare professionals is surpassing supply and 

healthcare expenditures are increasing rapidly (OECD, 2012). It is clear that social innovations are 

needed to cope with these changes. Mobile health can be the solution, through improved efficiency of the 

available resources. This solution can be seen as a systematic innovation as it fundamentally changes the 

healthcare practice by empowering people to engage in the healthcare process and encouraging them to 

learn and adapt to this evolution (Bepa, 2011). As a result, healthcare is in a transition phase, in which 

patients are increasingly put in an active role in contrast to only being the healthcare receiver in the past 

(MovingLife, 2013). This patient centred approach stimulates the use of self-testing applications, 

especially for chronic conditions (e.g. diabetic patients are using mobile health management applications 

to help monitor and manage their chronic condition). The decentralization of testing following the use of 

portable medical testing instruments can be seen as the next step in the evolution of healthcare (Yager et 

al., 2006).  

This section focuses on the sexual health of the population. Hence, the problems associated with sexually 

transmitted infections and its testing procedure, which are discussed in part 1 section 3, indicate the need 

for the proposed innovation. 

4.1. Social innovation 

Social innovations are “innovations that are social in both their ends and their means.” (Bepa, 2011, p. 9). 

Innovation stands for the ability to create and implement new ideas, which leads to the delivery of value. 

We speak of social innovation when the value that is delivered is social and influences quality of life, 

well-being and solidarity (Bepa, 2011). 
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4.2. Mobile diagnostic tools for STIs as a social innovation 

When looking at the sexual health in Europe, one of the notable problems is the increase in the prevalence 

of several bacterial STIs (cfr. part 1, 3.2.1.). Very few members of the at risk population visit the doctor’s 

office to get an STI test. Since many STIs are asymptomatic, these infections easily spread without giving 

any signal to its carriers. Several barriers (cfr. part 1, 3.3.3.) exist when it comes to getting oneself tested 

at the doctor’s office, which leads to delay or cancellation of the test. The new idea that is presented in 

this study, is a mobile STI testing application which makes self-testing possible. The value this innovative 

application would deliver, is the reduction of the barriers for testing. Eventually, the goal is to stimulate 

regular testing in the at-risk groups so that early detection of STIs is possible and transmission and 

complications can be avoided. In addition, an STI testing app would provide better and more accurate 

information about the number of people infected and their location. This can lead to better health 

management by being able to take specific measures. Consequently, the final purpose is to reduce and 

prevent the prevalence of STIs.  

4.3. Technological aspects of the mobile diagnostic tool for STIs 

One of the organizations working on a new way of STI self-testing in the developed world is the London-

based consortium eSTI² (electronic self-testing instruments for STIs). They aim to decrease the incidence 

and prevalence of infectious diseases and are currently working on solutions to address the problems 

associated with sexual transmitted infections (eSTI², 2013). 

The mobile medical application for STI testing would make self-testing possible anywhere and anytime. 

This application transforms a smartphone into a diagnostic tool with the aid of an accessorial medical 

sensor. Figure 14 visualizes the way such an application can work. The sensor at the front end makes use 

of the micro-fluidic technology (cfr. part 1, 2.2.). A small lab-on-a-chip works highly efficient and much 

faster than the conventional method for STI testing in a laboratory setting, without the need for clinical 

experts and the rigid norms that a fixed laboratory requires. In addition, the application can collect 

information about the user through questionnaires and the context through location detection of 

smartphones. A small sample of body fluid should be collected from the user and dropped on the 

disposable sensor. The type of fluid (e.g. blood, urine or swab) depends on the type of test and the 

characteristics of the STI. Communication between the sensor and the reading device is enabled through a 

wire or short range wireless networks (e.g. Bluetooth). The sensor itself is disposable, while the reading 

device of choice is the omnipresent smartphone (cfr. part 1, 2.2.). The smartphone collects raw data from 

the sensor and starts the processing by making use of complex algorithms. After the analysis of the data, 

inferences can be made about the person who uses the application. The end-user will get its results, 

feedback and further instructions if needed directly via the application. The smartphone communicates 



27 

 

via wireless networks with back end servers where information is collected and stored. The back end will, 

in turn, communicate select information to the right parties. Users that are diagnosed with an infection, 

should be treated with the right medication. In practice, medication can be obtained either by linking a 

positive test with an electronic prescription (e-prescription) that is automatically sent to a pharmacy of 

choice nearby or by forwarding the information to a health professional of choice, where the patient can 

obtain the conventional prescription. Accurate information about infection outbreaks can be sent to health 

research centers that can set up precisely targeted health campaigns.  

 

Figure 14. Overview mobile medical application for self-testing of STIs based on Peeling (2011), eSTI² (2013) and Kumar et al. 

(2012). 
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PART 2: RESEARCH 

As indicated above, this study turns to the UCD approach, that is grounded in the design research 

paradigm, to contribute to the development of mobile STI testing applications. More specifically, the 

focus will be on the analyzing phase (i.e. first phase in the UCD-cycle as described by Gulliksen et al. 

(2003); cfr. part 2, 2.) in which the needs of potential end-users and the requirements of possible design 

solutions are identified. This will lead to recommendations for the second phase of the UCD-cycle, 

namely the design phase.  

This section will commence with an introduction to the design research paradigm, which contributes to an 

in-depth understanding of the UCD research approach. Subsequently, this UCD approach will be 

discussed. First, the three basic principles will be explained followed by the UCD-cycle. Next, the value, 

advantages and need for a UCD approach in the design of medical devices is demonstrated. Finally, the 

practical implementation of this UCD approach in this study will be explained and discussed. This study 

uses interviews to collect user information that will be visually represented by means of storyboards. In 

turn, this will lead to recommendations for the design of mobile STI testing applications. 

1. INTRODUCTION TO DESIGN RESEARCH 

In the early 1990s, Brown (1992) introduced the term design experiments in educational research, which 

was based on the procedures in the design sciences (e.g. engineering and medical sciences), as a new 

methodology for the development of innovative educational environments. This led to the emergence of 

the design research paradigm, which aims to concurrently contribute to design, research and practice 

(Edelson, 2002; Wang & Hannafin, 2005). Figure 15 displays the fundamental difference between the 

conventional theory-testing paradigm and the design research paradigm in the development of practical 

solutions. While conventional academic research (that mostly follows the theory-testing paradigm) tries to 

explain and predict by relying on established theories, this new paradigm intends to develop knowledge 

for the design, realization or improvement of solutions to problems in the field (Edelson, 2002; van Aken, 

2004). As is the case in this thesis, these solutions might include social innovations (Peffers, Tuunanen, 

Rothenberger & Chatterjee, 2007). More specifically, when the traditional methodology is used to 

develop practical solutions, the design is merely the implementation of the theory followed by an iterative 

cycle in which the design is tested and refined based on evaluative research (Edelson, 2002; Laurel, 

2003). In contrast, the design research paradigm eliminates the boundaries between theory and design. 

Although established theories still form the basis for the design, a feedback loop leads to adaptations in 

the theories based on findings during the product design. In turn, these new theories lead to an improved 
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design. As a result, the design process is being considered as an opportunity for learning and not a mere 

application of the theory, as is the case in conventional academic research (Edelson, 2002).  

 

Figure 15. Visual representation of the fundamental difference between the theory-testing paradigm and the design research 

paradigm, as described in Edelson (2002). 

Following the productive focus that characterizes the design research paradigm, a strong emphasis on 

usability and the inclusion of practical considerations can be considered as core values (Edelson, 2002; 

Holtzblatt, 2003). This leads to two important implications. Firstly, the convention that the participation 

of the researcher has a detrimental influence is challenged by the collaboration between researchers, 

designers and participants (i.e. users and/or practitioners) throughout the entire design and 

implementation process (Barab & Kirshner, 2001; Wang & Hannafin, 2005). Secondly, this collaboration 

takes place in real-world settings leading design theories and principles with greater external validity, as 

opposed to traditional research where external influences are controlled by conducting studies in 

laboratory settings (Wang & Hannafin, 2005). 

2. USER-CENTERED DESIGN RESEARCH 

One specific approach within the design research paradigm, is user-centered design (UCD) research. This 

approach aims to develop useful (i.e. helps end-users to complete a task or achieve a goal; meeting users’ 

needs) and usable (i.e. easy to use and learn, including safety, effectiveness and efficiency) artifacts 

(Boulay et al., 2011; Dabbs et al., 2009; Holzinger & Errath, 2007). Therefore, potential users are actively 

involved in the design process (Maguire, 2001). Cooper (1999) describes this involvement as a critical 

factor for the development of effective and innovative products. UCD is based on the three design 

principles introduced by Gould and Lewis (1985), which are summarized below. 

 

Theory Design Evaluation 

Theory-testing paradigm 

Theory Design Evaluation 

Design research paradigm 
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 Designers must understand the potential users rather than merely identifying or describing them. 

They should focus on users and tasks early and throughout the design process by the means of 

direct contact. 

 Usability should be measured empirically by letting users handle prototypes and observing, 

recording and analyzing their reactions and the performance. 

 There must be an iterative cycle of design, in which the results from the usability tests are 

analyzed and lead to changes in the design. 

Gulliksen et al. (2003) built on the three principles to develop the UCD-cycle which describes the 

different steps in the design process (cfr. figure 16).  

 

Figure 16. The UCD-cycle (Gulliksen et al., 2003). 

Based on the analysis of user needs and requirements (i.e. first phase in the UCD-cycle), several practical 

recommendations for the design phase (i.e. second phase in the ICD-cycle) can be made. As shown in the 

UCD-cycle, this design phase consists of working out the conceptual, interactional and detailed design. 

More specifically, this second phase in the UCD-cycle comprises the development of a prototype in 

which theory (conceptual), issues regarding the interaction between artifact and user (interaction) and 

design details are incorporated. The prototype then evolves throughout the design process as a result of 

fine-tuning and redesign based on user prototype testing, starting out as a low-fidelity prototype (i.e. low 

level of detail; e.g. paper prototypes) and ending as a high-fidelity prototype that looks like the final 

product. Important reasons for prototype testing are: 
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 Fast and early feedback on the design, allowing to fix problems before codes are written (which 

can save a lot of money) 

 Experimenting with alternative design solutions 

 Keeping the design focused on the user. 

Subsequently, the final high-fidelity prototype will be tested in the evaluation phase on its usability and 

usefulness in the real context of use by conducting field tests. These results will be used to construct and 

deploy the final artifact. The final phase in the UCD-cycle functions as a feedback loop, suggesting 

changes and improvements for future UCD efforts and processes (Greenberg, n.d.; Gulliksen et al., 2003; 

Lin, n.d.).  

The value of emphasizing user needs and usability in the development of  medical devices is 

demonstrated by a number of health related benefits, including improved patient safety, successful 

implementation and subsequent improved health outcomes, and higher patient and user satisfaction 

(Money et al., 2011). Furthermore, applying UCD-methods can reduce development time and costs 

because usability issues are identified and taken care of before the product is being launched, avoiding 

redesign in the post-implementation phase and product recalls (Money et al., 2011; Taylor, Sullivan, 

Mullen & Johnson, 2011). Damodaran (1996) also mentions higher quality and higher acceptance as 

important advantages of user involvement. In addition to these benefits, the European Commission (EC) 

Medical Device Directive 93/42/EEC promote the inclusion of human factors in the design process. In 

2010 this Medical Device Directive was reviewed and updated in accordance with the International 

Electrotechnical Commission (IEC) standard 62366. As a result, it is now a legal requirement for medical 

device developers to address usability before bringing a device on the European market (Money et al., 

2011). 

Following the recommendations in the literature (e.g. De Vito Dabbs et al., 2009; Holzinger & Errath, 

2007; Holzinger et al., 2011) concerning the design of health technologies for patients and the 

aforementioned benefits and legal considerations, a UCD approach will be used in this study. More 

specifically, given the limited scope and resources, this thesis will focus on the first phase in the UCD-

cycle as described by Gulliksen et al. (2003) (cfr. figure 16). In accordance with the ISO standard 13407, 

this UCD-cycle starts with identifying, understanding and analyzing the requirements of mobile STI 

testing applications and the needs of the end-users (Gulliksen et al., 2003; Maguire & Bevan, 2002). 

In order to generate a thorough understanding of the potential users, their needs and the task, user 

information will be collected. Although several studies (e.g. De Vito Dabbs et al., 2009; Maguire & 

Bevan, 2002; Truong, Hayes & Abowd, 2006) use, describe or prescribe contextual inquiry methods (i.e. 

observing and questioning users while they perform the act under study; the first step in the contextual 

design process as described by Holtzblatt (2003)) to collect user data, these ethnographic techniques are 

not suited for this study given the nature of the tasks under study (i.e. STI testing) and the privacy of the 
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users. Instead, interviews with potential users will be conducted to collect the required user information 

(Truong, Hayes & Abowd, 2006). 

These interviews should be seen as a form of simulation and imagination following a timeline, which 

enables a shared perspective between participant and researcher (cfr. part 2, 3.2.) (Hagen, Robertson, Kan 

& Sadler, 2005; Parameswaran & Raijmakers, 2010). The timeline that was used during the interviews 

can be found in appendix 1. The emphasis will be on how potential users of mobile STI testing 

applications currently perform the tasks. Based on the context of use analysis as described by Maguire 

and Bevan (2002), three crucial elements were identified: user groups, environment and tasks.  

1. User groups. User groups differ on several important attributes, such as skills, experience, task 

knowledge, age, gender, etc. With the design phase in mind, it is important to understand these 

different groups in terms of user needs. 

2. Environment. Different environments have different characteristics and lead to different needs 

and requirements. For example, a bank machine (ATM) will be much more usable if it is 

designed for use at different light levels (night and day), for people that stand and for people in 

wheelchairs, etc. (Maguire & Bevan, 2002). Furthermore, in this study the environment is seen as 

a broad concept which encompasses more than just the physical surroundings. The social 

environment (e.g. standing alone versus in a group of people; being with friends versus strangers) 

also plays an important role. It is essential to understand these environmental factors in order to 

really understand users and translate their needs into specific requirements. 

3. Tasks. This third element is about studying “what a user is required to do in terms of actions 

and/or cognitive processes to achieve a task” (Maguire & Bevan, 2002, p. 4) and is essential to 

understand the current system, the problems users experience and opportunities for improvement 

that indicate user needs. This can be achieved by breaking the task down into more detailed 

sequential components or by creating a flow chart (Maguire & Bevan, 2002). 

Furthermore, the information collected in the interviews will form the basis for different user scenarios. 

Scenarios are stories about people and their activities (Carroll, 2000). They provide researchers with 

detailed and realistic examples of how users carry out their tasks in a specified context (Maguire & 

Bevan, 2002). It is important to stress that this thesis will use an exploratory approach in the collection of 

user information. Rather than using a confirmatory approach, which aims to test a priori hypotheses, the 

goal of an exploratory approach is to gain new insights (that can be tested later by means of confirmatory 

research) (Jaeger & Halliday, 1998). However it can be argued that the inclusion of the barriers for STI 

testing at the doctor’s office in the literature study is in line with a confirmatory approach, it is stated here 

that these barriers are used in an exploratory way since the focus is on a solution. Rather than focusing on 

rejecting or confirming the existence of these barriers for the participants, the barriers for STI testing at 
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the doctor’s office are used to guide the interview and to create a two-way discussion in which the 

interviewer is actively involved by asking the right questions at the right time. 

Although different authors see narrative scenarios as good means for describing user behavior and 

identifying application requirements (e.g. Carrol, 2000), others indicate that these are difficult to translate 

into technical specifications and can be interpreted in different ways (Haesen, Meskens, Luyten & 

Coninx, 2010). Therefore, storyboards will be used in this study as a visual representation of the 

scenarios.  

2.1. Storyboards 

Visual representations are seen as well-suited for innovative applications and are a less biased way of 

representing the information, which makes the information easy to communicate and more accessible for 

all people involved (regardless of their language) (Haesen et al., 2010; Maguire, 2001; Van der Lelie, 

2006). Van der Lelie (2006) described the goal of storyboarding in the analysis phase as “mapping out 

situations, problems, atmospheres and feelings” (p. 161). Therefore, questions such as where, when, what, 

why, with who, etc. should be asked and answered (Van der Lelie, 2006). The aforementioned goal 

indicates that storyboards serve the purpose of UCD very well as they allow the designers to connect and 

empathize with users by “stepping into and walking around in the user’s world” (Kouprie & Visser, 2009, 

p. 446). Typically, a storyboard consists of three to six frames in a timeline that portray users, possible 

emotions and dialogue or text boxes (Maguire, 2001; Truong et al., 2006).  

Law (2008) distinguishes different features and elements in storyboards. In his study, the author points 

out that a storyboard tells a story (i.e. an episode) by visualizing different scenes, which are the building 

blocks of a scenario. These scenes represent people in a certain environment, where something happens 

(event), is said, thought or felt (talk) which is significant for the understanding of the story (meaning). 

The timelines used as an aid during the interviews are based on the aforementioned structure (cfr. 

appendix 1). After different storyboards have been created, recommendations about the design of mobile 

STI testing applications (i.e. second phase in the UCD-cycle) will be made.  

3. METHOD 

3.1. Research question 

The goal of the study, as described above, can be summarized in one explorative research question: 

“What are the needs and requirements of young adults in STI testing and how can these be met by the 

social innovation of mobile self-testing applications to increase STI testing in this high risk age group?”.  
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3.2. Methodology 

The three aforementioned elements of the context of use analysis as described by Maguire and Bevan 

(2002) (i.e. environment, user group and tasks) formed the basis of the general outline for the interview. 

Furthermore, the barriers for STI testing at the doctor’s office were used to identify improvement points 

in the current STI testing practices. Appendix 1 gives an overview of different steps and questions in the 

interview process. 

The goal of the first part of the interview was to get a better understanding of the participant. Hence, 

knowledge about the user group was acquired by including questions about demographics (e.g. age), the 

participant’s sexual behavior (e.g. number of bed partners, attitudes towards safe sex), his or her 

knowledge about STIs (e.g. what do you know about chlamydia?) and the participant’s familiarity with 

technology and smartphones.    

The second part focused on the environment and tasks in order to generate a good understanding of the 

participant’s experience with current STI testing practices. During the interview, the participant was 

asked to describe a detailed situation in which he or she had unsafe sexual contact and eventually did or 

did not get an STI test. In-depth questions such as when, where and with whom were asked in order to get 

an understanding of the physical and social environment. Information about the tasks and how the 

participant felt during significant moments was obtained through questions such as what and why. In 

addition, the barriers for STI testing at the doctor’s office were used as a guide to identify points for 

improvement in the current testing process.  

The three essential elements were summarized and set out on a timeline together with the participant, 

which increased the understanding of the story for both the researcher and the participant. Afterwards, 

each story was visualized by using the storyboarding method in order to identify needs and requirements. 

These storyboards were created with the online software tool provided by storyboardthat.com. 

3.3. Sample descriptives 

In total, 11 participants were interviewed (n=11) for the purpose of this study. As mentioned before (cfr. 

part 1, 3.2.3.) the group of young people from 15 to 24 years old represent the highest at risk group.  

However, this thesis used a convenience sample of young adults, since these participants were directly 

available in the circle of acquaintances (HoGent, n.d.). For every interview, a personal appointment at the 

participant’s home was made. This trusted environment contributed to an open and relaxed atmosphere 

which is essential for talking about a sensitive subject like STIs. Although the sample is rather limited, it 

should be noted that participants often gave more than one story. Therefore, the scenario’s and 

storyboards that were identified are based on more than 11 stories.  
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The age of these participants ranged from 21 to 24 years old, with an average age of 22,55 years old. 

Also, 63,63% of the participants reported to possess a smartphone. The age at which the participants had 

sexual intercourse for the first time ranged from 14 to 19 years old, with an average of 16,45 years old. In 

addition, four categories (i.e. < 5, 5-10, 11-15 and >15) were used to describe the number of sexual 

partners of the participants. Figure 17 illustrates the distribution of the participants across these 

categories. Finally, to get a clear view of the participants’ knowledge about STIs, questions about 

prevention, transmission, symptoms and consequences were asked regarding each of the three STIs under 

study. In order to report this level of knowledge, three ordinal categories were created. The first one (i.e. 

bad knowledge) represents the participants that were able to give some information about prevention and 

were familiar with the term STIs. They also heard of the three STIs under study but had no further in-

depth knowledge about these. The second category (i.e. average knowledge) includes participants that 

were able to give some information about prevention, transmission, symptoms and testing of the STIs 

under study. Good knowledge, which is the third category, includes participants that were able to give 

detailed information about prevention, transmission, symptoms, consequences and testing. The 

distribution of the participants is illustrated in figure 18.  

 

Figure 17. Visual representation of the distribution of participants across the four categories for number of sexual partners. 

 

Figure 18. Visual representation of the distribution of participants across the three categories for knowledge of the STIs under 

study. 
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4. ANALYSIS 

In the following section, each storyboard will be discussed separately. First, the visual storyboard will be 

given and explained. Next, the content will be analyzed with the aim of identifying specific problems in 

the STI testing process. To support and clarify these, participant quotes and answers from the interviews 

will be used. Finally, the specific problems in each storyboard will be translated into user needs and 

requirements regarding the STI testing process. 

4.1. Storyboards 

4.1.1. General findings 

The interviews indicated that, if the technology would be available, most of the participants would use 

mobile medical applications. However, it should be noted that they do not trust these applications blindly. 

Some respondents mentioned that they would use it for a diagnosis which, in turn, would lead to a 

doctor’s appointment. In addition, they would only use these applications for minor medical conditions or 

interventions (such as an STI test). Furthermore, several interviewees mentioned that regulation was an 

important condition for gaining their trust. 

Also, the interviews revealed that unprotected sex is not an exception among young adults. More than 

half of the respondents indicated that they (at least once) had unprotected sex. Some even reported having 

unsafe sex on a regular basis. The interviewees often relied on their own assessment of the risk of 

infection. Important factors in this assessment were knowing the partner and trust. Reasons for not using a 

condom were not having condoms, being under the influence of alcohol and therefore not worrying and a 

less enjoyable sexual experience. 
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4.1.2. The postponer 

 

Figure 19. Storyboard of the postponer. 

Several participants mentioned that they often postpone an STI test. This means that they have the 

intention of getting an STI test and they eventually do but, instead of taking an STI test directly after an 

unsafe sexual encounter, they postpone the test (cfr. figure 19).  

Two situations should be differentiated. First, some individuals postponed the STI test until a later 

moment in time. Therefore, this moment was often reported being the next doctor’s appointment. For 

example: 

“I went to the doctor one time to get my blood tested as part of a general examination. As I was there, I 

also asked to test my blood for STIs.” (Participant E, male, 23 years old) 

“[…] But eventually, I postponed it [the test]. At a certain moment, I needed to go to the doctor to get a 

new prescription for my birth control pill. That was the perfect opportunity to take an STI test at once. If I 

wasn’t obliged to go to the doctor for my prescription, I wouldn’t have done an STI test that quickly.” 

(Participant H, female, 21 years old) 

Second, several participants indicated that they take an STI test on a regular basis (i.e. after a more or less 

fixed number of unsafe sexual contacts) instead of after every unsafe sexual encounter for a number of 

reasons. One participant mentioned that the chance of another unsafe sexual encounter in the near future 

leads to postponing the STI test (this is similar to the storyboard of the traveler, only the context differs; 
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cfr. part 2, 4.1.6.). Also, the time-consuming nature of the testing process was reported as a basis for 

postponing until after a number of unsafe sexual contacts. For example:  

“In the ideal situation, you would have the possibility to walk into a doctor’s office when you feel 

insecure about having an STI, take an STI test and receive the test results quickly. The entire process 

would just go a lot faster.” (Participant H, female, 21 years old) 

In addition, several respondents not only reported the lengthiness of the testing process, but also the 

doctor’s visit itself as a reason for not taking an STI test each time the individual had unprotected sex. 

More specifically, the effort of going to the doctor’s office, the cost of an appointment and fear for the 

reaction of the doctor were mentioned. The latter was illustrated by Participant K: 

“If you have unsafe sex occasionally, you can’t go to the doctor every week. He would probably give a 

speech about the use of condoms.” (Participant K, male, 24 years old) 

The reasons for postponing an STI test can be translated into user needs and requirements. Firstly, a 

possible solution should be low-effort. The respondents clearly indicated that a doctor’s visit takes a lot of 

effort. Therefore, they accumulate medical uncertainties and group these into one doctor’s visit. Secondly, 

in order to stop young adults postponing STI tests, they should be more aware of the severity of STIs and 

their complications. Thirdly, several participants felt that the testing process was time-consuming. This 

suggests a need for a fast STI testing solution to avoid waiting for an appointment before the test and 

waiting for the results after the test. Finally, an STI test should be cheap so that young adults are not put 

off by the price and would take one more frequently. 
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4.1.3. The denier 

 

Figure 20. Storyboard of the denier. 

The interviews indicated that some of the participants often deny the risk of being infected by an STI. 

Different reasons were mentioned throughout these interviews (cfr. figure 20).  

Several participants simply ignore STI infection risks by cancelling out thoughts about the possible 

consequences of unsafe sex on their health. For example: 

“The day after unprotected sex, I think about the other night. Sometimes I worry a little bit, especially if I 

know the girl has had more unprotected sexual encounters. […] but then I just ignore this feeling and 

move on.” (Participant C, male, 24 years old) 

In contrast, one participant formulated a rationale based on events and rumors about the girl he had unsafe 

sex with. This rationale explained why he was not at risk and gave him peace of mind. More specifically, 

he stated that:    

“I had unprotected sex with a girl that I trusted. Two months later, someone told me that her ex-boyfriend 

had an STI. This made me very worried but I didn’t do anything about it. I thought that by now she 

probably knew that her ex-boyfriend had chlamydia and she would get an STI test. I think she would let 

me know if I would need to take one too.” (Participant C, male, 24 years old) 

Moreover, one participant (Participant C, male, 24 years old) stated that he would only be alarmed when 

experiencing symptoms. Although he was aware of the possible asymptomatic nature of STIs, he saw a 
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doctor’s visit for an STI test without having any symptoms as a preventive measure rather than a 

diagnostic measure. In addition, one of the most commonly reported arguments for denying the risk of 

infection, was that STIs were seen as a distant reality. Clark, Jackson and Allen-Taylor (2002) named this 

as a personal optimistic bias and described it as “perceiving their personal risk as being lower than that of 

their friends” (p. 441). For example: 

“Normally I don’t feel insecure about having an STI after unprotected sex. I just think: that probably 

won’t happen to me.” (Participant G, female, 23 years old)  

“I think that I won’t be the person that has an STI.” (Participant H, female, 21 years old) 

Furthermore, fear for having an STI was also mentioned as a reason some respondents did not get tested. 

Several interviewees reported that they denied the risk of infection and avoided an STI test because they 

were afraid of the result. For example, Participant B (female, 22 years old) indicated she preferred not 

knowing.  

When the abovementioned reasons for denial are combined, two specific user needs come up. The first 

need can be described as an information-based need. Young adults should develop a sense of urgency 

regarding STIs. This lack of awareness was also reported by Clark, Jackson and Allen-Taylor (2002). 

These authors stated that young adults’ unawareness lead to ignorance concerning STI prevalence. As a 

result, they are not able to make a valid assessment of their risk of STI infection. To address this issue and 

create a sense of urgency, they should be informed about the prevalence of STIs in their environment. 

Secondly, there is a need for an accessible STI test. This will lower the testing threshold and will translate 

the increased sense of urgency into increased testing behavior.  
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4.1.4. The uninformed 

 

Figure 21. Storyboard of the uninformed. 

In the scientific literature, several authors report a lack of understanding regarding STIs among young 

adults (e.g. Anderson et al., 2013; Clark et al., 2002; McBride, Goldsworthy & Fortenberry, 2009). 

Despite the fact that STIs are one of the major topics in sexual education programs (SENSOA, 2013), this 

knowledge gap was confirmed in this study as the majority of the interviewees had a bad or average 

knowledge about STIs (cfr. figure 21).  

The most salient finding (as was previously identified by Clark et al. (2002)), was the lack of knowledge 

concerning the potentially asymptomatic clinical course of the STIs under study. For example:  

“I never thought about the possibility  I could have an STI without having symptoms, until now. Actually, 

I didn’t knew anything about STIs.” (Participant E, male, 23 years old) 

Furthermore, the interviews also revealed a lack of knowledge regarding the symptoms and the 

transmission of STIs. The latter was illustrated by Participant D: 

“I thought that it would be very weird if I contracted an STI from just one time unprotected sex with a 

stranger.” (Participant D, female, 21 years old)  

In addition, as already identified as a need in the storyboard of the denier (cfr. part 2, 4.1.3), it was clear 

that several participants didn’t have an accurate sense of the prevalence and curability of STIs. Participant 

C (male, 24 years old) even stated that he would only be very worried about contracting STIs in 
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developed countries. Also, he mentioned that if he would get infected here, the STI would probably be 

easy to cure. 

The aforementioned knowledge deficits regarding asymptomatic STIs, possible symptoms, transmission, 

prevalence and curability clearly illustrates a need for knowledge. The positive effect that accurate 

knowledge may have on young adults’ testing behavior is illustrated by Participant B: 

 “If I had known more about STIs, it wouldn’t have changed the situation [unsafe sex], but it would have 

changed the way I would feel about it afterwards.” (Participant B, female, 22 years old). 
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4.1.5. The partner 

 

Figure 22. Storyboard of the partner. 

Another general scenario that was reported frequently, is that of the beginning of a relationship. Several 

participants reported talking about STIs at the start of a new relationship. As was earlier indicated by 

Chacko et al. (2008) (cfr. part 1, 3.3.3.), knowing the partner is STI free was mentioned as a part of the 

trust building process. This was illustrated by participant G: 

“Starting a relationship with infecting your boyfriend is a relationship breaker.” (Participant G, female, 

23 years old) 

Notably, in each of these cases, this talk led to an STI test for the individual(s) with a history of unsafe 

sexual contacts. Although it is plausible that specific problems regarding this storyboard could be 

identified in another sample (e.g. no or little communication about STIs, no STI test out of fear for a 

break-up or the reaction of the partner, etc.), it is impossible in this study to determine and empirically 

support possible user needs and requirements based on specific problems regarding this storyboard. 
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4.1.6. The traveler 

 

Figure 23. Storyboard of the traveler. 

The youth travel market has expanded rapidly in recent years. Not only educational traveling (e.g. 

Erasmus programme) has increased, young adults also go backpacking and go on summer holidays 

(World Tourism Organization, 2012). As mentioned earlier during the discussion of the determinants of 

STIs (cfr. part 1, 3.2.3.), sexual contact on holidays also has a strong association with higher STI 

incidence because of the relaxed atmosphere, a higher chance of unsafe sexual contacts and the possible 

higher prevalence of STIs in other countries. This scenario represents the traveling young adult.  

During the interviews it became clear that young adults often have unprotected sex during such periods 

abroad and that they only get an STI test when they get back home (cfr. figure 23). Thus, they sometimes 

have multiple partners during a period abroad with whom they have unprotected sex, increasing the risk 

for STI transmission. Several reasons were given for this delayed testing behavior. Several participants 

indicated that they prefer their own doctor instead of an unknown doctor in a foreign country. For 

example:  

“With my own doctor I feel much more comfortable. I trust him more.”(Participant E, male, 23 years old) 

One participant also reported having concerns about the practical side of doctor’s visits in a foreign 

country. The language barrier and insecurity about insurance and reimbursement were cited as reasons to 

delay the STI test until coming home (Participant G, female, 23 years old).  
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In addition, different participants felt it was too much of an effort to take a test after each unsafe sexual 

contact, especially in a foreign country. Since several participants reported that sexual contact abroad 

happened rather frequently and was often unprotected (this was especially true for interviewees that 

participated in the Erasmus programme), the test gets postponed until they get home. For example:  

“When I was abroad I often thought to myself: when I’m back home, I really need to take an STI test. […] 

But eventually, it always gets postponed. Even when I got home, it took me one year before I went to the 

gynecologist for an STI test.” (Participant G , female, 23 years old) 

The three aforementioned problems with STI testing when abroad can be translated into specific user 

needs and requirements. Firstly, the preference of the participants to get an STI test at their regular and 

trusted doctor suggests a need for privacy and trust in the STI testing process. Secondly, concerns over 

practical reasons require a possible solution to be unbound to place, time and language. Finally, the effort 

problem indicates a need for a low-effort and user-friendly STI testing solution.   
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4.1.7. The infected 

 

Figure 24. Storyboard of the infected. 

Two of the eleven young adults that were interviewed, reported ever having an STI. Although the 

outcome (i.e. an STI) was the same, the course of events for these two participants was very different. 

Participant F (male, 24 years old) indicated that appearing symptoms alarmed him. He stated: 

“[after the symptoms appeared] I went back to my last sex-partner because I didn’t knew what these 

were. I didn’t think of an STI immediately. I showed her the warts and asked her if she know where these 

came from. She than searched on the internet. And so than I went to the doctor.” (Participant F, male, 24 

years old)  

In contrast, Participant I (female, 22 years old) did not experience any symptoms but the partner she had 

unprotected sex with got an STI test and only told her that the result was positive the day after they had 

unsafe sex. Consequently, she went to the doctor’s office to get herself tested and to get a prescription for 

antibiotics. 

Furthermore, both interviewees reported having a follow-up STI test after the treatment to make sure they 

were cured (cfr. figure 25). 
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Figure 25. Storyboard of  follow-up. 

Although both participants reported being ashamed and not being able to talk about the STI with others, it 

seems that the knowledge of an infection leads to a focus on treatment and therefore overcoming the 

barriers as described earlier (cfr. part 1, 3.3.3.). In other words, their sense of urgency increased and 

surpassed a threshold, leading to a focus on getting treated and being cured. For example:  

“I don’t know if it was really syphilis. At that time I wasn’t thinking about the name, I was thinking about 

how to get rid of it.” (Participant F, male, 24 years old) 

Since both respondents indicated having an STI test after they knew they were infected, there are no 

specific problems and needs to be identified. As a consequence, the value of a mobile testing application 

would be rather limited for this storyboard. 
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4.2. Overview of results 

The following table summarizes the specific problems, needs and requirement that were identified from 

the storyboard above. It should be noted that for both the partner and the infected, no specific problems 

were identified. Therefore, it is impossible to determine and empirically support possible user needs and 

requirements for these scenarios.  

4.1.2. The postponer 

Main issue: postponing an STI test 

Specific problems  User needs and requirements 

A doctor’s visit takes a lot of effort; grouping 

medical conditions into one doctor’s visit 
  Low-effort STI testing solution 

Lack of awareness of the severity of STIs and their 

complications 
  Need for awareness 

Time-consuming testing process   Rapid STI testing solution 

Frequent STI testing is expensive   Low cost STI test 

4.1.3. The denier 

Main issue: denying risk of STI infection 

Specific problems  User needs and requirements 

Cancelling out STI-related thoughts   

Need for prevalence information 

Sense of urgency 

Accessible STI testing solution 

Come up with a rationale   

Distant reality; personal optimistic bias   

Fear of STI testing results   

4.1.4. The uninformed 

Main issue: knowledge gaps 

Specific problems User needs and requirements 

Lack of knowledge regarding asymptomatic STIs, 

possible symptoms, transmission, prevalence and 

curability 

  Need for knowledge 
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4.1.5. The partner 

Main issue: ------------------------------------------------------ 

Specific problems User needs and requirements 

------------------------------------------------------   ------------------------------------------------------ 

4.1.6. The traveler 

Main issue: not taking an STI test until coming home 

Specific problems  User needs and requirements 

Preference for an STI test at their regular doctor’s 

office 
  Privacy and trust in testing process 

Practical considerations (language, insurance, 

reimbursement)  
  STI testing unbound to place, time and language 

Too much effort to get tested abroad after each 

unsafe contact  
  Low-effort and user-friendly STI testing solution  

4.1.7. The infected 

Main issue: ------------------------------------------------------ 

Specific problems  User needs and requirements 

------------------------------------------------------   ------------------------------------------------------ 

Table 4. Summarizing table of needs and requirements. 
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PART 3: DISCUSSION AND CONCLUSION 

In this final section, the focus will be on the discussion of the results that emerged from the analysis of the 

interviews. More specifically, the results will be processed and linked to the research question, mobile 

STI testing and STI management in general. In addition, practical and concrete recommendations will be 

made for the design phase (i.e. second phase in the UCD-cycle) of the mobile STI testing application. 

Next, limitations and directions for future research will be discussed. A summary of the main findings 

will conclude this thesis.  

1. DISCUSSION OF THE RESEARCH RESULTS 

As mentioned above (cfr. part 2, 3.1), this thesis started out with the following research question: “What 

are the needs and requirements of young adults in STI testing and how can these be met by the social 

innovation of mobile self-testing applications to increase STI testing in this high risk age group?” As 

shown above in table 4, the in-depth interviews conducted in a sample of 11 young adults led to the 

identification of several essential needs and requirements regarding the STI testing process. These can be 

reduced to 9 main needs and requirements, as shown in table 5. 

Main needs and requirements 

Accessibility 

Knowledge 

Low cost 

Low-effort 

Privacy 

Testing unbound to place and time 

Time-efficiency 

Trust 

User-friendly 

Table 5. Main needs and requirements. 

Furthermore, the outline of these interviews was based on the context of use analysis as described by 

Maguire and Bevan (2002) , which is built around three important elements: user groups, environment 

and tasks. Therefore, these three elements also formed the basis for the interviews in this study. As a 

result, the identified needs and requirements can be linked to these three building blocks of the (user 
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groups, environment and tasks). Figure 26 visually represents the relationships between the needs and 

requirements on the one hand, and the three building blocks on the other hand.  

 

Figure 26. Relationships among the main needs and requirements and the three building blocks of the context of use analysis as 

described by Maguire and Bevan (2002). 

The first group of needs and requirements refers to the physical and social environment of STI testing. 

Regarding to the physical environment, the storyboard of the traveler revealed that young adults are 

concerned about the practical side of a doctor’s visit (e.g. language, insurance and reimbursement) 

depending on the place and time they are at that moment. In addition, privacy (used literally here; i.e. 

being away from others) in the testing process refers to the social environment and was also mentioned as 

an important factor.  

Furthermore, the users reside within this environment. In relation to the user group, which consisted of 

young adults in this study, two types of needs and requirements were identified. Firstly, emotional needs 

such as privacy and trust were distinguished. In this context, privacy  refers to the avoidance of shame. 

Trust refers to the avoidance of judgment of others. Privacy as well as trust were illustrated throughout 

different storyboards as respondents indicated preferring their own doctor (cfr. the traveler), being afraid 

of the doctor’s reaction when getting frequent STI tests (cfr. the postponer), fearing the test results (cfr. 

the denier) and not being able to talk about being infected (cfr. the infected). In addition, the young adults 

in the sample clearly lacked accurate knowledge about STIs. More specifically, the knowledge deficit was 

most salient in topics such as symptoms, the possible asymptomatic nature of STIs, transmission, 

treatment and prevalence (cfr. the uninformed). This knowledge gap results in a lack of awareness and an 

inaccurate assessment of their risk of infection. 

Additionally, two of the main needs and requirements can be seen as preconditions for use. These must be 

met in order to achieve a high usage rate. The need for an accessible STI testing solution arose from the 
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storyboard of the denier, in which a lower threshold would lead to increased testing behavior. High cost 

was mentioned as a reason for postponing an STI test. Hence, a low cost solution can be seen as a 

condition to appeal to a wide audience.  

Finally, three important needs and requirements were identified regarding the task (i.e. the STI test itself). 

In both the storyboards of the traveler and the postponer, the effort of going to the doctor’s office for an 

STI test was mentioned as an important barrier. This can be extended into a need for a user-friendly 

testing solution. In addition, in the storyboard of the postpone, the time consuming nature of an STI test at 

the doctor’s office, caused by waiting for an appointment and waiting for the results, was indicated as an 

important factor in the testing process. In summary, time efficiency, low-effort and a user-friendly test 

were identified as needs and requirements related to the task. 

As shown in figure 27, a mobile STI testing solution should lie in the intersection of needs and 

requirements related to the environment, the user group and the task and therefore meeting these needs in 

order to overcome the majority of the barriers for STI testing at the doctor’s office (as described in part 1 

3.3.3). In turn, more frequent STI testing resulting from the introduction of a mobile STI testing 

application would be a major contribution to the field of diagnostics and STI management in general, 

leading to the earlier diagnosis (and therefore increased treatability) and reduced transmission. 

 

Figure 27. Visual positioning of a mobile STI testing application. 

It is clear that a mobile STI testing solution meets several of the aforementioned needs and requirements. 

Since a mobile STI testing application allows users to test themselves wherever and whenever they want, 

it inherently meets the needs and requirements that were identified in relation to the physical and social 
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environment. Furthermore, the fulfillment of the other needs and requirements (mainly the task related 

needs and requirements and the preconditions) strongly depend on the design and the marketing of the 

testing application. Only for two of the main needs and requirements, the solution is not directly related to 

the application itself. Firstly, as was mentioned in the general findings (cfr. part 2, 4.1.1), several 

participants reported that their trust is strongly related to the regulation of the use of mobile health 

applications. Secondly, the need for knowledge belongs to the field of sexual education and thus 

prevention whereas the STI testing application belongs to the diagnostic pillar. However, the boundaries 

between these two areas of STI management can be reduced by incorporating accurate information about 

STIs in the diagnostic application. 

2. RECOMMENDATIONS FOR DESIGN  

As shown in figure 16, the analysis leading to the identification of the user needs and requirements is the 

basis for the design phase, in which a low-fidelity prototype will be developed and fine-tuned to create a 

high-fidelity prototype. In turn, this prototype will be used in field testing  (i.e. the evaluation phase). 

Therefore, this section addresses the translation of the identified needs and requirements into concrete 

recommendations for the design of a mobile testing application.   

The environmental needs and requirements that were identified illustrate and support the suitability for a 

mobile STI testing solution that is proposed in this study. As mentioned above, a mobile device inherently 

allows young adults to use it whenever and wherever they want. When applied to the storyboards, it can 

be stated that a mobile STI testing solution could increase testing behavior in traveling young adults since 

it rules out privacy issues and practical considerations. More specifically, these considerations can be 

addressed allowing the user to choose his/her language and by developing a communication platform in 

which the mobile device is in direct contact with insurance and reimbursement offices. 

Regarding user group needs and requirements, these can be situated in the prevention pillar. Hence, the 

main responsibility resides with institutions engaged in the sexual education of young people. But, as 

mentioned above, the diagnostics pillar can contribute to this education by providing accurate and reliable 

information. In the current situation, this information is provided by doctors. In a smartphone application, 

the use of technology provides opportunities for informing young people. Firstly, an STI encyclopedia 

can be integrated, meeting the basic informational needs. Secondly, a visual manual of the use of the 

mobile testing application should be integrated to improve testing knowledge. In addition, a sexual 

intercourse calendar could be added in which unsafe sexual contacts can be marked. Consequently, a 

testing notification could indicate the testing window. Knowledge of the testing window is crucial for 

individuals at risk since accurate rapid testing can only be done from 2 to 3 weeks after exposure for 

chlamydia and gonorrhoea and from 12 weeks after exposure for syphilis. Earlier testing can decrease the 

sensitivity of the test (McKinley Health Center, 2010). Finally, a map indicating the location of the 
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nearest point-of-sale for condoms (taking into account the opening hours and the actual time) could be 

integrated in the application (e.g. retailers and condom vending machines). However this is not related to 

the STI knowledge, it can contribute to the prevention of STI transmission. Applied to the storyboards, it 

is clear that uninformed young people would benefit from increased knowledge about STIs (cfr. 

storyboard of the uninformed). It allows them to make a more accurate assessment of their risk of 

infection. In turn, this could lead to more frequent STI testing. Also, more extensive knowledge and an 

accurate assessment of their risk can lead to an increased sense of awareness and urgency, preventing 

young people from denying being at risk or postponing an STI test (cfr. storyboard of the postponer and 

the denier).  

Furthermore, a smartphone STI testing application provides the opportunity for a time efficient, low-

effort and user-friendly solution. Figure 14 shows an outline of a possible smartphone STI testing 

application. The user first collects a testing sample (urine, blood or a genital swab) and applies this to a 

sensor. This sensor is then connected to the processing device (i.e. a smartphone) for the analysis of the 

sample. Taken into account the current state of technology, it is possible to complete the testing process, 

from the collection of the sample to the diagnosis, within the hour. Further technological advances should 

allow faster testing. In addition, real-time communication with back-end services should allow a fast and 

convenient treatment. As mentioned earlier (cfr. part 1, 4.3), an overarching and coherent European 

system of e-prescriptions, which is a low-effort and time-efficient solution, can contribute to the 

conversion of early diagnosis into early treatment. In addition, young people always carry their 

smartphones close to them which makes it a low-effort testing solution compared to a doctor’s visit 

(appointment setting was often reported as a lot of effort). Combined with a user-friendly interface, a 

smartphone STI testing solution can meet the task related user needs and requirements. Applied to the 

storyboards, a time-efficient, low-effort and user-friendly STI testing solution would give young people 

less reasons to postpone a test and therefore lead to more frequent STI testing among this at risk age 

group in every physical environment (at home or abroad) (cfr. storyboard of the postponer and traveler).  

The needs and requirements identified as precondition, can be described as conditions for appealing to a 

wide audience (low threshold for use and low cost). By regulating the price and distribution points (e.g. 

pharmacy), both preconditions can be fulfilled leading to a wide use of the testing application and 

increased testing behavior among young people. However, it should be noted that a smartphone 

application inherently limits the target audience to smartphone owners. As a result, it is essential that a 

high usage rate is achieved within this group. Therefore, the STI testing application should be made 

available for the most commonly used mobile operating systems (iOS and Android) and the sensor should 

be compatible with smartphones of different brands.  
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3. LIMITATIONS AND DIRECTIONS FOR FUTURE RESEARCH 

An important limitation of this study is related to the sampling method. Convenience sampling (cfr. part 

2, 3.3) was used for the selection of participants. This means that only directly available respondents were 

included in the sample. As described in HoGent (n.d), this sampling technique is often used in 

exploratory research to get a rough image of the problem under study and when resources are limited (as 

is the case in this study). Also, the sample only consisted of 11 participants. Therefore, the identified 

storyboards, needs and requirements can’t be seen as an exhaustive list. However, it should be noted that 

although this is a small number, several stories were obtained from each interviewee. As a result, the 

research results have limited generalizability since the sample is rather small and homogeneous. 

Therefore, future research should conduct focus on the generalizability of the research results to the entire 

cohorts of young adults and adolescents by using a larger and heterogeneous sample. Research 

propositions can be derived from the results of this study. These propositions can be translated into 

hypotheses that can be tested in a quantitative study to contribute to the building of generalizable theories.  

Furthermore, since this study was limited in time (and other resources) the focus was only on the first 

phase of the UCD-cycle. Future research should use the needs and requirements identified in this study as 

a starting point for the completion of the UCD-cycle.  

4. GENERAL CONCLUSION 

In summary, this study was aimed at the identification and analysis of user needs and requirements 

regarding the STI testing process. First, an extensive literature review was presented to clarify the 

important concepts, indicate the need for a mobile testing solution (especially among young adults) and to 

explain the choice for the UCD research method. Next, in-depth interviews were used to get a clear 

picture of the current STI testing practices among young adults. Each participant was asked to share his 

experiences regarding unsafe sexual encounters and following STI tests. From these experiences, six 

general scenarios emerged. These were visualized using storyboarding in order to ensure unambiguous 

interpretation and facilitate communication of the scenarios.  

Three main groups of needs and requirements were identified. These were grouped around the three 

elements of context of use analysis, namely environment (physical and social), user group and task. In 

addition, two important preconditions for used were mentioned. Consequently, practical 

recommendations for the design phase of a mobile STI testing application were made based on the 

identified needs and requirements of young adults in the STI testing process. Finally, two important 

limitations and directions for future research were reported. 
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Appendix 1. Interview protocol 

PART 1: GET TO KNOW THE USER GROUP. 

Age 

Age 

First sexual contact 

Gender  

Male/Female 

Technology 

 

Do you have a smartphone? 

 Yes – Smartphone skills? 

 No – Ever used one? 

 

Do you know what health apps are?  

 No – Explanation of mobile health applications (wellness: Nike plus – medical: 

diabetes app) 

 Yes – Which ones do you know? (+ give extra explanation of mobile health) 

 

What is your opinion about using smartphones in healthcare? Would you use it yourself? 

Why? Why not?   

Sex 

 

Is casual sex (i.e. sex outside a relationship) something that occurs rarely or rather often?  

 

Have you ever had unsafe sex?  

 No  

 Yes --- Do you feel insecure about having an STI afterwards or not? Have you 

ever taken an STI test?  

 

What is your view on safe sex?  

In practice: 

 I usually have safe sex. 
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 Why? 

 Do you prepare yourself for this?  

 Do you always have a condom with you?  

 

 I usually have unprotected sex. 

 Why? 

Knowledge of STIs 

 

Prevention and transmission of STIs? 

Chlamydia 

 Occurrence?  

 Symptoms: men/women? 

 Testing after ... days/weeks possible? 

 Long term consequences? 

Gonorrhoea 

 Occurrence?  

 Symptoms: men/women? 

 Testing after ... days/weeks possible? 

 Long term consequences? 

Syphilis  

 Occurrence?  

 Symptoms: men/women? 

 Testing after ... days/weeks possible? 

 Long term consequences? 

+ give feedback (fill knowledge gaps) 
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PART 2: DISCUSSION OF SCENARIO 

Let participant tell the story. Ask additional questions if needed.  

Situation before unsafe sex 

Were you prepared that night?  

 Did you have condoms with you? Did you buy them yourself? Where? When? 

The other person 

 Where did you meet? 

 How well did you know him/her? Did you trust him/her? Why? 

 Was there a conversation about having (un)safe sex (whether to use a condom or 

not)?  

The casual sex 

Safe / Unsafe -- Why? Did you think about the consequences of unsafe sex? 

Situation after unsafe sex? 

Was there a conversation afterwards? (about the fact you had unsafe sex) 

How did you feel?  

Were you concerned about having an STI? 

 No – Why not? Was there a moment in time (can be months or years after) that you 

suddenly did have concerns? Describe that moment. 

 Yes – What did you do about it?  

 If nothing: Why not?  

 If taking an STI test: Did you take an STI test afterwards? How long after? 

 No – Why not? 

 Yes – Describe step for step how this went. How long did you have to 

wait to get an appointment? How did you experience your visit at the 

doctor’s office? How did you feel? How long did you have to wait for 

your results? Did you find this too long? What do you think could be 

better in this procedure? What were the biggest problems for you? 
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Barriers for doctor testing (Use as guidance for questions about postponed or no testing) 

The system barriers  

Cost  

Waiting time  

Visiting hours  

Male participants: the urethral swaps 

The societal barriers  

Shame 

Stigma 

Fear 

The interpersonal barriers  

The perception of judgement and discrimination of the healthcare providers  

Fear and aversion of the results 

The pro’s of getting screened 

Awareness of own health and staying healthy 

Knowing that one is infected in time so that treatment can follow rapidly  

The prevention of negative effects that STI’s can have on others  

Trust that comes with knowing that their partner are STI free  

The ideal STI testing condition  

Environment (familiar environment) 

Counselling  

Time (every time of the day, not bound to certain hours) 

Cost (low cost) 

Use of urine based test instead of invasive 
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Interval 

 

Action 

         

Location 

         

 

People 

         

Conversation 

         

Thoughts  

Feelings 

         

Timeline 
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Appendix 2. Interview summary 

Participant A  (Ravels. July 17, 2013, 15u50) 

Gender F 

Age 21 

Age of 1st sexual intercourse 17 

# Sex partners 5-10 

Frequency of casual sex Often 

Mostly … sex Unprotected  

STI knowledge Average 

Ever had an STI? No 

“I didn’t have the intention to have sex, but on holiday, one  knows the chance to have sex with a stranger is higher 

compared to visiting a bar back home.”  

“He had a condom with him. So we did it one time with a condom, and the next time without, because we didn’t 

have any left.”  

“I was just so happy after we had sex, hence I wasn’t concerned about having an STI. After a couple of days I did 

thought about it, but I didn’t take a test right after.”  

“Taking a test in summer would have been inconvenient for me. But when the university starts again, you have a 

more structured life, which makes it easier to plan a doctor’s visit.”  

“I thought: I’m going to take an STI test after summer, because if I would do it during summer, I need to do it again 

after summer, because it [unprotected sex] could happen again.”  

“I didn’t have to wait for my results, because they only call you when something’s wrong.”  

“ I would do it [taking an STI test] sooner if I didn’t have to go to a doctor for it. ” 

“I don’t think I would do an STI test on holiday because I doubt it I would like to know an STI-positive result at that 

time, because it could ruin the atmosphere. Back home I’m sure I would take a test much sooner if I didn’t have to 

visit a doctor.” 

“The only possible reason not to pay the doctor a visit is when I’m out of money.” 
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Participant B  (Ravels. July 17, 2013, 15u00) 

Gender F 

Age 22 

Age of 1st sexual intercourse 16 

# Sex partners < 5 

Frequency of casual sex Seldom 

Mostly … sex Unprotected 

STI knowledge Bad 

Ever had an STI? No 

“Once a boy kept going on about having safe sex. I didn’t have any problems with that. I only thought it was very 

strange, I never experienced something like that.”  

“In the past I never had concerns about having an STI, until some people informed me chlamydia doesn’t show 

symptoms and  it could have severe long term consequences. But I didn’t dare to go to the doctor, because I was 

scared  he would say I had a STI.”  

“I didn’t want to go to the doctor. I thought: oh no, I’m going to have chlamydia. What held me back is that I would 

rather not know.”  

“The risk of bumping into someone familiar while buying a test [pregnancy test] in a store is awkward. If there was 

one available at this time, just laying around, I would definitely use it.”  

 “I went to the night shop with one of my friends to buy condoms, because I knew we were going to have sex. […] 

He refused to use them, he told me he never used condoms. I was drunk, so for me it didn’t matter. The next day, I 

realized that I could be pregnant, so I went to the pharmacy to get a morning after pill. I didn’t think about STIs 

back then, I think because I knew nothing about it. ”  

“If I had known more about STIs, it wouldn’t have changed the situation [unsafe sex], but it would have changed the 

way I would feel about it afterwards.”  

“If I could change anything, I would prefer to get quicker results and have the ability to do home tests.”  
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Participant C  (Antwerp. July 18, 2013, 13u00) 

Gender M 

Age 24 

Age of 1st sexual intercourse 18 

# Sex partners 5-10 

Frequency of casual sex Seldom 

Mostly … sex Unprotected 

STI knowledge Good 

Ever had an STI? No 

“At this moment, I wouldn’t  trust medical health application yet, maybe I would use them, but eventually, I 

would also go to the doctor for his opinion.”   

“I think the smartphone can have advantages for small things, not for big health issues, like  cancer. That’s also 

a psychological heavy disease. Contact with a doctor is very important in this case.”  

“The day after unprotected sex, I think about the other night. Sometimes I worry a little bit, especially if I know 

the girl has had more unprotected sexual encounters. […] but then I just ignore this feeling and move on.”  

“One time, I had sex with a girl. I was a little bit worried about having an STI, be cause she sleeps around a lot. 

But two months later, a friend of mine had been with the same girl. Eventually he did an STI test, which was 

negative. From that point on, I didn’t worry anymore.”  

“Most of the times after a one-night stand I think I was stupid, but I don’t do anything about it, I never get tested. 

I just think: I won’t be the one that gets an STI.”  

“The only thing I’m really afraid of is HIV, so if I would live in Africa, where this is very common, the situation 

would be totally different. Here in Belgium, I’m not really concerned about getting HIV and think if I have 

another STI ,it will be easy to get rid of.”  

 “I don’t like going to a doctor, but I know I would go if I had symptoms. As a preventive measure, or without 

symptoms I wouldn’t go to a doctor.”  

“I had unprotected sex with a girl that I trusted. Two months later, someone told me that her ex -boyfriend had an 

STI. This made me very worried but I didn’t do anything about it. I thought by now she probably knew her ex -

boyfriend had chlamydia and she would get an STI test. I think she would let me know if I would need to take one 

too.”  
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Participant D  (Turnhout. July 18, 2013, 17u00) 

Gender F 

Age 21 

Age of 1st sexual intercourse 18 

# Sex partners < 5 

Frequency of casual sex Seldom 

Mostly … sex Unprotected 

STI knowledge Bad 

Ever had an STI? No 

“I would definitely trust wellness applications for running. But when it goes medical, I wouldn’t know yet. In the 

beginning I would be very skeptical about it and would rather go to the  doctor to be sure.”  

“I would use applications that would test me for something, but I think I would also want to go to the doctor to 

confirm the result.”  

“The first thing on my mind after the unprotected sex I had, was pregnancy. So I talked about it wi th a girlfriend 

and she got the morning after pill for me. I hadn’t considered the possibility that I would have an STI, until she 

recommended me to take an STI test. So I did.”  

 “I find it very important that people have protected sex. But when it comes down to it, I never had protected sex. 

I’m the kind of girl that goes with the flow and doesn’t think about using a condom during that moment. But 

afterwards I think: I had better done this or that. I’m just to impulsive.”  

“I was drunk and one thing led to another, without condom. I thought about it, but didn’t mention it because I 

knew we didn’t have one. The moment it was over, I was full of regret and distaste for him.”  

 “When I was waiting in the waiting room of the gynecologist, I was really afraid t o have an STI.”  

 “The gynecologist asked so much question about my sexual behavior. It all made me very uncomfortable. I just 

wanted to get tested, without all the questions that came with it and without the pressure to tell him that I had 

unprotected sex and that I was afraid to have an STI.”   

 “I thought that it would be very weird if I contracted an STI from just one time unprotected sex with a stranger.”  
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Participant E  (Antwerp. July 18, 2013, 14u30) 

Gender M 

Age 23 

Age of 1st sexual intercourse 19 

# Sex partners 10-15 

Frequency of casual sex Often 

Mostly … sex Unprotected 

STI knowledge Bad 

Ever had an STI? No 

“I think that medical applications could definitely be useful, especially for the little things.”  

“For me, it is important that med ical applications are regulated correctly. I think I would wait a little while 

before I would use applications new to the market.”  

“I would use medical health apps if they were on the market and regulated properly. But, I think that I would 

prefer having a second opinion, so if some app tells me something that is significant for my health, I would like to 

discuss it with my doctor.”   

“The girl (type of girl) who I sleep with determines if I have concerns of having an STI.”  

 “Most of the times I end up having sex is when I go out. That moment I’m not thinking about STIs. I would only 

worry about that when symptoms appear.”  

  “I went to the doctor one time to get my blood tested as part of a general examination. As I was there, I also 

asked to test my blood for STIs.”  

“If I’m drunk, I usually have unprotected sex, because I don’t think about using a condom. If I would be sober, I 

wouldn’t propose it either I think, but if a girl asks me, I would definitely not reject.”  

“I normally think that if a girl doesn’t asks for using a condom herself, I suppose that she is certain that she 

doesn’t have an STI.”  

“If I go abroad on holidays, I take condoms with me. Since I don’t speak the same language as the girls I meet 

there, it is difficult to estimate what type of  girl it is. When I go out in my homeland, I never take them with me.”  

“With my own doctor I feel much more comfortable. I trust him more.”  

“Blood loss is a symptom of chlamydia? I didn’t know. One time I was with a girl that was bleeding during sex, 

but she didn’t have her period. I thought it was weird, but she said it happened more often. Now I am a little bit 

worried. Maybe I should get tested.”  

“I never thought about the possibility I could have an STI without having symptoms, until now. Actually, I didn’t 

knew anything about STIs.” 
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Participant F  (Antwerp. July 22, 2013, 21u00) 

Gender M 

Age 24 

Age of 1st sexual intercourse 14 

# Sex partners 10-15 

Frequency of casual sex Often 

Mostly … sex Unprotected 

STI knowledge Bad 

Ever had an STI? Yes 

“For  persons with chronic diseases, I think mobile health applications would be very useful to track health 

issues.[…] I would trust it [mobile health applications]  if I was for example a diabetes patient, but for something 

banal I wouldn’t.”  

“I don’t feel insecure after having unprotected sex. If I know the girl, I will trust her more easy, dependent on if 

the girl has slept with many people or not. If she’s a stranger I won’t trust her.”  

“I find it unpleasant to have sex with a condom.”  

“I think I had syphilis. I had little warts on my genitals.”  

“I trusted her. I knew if something was wrong with her, she would tell me. […] After one month, I had symptoms. 

I went back to my last sex-partner because I didn’t knew what these were. I didn’t think of an STI i mmediately. I 

showed her the warts and asked her if she know where these came from. She than searched on the internet. A nd so 

than I went to the doctor.” 

“I wasn’t scared to go to the doctor, but it’s not pleasant either to let her [the doctor]  look at your genitals.”  

“It wasn’t uncomfortable to answer the questions from the doctor, but the fact that I had something down there 

that was embarrassing.”  

“I don’t know if it was really syphilis. At that time I wasn’t thinking about the name, I was thinking abo ut how to 

get rid of it.” 

“The taboo around STIs is very big. You have big concerns, but you can’t talk about it. Even when I knew that 

another man [the ex of the girl who had infected him]  had the same symptoms. They [the other man and the girl]  

talked about it, she and I talked about it, but I never talked with him about it.”  
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Participant G  (Ghent. July 26, 2013, 21u00) 

Gender F 

Age 23 

Age of 1st sexual intercourse 15 

# Sex partners > 15 

Frequency of casual sex Often 

Mostly … sex Unprotected 

STI knowledge Average 

Ever had an STI? Yes 

“Now I am pro protected sex, but in the past, it wasn’t always this way. To my opinion, doing it with condom 

isn’t that pleasant, but having an STI would be far less pleasant!”  

 “I think if the technology would work accordingly, I would definitely use it [health applications].  Doctors often 

don’t examine you that well to my opinion, and eventually they prescribe the wrong medication. I think I would 

trust myself more when I can handle the technology myself.”  

“When I am drunk, I always ask if the boy has a sexually transmitted disease or if he has done an STI test 

recently. Just to get some kind of insurance. They always say no. I know he can lie, but that moment I trust him.”  

“I would say I usually have unprotected  sex, even though I’m definitely for protected sex. Reasons for that are: 

we don’t have condoms, we have condoms but only two so the third time we do not use one (thinking one time 

won’t be that bad) or we’re just to drunk and have sex without thinking abo ut the consequences.”  

 “I put my mind at rest after having unprotected sex, and never try to think about it or I think that I won’t be that 

person who gets an STI. All in all, it are concerns for later. ”  

“Normally I don’t feel insecure about having an STI after unprotected sex. I just think: that  probably won’t 

happen to me.”  

  “When I was abroad I often thought to myself: when I’m back home, I really need to take a n STI test. […] But 

eventually, it always gets postponed. Even when I got home, it took me  one year before I went to the gynecologist 

for an STI test.” 

 “During my study time abroad, I thought: who knows with how many people I will have unprotected sex. I will 

do it afterwards. If I were home, it would be much easier to say: well, I will get te sted quickly.”  

“If I would have been sick abroad, I would already find it difficult to go a doctor and even more for taking an STI 

test there. Because you have to explain it in another language why you want an STI test.”  

“Abroad you don’t know how to arrange the insurance, reimbursement, etc. This is one of the elements that  holds 

me back to go to a doctor over there. I would rather wait a couple of months to go to my own doctor back home.”  

“When I was abroad, I had the intention to go get tested afterwards. But back home, I had so many things on my 

mind: get my apartment back in order, buy school books, etc. So I postponed it.”  
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“I am afraid of needles. For me it’s a big step to get my blood tested.”  

 “At the beginning of my relationship, we had sex with condoms. But eventually, we wanted to do it without. That 

is why I wanted to be sure that I had no STI’s. Starting a relationship with infecting your boyfri end is a 

relationship breaker.”  
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Participant H  (Ghent. July 26, 2013, 17u00) 

Gender F 

Age 21 

Age of 1st sexual intercourse 15 

# Sex partners 5-10 

Frequency of casual sex Seldom 

Mostly … sex Protected 

STI knowledge Average 

Ever had an STI? No 

“I am very skeptical about using medical applications. I find it a very weird, the thought of a smartphon e app 

that replaces your doctor. I think I would certainly also go to my doctor. Because I think I will never completely 

trust such an app. It would be likely that I would use it, but only as an addition to going to the doctor, not as a 

replacement.”  

“Unprotected sex is very stupid. You need to use a condom if you don’t know someone that well. If I don’t use 

one, I am very worried I might have an STI.”  

“One time I had unprotected sex with a boy, and I felt very bad the day after. Since then, I always have condoms 

in my room.”  

“I don’t know why we didn’t use a condom, it just happened. To my opinion, it also feels better.”  

“I didn’t think about using a condom that certain moment, I only thought: I am on the birth control pill, so I 

won’t get pregnant.” 

“[…]  But eventually, I postponed it  [STI test]. At a certain moment, I needed to go to the doctor to get a new 

prescription for my birth control pill. That was the perfect opportunity to take a n STI test at once. If I wasn’t 

obliged to go to the doctor for my prescription, I wouldn’t have done an STI test that quickly.”  

“I think one of the reason I postpone my doctor visit for taking an STI test is that I’m afraid  of what the results 

might be.” 

 “I think that I won’t be the person that has an STI.”  

“If I would have unprotected sex more often, I would like to take an STI test after each time. But luckily, that 

doesn’t happen to me that often.”  

“In the ideal situation you would have the possibility to walk into a doctor’s office when you feel insecure about 

having an STI, take an STI test and receive the test results quickly. The entire process would just go a lot faster.”  
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Participant I  (Ravels. July 28, 2013, 11u00) 

Gender F 

Age 22 

Age of 1st sexual intercourse 16 

# Sex partners 5-10 

Frequency of casual sex Seldom 

Mostly … sex Protected 

STI knowledge Good 

Ever had an STI? Yes 

“I am someone who looks at the experience of others before trying it [medical app]  myself. I’m too scared to be 

the first one to try it.”  

“I don’t feel comfortable, when someone you don’t know penetrates you [without condom] .” 

“I expect that the man has condoms with him, otherwise it [sex] won’t happen to me!”  

“I recently ended a long relationship when I met this guy. I had safe sex with him several times. Then he asked  

me to do it without condom. I told him to get an STI test first, so he did. […]He told me that he was safe, so we 

had unprotected sex. Two days later, he called me to say that the doctor had made a mistake and he was infected 

with chlamydia. I thought: what a psycho that boy! […] He eventually bought me antibiotics to treat the 

infection. After that moment, I never talked to him again.”  

“Three weeks later [after the antibiotic treatment] I went to my doctor to get an STI test to check if I was cured 

[from chlamydia]. […] After 3 months I also took a HIV test, because I was afraid to have another STI too.”  

“I was ashamed about the fact that I had an STI, especially that I was so stupid to trus t that boy. I’m normally 

not like that.” 
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Participant J  (Antwerp. July 29, 2013, 21u30) 

Gender M 

Age 23 

Age of 1st sexual intercourse 16 

# Sex partners > 15 

Frequency of casual sex Often 

Mostly … sex Unprotected 

STI knowledge Average 

Ever had an STI? No 

“I won’t trust health applications just like that, I wil l need to see it working with my own eyes. If my friends 

would tell me it works very well, it would be more likely I would try it too.”  

 “I don’t feel insecure about having an STI, because the people whom I have unprotected sex with are trustable 

and they don’t have any STI’s. Normally, I know what type of persons they are.”  

“When I was on Erasmus, I was in a real party mode. Getting an STI test was definitely not on my mind.”  

“When I was back home, after six months abroad, I waited for about three months before I went to the doctor, 

because than I am sure I can also get an HIV test.”  
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Participant K  (Antwerp. July 29, 2013, 20u30) 

Gender M 

Age 24 

Age of 1st sexual intercourse 17 

# Sex partners > 15 

Frequency of casual sex Often 

Mostly … sex Unprotected 

STI knowledge Average 

Ever had an STI? No 

“I would definitely use medical health apps, but I wouldn’t trust it blindly, it still is and stays a computer 

program. But it depends on the reliability of  the new technology. I definitely would go to a do ctor when the 

results are bad, just to be sure. When the app is approved by doctors and pharmacist and is 99,9 % precise, I 

would trust on it completely.”  

 “I find having sex with a condom really inconvenient, it ruins the atmosphere and it’s much better without.” 

“Most of the time I’m drunk when I have unprotected sex, so I don’t think about the consequences unprotected 

sex might have.” 

“I’ve been to the doctor five times to get an STI test.”  

“One time I had unprotected sex with a girl for who it was her  first time. She only told me afterwards. That 

moment I hoped that I didn’t have an STI, because I didn’t want to give her an STI on her first time.”  

“I always want to be sure that I don’t have an STI. But I never can control myself. From the moment I have  

unprotected sex, I’m not sure anymore if I’m safe. Especially, after a couple of girls. That’s the time that I feel 

the need to take a new STI test. For me it’s more like a regular thing after a couple of unsafe encounters.”  

 “For me it doesn’t matter which doctor I go to. I don’t have any shame as  I don’t feel like an exception. I think 

if everybody would get an STI test regularly, the major problem would be solved.”  

“There is a lot of advertisement about using a condom, but they should be realistic. A l ot of people just don’t use 

it, as they don’t want to use it or because it doesn’t work. I think there are a bunch of reasons people have 

unprotected sex. I’m not saying to my partners to do it without, they neither propose it to me. I even  had 

situations in which I did propose to use a condom, but the girl turned down the offer because she preferred not to 

use one. Especially among people who occasionally have unsafe sex”  

 “If you have unsafe sex occasionally, you can’t go to the doctor every week. He wou ld probably give a speech 

about the use of condoms.” 

 “The focus shouldn’t only be on having protected sex, but also on  taking an STI test after unprotected sex. When 

I mention I recently had an STI test, few girls could confirm they also did, so I think this could be way better.”  
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“Going to the doctor each time you have unprotected sex,  is a lot of effort. Every time you need to make an 

appointment, remembering the appointment, pay 20 euro, arrange the reimbursement with your national health 

service, waiting for your results, etc.”  

 


