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Abstract 

Food retailers are taking more active role in the customer value creation process and 

shifting their attention from the sale of goods to support customer's value-creation to 

discover more innovative service-based business models. From customer data consumers 

may develop more responsible consumption behaviour, make more economical choices, 

and raise awareness on food healthiness. This exploratory study sets out to answer the 

question what value if any does the use of grocery shopping data bring to the customers. 

Using design science research, the thesis makes use of grocery purchase data available to 

S-Group customers and presents ways of applying the data while making it meaningful 

for them. The aim was to construct visualization application prototypes for seeking value 

and benefits of purchase data experienced by the customers. To evaluate the application 

design, a study group of eight customers were invited to provide purchase data and 

feedback on the data visualizations. The focus was on building designs of the grocery 

consumption patterns based on customer interviews and then evaluating the impact on the 

study group via interviews and usage data. 

The visualization prototypes allowed the participants to discover something new of their 

shopping and food consumption behaviour, not known to them before the study and not 

visible from the mere purchase data. Interviews suggested that the visualizations of health 

data encourage reflection of consuming habits, and thus may be used as a tool for 

increasing awareness of one’s shopping behaviour. A number of limitations in the data 

utilization were met hindering inference-making and reflecting on the data. Lastly, the 

prototypes led the participants to envision new digital health services, some of which 

might have commercial value. 
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1. Introduction 

In the past decades, digital health has grown into one of the most active and vibrant topics 

in information and computer sciences. We are able to leverage technology on novel data 

to improve our well-being and also promote healthier lifestyle of the people around us 

(MacLean, 2014). The big data movement has opened new opportunities for companies 

to utilize data produced by consumers’ everyday activities (Mayer-Schönberger & 

Cukier, 2013, p. 113). The Internet of Things ecosystem has fuelled emerging phenomena 

such as "the quantified self", where the user is engaged in the self-tracking of any 

biological, physical, behavioural, or environmental information (Swan, 2013). Users are 

motivated to learn through self-tracking about the factors affecting their social, cognitive, 

and physical health (Beaudin, Intille, & Morris, 2006), and there is evidence that self-

tracking can benefit health and wellness, such as weight loss (Kong et al., 2012; Zheng et 

al., 2015).  

Our shopping habits and consumption patterns are already tracked and available for the 

main grocery shopping chains in Finland (K-Plus Oy, 2015; SOK, 2015). The data is 

primarily used for personalized marketing and advertising based on the analysis of 

customer data. However, if the data were directly available to consumers, already 

ubiquitous computing provides the means for people to reflect on their consumption 

behaviours and empower them to improve their diet (Reitberger, Spreicer, & Fitzpatrick, 

2014a). In Finland, obesity has steadily increased over the last decades (Lahti-Koski et 

al., 2010; Vartiainen et al., 2010). Recent studies show that fruits and vegetables, 

particularly berries, may reduce the risk of type 2 diabetes in men (Mursu, Virtanen, 

Tuomainen, Nurmi, & Voutilainen, 2014). Thus, there is a clear potential for discovering 

value in the accumulated data with the help of digital health applications, focusing on 

shifting consumers’ attitudes towards healthier consumption behaviour, and eventually 

improving their quality of life. 

Through design science research the thesis aims to answer the question what value if any 

does the use of grocery shopping data bring to the customers. The thesis makes use of 

grocery purchase data available to S-Group customers and introduces ways of 

representing and applying the data by making it meaningful for the customers. The goal 

is to construct a research application for seeking value and benefits of purchase data 

experienced by the customers. To evaluate the design eight S-Group customers are invited 

to be part of the study group to provide purchase data and feedback on the application. 

The focus is on building visual designs of the grocery consumption patterns based on 

customer interviews and then evaluating the impact on the study group via online 

questionnaires, interviews and usage data. 

Thesis supports the Digital Health Revolution program, a multidisciplinary research 

project, focusing on enabling utilization of data about individuals as part of personal and 

preventive services. The program and has a potential to increase one's wellbeing by self-

management.  When an individual has the ability to use personal health data to affect his 

or her personal decisions, it may promote healthier lifestyle. The data can be processed 

for the benefit of both the individual and the society by creating digital service solutions. 

The program was launched August 14th, 2014 and is funded by Tekes as a national 

strategic initiative. (CHT, 2014.) 

In addition, Digital Health Revolution is part of My Data strategy set by Finnish Ministry 

of Transport and Communication. These initiatives share the goal of strengthening 
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individuals' rights to reuse their data and broaden the access to personal information 

(Poikola, Kuikkaniemi, & Kuittinen, 2014). 

Figure 1 displays an overview of the thesis structure. The second chapter describes the 

research problem, and the applied design science research methodology with additional 

research methods to discover solutions to the problem. The third chapter portrays the 

literature of the theoretical framework, particularly digital health, value co-creation and 

information visualization. The fourth chapter describes the process of conducting the 

research according to the research methodology. The fifth chapter presents the findings 

and chapter six discusses the outcomes with implications and reflects them on the existing 

literature. The last chapter sums up the research process with practical and theoretical 

contributions and points out the limitations of the study and intriguing topics for future 

research.  

The practical contributions of the thesis are the findings related to digital health and value 

co-creation based on visualization of grocery purchase data, the purchase data analytics 

tool published as open source project and the five design guidelines for visualizing 

personal data. The theoretical implications of the study include integration of the lead 

user method to the design science research and the derived model for value co-creation 

based on customer types. 

The thesis was supervised by Professor Minna Isomursu, and done in cooperation with 

the INTERACT research group from the Department of Information Processing Science 

at the University of Oulu. 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. The structure of the study follows Hevner et al.’s (2004) research framework. The 
numbers in parenthesis refer to the chapters and sections of the thesis. 
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2. Research problem and methods 

The single research question for the thesis is the following: what value if any does the use 
of grocery shopping data bring to the customers? The goal of the study is to explore, 
build and evaluate designs that might create value for grocery purchase data experienced 
by the study participants. The first section posits design science among other research 
paradigms and the second section describes the design research process. The lead user 
method used in conjunction with design science research is described in the third section 
and data collection methods are portrayed in the fourth section. 

2.1 Design science research 

The research methods and settings used in the thesis are based on design science research, 
which is a paradigm where the research question is explored and answered by creating an 
artifact, effectively “learning by building”. Natural science aims at understanding reality, 
whereas design science attempts to develop artifacts that serve human purposes (March 
& Smith, 1995).  

Hevner and Chatterjee (2010) define design science research as a research paradigm in 
which a designer and researcher answer questions relevant to human problems by creating 
new and innovative artifacts. The designed artifacts are both useful and essential in 
understanding that problem. Also, these artifacts contribute new knowledge back to the 
research community. The fundamental principle of design science research is that 
knowledge to understand a design problem and its solution are reached by building and 
applying the artifact in the problem setting. (Hevner & Chatterjee, 2010.) 

Design science research is quite a young paradigm, and it relates closely to constructive 
research and action research (Iivari, 2007). Nowadays it is used mostly within information 
processing sciences where real world phenomena are studied. The three widely known 
design science frameworks are generator-test cycle research model, system development 
research model, and generic design cycle (Hevner & Chatterjee, 2010; Simon, 1996). 

In his book The Sciences of Artificial, Simon (1996) presented a generator-test cycle 
research model, which in essence can be described as a process of collecting information 
and ultimately finding a solution to the research problem. The advantage of the model is 
that information obtained while gathering it, may be used in many contexts besides the 
one in which it was generated (Simon, 1996). System development research model was 
introduced by Nunamaker, Chen and Purdin in 1990. The research model consists of five 
stages: conceptual design, constructing the architecture of the system, analysing the 
design, prototyping (including product development) and evaluation (Hevner & 
Chatterjee, 2010). Characteristic of the model is that it encourages a pragmatic way of 
thinking. 

Generic design cycle was invented by Takeda, Veerkamp and Tomiyama also in 1990 
and revised on 2004 and 2007 by Vaishnavi and Kuechler. A generic design cycle is about 
modelling the design cycle. In this framework, the artifact evolves through abduction and 
deduction. When one comes up with a novel solution, the new solution is then compared 
with the existing ones and improved upon. Generic design cycle is not as widely used as 
the other two research models. (Vaishnavi & Kuechler, 2008.) 

March and Smith (1995) state that the research activities in design science have two 
aspects: build and evaluate. Firstly, build refers to the construction of the artifact by 
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proving that such an artifact can be constructed (Järvinen, 2004). In design science 
paradigm IT artifacts are broadly defined as constructs, models, methods, and 
instantiations (Hevner et al., 2004; March & Smith, 1995). Lastly, evaluate refers to 
developing a set of criteria and then assessing the artifact performance against the defined 
criteria (Järvinen, 2004). 

2.2 Research cycles and activities 

Peffers, Tuunanen, Rothenberger and Chatterjee (2008) have developed a design science 
research methodology (DSRM) for providing a commonly accepted framework for design 
science research. The authors first presented their methodology in the DESRIST 
conference in 2006 (Peffers et al., 2006).  

A methodology is a system of principles, practices, and procedures applied to a specific 
branch of knowledge (SourceMedia, 2016). Peffers et al. (2008) have built their 
methodology summarizing seven studies on design science research (Archer, 1984; 
Eekels & Roozenburg, 1991; Hevner et al., 2004; Nunamaker et al., 1990; Rossi & Sein, 
2003; Takeda, Veerkamp, & Yoshikawa, 1990; Walls, Widmeyer, & El Sawy, 1992). 
According to Peffers et al. (2008), all of those include a step or phase in the initial stage 
of research to define a research problem. Nunamaker et al. (1990) and Walls et al. (1992) 
emphasize theoretical basis for research practices, whereas engineering researchers 
(Archer, 1984; Eekels & Roozenburg, 1991) focus more on applied problems. Takeda et 
al. (1990) stress the problem enumeration, whereas Rossi and Sein (2003) concentrate on 
identifying the need.  

Peffers et al. (2008) conclude that no generally accepted framework for conducting and 
presenting design science research existed until Hevner et al.’s (2004) guidelines 
provided characteristics of good design science research outcomes. Hevner et al.’s (2004) 
guidelines for the required elements of design research are consistent with the DSRM. 
All the seven mentioned publications, completing each other, lay a basis for the six 
activities in DSRM (Peffers et al., 2008): 

1. Problem identification and motivation defines a particular research problem 
and justifies the value for a solution. The authors advise atomizing the problem 
into pieces for making a solution more approachable. 

2. Define the objectives for a solution aims for clarifying the goal of finding the 
solution based on the problem definition, what is possible and feasible. The 
second activity requires knowledge of current state of problems, known 
solutions and their efficacy. 

3. Design and development is the activity of creating the artifact. The artifact 
may be a construct, model, method or an instantiation. The artifact may also be 
social innovation or a new property for technical or social resource.  

4. Demonstration is an activity, where the use an artifact solves one or more 
instances of the research problem. Demonstration could be, for example, 
experimentation, simulation, or a case study. 

5. Evaluation is about observing and measuring how the artifact supports the 
demonstrated solution to the problem. Evaluation requires comparing the 
objectives set in the second activity with the actual demonstrated results of the 
fourth activity. Evaluation might lead to returning to the third activity and try to 
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improve the effectiveness of the artifact, or leave further improvements for 
future studies.  

6. Communication refers to sharing the accumulated knowledge of the artifact's 
utility, novelty, rigour and effectiveness to relevant audiences. 

Even though the activities are numbered, Peffers et al. (2008) do not suggest that they 
should be followed in sequential order. An object-centered solution could start from 
second activity whereas a context-initiated solution based on observing first a practical 
solution may start from activity four (Peffers et al., 2008).  

The developed methodology also helps with the recognition and legitimization of design 
science research as it should help researchers to present their publications with reference 
to a commonly understood framework, rather than justifying the research paradigm on an 
ad hoc basis with each new paper (Hevner & Chatterjee, 2010). The methodology consists 
of principles, practice rules and procedures for carrying out the design science process 
(Peffers et al., 2008).  

Hevner and Chatterjee (2010) have further credited Peffers et al.’s (2008) contribution on 
design science for presenting a mental model of the research output characteristics. 
Outcomes of the design science research are expected to differ clearly from those of 
interpretative research, and the DSRM process model will provide with some guidance 
what to expect as research outputs (Hevner & Chatterjee, 2010). Hevner et al. (2004) have 
further discussed on these expectations by describing design science research’s essential 
elements. 

Hevner (2007) emphasizes three inherent research cycles in design science research 
process (Figure 2): the relevance cycle, the design cycle and the rigor cycle. The relevance 
cycle bridges the contextual environment of the research project with the design science 
activities (Hevner & Chatterjee, 2010). For example, in the context of studying purchase 
data, each cycle clarifies the research question, requirements and the criteria for 
evaluation through field testing and designing practices. Next, the design cycle iterates 
between the core activities of building and evaluating the design artifacts (Hevner, 2007), 
such as developing digital health applications, visual models and processes of the 
research. Lastly, the rigor cycle connects the design science research activities with the 
existing knowledge of the research field, such as scientific theories and engineering 
methods. Through grounded discoveries in design cycle iterations, additions are made to 
the knowledge base. Hevner (2007) stresses that these three cycles must be clearly present 
and identifiable in every design science research project. Peffers et al.'s (2008) activities 
1-2 cover Hevner’s (2007) relevance cycle, activities 3-4 the design cycle, and the last 
activities 5-6 loop through the rigor cycle. 
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2.3 Lead user method 

In search of relevant study participants, the lead user theory coined by von Hippel (1986) 

was adopted to recruit customers with high interest on wellness, modern technologies and 

self-improvement. When new fields of innovations are evolving rapidly, as in many high 

technology product categories, users at the front end of the trend will have the most real-

world experience (von Hippel, 2005). Von Hippel (1986) has proposed that analysis of 

needs and solutions of these lead users can improve the productivity and development of 

innovations. Lead user theory states that the involvement of leading-edge customers, 

being ahead of the market trends, significantly attracts innovations and leads to successful 

product ideas (Morrison, Roberts, & Midgley, 2004; von Hippel, 2005). A lead user is 

motivated to innovate new solutions to solve his or her own problems rather than to adapt 

current mainstream products and practices (Eisenberg, 2011). Lead users are 

characteristic of being ahead of a significant market trend as they are users who 

experience new needs and are prepared to generate innovations that substantially differ 

from existing market offers (von Hippel, 1986). Von Hippel (1988, 2005) also 

characterizes lead users as users initiating the development of a new solution if the 

solution would bring them significant benefit. 

However, the lead users are not the same as early adopters of an innovation. A lead user 

acts merely based on his or her needs while early adopters and innovators are driven by 

their interest in new technology (Helminen, 2012). Lead users are typically ahead of the 

adoption curve since they experience needs before any commercial products exist, and 

therefore often develop their own solutions (von Hippel, 2007). Research on problem-

solving has pointed out that the functional fixedness may block problem-solving on 

existing solutions (Helminen, 2012). In other words, if we examine users that are already 

familiar with an existing product or solution, they might not be able to generate new ideas 

for its use since they are functionally fixed and, therefore, unable to think outside of the 

box.  

For these reasons, the lead user method was adopted in the study group selection: to attract 

the possibility of finding novel ways of discovering value in the purchase data, and also 

to attract user innovations in the form of new concept designs to derive meaningful 

information from the data. Von Hippel first introduced the lead user method on 1988. 

Later, Lüthje and Herstatt (2004) presented a more general version of the methodology 

for concept development and testing consisting of the following four steps: 1) start the 

lead user process, 2) identify the needs and trends, 3) identification of lead users and 4) 

concept design. In essence, the four steps are closely linked to Peffers et al.'s (2008) 

DSRM research activities as shown in Figure 3. The lead user method is only interested 

in innovation quality and innovative ideas that can be built into products (Churchill, von 

Hippel, & Sonnack, 2009, p. 3). 

In the first step, target trend is defined with goals of the user involvement (Lüthje & 

Herstatt, 2004). This step resembles Peffers et al.’s (2008) problem identification and 

motivation, since it defines the goals of the research activity. In the context of this study, 

the target trend is quantified self movement promoted by recent digital health 

technologies. For the second step, to identify the needs and trends, Lüthje and Herstatt 

(2004) recommend interviewing target trend experts, in addition to scanning literature 

and relevant sources of knowledge. Similarly to the second activity of DSRM, the aim is 

to accumulate knowledge of current state of problems and their solutions. In this second 

step, a total of five researchers and stakeholders were interviewed, and relevant prior 

research was digested.  
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Figure 3. Steps of the lead user method and how they follow the overall design science process. 
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2.4.1 Interviews 

Rubin & Rubin (2011, p. 30) define qualitative interviews as an extended discussion in 

which a researcher gently guides the conversation and uncovers details about the research 

topic following up on interviewee's answers. The authors further elaborate that qualitative 

interviews are like night goggles, they “let us see that which is not ordinarily on view and 

examine that which is often looked at but seldom seen” (Rubin & Rubin, 2011, p. xv). 

Interviews were the main data collection method, and they were utilized throughout the 

study in almost every activity of the design science research process. Interviews were the 

primary source for data collection and also for evaluating the design concepts. Three types 

of qualitative interviews were used, semi-structured, unstructured and group interviews. 

All the interviews were conducted in Finnish. 

A semi-structured interview is the most common of all qualitative research methods 

(Alvesson & Deetz, 2000, p. 194). Brinkmann and Kvale (2008) define semi-structured 

research interview as “an interview with the purpose of obtaining descriptions of the life 

world of the interviewee in order to interpret the meaning of the described phenomena.” 

Thus, interviews are not only about gaining new information on a research topic but also 

about learning what is important to those being studied (Robin & Robin, p. 20). Semi-

structured interviews are conducted in a consistent and systematic way, and they are led 

by broad predefined themes. The conversation is scripted beforehand with an interview 

guide, which consists of these themes to be covered during the interview and to help direct 

the discussion toward the research topics of which the interviewer wants to learn more 

(Hirsjärvi, Remes, & Sajavaara, 2009, p. 203; Myers & Newman, 2007). 

The unstructured interview is the most informal type of interview methods and closest to 

everyday conversations, and has its roots in the open-ended ethnographic interview 

(Hirsjärvi et al., 2009, p. 204; Qu & Dumay, 2011). The unstructured interview builds on 

the assumption that all the necessary questions are not known in advance (Qu & Dumay, 

2011). However, Brinkmann (2013) argues that there are no completely unstructured 

interviews, since the interviewer always has some kind of idea what topics the 

conversation should touch on. The goal is not to reach consensus on the issues discussed, 

but rather to have several viewpoints on an issue. 

The lead user method (Lüthje & Herstatt, 2004) advises interviewing experts for 

identifying needs and trends related to the field of study. In addition, for gaining enough 

knowledge to grasp the current state of the application domain, existing solutions and 

resources for the research, three in-depth expert interviews were conducted. The expert 

interviewees were researchers in Digital Health Revolution program and Digital Foodie 

and S Group stakeholders. The researchers were interviewed in person with prepared 

questions leaving plenty of room for in-depth discussion and brainstorming. One 

interview was conducted as group interview while the other two were unstructured. Group 

interviews fit well for exploratory studies in little-known domains since the dynamic 

social interaction in group discussions may provide more spontaneous results than in 

individual interviews (Brinkmann, 2013). Focus of these interviews was to fine-tune 

research methods, network with persons of interest and both broaden and limit the 

research area. Notes were drafted during the interviews, proofread and organized as 

Google Docs documents.  

Stakeholder interviews were conducted by phone. Again notes were made during and 

after the calls. Stakeholders provided more technical and detailed information about 

grocery taxonomies, database structures and limitations in the product data. The 
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stakeholder interviews were crucial for developing the purchase analysis application. The 

expert interviews lasted approximately for 30-45 minutes. 

Following the lead user model introduced by von Hippel (1986), study group candidates 

were screened with preliminary interviews to find out if prerequisites were met (e.g. the 

candidate could be considered as an early adopter and held S Group loyalty card). Once 

the chosen participants had signed a consent form (Appendix A) and delivered their 

grocery purchase data, an initial interview (Appendix B) was conducted to map the 

motivational factors. After each design cycle iteration, the study group were again 

interviewed to evaluate the designs. Evaluation interviews were to measure how well the 

research objectives were met in each iteration. Consequently, the results were utilized as 

input for the next iteration of the design cycle, in the form of requirements. 

In the initial participant interviews, the laddering technique was used to gain more in-

depth understanding of the participants' nutrition-related values and reasoning why they 

preferred one form of data visualization and disliked another. Laddering is an in-depth, 

one-on-one interviewing method for developing an understanding of how consumers 

perceive and translate products’ attributes into meaningful associations (Reynolds & 

Gutman, 1988). The laddering technique can be quite useful in user-centered design 

approach as it has the potential to provide information valuable throughout the whole 

design process (Jordan, 2002). 

As described by Reynolds and Gutman (1988), the technique involves an interviewer 

asking a participant to mention some feature in the product to be designed that he or she 

finds particularly positive or negative. The interviewer then asks for clarification “why is 

that important to you?” The participant responds and the interviewer asks why again. This 

cycle of questions and responses continues until the participant is able to give a valid, 

reasoned answer. The interviewer will then move on to inquire about another aspect of 

the product, and the process will be repeated. (Reynolds & Gutman, 1988.) 

According to Jordan (2002), an advantage of laddering is that the technique enables the 

interviewer to gather information about experiential properties, desired benefits and 

characteristics of the people for whom the product will be designed. It also gives 

information about the relation between these aspects. A disadvantage in laddering is that 

the technique can be relatively time consuming and somewhat demanding on participants 

as they may feel pressured to keep on justifying their statements with rational 

explanations. (Jordan, 2002.) To avoid this shortcoming, the inquiries were not plain why 

questions but rather mirrored interviewees' earlier replies. 

A total of 24 individual interviews were conducted for the study participants, 18 of which 

were done in person and 6 by phone. Several studies suggest that phone interviewing is a 

less-effective interviewing method, since in telephone interviews people are more likely 

to censor their answers in order to protect themselves, the connection is shallower and not 

best suited for sensitive discussion (Shuy, 2003; Trier-Bieniek, 2012; Weiss, 1995). For 

these reasons, all the initial interviews were done in person and only final evaluation 

interviews were conducted over the phone since the participants lived rather far apart.  

The study participant interviews were semi-structured and consisted of warm-up 

questions and questions about overall health, health and nutrition-related values and 

consumption habits. Some of the questions were aimed at triggering a proper mindset. 

For a set of statements, Likert scale was used to measure respondents’ level of agreement 

or disagreement allowing them to elaborate further their perceptions and preferences. The 
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interviews were recorded, selectively transcribed, coded and thematically analysed. The 

interviews lasted from 30 to 45 minutes each. 

The interviews were recorded and analysed according to the two-phase model presented 

by Robin and Robin (2011). In the first phase transcripts were refined and translated into 

concepts and themes, and then coded to retrieve what interviewees had expressed about 

the identified themes. In the second phase concepts and themes were structured into 

categories revealing the results of the analysis. These results were matched with research 

objectives and evaluation criteria. Based on the evaluation, the analysis results were 

translated into requirements of the following design cycle iteration. Interview guides and 

categorized themes of the interviews are listed in Appendixes B-D. 

2.4.2 Purchase reports 

The analysis on the S Group purchase report was central to the research since it served as 

the main resource for the experienced value creation process. The study members 

delivered their grocery shopping data, which was downloadable in Excel format via S-

Group’s portal. Every member sent their grocery shopping data from 16 preceding months 

through email.  

The purchase report contained data from every store visit when the participant had used 

his or her loyalty card at the cashier. The report listed each purchased item with time and 

date of the purchase, name of the store, product classification, product category and price. 

The report included all the purchases of every household member and hence it was not 

possible to separate individual consumption from the overall data. Following the lead of 

research by Reitberger et al. (2014b), it was up to the members of the household to make 

sense of the results and understand their potential implications for the entire family. A 

sample report is provided as an example in Appendix E. 

In addition to purchase reports, 10-20 receipts from S group stores were requested from 

each study member. The receipts provided the additional data for retrieving nutritional 

information for each bought product that the initial purchase reports lacked. Each receipt 

was scanned, and the name of the store, date of visit, product name and price were 

retrieved and stored into the database. Based on the receipts a profile was collected for 

each participant, which consisted of the most popular products with their nutritional 

values. Instead of attaching nutrients to single products, which was not possible based on 

the purchase report, the nutritional values were linked to the product categories. Finally, 

these steps of action were implemented into an analytics application that automated the 

profile creation. 

Clojure programming language was chosen to implement data analytics logic of the 

application. Clojure belongs to Lisp language family, which has a distinctive feature to 

represent all programs as data, in other words, “code is data” (Hinsen, 2009; Rochester, 

2013). Clojure is also a functional programming language. Functional programs are easier 

to test as functional programming encourages the elimination of common bugs (Emerick, 

Carper, & Grand, 2011; Hinsen, 2009). They are also more robust than the traditional 

ones and functional programming can promote elegant solutions to problems in 

mathematical modelling (Karczmarczuk, 1999). These features of the Clojure language 

eased building the application and speeded up the development process. 
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2.4.3 User-centered design 

The standardised user-centered design (UCD) approach provides a human centred 

perspective that can be integrated into design and development processes in a way that is 

suitable for a particular context (ISO, 2010). The standard requires that the design is based 

on an explicit understanding of users, their tasks and environments, and that users are 

involved throughout the design process, where the design is driven and refined by user-

centred evaluation (ISO, 2010). 

The UCD process follows closely the activities of Peffers et al.’s (2008) design science 

research methodology. The activity of defining objectives, designing alternatives, 

building prototypes and evaluating them are intertwined, as artifacts may be evaluated 

through prototyping and the results are fed back to the process for further design or due 

to identified missing requirement (Gould & Lewis, 1985; Preece et al., 2015, p. 331). 

Implementation of the UCD process in the development of digital health applications is 

critical for ensuring the effectiveness of the design regarding sustained behavioural 

change in the users of the application (McCurdie et al., 2012).  

Preece et al. (2015, p. 322) regard UCD more as a design philosophy than technique. In 

UCD, the user is considered to be an expert who is the only guide to the designer, whereas 

the designer's role is to transform the user’s needs and motivational factors into a design 

solution. The actual users and their needs, not just the technology, are the driving force 

for development. Consequently, a well-designed device or an application makes the most 

of the human skills, is directly relevant to the activity at hand, and supports rather than 

constrains the user. (Preece et al., 2015, p. 322.)  

To achieve the research objectives, the study participants were involved early on to 

contribute to the visual prototype designs. Participatory design combined with interviews 

was expected to be an effective way of sparking insight how to extract value from the 

purchase data. Participatory design aims to conduct design with the users, facilitating 

innovative activities by the users, and let the designers to develop solutions for the users 

(Törpel, Voss, Hartswood, & Procter, 2009). Participatory design is a UCD approach and 

seeks to involve users throughout the design process by, for instance, observing users, 

interviewing them, modelling their performance or asking them to become co-designers 

(Mao, Vredenburg, Smith, & Carey, 2005; Preece et al., 2015, p. 16).  

The idea of participatory design was born in Scandinavia during the 1960s and 1970s to 

meet the desire to communicate information about complex systems, and to allow workers 

to influence the design of applications and environment at their workplace. Involving 

users and their needs through the process and with constant prototyping helped the 

workers to engage deeply with the process of designing practical solutions. (Nygaard, 

1990.) 

Participatory design has contributed significantly to the development of health 

applications (Preece et al., 2015, p. 418). McCurdie et al. (2012) have discovered that 

consumers easily abandon digital health applications that do not immediately engage 

them, thus undermining potential intervention’s effectiveness in the application. 

However, when users are engaged throughout the development process, the key 

requirements can be identified that could otherwise be missed (McCurdie et al., 2012).  

Design probes are another UCD approach for understanding human behaviour and 

exploring design opportunities (Mattelmäki, 2006). A technology probe was used as part 

of the initial interview to spark new ideas and to provide the participants with an 
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experience of interacting with the visual representation of their purchase data that they 

could later discuss on. As defined by Hutchinson et al. (2003), the technology probes are 

simple and flexible technical aids for designers with three goals: to gather information 

about the users and the use of technology in a real context, to field test technology, and 

ideally to inspire designers and users to envision new technologies and new uses for 

existing technologies. Probes function as a dialect between researchers and participants 

“providing new perspectives that can constrain and open design ideas" (Gaver, Boucher, 

Pennington, & Walker, 2004). In their study, Hutchinson et al. (2003) found out that 

technology probes motivated discussion in interviews through real-life use scenarios. 

Similarly, Rogers (2015, p. 235) argues that semi-structured interviews in conjunction 

with probes are a useful combination for getting more information. Semi-structured 

interviews are intended to be widely replicable, so probing should aim to help the 

interview along without introducing excess bias (p. 235).  

Technology probes differ from prototypes in a number of ways. Fitton et al. (2004) 

describe technology probes as adaptations of cultural probes with the difference that 

technology probes seek to embed inspiration within the design process, whereas cultural 

probes provide inspiration for the design. Hutchinson et al. (2003) encourage to use 

probes in the early stages of projects to inspire design. Technology probe should be as 

simple as possible with two or three easily accessible functions whereas prototypes may 

have many layers of functionality and address wide range of needs. Usability is not 

usually the primary concern when designing probes, when again improving usability is 

essential for prototypes and the design is altered during the development based on the 

user input. Lastly, technology probes collect data about users, and one should provide 

means to visualize the use of the probes, which can be discussed with both users and 

designers. (Hutchinson et al., 2003.)  

As suggested by Hutchinson et al. (2003), designing the technology probes were included 

in the preparations for the study group’s initial interview. Screenshots of the designed 

probes are presented in Figure 9 and Figure 10 (p.41). In addition to participatory design 

with technology probes, other widely used UCD methods include user requirements 

analysis, iterative design, group and individual user interviews, prototyping and informal 

expert reviews (Mao et al., 2005), all of which were used in the study to gather data during 

the relevance cycle (Hevner, 2007). 

2.5 Validity and reliability 

The number of participants taking part in the study was eight, which does not yet represent 

any population nor give grounds for generalization. However, the study was explorative 

in nature, and the focus was in selecting qualitative methods that were well-suited for 

discovering potential value in purchase data utilization, novel design ideas with users, 

user-centered designing and evaluation of those designs. Most qualitative approaches are 

often criticised for being subjective, although all methods, not just qualitative methods 

are prone to misinterpretations and that all practitioners may bias the outcomes of their 

research, since hastily constructed experiments and applied analysis can lead to bias and 

subjectivity in the research process (Adams, Lunt, & Cairns, 2008). 

Qualitative interview as data collection method holds some potential pitfalls and 

weaknesses. Artificiality of the interview, as described by Myers and Newman (2007), 

refers to the fact that interviews are always artificially constructed events and might 

involve interviewees creating opinions under pressure. Since the interviewer is always 

present and influences interactions, interviews are always intrusive in nature and may 
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alter people's behaviour and thus results (Fontana & Frey, 2000). Interviewing involved 

asking subjects to reveal their personal information, such as their health condition and 

food consumption habits. It is possible that interviewees considered health- or nutrition-

related questions too sensitive and retained some of their consumption habits to 

themselves. Myers and Newman (2007) refers to this pitfall as lack of trust. Additionally, 

in the context of healthy living and dietary habits, people usually want to appear 

knowledgeable and rational, and thus may construct a story that is logical and consistent 

even though their behaviour might not be (Fontana & Frey, 2000). 

The interviews were conducted in a systematic way, with a pilot study to test the validity 

of the questions and the interview guide. All the interviews were recorded with recordings 

made available for further study. In addition, the application evaluation sessions were 

recorded with heat maps and mouse movement tracking software1 to improve the 

accuracy of the analysis. 

First, to be able to access their purchase data, the study group members were required to 

hold S-Group loyalty card. Second, since the lead user method strongly guided the 

selection of participants to include only early adopters, the method selection led to high 

potential of an elite bias. Therefore, the gathered data might have differed substantially if 

the selection criteria for participants would have been different. Still, having participants 

with high interest in nutrition and technology, may have potentially invited new ideas and 

inventions that would otherwise have left unrevealed, delivering only results already 

discovered by digital health studies listed in the third chapter. 

The purchase report provided only a snapshot of grocery data from a 16-month period, 

which still gave a good overall view of expenses and consumption pattern over the period. 

The purchase report contained data about purchased product categories with no precise 

information on bought individual products or their quantities. The participants provided 

receipts, circa 10-20 each, to add the nutrition consumption estimates presented by the 

visual prototypes. The estimates were merely approximations and the accuracy varied 

based on a number of receipts received. There were no other ways of collecting purchase 

data with precise nutritional information through any other means than based on the 

delivered receipts. Therefore, if the participant had changed his or her diet or grocery 

shopping behaviour prior to the submitted receipts, these changes did not appear in the 

nutritional data visualizations. During the evaluation interviews, each participant was 

asked whether they detected inaccuracy in the visualizations. There would have been the 

possibility of the visualization inaccuracy affecting the results, if the inaccuracy had been 

noticeable. Reliability of the purchase report analysis was improved by presenting the 

analysis plan to DHR researchers and stakeholders, who then reviewed it and contributed 

to the rigour of the data analysis. These expert interviews are discussed more in section 

4.2. 

                                                 

1 Inspectlet is a screen capture and eye-tracking analytics software for tracking web site visitors (Inspectlet, 

2016). More information about the software can be found at www.inspectlet.com. 
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3. Prior research 

Prior research and literature related to the thesis’s area of concern and theoretical 

framework is divided into three categories: digital health, value co-creation and 

information visualization as shown in Figure 4. Within digital health, quantified self 

movement and self-tracking are explored in detail in the first section. The concept of 

value co-creation and its dominant paradigms are described in the second section. 

Information visualization is defined in the third section. 

 

 

 

 

Figure 4. The theoretical framework of the thesis consists of three fields with subfields and 
concepts. 

3.1 Digital health 

Digital health revolution is a movement allowing individuals to monitor their personal 

digital health data generated by wearable sensors or applications, and recorded by clinics 

and laboratories where they receive the care (Klonoff, 2013; Thomas & Bond, 2014). 

Lupton (2013) defines digital health as a combination of new digital technologies 

delivering health care, preventive medicine and health promotion. Often digital health is 

also referenced as Health 2.0, eHealth or mHealth. The focus is on measuring and 

monitoring the activities and functions of the body and encouraging self-care and 

promoting a healthier lifestyle for ordinary people. (Lupton, 2013a.) Expectedly the Web 

was one of the first digital health technologies, both in the context of research and 

consumer products (Thomas & Bond, 2014). 

Current mobile digital devices now allow ubiquitous computing and are increasingly 

connected to each other as part of the Internet of Things (Atzori, Iera, & Morabito, 2010). 

Digital health is made possible by the portability of these devices, the opportunity to 

connect them wirelessly to technologies embedded with sensors monitoring the 

environment and bodily activities, readily exchange data and interpret it with 

DIGITAL HEALTH  

VALUE CO-CREATION INFORMATION  
VISUALIZATION 
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sophisticated algorithms making use of increased computing power of the mobile devices 

(Klonoff, 2013; Lupton, 2013a). As of 2012, already 500 first-generation quantified 

tracking devices and applications existed including Fitbit, MapMyRun, Nike Fuelband, 

and The Eatery (Swan, 2012).  

Pew Internet Research published a report in 2013 where 46% of tracking device and 

application users claimed the tracking activity to have changed their overall approach to 

maintaining health, and 34% of the users said tracking to have affected a decision about 

how to treat an illness or condition (Fox & Duggan, 2013). The first-generation devices 

had already quantitative and qualitative dimensions such as social, technological, and 

technical capabilities (Swan, 2012). Now, health-related smart tracking devices include 

smart watches measuring heart rate, mattresses monitoring sleep patterns and body 

temperature, shoes and clothing recording activity and physical data (Lupton, 2014). 

Pantzar and Ruckenstein (2015) predict that we may soon be seeing various measurement 

devices that inform us of dangerous deviances in our body and its environment. 

Digital health applications can be thought as complex interventions. To be effective, they 

will need to result in changes of behaviour in both health-care professionals and 

individuals who use them (PLOS Medicine Editors, 2013). Digital health technologies 

are more and more endorsed in the health promotion and preventive medicine literature 

as offering unprecedented opportunities to reach and affect groups of people engaged in 

self-monitoring of their health-related behaviours (Lupton, 2013a). Potentially digital 

health phenomenon will have impact on the systems and processes involved in the 

delivery of the care (PLOS Medicine Editors, 2013). 

These technologies also allow both to track and collect masses of data of these behaviours 

for monitoring populations, and to collect as much data as possible about individuals and 

their health states, everyday habits and about their geographical and social environment 

(Lupton, 2013a). Most of the application data is stored in the cloud, and subsequently 

obligating data privacy, security, and ownership concerns to be addressed (Swan, 2013). 

Emerging digital health data has drawn attention to the possible ways in which data sets 

may be used to make assumptions and inferences about individuals and social groups they 

belong to (Lupton, 2015). Predictive algorithms based on individuals' personal data are 

utilized in social and economic domains to derive indicators for targeted marketing, but 

also, whether they pose risks such as the possibility of taking part in criminal acts or even 

terrorism (Lupton, 2015). 

3.1.1 Quantified self 

The quantified self refers to individuals engaged in monitoring and recording of any 

biological, physical, behavioral, or environmental information to enhance self-knowledge 

and foster reflection (Li, Dey, & Forlizzi, 2010; Lupton, 2014; Swan, 2012). The term 

quantified self was invented in 2007 by two Wired magazine editors, Gary Wolf and 

Kevin Kelly (Lupton, 2014). The quantified self is becoming a mainstream phenomenon 

in digital health as already in 2013 60% of American adults were engaged in self-tracking 

their weight, diet, or exercise routines (Fox & Duggan, 2013). Personal informatics is 

used in research to describe similar behaviour (Epstein, Cordeiro, Bales, Fogarty, & 

Munson, 2014; Li et al., 2010; Whooley, Ploderer, & Gray, 2014). 

At the heart of the quantified self movement is the Quantified Self community, which in 

January 2016 comprised 211 worldwide meetup groups in 36 countries with nearly 60000 
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participants (Quantified Self Labs, 2016). According to Ruckenstein (2014) the 

participants of the quantified self movement, self-trackers, are trying to optimize their 

healthiness by making their bodies and minds more legible through measurement data. 

Personal analytics makes possible to map and track individual physiological responses 

and behavior, such as heartbeat, everyday movements, the number of steps taken per day 

(Ruckenstein, 2014). With new data streams and the greater visibility of bodily 

information allows self-trackers to make more responsible choices based on the health 

data (Edwards, Harvey, & Wade, 2010, p. 163). 

Some of the self-trackers simply collect data about themselves as a way of remembering 

and monitoring aspects of their lives, while others are specifically more goal-oriented and 

seek to reveal patterns, reflect on, and discover meanings out of the data they choose to 

collect (Epstein et al., 2014; Li, Dey, & Forlizzi, 2011; Whooley et al., 2014). Once the 

data is collected, it is organized, analysed, interpreted and represented by a self-tracking 

application by producing statistics, graphs or other forms of data visualisations to offer 

insights into the user's life (Lupton, 2014). In data analysis, according to Swan (2012), 

the objective is to sift through large sets of collected data to find an exception that is a 

sign of shift in a behavioural pattern or an early warning signal. Ultimately, 99% of the 

data may be useless and easily discarded (Swan, 2012). 

Human-computer interaction (HCI) research has explored the benefits of self-tracking 

technology to encourage reflection on a variety of behaviours, such as our nutritional 

choices (Smith, Frost, Albayrak, & Sudhakar, 2006), consumption behaviour (Reitberger 

et al., 2014a; Tollmar, Bentley, & Viedma, 2012) and exercising habits (Consolvo, 

Everitt, Smith, & Landay, 2006). In their research of self-tracking with smart devices, 

Tollmar et al. (2012) observed 8 out of 10 participants to lose weight 1.6 kg on average 

during their 2-month study period. Research on people engaged in the quantified self 

movement has demonstrated the value and meaning of emotional responses the self-

tracking activity gives to their users (Lupton, 2015; Pantzar & Ruckenstein, 2015). 

Ruckenstein and Pantzar (2015) have found out that the self-trackers gain a great deal of 

pleasure from noticing how their physical activities contributed to a “good” data reading. 

The study participants enjoyed reviewing the visualisations of their personal data, and 

when their attention was drawn to certain parts of their bodies, such as their heart with 

heart rate data, they began to focus more on these parts than others. The personal data that 

was generated from the sensors, came to change the ways in which the participants 

thought about their bodies and their everyday activities. For the study participants, the 

metrics generated by the tracking data were invested with personal significance because 

they were about their own bodies. The data visualisations were seen as more credible and 

factual insights into their daily lives than their subjective bodily sensations. Thus, a new 

kind of value was given to everyday activities, interactions and to the parts of their bodies 

of which these devices gathered data. (Pantzar & Ruckenstein, 2015.) 

3.1.2 Factors motivating self-tracking 

Research has identified a number of factors motivating people to collect and reflect on 

their personal data. Motivational factors found in three studies are listed in Table 1. 

Whooley et al. (2014) studied the Qualified Self community members, who collected a 

variety of health and lifestyle related data. The health data was focussed on diet, 

bodyweight, and tracking of sleep quality, stress levels, diabetes and fitness levels. The 

researchers were able to derive two different intentions driving the self-tracking activities: 

self-improvement and curiosity. A specific goal drove the community members seeking 
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self-improvement, and they used technologies to quantify and analyse both the factors 

that contributed to their goal as well as the outcomes. Members motivated by curiosity 

were not guided by a desire to improve, but rather were opportunistic and examined the 

data that was readily available simply out of curiosity. (Whooley et al., 2014.) 

Ruckenstein (2014) received similar results in her study, where self-tracking was 

approached with curiosity as people expected to be entertained and surprised by the 

research findings and they wanted to learn new and unexpected things about themselves. 

Table 1. Motivational factors for self-tracking activities. 

Motivation Frequency Tracked data Source 

Curiosity 24 of 51 

participants 

Health and lifestyle Whooley et al. 

(2014) 

Self-improvement 27 of 51 

participants 

Health and lifestyle Whooley et al. 

(2014) 

Curiosity / long-term 

overview of purchases 

48% of  

participants 

Groceries Reitberger et al. 

(2014a) 

Curiosity / carbon 

footprint of purchases 

80% of  

participants 

Groceries Reitberger et al. 

(2014a) 

Curiosity / total costs 

of purchases 

83% of  

participants 

Groceries Reitberger et al. 

(2014a) 

Self-improvement by 

nutritional choices 

not available  Groceries Reitberger et al. 

(2014a) 

Curiosity 3 of 15  

participants 

Life events, web history, 

collections 

Li et al. (2011) 

Self-improvement by 

change in behaviour 

11 of 15 

participants 

Expenses, weight data, 

blood glucose, sleep 

quality 

Li et al. (2011) 

Self-improvement by 

coordination 

1 of 15  

participants 

Expenses Li et al. (2011) 

 

In their research of grocery shopping behaviour, Reitberger et al. (2014a) found out that 

nearly half of the study participants were interested in a long-term overview of their 

purchased products, 80% on health and nutritional aspects and 83% on costs. Three 

product categories sparked the most interest among the users: 1) fruit and vegetables, 2) 

fatty food, sweets and savoury products and 3) fish, meat, sausage and eggs. Based on the 

Whooley et al.'s (2014) classification, these interests were mainly driven by curiosity. 

Also, a few participants quoted in the study expressed their interest in dietary 

improvements, such as reducing consumption of meat and adding more vegetables to the 

grocery list. Even though Reitberger et al. (2014a) were not able to track fruits and 

vegetables grown from users’ gardens and thus not appearing on shopping receipt, users 

still found the information displayed by the system meaningful and were able to use it to 

make sense of their nutrition consumption patterns. The study showed no correlation 
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between age or gender and fondness to new technologies or preferences regarding long-

term overviews. Thus, interest in grocery shopping data does not only appeal to especially 

tech-savvy consumers but has the potential to reach the average shopper without 

excluding large user populations. (Reitberger et al., 2014a.) 

In the study of Li, Dey and Forlizzi (2011), the participants’ data consisted primarily of 

financial expenditures, sleep quality and weight data. The participants reported their 

primary interest for collecting the quantified self information to be factors affecting their 

behaviour, such as how one’s physical activity level and food consumption might affect 

one’s weight. By knowing the factors, people believed to be able to act on those factors 

to change their behaviour. The participants were interested in data that revealed their 

current health status to see if they should adjust their behaviour to meet their goals and 

also to seeing their data over the long term to find trends and patterns. In addition to 

wanting to know their status and long-term history, people also wanted to figure out what 

goals would be appropriate to pursue. Sometimes the participants began self-tracking 

without knowing their goal and they used tracking their health information as a way to 

find out what actions they should take to fix a health problem or establish a baseline of 

their activities to see whether they have a problem. (Li et al., 2011.) 

Self-tracking practices are expanding to new areas as the collection and analysis of 

personal data are done in different social contexts and institutions such as insurance 

companies, schools, workplaces and healthcare facilities (Lupton, 2014; Ruckenstein, 

2015). Self-tracking helps to uncover visual and temporal patterns in everyday lives in 

order to promote health, and from this perspective, self-tracking can be adopted as part 

of a new way to offer care and gain value about the social and communicative processes 

that it promotes (Ruckenstein, 2015). 

3.1.3 Challenges in self-tracking 

Societal trends like healthier diets and taking care of one's health have further promoted 

self-tracking technology (Lupton, 2013b). While smart devices and digital health 

applications have made the collection of personal data more convenient, research 

indicates that the variety and volume of available data sources have introduced new 

challenges (Choe, Lee, Lee, Pratt, & Kientz, 2014; Li et al., 2010). Data is being stored 

in a number of systems in multiple formats, which complicates exporting and sharing the 

personal information (Whooley et al., 2014). In addition, volume and complexity of the 

data also require a set of skills to decide what data to collect, how to integrate data and 

how to make sense of it and learn from it (Whooley et al., 2014). 

In their research, Gencoglu, Simila, Honko and Isomursu (2015) collected 15 types of 

personal data from 20 participants. Only a few of the organizations who responded to the 

data requests provided the data in formats easily accessible by analytics tools. Still, 

concurrent analytics and machine learning systems require high quality data for 

producing accurate predictive analysis. The study revealed a number of practical 

challenges in utilizing personal data. Organizations do not yet see value in providing the 

data or were reluctant to release it in usable formats. (Gencoglu et al., 2015.) 

In the study of Reitberger et al. (2014a) data entry was challenging due to the fact that 

receipts showed only the name and price of a product and not all the retailers provided 

the information the users considered interesting. Some receipts required the researchers 

to check calories and the package size directly in the store. In households with two or 
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more members, it was up to the members to make sense of the results, since individual 

food intake did not show in the data extracted from the receipts. (Reitberger et al., 2014a.) 

Many commercial backend systems do not offer public APIs that third party application 

developers or self-trackers themselves could utilize in data entry automation. Therefore, 

much work is still left to the users requiring time and commitment (Whooley et al., 2014). 

Monitoring devices and applications needed for tracking are sometimes experienced 

intrusive to everyday routines, even though this can be avoided by application design and 

technical support (Li, Dey, & Forlizzi, 2012; Reitberger et al., 2014a; Ruckenstein, 2014).  

According to Ruckenstein (2015), much of the output produced by smart devices and 

digital health applications fails to engage their users, and it cannot be taken for granted 

that the data flows generated by health and wellness applications are useful and of interest 

to all the users. In addition, digital health applications require support for sensors and 

features that are not present in all the smart phones. Also setting up the smart devices and 

interpreting the data with applications requires some technical skills, and users might 

simply lack the motivation for tracking their health. (Ruckenstein, 2015.)  

In their research of self-tracking and behaviour change, Ploderer et al. (2012) discovered 

that some people are concerned about making a long-term commitment because they 

simultaneously desire and resist. Regarding food tracking applications, there is a potential 

for getting negative or even harmful results as self-tracking may encourage behaviour that 

fails to promote health. The anorectics participating in pro-ana communities, for instance, 

share weight-loss tips that take advantage of various forms of self-tracking technologies 

(Boero & Pascoe, 2012). 

3.2 Value co-creation 

Companies are taking more active role in the customer value creation process and shifting 

their attention from the sale of goods to support customer's value-creation to discover 

more innovative service-based business models (Grönroos, 2008; Saarijärvi, Grönroos, 

& Kuusela, 2014). The aim of the thesis is to answer the question what value if any does 

the use of grocery shopping data bring to the customers and the enterprises offering it. To 

discover the process how the value is created and what the outcomes are, service-

dominant logic, service logic and customer-dominant logic are used as guiding paradigm 

and framework. Two real-world applications are further studied relating to health and 

grocery shopping data. 

Customer data and purchase data are defined as point-of-sales data resulting from the 

customer's direct actions (Saarijärvi, 2011). Point-of-sales data is generated automatically 

at the moment of transaction containing information for the retailer such as what was 

bought, when, where, gained revenue, and if loyalty card is used, by whom (Plattner, 

2014). 

Traditionally collecting customer data has only supported company's internal processes, 

such as marketing, customer segmentation, category management and supply chain 

management. However, according to (Saarijärvi et al., 2014), consumer data may reveal 

hidden patterns that can be utilized in discovering new business service models and design 

new products (Matthing, Sandén, & Edvardsson, 2004). In addition, consumer data is 

utilized in direct marketing campaigns, where consumers are targeted only with 

promotions they find relevant (Saarijärvi et al., 2014). 
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The provided data can be considered converted into information when it is useful to the 

receiver, or in other words, data has relevance and purpose for the receiver (Ackoff, 1989; 

Drucker, 1988). The concept “reverse use of customer data” can be defined as a process 

where a company translates its customer data into information, which directly benefits 

customer's value creation process (Saarijärvi, 2011). Reverse use of customer data can be 

considered as a way to provide customers additional resources used in their value creating 

process (Saarijärvi et al., 2014). Customer data can create value that would not be possible 

only through the provision of goods. However, the customer data has to be refined for the 

benefit of the customer, not the company (Saarijärvi et al., 2014). 

Lusch and Vargo (2014) define value as a benefit or an increase in one's well-being, which 

is perceived and determined by the customer when using a product or a service. Grönroos 

(2008) argues that only through consumption or by using a service, such a digital health 

application, the value is realized, and the use of the value actualizes. Furthermore, 

Heinonen, Strandvik and Voima (2013) state that value is embedded in the customer’s 

everyday experiences. 

3.2.1 Two case studies: Nutrition Code and Nutriflect 

To gain more understanding on value creation of food retailing purchase data, two case 

studies were examined in detail that portray value co-creation based on grocery shopping 

customer data. The first one focused on an internet-based service application Nutrition 

Code that provides customers with detailed information about how healthy their groceries 

are. The case study is part of dissertation Saarijärvi presented in 2011. In his thesis, 

Saarijärvi extends the CRM framework and presents new service perspective to customer 

data usage. 

Kesko Food (2009) started piloting the Nutrition Code in 2006, and made it available to 

the public in 2009. Figure 5 shows a view what the service looked like at that time. The 

online service combined point-of-sale data generated by company’s customer loyalty 

program with nutritional information about groceries. The nutrient input was collected 

from a database maintained by the National Institute for Health and Welfare. The service 

first compared customer-specific purchase data with nutritional recommendations 

provided by the National Nutrition Council, and then calculated customer-specific 

nutritional profiles. Customers could monitor the healthiness of their grocery shopping 

habits and get advice how to improve the quality of their diets. (Kesko Food, 2009.) 

The second case study was based on the Nutriflect system that (Reitberger et al., 2014b) 

introduced as part of their research. Similarly to the Nutrition Code, the system made use 

of customers’ shopping data to inform them about their long-term grocery shopping 

habits. The system visualized the data and aimed to raise awareness about household’s 

collective shopping behaviour. The Nutriflect encouraged customers to reflect on 

shopping and nutritional choices. The study identified issues regarding the design of 

Internet of Things applications and explored tailored cues displayed in the context 

together with the data. (Reitberger et al., 2014b.) 

These two cases of food retail industry had intriguing similarities to the artifact built for 

conducting the current study. Exploring further these two case studies, three service 

marketing perspectives are presented. 
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Figure 5. A screenshot of Kesko Food’s Nutrition Code when the service was launched in 2009 
(Internet Archive, 2009). 

3.2.2 Value co-creation in service-dominant logic and service logic 

Traditional goods-dominant logic (GDL) defines value as something that a company 

defines itself and embeds into their goods during manufacturing (Lusch & Vargo, 2014). 

The grocery shopping customer data can be seen as a resource, but the data has little value 

in itself (Davenport & Prusak, 1998). Traditional GDL paradigm does not sit well with 

explaining the profit and value generated by the reverse use of customer data, since 

economic exchange and value have been traditionally attached to goods and physical 

resources.  

Coined by Vargo and Lusch (2004), service-dominant logic (SDL) is an alternative view 

to the traditional goods-centered perspective for understanding exchange and how value 

is formed. SDL has ten foundational premises. Eight of these were introduced in the initial 

article by Vargo and Lusch (2004) and two additional premises were added in 2008 by 

the original authors (Lusch & Vargo, 2014). There are four axioms, which capture the 

essence of SDL, and from these, the other six premises can be derived (Lusch & Vargo, 

2014). The four main axioms are described in Figure 6. 

Stated by the first axiom (A1), SDL is a service-centered paradigm and relies on the idea 

that service is the basis of all social and economic exchange. SDL regards goods only as 

transmitters of service and means for the customer to benefit from companies' 

competencies. (Vargo & Lusch, 2004.) 

According to the third axiom (A3) of SDL, customers are resource integrators, who create 

value by integrating necessary resources from various sources, using the skills they have 

(Grönroos, 2008). For example, while cooking dinner, a customer integrates groceries 

with kitchen appliances and his or her cooking skills and, as a result, value for the 

customer emerges. In a similar fashion customer data can produce value when integrated 

with customer skills and third-party applications mixing and enriching the data. 
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Furthermore, the fourth axiom (A4) of SDL states that actual value of the service is 

ultimately determined by the customer. When approaching value creation as a customer-

led process, pressure is put on the food retailers as they need to adopt new ways how to 

increase customer value and go beyond the traditional exchange of goods for money 

(Grönroos, 2011). Emphasis should not only be put on goods or services alone according 

to Saarijärvi et al. (2014), but on the resources relevant to customer's value creation. For 

this companies need in-depth understanding how they can better organize additional 

support for customers, with resources producing an increase in value. 

 

 

Figure 6. The four main axioms of service-dominant logic. 

Second axiom (A2), presenting the concept of value co-creation, is the one of the most 

interest for the current study. In short, co-creation is a process, where the customer and 

the company work collaboratively, and co-creation of value represents a joint creation of 

value by these parties (Prahalad & Ramaswamy, 2004). Grönroos (2011) defines value in 

co-creation as the perception of increased utility or obtained benefit by the consumer. 

According to SDL, companies do not determine the meaning of value, but both customers 

and producers collaborate in creating the value in an interactive effort (Lusch & Vargo, 

2014). 

Grönroos (2008, 2011) has criticized some of the fundamental constructs of SDL, 

especially value co-creation. Grönroos’ perspective to service marketing, service logic, 

makes a clear distinction between customer service logic and provider service logic 

(Grönroos, 2008). The first refers to customers integrating the resources provided by the 

company with other resources in their everyday life. The second takes a company’s 

viewpoint by stating that by interacting with customers, a company has an opportunity to 

co-create value with them and for them (Grönroos, 2011). In these interactions, a 

customer and a company can influence each other, and they are the customers who create 

value for themselves as a result of their resource integration process (Grönroos 2008). 

Both SDL and service logic share the service-centered view of customer orientation, as 

the customer determines the value when using a product or a service, referred to as value-

in-use. However, in SDL the customer is always a co-creator of value taking actively part 

in the co-creation process (Vargo & Lusch, 2004), whereas service logic allows the 

customer to be a sole value-creator, not always a co-creator (Grönroos, 2008). 

Furthermore, research by Payne, Storbacka and Frow (2007) highlight the roles of the 

customer and the provider as they jointly create value and develop significant 

competencies together such as learning and knowledge. Along the lines of participatory 

design in HCI, the authors highlight the benefit of customer involvement at every stage 

of the product or service development, with the importance of communication and dialog 



28 

between the parties in co-creation. From the perspective of service logic, Grönroos (2008) 

admits that co-creation of value may only happen in interaction.  

If the interaction is understood as something that can take place only when the customer 

and the provider engage in activities at the same time, this is not the case with reverse use 

of customer data. Consequently, Saarijärvi (2011) has proposed a broader perspective on 

interaction, where interaction takes place through the information provision: a company 

communicates with its customers by offering them information on their groceries’ 

healthfulness and the customers talk back through decisions concerning their food 

consumption. Thus, the company is able to influence customer’s value creation process 

with additional support to their value creation, which again is determined by the 

customer’s actions (Saarijärvi, 2011).  

3.2.3 Value formation in customer-dominant logic 

The third perspective to value formation is customer-dominant logic (CDL), presented by 

Stauss et al. (2010). It is a conceptual model for investigating customer’s experienced 

value. According to the model, value is not limited to transactions or value-in-use (Stauss 

et al., 2010). In CDL value is not created, it is formed, as value is not always purposely 

established by the company or in a co-creation process. Even when customers create new 

value, it is not always a deliberate process. Value gets created through customers’ 

behavioural and mental processes when customers interpret experiences and "reconstruct 

an accumulated customer reality where value is embedded". (Heinonen et al., 2013.) 

CDL requires service to be seen from customer's perspective, and the focus should not 

only be limited to the interactions between customer and service provider, but also to 

include the customer's other activities that are relevant to creating customer value 

(Mickelsson, 2014). Stauss et al. (2010) have divided the customer activities into three 

spheres illustrated in Figure 7: core activity, related activity and other activity. Customer's 

experience of value depends on what is going on in all three spheres (Mickelsson, 2014; 

Stauss et al., 2010). 

 

Figure 7. Customer activities in CDL (adapted from Mickelsson, 2014). 

Stauss et al. (2010) define customer's core activities as those which are immediately 

related to using the provider's service. The service provider has influence over the core 

activities, for example communicating and interacting with the customers or using the 

supplier's product. Here, CDL bears some similarity to Grönroos’ service logic. In service 

logic inner sphere is also present as "joint sphere" of value creation, where and only where 

the co-creation of value between customer and the provider is possible (Grönroos & 
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Voima, 2012). Table 2 shows how customer activities in CDL may be applied to the case 

studies. 

Table 2. Customer activities reflected in the two case studies. 

Customer 

activity 

Nutrition Code 

(Kesko Food, 2009; Saarijärvi, 2011) 

Nutriflect 

(Reitberger, Spreicer & 

Fitzpatrick, 2014a, 2014b) 

Core 

activity 

Customers applied for an account in the 

online service, used the service to 

retrieve nutritional information of their 

groceries, and accessed product 

recommendations.  

Participants set nutritional goals 

for the system, logged in or 

scanned purchases, and checked 

on the nutritional information of 

their purchases.  

Related 

activity 

Customers used nutritional advice to 

improve their healthy-eating based 

lifestyle and followed their food 

consumption, such as losing or gaining 

weight, or check on how healthfully their 

children are eating. The use of the 

service resulted in excitement, 

entertainment and frustration. 

Participants followed carbon 

footprint of their groceries. Long-

term change in participants’ food 

consumption patterns was 

reported, in addition to raised 

awareness of participants’ 

consumption patterns and 

reflection on nutrition. 

Other 

activity 

Arranging other tasks to make time to 

use the service. 

Participants collected receipts for 

the study. 

 

Related customer activity consists of those customer value-creating activities that are 

invisible to the service provider (Heinonen et al., 2010). Mickelsson (2014) describes 

these activities like the ones that the customer needs to engage in before using the service, 

for example preparing the needed information before signing up to an online service. 

Other customer activities are those that have an indirect influence on customer value 

creation. These activities do not directly form the value, but they still have influence on 

how the value is formed. (Mickelsson, 2014.)  

3.2.4 Additional perspectives on value co-creation 

In addition to SDL, service logic and CDL, other approaches to value co-creation include 

service science (Maglio & Spohrer, 2007) and postmodern marketing (Firat, Dholakia, & 

Venkatesh, 1995). Together the various service marketing approaches emphasize 

different characteristics and lack a clear basis for how value is created (Saarijärvi, 

Kannan, & Kuusela, 2013). The differences between value creation and co-creation seem 

hazy as each author interprets them with different aims. Grönroos (2011) concludes that 

we know very little about the process of value creation, which is among the most poorly 

defined, unclearly used concepts in service marketing. In their research, Fisher and Smith 

(2011) found out that co-creation is getting more interconnected and chaotic process, 

where control is rapidly shifting from corporations to consumers. 

By exploring different approaches to value co-creation, one might be able to gain a better 

understanding of the concept, its nuances and outcomes. In service marketing literature 

on value co-creation, it often remains unclear whether value translates to customer value, 

company value, or both. For instance, SDL interprets value co-creation in a broader sense 

than service logic, since it argues that only through interaction between customer and 

company value may be co-created (Grönroos, 2008). Saarijärvi, Kannan et al. (2013) 
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claim that diversity of the concept is caused by contradicting interpretations of "value", 

"co-" and "creation": what kind of value for whom is created, by what kind of resources, 

and through what kind of mechanisms. Table 3 demonstrates how this approach of 

reducing the complexity of the concept might be applied to the two case studies. 

The "creation" in value co-creation refers to the process of integrating different resources 

from different actors in order to manifest their value potential, as described by Saarijärvi, 

Kannan, et al. (2013). These mechanisms allow different actors to provide resources to 

be integrated into value creation processes and then developed into value-in-use. The 

authors define these mechanisms as activities led by the company or customer through 

which additional resources are offered for other actors to be absorbed. 

Following on Saarijärvi’s (2011) research on reverse use of customer data, Saarijärvi, 

Kuusela and Rintamäki (2013) categorized the ways in which customers found value 

while using the Nutrition Code. Four types of use was recognized: playing, check-

pointing, learning and goal-oriented use. Using information for entertaining purposes is 

considered playing, such as being able to know vitamin intake or amount of fat in one’s 

groceries’. Check-pointing refers to customer’s interest in the usefulness of the data, such 

as healthiness of their groceries in relation to recommendations provided by the 

authorities. When experience raising from the information “opens customer’s eyes”, 

Saarijärvi et al. (2013) characterize this as learning. The authors consider use of 

information as goal-oriented, when the customer accomplishes something greater with it, 

for instance, reaches a preset goal or reducing weight (Saarijärvi et al., 2013).  

Mathwick and Rigdon (2004) found out in their research that goal-directed activities, such 

as playing with information, may lead to flow experiences, which positively influences 

attitudes and brand loyalty behaviour. Transcendent customer experiences, often 

characterized as flow and peak experiences, can result in long-lasting shifts in beliefs and 

attitudes (Schouten, McAlexander, & Koenig, 2007). 

Furthermore, Saarijärvi et al. (2013) recognized that how customers experienced the value 

using the online application, could be classified as utilitarian (i.e. learning and check-

pointing) or hedonic (playing and goal-oriented use) in nature. According to Babin, 

Darden and Griffin (1994), utilitarian value emerges from rational, task-related problem 

solving and hedonic outcomes stem from emotional behaviour and is spontaneous in 

nature. 

It is clear that a food retailer has a hard time guessing all the possibilities how a customer 

might draw value out of the purchase information. In SDL, the customer is always the 

value creator, while the company acts as a facilitator for value creation (Lusch & Vargo, 

2014). SDL's view of value creation suggests that there is no value until goods or services 

are used, hence experience and perception are necessary to determine value (Vargo & 

Lusch, 2008). Of all three service marketing perspectives, CDL has the strongest 

emphasis on experiences and widest view on value formation. As Verhoef et al. (2009) 

has suggested, “experience is created not only by retailer controlled elements but also by 

elements that are outside of the retailer’s control.”  
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Table 3. Dismantling the concept of value co-creation as proposed by Saarijärvi, Kannan, et al. 
(2013) and applying it on two case studies. 

Nutrition Code (Saarijärvi, 2011) 

 

“Value” 

What kind of value for whom?  

“Co” 

By what kind of resources?  

“Creation” 

Through what kind of mechanism? 

      

Customer Nutritional advice was given to 

customers to improve their 

healthy-eating lifestyle. As a 

result, customers’ value creation 

developed into something more 

utilitarian or hedonic. 

Customers were provided with 

additional company resources. 

The company combined point-

of-sale data with the nutrients 

and offered that information to 

customers. Company 

resources (refined customer 

data) were part of the 

customer’s own value-creating 

process. 

Refining and then returning 

purchase data to customers was 

the mechanism used to modify 

the traditional roles of the 

customer and the company. As a 

result of this change, additional 

company resources were 

provided to the customer’s 

resource integration process. 

Company Customers were more willing 

to commit to the company with 

their groceries in order to get 

more detailed picture of their 

overall diet nutritional values. 

The company’s value creation 

was supported through 

increases in customer loyalty. 

    

Nutriflect (Reitberger, Spreicer & Fitzpatrick, 2014a, 2014b) 

 

“Value” 

What kind of value for whom?  

“Co” 

By what kind of resources?  

“Creation” 

Through what kind of mechanism? 

      

Participant Participants were able to make 

discoveries from nutritional 

attributes of their groceries, and 

some experienced long-term 

change in their food 

consumption patterns. 

Raised awareness on 

participants’ consumption 

patterns and reflection on 

nutrition. 

Participants were provided 

with resources, such as 

devices and information in the 

form of visualizations of the 

nutrition data. Participants 

provided purchase data, e.g. 

receipts, for the researchers. 

Analysing and returning purchase 

data to participants to support 

their resource integration process. 

Research 

group 

Improvements on the artifact 

through feedback, gather 

information and behaviour 

patterns of the participants, 

achieve research goals. 

    

 

Even though service marketing research highlights benefits in co-creation of value, this 

might not always be the case. Grönroos (2011) recognizes that value co-creation process 

can also have a negative impact on the customer. Plé and Cáceres (2010) go as far as 

define the concept of co-destruction, where value creating process destroys customer 

value either through accidental or intentional misuse of resources. During the past decade 

value co-creation leading to merely positive outcome has played a dominant role in 
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service marketing literature, whereas the negative impact of value creation has surfaced 

only recently (Arantola-Hattab, 2013). 

The two case studies, the Nutrition Code and Nutriflect, show value, created for 

customers and study participants by an application or device, an online service or a 

situated display. Thus, little can be said about the value of the purchase data alone, since 

it functions only as a resource in the co-creation process. Instead, the case studies 

demonstrate how this resource can be integrated with the skills of the application 

developers and nutritional knowledge resources, bringing value for the customer to be 

experienced. The value is formed together (co-created) with the provider, with means 

offered by the provider (value proposition), ending up improving the customer’s well-

being, which according to Vargo and Lusch (2008) validates as created value.  

3.3 Information visualization 

Preece et al. (2015, p. 182) define information visualizations as computer-generated 

graphics of complex data that are often dynamic and interactive. They aim at amplifying 

human cognition and enabling users to see patterns, trends and anomalies in the datasets, 

and as a result to gain insights (Card, Mackinlay, & Shneiderman, 1999, p. 10). The 

increase in size and number of digital artifacts produced by the information society during 

the last decades, the big data, has been a catalyst for the growth of interest in information 

visualization (Telea, 2014, p. 10). 

Specific objectives of information visualization are to enhance discovery, decision-

making and explanation of a particular phenomenon (Baker, Jones, & Burkman, 2009; 

Jank, Shmueli, Plaisant, & Shneiderman, 2008). The motivation for developing 

interactive visualizations has often been to enable experts to understand and make sense 

of large sets of dynamically changing datasets, which take a long time to be analysed 

using only numerical or text-based data (Preece et al., 2015, p. 183). Visualizations have 

also been used to represent changes in stocks and shares over time, using rollovers to 

show additional information (Card et al., 1999, p. 86).  

The research in information visualization has mainly focused on developing algorithms 

and techniques to enable the users to explore and visualize data in novel ways (Preece et 

al., 2015, pp. 183–185). There has been little research evaluating the visualizations 

regarding how they assist scientists and experts in discovering and making better-

informed decisions about policies or research. The key design issues of information 

visualization include whether to use animation or interactivity, what form of coding to 

use, colour or text labels, what forms of navigation, e.g. zooming or panning, and how 

much additional information, e.g. rollovers or tables of text, to provide. (Preece et al., 

2015, pp. 183–185.) 

According to research, simple graphs, in general, appear to be the most versatile of the 

visual representations tested (Javed, McDonnel, & Elmqvist, 2010). Due to its clarity and 

familiarity, the table is the most commonly used type of data visualization in infographics 

while bar charts dominate the news media and governmental publications (Borkin et al., 

2013). Furthermore, line graphs have been the most favoured technique for representing 

temporal data since William Playfair invented them in 1786 (Javed et al., 2010).  

For big data and large datasets, dynamic queries may be utilized to allow easier access to 

the data and to improve the data usability. Dynamic queries introduced by Shneiderman 

(1994) are an approach to information seeking that enables users to cope with the 
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information overload. They allow the users to see an overview of the dataset and explore 

them effectively by filtering and zooming in and out within the data. Dynamic queries 

encourage recognizing patterns in the data since it allows users to discover which sections 

of the multidimensional space are densely or sparsely populated, where there are clusters, 

gaps or outliers, and what trends the ordinal data reveals. (Shneiderman, 1994.) Sliders 

are a widely used tool to provide a visual representation for dynamic queries, to filter and 

dissect the data into manageable pieces and to allow the user to overview first, zoom and 

filter, giving details on demand. 

Linked view is another powerful tool to explore a broad range of data (Wilhelm, 2008). 

The linked data view is a useful technique to show a table of the partial set of data that 

the user has selected (Wilhelm, 2008; Wills, 2008). The technique is, in essence, a 

drilldown view. Selection in one view leads to a second view, where the styling is used 

to code the degree of interest and only the selected data is shown (Wills, 2008). The 

advantages of linked views are the easiness of use, in addition to their speed and flexibility 

with different aspects of the portrayed data (Wilhelm, 2008). For instance, linking a 

histogram with a frequency table allows the user to compare the composition of individual 

bars in the histogram and also to search for uniting similarities in the frequencies without 

changing the underlying dataset. In short, the first view offers an overall and the second 

a detailed view of the selection. Linked views provide an effective common frame for the 

comparison of two conditional distributions as the user changes the selection of the 

conditioning set (Wilhelm, 2008). 

Dynamic queries with sliders and liked views follow the Shneiderman’s (1996) 

commonly cited guideline for designing user interfaces, known as visual-information-

seeking mantra: “overview first, zoom and filter, then details on demand.” It offers useful 

task-oriented criterion for pursuing an exploratory approach to data. Instead of 

maximizing the information in a single view, research has proven it more efficient to 

provide tools for quickly generating multiple views, each focussed on a different aspect 

of the data (Buja, McDonald, Michalak, & Stuetzle, 1991; Wilhelm, 2008). First, the user 

is provided with an overview of the data. In the overview phase, the user is let to identify 

interesting patterns and subset of data by focusing on one or more of them (Shneiderman 

& Plaisant, 2005, p. 590). Focusing refers to a drilldown view or using another 

visualization technique to allow highlighting the most significant subset of the 

information (Buja et al., 1991; Shneiderman & Plaisant, 2005, p. 594). Lastly, by 

accessing the selected data parts the user can retrieve interesting patterns and subsets in 

order to perform further detailed exploration (Shneiderman & Plaisant, 2005, pp. 596–

597). 

Information visualization is rather newly emerged field at the crossroads of mathematics, 

computer science, cognitive and perception science and engineering (Telea, 2014). Preece 

et al. (2015, p. 96) emphasize the general cognitive principle of interaction design, where 

external representations can reduce memory load, ease at interface-making by facilitating 

computational offloading. The arguments favouring graphical representation of the 

information over textual or numerical representations refers to the human ability to 

comprehend vast amounts of data with more efficient data exploration (Baker et al., 2009; 

Tegarden, 1999). Visual representations can enlarge problem-solving capabilities by 

enabling the processing of more data without overloading (Tegarden, 1999) and reduce 

the amount of effort required to make inferences (Preece et al., 2015, p. 96). In addition, 

intuitive representations can increase enjoyment and engagement interacting with the data 

(Fan, Forlizzi, & Dey, 2012).  



34 

4. Design science research process 

In essence, design science is a problem-solving paradigm, which in the field of ICT seeks 

to invent practices, technical capabilities and products to efficiently design, implement 

and manage information systems (Hevner et al., 2004). For easier reading the chapter is 

divided into subsections according to Peffers et al.’s (2008) activities forming a 

chronological narrative of the research process. 

4.1 Problem identification and motivation 

The context and objectives of the research originated from the Digital Health Revolution 

(DHR) program, which focuses on enabling utilization of data about individuals, explores 

varying types of health-related data and advocates successful personal data movement 

across systems and public services (Digital Health Revolution, 2015).  

In the field of HCI, there are a number of studies focusing on personal health-related data 

(Li et al., 2011; Pantzar & Ruckenstein, 2015; Reitberger et al., 2014b; Ruckenstein, 

2015; Tollmar et al., 2012), but only a few discovering the actual value this data might 

bring to their rightful owners, the customers. A valid context for additional research on 

the topic may be found in the industry of food retailing. There consumer shopping habits 

and consumption patterns are currently tracked and available for the main grocery 

shopping chains in Finland (K-Plus Oy, 2015; SOK, 2015), even though the data is 

primarily used for personalized marketing and advertising based on the analysis of 

customer data. Nonetheless, if the consumers would have direct access to their purchase 

data, digital health applications and big data analytics already provide the tools for people 

to reflect on their consumption behaviours and empower them to improve their diet 

(Reitberger et al., 2014b; Swan, 2012). 

In design science research the objective is to define a specific research problem and to 

justify the value of a solution (Hevner et al., 2004). Thus, the research problem was 

formulated as: 

What value if any does the use of grocery shopping data bring to 

the customers?  

The data has little value in itself, and only when the data can be considered converted into 

information, that is, when it is useful or meaningful to the receiver, the data has relevance 

and purpose, and thus value (Ackoff, 1989; Davenport & Prusak, 1998; Drucker, 1988). 

The aim of the thesis was to discover what might be the gained value, how the data could 

attract value, and thus be converted into useful information experienced by the consumer. 

Peffers et al.'s (2008) recommend dividing the problem into more manageable pieces for 

making a solution more approachable. Some of the researchers in engineering field 

explicitly incorporate efforts to transform the problem into design objectives, or 

requirements, which guide data collection and the search for a relevant and novel problem 

(Archer, 1984; Eekels & Roozenburg, 1991). Therefore, the research problem was next 

to be refined into design objectives. 



35 

4.2 Definition of the objectives  

Identified problems do not necessarily translate directly into design objectives for the 

artifact since the solutions are formed iteratively and incrementally during the design 

process (Hevner et al., 2004; Peffers et al., 2008). The goal of the study was thus to 

explore, build and evaluate designs iteratively that might create value for grocery 

purchase data experienced by the study participants. To meet the goal, existing case 

studies on self-tracking applications, literature on digital health, information visualization 

and value co-creation, reports published by the DHR project and stakeholder interviews 

were used as a basis for evaluating different designs.  

For gaining enough knowledge to grasp the current state of application domain, existing 

solutions and resources for the research, three expert interviews were conducted. The 

DHR sprint review seminar on May 5, 2015 provided a chance to network with 

professionals of interest to the research at hand. The seminar led to the discovery of 

relevant contacts, one of which was Samuli Mattila, co-founder of the startup company 

Digital Foodie. The first interview with Mattila resulted in understanding of challenges 

in utilizing S-Group’s purchase data (S. Mattila, expert interview, June 26, 2015). After 

discovering partial solutions for overcoming these limitations, they were evaluated by 

Mattila in his second interview (S. Mattila, expert interview, November 13, 2015). 

Yki Kortesniemi, researcher at Aalto University, and Juho Rantakari, research assistant 

at Center for Internet Excellence, were met on July 10, 2015 to acquire information on 

the current MyData research and insights into tracking the quantified self data. Riitta 

Sallinen, researcher at Institute for Molecular Medicine Finland, was interviewed on 

August 6, 2015. She was preparing for a quantitative research involving analysis of 

purchase data from 120 S-Group customers, and, therefore, was able to provide cues on 

what to analyse in the data. On August 11, meeting with Kai Kuikkaniemi, researcher at 

Helsinki Institute for Information Technology, and the technical board of S-Group, 

broadened the understanding of the technical and legislative boundaries currently limiting 

the use of the point-of-sales data. After each expert interview, supervisor meeting, the 

discovery of relevant study or new visualization library, research objectives were refined. 

All this activity constituted as iterations within the Hevner’s (2007) relevance cycle.  

First, the research concentrated on discovering the motivations, needs and functions that 

the purchase data might serve for the study group. The focus was on participants’ 

subjective experiences that are dynamic (Forlizzi and Ford, 2000) and context dependent 

(Battarbee, 2004). The user-centered design was a natural approach to derive designs for 

understanding the motivational factors in utilizing the data. The standardised user-centred 

design approach suggests that products and services should be based on true or latent 

needs of the user, concerns and expectations (ISO, 2010).  

Second, the focus was to generate concrete solutions (concept designs and prototypes) to 

respond to the identified user needs, expectations and motivational factors, and to 

evaluate them. Regarding the research objectives, the emphasis was put on user-centered 

design and exploring alternatives through prototyping a number of visual models. 

Consequently, the research problem was translated into three design objectives during the 

relevance cycle iterations: 
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Objective 1. Discover the motivating factors derivable from the purchase data that 

the study participants find the most valuable. 

Objective 2. Explore visualization techniques to represent factors in the data with 

value for the participants. 

Objective 3. Map limitations in the purchase data in contrast to the motivating 

factors, and overcome them with design alternatives when possible. 

In the initial phase of the study, a relevant group of S-Group customers were to be selected 

for supplying the needed grocery purchase data and to evaluate the value and 

meaningfulness of their data via the designed artifact. The number of participants varied 

from 5 to 20, and was finally settled to eight. Three rounds of interviews from all eight 

study group members together with 16-month purchase data reports provided a rich data 

set for analysis and research evaluation needs. 

When selecting the volunteers for the study group, the lead user theory (von Hippel, 1986) 

was adopted with the aim of recruiting customers with high interest on wellness, modern 

technologies and self-improvement. The study group was formed using author’s personal 

and professional networks and short preliminary interviews (see Table 4). The candidate 

had to fulfil three criteria to be eligible for taking part in the study: 1) he or she had to 

hold S-Group membership in addition to having credentials for the S-Bank, 2) have basic 

knowledge of internet banking, and 3) hold high personal interest on either digital health 

or information technology related innovations. To maximize the diversity of opinions, 

preferences and ideas, the age variance was vast varying from 24 to 77 years, and the 

study group consisted of four women and men. Half of the households had one and half 

of them two members. 

Table 4. The study group had eight members with high interest on wellness, modern 
technologies or self-improvement. 

Participant Sex 

Age 

group 

Members in 

the household Expertise 

ID1 female 65-74 1 Active user of smart devices, 

knowledgeable on nutrition and special 

diets 

ID2 male 35-44 2 Early adopter of technological inventions, 

active user of smart devices 

ID3 female 25-34 2 Active user of smart devices, 

knowledgeable on wellness and health 

ID4 male 25-34 2 Knowledgeable on nutrition, self-tracking 

and wellness 

ID5 female 35-44 1 Active user of smart devices, 

knowledgeable on wellness and health 

ID6 male 25-34 1 Active user of smart devices, 

knowledgeable on wellness and health 

ID7 male 45-54 2 Early adopter of technological inventions, 

active user of smart devices 

ID8 female 35-44 1 Active user of smart devices, 

knowledgeable on nutrition, self-tracking 

and wellness 
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Once participants had signed a consent form (see Appendix A) and delivered their grocery 

purchase data, they were interviewed. The interviews lasted from 30 to 45 minutes, they 

were recorded and thematically analysed (see Appendix B). In the initial interview 

grocery shopping, exercising, nutrition and food consumption habits with special health 

conditions were mapped. The participants’ health interests and motivational factors in the 

shopping data were charted and recorded as requirements. These expressed requirements 

were to be implemented as visual models, or features of the artifact.  

In order to predict the behavioural effects and usefulness of their expressed requirements, 

the participants had to integrate these requirements into their use context which did not 

exist yet. In other words, the participants had to imagine what it would look and feel like, 

if their wishes were made true, and how they would react on this information. However, 

studies have shown that people will change their minds almost immediately after making 

a decision, and not always decision leads to action (Resulaj, Kiani, Wolpert, & Shadlen, 

2009; Stroebe, 2011, p. 274). Thus, it was to be expected that not every participant would 

find the information valuable that he or she asked for. Instead, in a group of eight, another 

informant might provide a requirement having more interest for the participant. 

Based on the identified motivating factors from the initial interview, a set of requirements 

was defined for the design and development phase. Since tracking nutritional values and 

categorization of purchases were the most significant factors of interest, they were chosen 

as requirements for the designs.  

Regarding visual representations of the data, Çöltekin, Fabrikant and Lacayo (2010) 

stress that participant background, training, the visual design and the nature of the task at 

hand can affect the inference-making behaviour. In addition, Fabrikant, Hespanha and 

Hegarty (2010) have discovered that familiarizing participants to the visualization 

techniques can significantly improve the inference-making performance of the underlying 

data as viewers can focus on the thematically relevant items. Radical improvement may 

be gained with only 10-15 minutes of training (Fabrikant et al., 2010).  

Consequently, to familiarize the participants with the task at hand and to map efficient 

visual representations for them, technology probes were to be used as a part of the initial 

interview. The probes were to enrich the interview by providing the participants with an 

experience of interacting with a visual representation of their purchase data that they 

could later discuss on. All in all, three distinct requirements were identified for the design 

and development activity. These requirements formed the basis for evaluation: 

Requirement A. Mapping visual designs, i.e. gather information about preferred 

data visualization methods and train the participants. 

Requirement B. Visualization of product categories, i.e. create a representation of 

product division into categories based on the grocery shopping 

data. 

Requirement C. Visualization of nutrients, i.e. represent development of nutrients 

in the purchase data over a time span. 

 

4.3 Design, development and demonstration 

The design and development activity together with the demonstration activity, had three 

iterations, one for each discovered requirement. These activities of Peffers et al. (2008) 

match Hevner's (2007) design cycle, which is the heart of a design science research 
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project. This cycle iterated between designing and developing the artifact, evaluating it 

against the requirements, and gathering feedback to refine the design further. The artifact 

comprised of two high-fidelity prototypes that were created during the second and third 

iteration.  

The first iteration of the activity started with the analysis of the purchase reports supplied 

by the study group. Two technology probes were created to support the requirement A, 

mapping visual designs and familiarizing the study group with the area of study. The 

evaluation of the first iteration produced requirement B to be met by the second iteration, 

and likewise, the second iteration resulted in requirement C for the third consequent 

iteration of the design cycle. 

During the second iteration of the activity, a high-fidelity prototype was built and 

evaluated to meet the requirement B by visualizing the participants purchase data into 

product categories, and measuring the experienced value with interviews. Similarly, a 

second high-fidelity prototype was designed and evaluated for the requirement C, 

representation of nutrients. The demonstration activity comprised of presenting the 

outcome of every design and development iteration to the study group for evaluation with 

semi-structured interviews. At the end of each iteration, the evaluation results were 

reflected in the objectives to prevent deviating from the research problem.  

4.3.1 Analysis of the purchase reports 

The analysis of the purchase reports was crucial to the research since it was the source of 

perceived information and experienced value for each participant, and also a resource for 

the value creation process. Each participant sent their 16-month grocery shopping data 

via email. All study group members had the technical skills to complete the task with little 

guidance.  

The purchase report consisted of a header and body elements. The header had basic 

contact information about the customer: name, address, date of birth and a customer 

household classification. The body element of the report contained an extensive table of 

grocery and household items. For each item the table listed 1) time and 2) date of the 

purchase, 3) name of the store, 4) product classification, 5) product category and 6) price. 

Additionally, the report contained another listing of household, hygiene and cosmetic 

products from Sokos retailers if the customer had visited these stores during the 16-month 

period. A sample report is provided as an example in Appendix E. 

To meet the second requirement, to visualize products divided into categories, the fourth 

and fifth columns of the purchase report were to be used. The third requirement was to 

visualize the nutritional values of purchased products. Since the purchase report did not 

offer any information about the substances, this information had to be fetched for each 

product through Foodie API. Courtesy of Mattila (2015a), the provided credentials and 

documentation allowed accessing the S-Group product database with detailed product 

information through Digital Foodie’s developer API. 

Still, a problem remained. For retrieving nutritional values of a purchased product, Foodie 

API required to identify the product in question to pass its composition. The purchase 

report provided no identification of the single product in the form of a product name or 

an EAN code, but only the product category. For example, when a study member had 

bought two one-liter cans of Valio’s fatless milk, these purchases appeared in the 
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purchase report as a single row: “1.9.2015, Milk and Cream, 1.76 €”. Thus one line in the 

report grouped together all the products of that category with summed price.  

The problem was solved by collecting 10-20 grocery receipts from each participant, 

which had the needed information to identify actual products and thus to fetch their 

nutritional values. Based on the receipts a profile was created for each participant, which 

consisted of the most popular products with their nutritional values. Instead of attaching 

nutritional values to single products, which was not possible based on the purchase report, 

the nutrient values were linked to the product categories.  

Finally, these steps of action were implemented into an analytics application2 that 

automated the profile creation and allowed to visualize an approximation of the product 

composition over the 16-month study period (see Figure 8). The application made use of 

external OCR text recognition service for identifying the groceries from receipts and 

matched them with S Group’s product catalog containing 93 000 items. String matching 

with Levenshtein distance algorithm (Levenshtein, 1966; Soukoreff & MacKenzie, 2001) 

minimized errors caused by optical character recognition to below 10 percent.  

 

 

Figure 8. An analytics application was developed to fetch nutritional values from the study 
members’ purchases. 

4.3.2 Mapping visual designs 

The aim of the first iteration of design and development activity was to prepare the tools 

for meeting the first research objective, to find out what are the motivating factors 

                                                 

2 The source code for the Purchase Data Analytics application is available at GitLab with a link to a 

functional demo of the application: https://gitlab.com/petterip/purchase-data.  
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derivable from the purchase data that the study participants consider the most valuable. 

The activity started with an initial interview that charted study group’s use of smart 

devices and digital health applications, the level of technical skills, nutritional and dietary 

preferences and grocery shopping habits. The guiding themes utilized in the semi-

structured interview are listed in Appendix B. 

After the initial interview, the participants were asked how they would like their data to 

be represented. This activity aimed to meet the requirement A by gathering information 

about preferred data visualization methods and familiarizing the participants with the 

study. Two technology probes were designed to spark new ideas and to provide the study 

group members with an experience of interacting with a visual representation of their 

purchase data that they could later discuss on. The probes consisting of different chart 

designs offered example visualizations of the purchase data with varying forms of 

representations of the data. Similar data collection setting was used by Epstein et al. 

(2014) in their research on personal informatics and visualization techniques. 

The probes were presented on a laptop in a quiet environment. The participants needed to 

point out and refine the visualization methods they were most comfortable with. The 

probes left space for participants’ imagination how they would make use of different 

shapes and abstract forms of design to clarify and organize data about their grocery 

purchases. The chart designs were interactive and allowed the study members to play with 

their thoughts and ideas. Reactions were closely followed, and if the participant got 

inspired with a design but the design fell short on their idea, the participant was shown 

another chart better expressing their idea. Design by design the study participants were 

able to concretize and build on their insights while the interviewer recorded the discussion 

for later analysis. 

The first technology probe T1 (Figure 9) was presented with questions how to improve it, 

what was good in it, and what would they get rid of in the design. The design was an 

abstract representation of the purchase data, a common type of visualization in the self-

tracking community (Quantified Self Labs, 2016; Whooley et al., 2014). The ambiguous 

representation of the sphere invited engagement, allowed multiple interpretations and 

involved an element of creativity in the resource integration process of the value creation 

(Grönroos, 2008; Whooley et al., 2014). 

After the participants had described their ideal way of representing their own data, the 

second technology probe T2 consisting of example chart index was presented to the study 

group (Figure 10). For example, if the person was fond of line charts, she was shown a 

number of line charts with different designs, and she could further elaborate, what she 

really was after. In addition, the study group was asked to which data they would like to 

compare their recent groceries. 
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Figure 9. A study participant using the technology probe T1 during the initial interview (a) and 
screenshots of the probe (b-c). 

 

Figure 10. The second probe T2 contained a chart index of potential interactive visualizations for 
the study participants to explore and get engaged with. 

a) b) 

 

 

 

 

 

 

 

 
 

c) 
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A secondary goal of the first iteration of the design cycle was to train and familiarize the 

study group members with the visual analytics tools and with their purchase data. As the 

participants contributed with their improvements in the first visualization prototype, they 

had to process actively the data and possibilities to represent it. This activity was hoped 

to improve study group’s inference-making process with more knowledgeable insights in 

the following iterations as proposed by Fabrikant et al. (2010). 

4.3.3 Visualization of product categories 

The goal of the requirement B was to create a representation of product division into 

categories based on the grocery shopping data. According to the initial interviews, basic 

charts were favoured the most. This was supported by research on visualization 

techniques, since simple graphs, in general, appear to be the most versatile of the visual 

representations tested (Javed et al., 2010). Consequently, in the first prototype, the data 

was to be visualized with tables and line graphs. 

Each individual purchase report contained a dataset consisting of thousands of data points. 

Dynamic queries, sliders and linked view representations were utilized to allow easier 

access to the data and improve the usability (Shneiderman, 1994; Wilhelm, 2008; Wills, 

2008). The participants were able to filter and dissect the purchase data into manageable 

pieces, and the interactive charts allowed them to overview, browse through, zoom and 

filter, giving the participants details on demand. 

Advantages of the linked views were the easiness of use, in addition to their speed and 

flexibility with different aspects of the portrayed data (Wilhelm, 2008). For instance, 

linking a histogram with a frequency table allowed the participants to compare the 

individual store visits in the table and also to search for similarities in the frequencies 

without changing the underlying dataset. Linked views provided an effective common 

frame for the comparison of two conditional distributions as the user changes the selection 

of the conditioning set (Wilhelm, 2008). 

Some of the participants had wide gaps between visits to grocery stores in their purchase 

data because the point of time when one goes to a store varies. Scatterplots were also 

considered, but due to these gaps in the data, they ended up too sparse to be useful. 

Stacked area charts made it possible to present multiple data streams in one chart, in this 

case, product categories. Since stacked area charts are superimposed, in other words, 

multiple graphs share the same space, they excel at data comparison (Javed et al., 2010). 

Categorization based on two groups, groceries and household items, was proposed by the 

study members in the initial interview, and since it was easy to visualize clearly and 

simple to implement, it was defined as a goal for the first visual prototype P1. Figure 11 

shows a screenshot of the visualization produced by the prototype. Open source Javascript 

visualization library AmCharts (2015) was used in the implementation. 

All the participants were given a short training of the application controls as proposed by 

Fabrikant et al. (2010). The training helped the study members to concentrate more on 

the visualized data instead of technicalities. After the training, the members were free to 

try out the application, play with it as they liked. The participants were encouraged to 

think aloud (Preece et al., 2015, p. 261) and comment on the visualization. After this, an 

evaluation interview was conducted to measure how well the research objectives were 
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met (see Appendix C). Four study sessions were conducted and recorded locally and 

another four remotely.  The remote sessions were done over the phone with the Inspectlet 

tracking software, which makes a live recording from the session to be played back and 

examined later (Inspectlet, 2016).  

The stacked area chart showed store visits on X axis and the total cost of purchases on Y 

axis. The user was able to switch off grocery or household category to get a clearer view 

of the other. Groceries were color-coded with green and household items with blue colour. 

The time span could be adjusted and scrolled with the vertical bar control, or swiped with 

a finger on a tablet. By clicking or tapping on a store visit, the participant was able to see 

all the purchases of that particular visit. In addition, the cost of grocery items, household 

items and the total cost of both were displayed separately on the graph. Two “TOP 30 

product” tables were represented below the chart: one table listed the most popular 

product groups in euros, and the other the most frequently bought items.  

The results of the evaluation interview were again utilized as input for the third iteration 

of the design cycle, comprising requirement C for designing the next visualization 

prototype. 

 

 

Figure 11. An example analysis of purchase data represented by the first visual prototype P1. 

 

  



44 

4.3.4 Visualization of nutrients 

The goal for the third iteration of the design cycle (requirement C) was to represent the 

composition of the purchased groceries in nutritional substances and to allow the 

participants to potentially find patterns and reflect their consumption behaviour related to 

their goals and health values. Similarly as in the previous iteration, the focus was to 

display the purchased products over the 16-month time span using temporal data 

visualization techniques. 

The purchase data was displayed with two types of charts to accommodate the preferences 

the study group had presented in the initial interview (Figure 12). Both charts displayed 

identical data, and the participants were able to examine them as they saw fit. One 

displayed the data as a histogram and the other as a stacked area chart. The charts allowed 

the user to hover over the graph with the mouse, or swipe with a finger on a tablet, while 

showing nutrition values in a bubble. This action let the users to quickly peek, how much 

and what kind of nutrition they had bought in one month. All the quantities apart from 

energy and price were displayed in grams for easy comparison. Both charts made use of 

the linked view technique with tables as the secondary view (Wilhelm, 2008; Wills, 

2008). Thus, by clicking and selecting a month, the user was able to examine in detail the 

nutritional data of that particular month.  

The nutrients of one month’s groceries were sliced up to seven tables. Tables displayed 

product categories with most fat (saturated and unsaturated), carbohydrates, proteins, 

fibres, sugar and energy. The last table listed the categories of the most purchased 

products. 

Similarly to the previous iteration, every participant received a short training of the 

application controls as proposed by Fabrikant et al. (2010). Again, the participants were 

encouraged to think aloud and comment on the visualizations, after which an evaluation 

interview was conducted measuring the research objectives. Two study sessions were 

recorded locally and another six remotely.  The remote sessions were done again over the 

phone with the Inspectlet software (2016) recording and tracking live how the participants 

interacted with the data.  

Like with the previous prototype, open source Javascript visualization library was used 

to render the charts. To draw the nutritional data for each product category listed in the 

purchase reports, Foodie API interface was used. As a courtesy of Digital Foodie, the 

company’s co-founder had previously provided the permission and credentials to use their 

service for research purposes. Once receipts submitted by the participant were uploaded, 

the application recognized each individual product with an EAN code, and fetched its 

nutritional composition through Foodie API. All the data entries were stored into SQLite 

database and used to visualize the purchase report data with added nutritional information.  
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Figure 12. The second visual prototype P2 allowed the user to examine the purchase data with 
two diagrams. 
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4.4 Evaluation 

Evaluation is a key element in the design science research process, it is a systematic 

determination of merit, worth, and significance of the developed artifact (Hevner & 

Chatterjee, 2010; Iivari, 2007). The evaluation activity provides feedback and a better 

understanding of the research problem in order to improve both the quality of the design 

and the process (Hevner et al., 2004). Preece et al. (2015, p. 331) define evaluation as the 

process of determining the usability and acceptability of the design that is measured in 

terms of criteria, such as how well it matches the requirements.  

The research contribution lies in the novelty of the artifact and how well the artifact 

succeeds in solving the design objectives (March & Smith, 1995). Based on the feedback 

from the evaluations, more needs were identified and refined to requirements for 

alternative designs. As suggested by Peffers et al. (2008), the result of the evaluation may 

call for additional design cycles by iterating back to the design and development activity 

and trying to improve the effectiveness of the artifact.  

User-centered design approach naturally requires a high level of user involvement 

throughout the development. Preece et al. (2015, p. 452) argue that the most sensible way 

for users to evaluate HCI designs is by interacting with them. Furthermore, Bellotti, Berta, 

De Gloria and Margarone (2002) add that evaluating ubiquitous computing systems, such 

as digital health applications, must involve analysing real users in their real context, for 

instance, to bridge Norman’s (2013, p. 38) gulfs of execution and evaluation. The gulf of 

execution is the difference between the intentions of the users and what the system 

actually allows them to do, and the gulf of evaluation refers to the users figuring out in 

what state the system is and whether their actions got them to their goal (Norman, 2013, 

p. 39). The gulf of evaluation is especially relevant to the study since it reflects the amount 

of effort that the user must make to interpret the state of the application and to determine 

how well the expectations and intentions have been met. Failing in this action might 

hinder the designs unusable for discovering the value in the actual data.  

Norman’s gulfs of execution and evaluation were bridged in the interviews with two 

approaches. First, a specific question concerning usability and user experience of the 

prototypes was presented to all the participants. The study group had a chance to express 

how they experienced using the interactive visualization, what was challenging in the user 

interface and how they potentially overcame those obstacles. Second, the interviewer 

acted as an observant, making notes of every usability issue that the participant faced. 

Vaishnavi and Kuechler (2015, p. 282) propose three evaluation methods fit for the study: 

demonstration, experimentation and benchmarking. Experimentation seeks to validate or 

reject a solution based on the performance of the artifact (Zelkowitz & Wallace, 1998). 

Demonstration proves that the solution contributes to solving the research problem, and 

the solution is both realizable and valid (Vaishnavi & Kuechler, 2015, p. 283). Lastly, 

benchmarking is used to show that the solution has reasonable performance or exceeds 

some other existing solution (Tichy, 1998). 

March and Smith (1995) suggest the outcome of the development activity should be 

judged based on the experienced value and utility to the actual users. To evaluate the 

socio-technical aspects including usefulness and impact on the user, Hevner and 

Chatterjee (2010) propose qualitative interviews. The evaluation also requires defining 

the metrics what one is seeking to accomplish, and they are used to assess the performance 

of the artifact (March & Smith, 1995). 
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Three objectives were set for the research process and they served as a criteria for the 

evaluation: 1) discover the motivating factors derivable from the purchase data, 2) explore 

visualization techniques to represent factors in the data, and 3) map limitations in the 

purchase data in contrast to the motivating factors, and overcome them with design 

alternatives when possible. To validate the objectives, one-to-one interviews with 

laddering were used as an evaluation method. Transcripts of interviews and the results of 

the think-aloud technique were analysed at the level of detail, where themes were 

identified according to a categorization scheme arising from the data itself, as Preece et 

al. (2015, p. 293) suggest in the case of an exploratory study. The transcripts were divided 

and coded into segments, and each segment was then categorized. Table 5 displays the 

three research objectives with applied evaluation methods. 

Table 5. Used evaluation methods to validate each research objective. 

Research objective Evaluation methods (source) Supporting methods 

1. Discover the motivating 

factors derivable from the 

purchase data that the study 

participants find the most 

valuable. 

Demonstration 

(Vaishnavi & Kuechler, 2015) 

Individual interviews, 

laddering technique, 

technology probes 

2. Explore visualization 

techniques to represent factors 

in the data with value for the 

participants 

Experimentation 

(Zelkowitz & Wallace, 1998) 

Think-aloud protocol, 

individual interviews, 

user testing 

3. Map limitations in the 

purchase data in contrast to the 

motivating factors, and 

overcome them with design 

alternatives when possible 

Demonstration 

(Vaishnavi & Kuechler, 2015) 

 

Benchmarking 

(Tichy, 1998) 

Think-aloud protocol, 

individual interviews, 

user testing 

Literature review 

 

The first objective was evaluated through demonstration with the technology probes and 

one-to-one interviews. The results were realizable and valid since the analysis of the 

initial interview produced 9 motivational factors. The second objective was evaluated by 

experimentation judging whether the three requirements were fulfilled: 

Requirement A. Visual design preferences were charted with think-aloud protocol 

and interviews. Analysis demonstrated results that were utilized as 

an input in the succeeding design cycle iteration, and which thus 

were proved to be usable and valid.  

 

Requirement B. Product categories were visualized by developing the prototype P1, 

based on the need derived from the motivational factors. The 

evaluation interview analysis identified 14 purchase data related 

themes that the study group had expressed as either useful or 

beneficial in the data represented by the prototype.  

 

Requirement C. The nutrients found in the groceries were visualized with prototype 

P2, again based on the need identified in the motivational factors. 

The analysis of the participant interviews pointed out 26 purchase 

data related themes as either useful or beneficial.  
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Since all the requirements were met with valid results, the second objective was reached. 

The third objective was evaluated with demonstration and benchmarking. Several 

limitations were identified blocking the customer value creation in the purchase data. The 

limitation of missing nutritional data was overcome revealing a number of new limitations 

to be discovered. Lastly, the study findings were benchmarked with the other case studies 

showing comparable results (Li et al., 2011; Reitberger et al., 2014b; Saarijärvi, 2011). 

The individual findings of each research objective are discussed in more detail in chapter 

five. 

4.5 Communication 

Hevner et al. (2004) stress that design science research should be presented effectively to 

technology-oriented and management-oriented audiences to distribute and diffuse the 

potential resulting knowledge. The study will be presented in the Master’s Thesis seminar 

on March 4, 2016, arranged at the Department of Information Processing Science at 

University of Oulu. After approval, the thesis will be made available from the open Jultika 

institutional repository. 

The software constructed in the three design cycle iterations was published as open source 

under MIT license through Git Lab repository, and made available to fellow students and 

aiding researchers during the thesis process. Technology-oriented audiences require 

sufficient details to be able to reconstruct the demonstrated instantiation of the artifact, 

and to use it within their organizational context (Hevner et al., 2004). This allows the 

interested parties to take advantage of the findings and enables researchers to develop 

cumulative knowledge further extending the study results. Also, necessary for valid 

design science research is to establish repeatability of the research project by providing 

means and understanding how the artifact was constructed and evaluated. (Hevner et al., 

2004.) 

The initial results of the study were distributed to relevant groups of interest (e.g. My 

Data research team and the DHR program officials) already in the early steps of the 

process. The benefit of communicating openly about the process was to invite new ideas 

to increase the value of the study, ease the process, and to let other DHR research teams 

benefit from the collected data when possible. However, it was noted that discussions 

with the stakeholders have to be sufficiently coordinated, since collecting relevant 

information for one's research takes time that might be off from another research team.  

In addition, Peffers et al. (2008) encourage to communicate the structure of the empirical 

research process including how the artifact was built, the rigor of its design, utility and 

novelty to relevant audiences when appropriate. During the thesis process, a number of 

inquiries about the study were received and support given to aid the use of the collected 

data, and to communicate the technical details of the development process in hopes that 

the information might assist other researchers. 
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5. Findings 

The findings are categorized into four sections accordingly. The first section describes in 

the context of grocery shopping data the need for the value as experienced by the eight 

study group members, the second the discovered value, and the third the obstacles 

perceiving the value. Lastly, the fourth section lays out the findings regarding 

effectiveness of data representation, and the fifth goes through gathered insights and 

innovations related to use of the grocery shopping data. 

5.1 Motivational factors for self-tracking 

Even though motivating factors in the purchase data varied among the participants, they 

landed in nine distinct thematic categories. Table 6 lists these factors of interest for the 

participants with the number of appearances in the interviews. These identified factors 

raised from curiosity and self-improvement. The following interview citations give an 

example of these two motives, the former springing from curiosity and the latter from 

self-improvement: 

“Alternative product recommendations would be interesting. I would like to see 

whether my consumption follows the seasons, I mean, the amount of light, or 

the temperature, for example.” (ID2, 2015) 

“If I saw a spike in the weekly values caused be some product, I might easily 

drop that out next time. […] I’m interested in the data, because I gain weight 

so easily. […] Weight control, losing fat and energy. Yes, those and I think I 

would enjoy tracking the nutrients.” (ID4, 2015) 

Tracking of nutrients was the most motivating factor in the purchase data. Interest in 

tracking nutrition was explained with reasons described in Table 7. Three persons out of 

eight were merely interested in the amounts of fats and carbohydrates in their groceries 

without expressing a need to change their shopping habits. For half of the group the main 

interest in tracking nutrition was to decrease the amount of fat in the groceries and for 

two participants to address a health condition. 

 
Table 6. Identified motivational factors for 

the eight participants.  

Motivating factor Freq. 

Tracking nutrients 6 

Categorization of purchases 4 

Improving diet 4 

Weight management 3 

Change in shopping habits 3 

Improving overall wellness 2 

Tracking food consumption 2 

Tracking the origin of products 1 

Product recommendations 1 

Table 7. Identified motivational factors for 
specifically tracking nutrition. 

Interest in tracking nutrients in the data Freq. 

Decreasing the amount of fat  4 

Knowing the amount of fat and 

carbohydrates 

3 

Address a health condition 2 

Note. Freq. denotes the number of interviewees that 

mentioned the theme during the interviews. 
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Again, half of the participants were interested in how their products would be categorized 

by food groups, spending or context of use, such as how much meat, vegetables and milk 

products they had bought (food groups), or whether they had spent more on groceries or 

household items (spending and context of use). The following quotes demonstrate the 

interest to see purchases categorized: 

”I would want to see how much I actually spend on food and how much on 

other stuff. I go to the store with a shopping list, but I often come out with a 

bunch of stuff that I didn’t plan to buy. If I would see what I spend on groceries 

and how much on household items, that would be a great help.” (ID7, 2015) 

 

 “I don’t eat very healthy. If only I could see cold data, cold facts, displayed by 

a web service, and it automatically categorized the information… I would like 

to see per category what I have bought – that would be valuable. I have tried 

to do it by hand, but it’s far too laborious for me.” (ID8, 2015) 

Also, four people expressed that they were interested in the purchase data analysis to 

improve their diet as shown by the following quote: 

“It would guide the structure of the meals I cook, as it’s surprising how much 

fat and energy can be in some innocent looking groceries.” (ID8, 2015) 

Three people in the study group expressed straightforwardly that they wanted to use the 

purchase data to lose weight and change their shopping habits. In addition, two 

participants were interested to improve their overall wellness with the information 

provided by self-tracking groceries.  

The study group was asked to what data they would like to compare their recent groceries. 

Six participants out of eight only wanted to see the comparison of their own data. Two 

were intrigued by the idea to see how their nutritional value would relate to official 

recommendations based on research: 

“Preferably I would like to measure my shopping data to some generally 

accepted recommendations. And then to my groceries from the previous month. 

That way I could always see the trend and how it has changed.” (ID4, 2015) 

“I would like the comparison to be done with research data like nutrition 

recommendations. I’m not so interested in peer groups.”(ID5, 2015) 

One participant proposed a comparison with a peer group, composing of people with the 

same interests: 

“After seeing the top product categories, beer and gasoline there, now I’m 

really interested to see what would a peer group say! It could be something 

relevant to me, something meaningful to compare my data to.” (ID8, 2015) 

Based on the identified motivating factors, the first requirements were defined for the 

design and development activity. Tracking nutritional values and categorization of 

purchases were the most significant factors of interest and thus chosen for requirements 

for the artifact designs to be explored further. Weight management was also a popular 

reason to self-track groceries. Even though the purchase data has no direct consequences 

to one’s weight, the participants explained their concern on weight control by tracking 

fats, energy and carbohydrates in their purchases, and thus this motivating factor was 

translated into design requirement of tracking these three attributes. 
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5.2 Discovered value through the data 

The thematic analysis of the interviews revealed a total of 51 themes related to perceived 

value in the data representations. The identified themes were grouped into six distinct 

categories. After playing and interacting with the visualization of their purchase data, 

each participant graded statements describing the usefulness and value of the presented 

data. The study group evaluated the statements on a Likert scale. First shown visual 

prototype P1 created a representation of the 16-month grocery data with a stacked line 

chart and two tables listing the most frequent purchases with price and quantity (see 

Figure 11, p. 43). Second visual prototype P2 illustrated the purchases with nutrients 

(Figure 12, p. 45). Prototypes are described in detail in sections 4.3.3 and 4.3.4. 

The data visualized by the prototype P1 was mostly perceived as meaningful in regards to 

new information it presented and utility it carried (Figure 13). Half of the participants 

agreed or agreed strongly that the analysis contained useful health-related information for 

them. A same number of participants agreed or agreed strongly that they had discovered 

new information on their shopping behaviour. Three out of eight considered the 

representation to be useful for their finance management.  

 

 

 

Figure 13. The study group evaluated usefulness and value of the data representations. 
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With added nutritional information the visual prototype P2 gained somewhat higher 

scores. Every participant agreed or agreed strongly that the analysis carried useful health-

related information. Again half of the participants agreed or agreed strongly that they had 

discovered new information on their shopping behaviour. Half of the study group agreed 

or agreed strongly the representation to be useful for their finance. Seven out of eight 

agreed that through the data representation they had received new information about their 

groceries’ nutritional values. 

5.2.1 Information on health effects 

The analysis of the interviews showed that all the participants gained value based on their 

nutritional insights, some even reported a change in their shopping habits due to these 

discoveries. Health-related themes from the interviews are listed in Table 8 and nutrition-

related in Table 9. Comparison of product categories was favoured by the most. It gave 

new information that some of the participants wanted to return to and browse in detail:  

"It’s funny how much cheese we eat – but I eat a lot of cottage cheeses. And 

when my wife has cooked, it shows here too!" (ID4, 2016)  

“Organic products are sixth in the list. That is a nice surprise.” (ID5, 2016) 

“The beers are the second on the top list! [Laughs] How delightful that the 

snacks are at least down on the bottom.” (ID8, 2016) 

Table 8. Identified health-related themes from the interviews. 

Usefulness for health related theme Freq. 

Reflection on health impacts 7 

Surprised by healthy choices in nutrition 7 

Surprised by unhealthy choices in nutrition 6 

Expressed discomfort over the data 3 

Table 9. Identified nutrition-related themes from the interviews. 

Nutrition related theme Freq. 

New information on nutritional values of products 8 

Product category comparison based on nutrition 7 

Insight on carbohydrate values 6 

Insight on fat values 5 

Insight on sugar values 5 

Insight on fiber values 5 

Insight on protein values 4 

Insight on energy values 2 



53 

The prototype P2 displayed the nutrients of groceries on monthly levels, as this was the 

most common identified motivational factor in the study group. Insights of the quantities 

and products containing carbohydrates, fat, sugar and fibres dominated the discoveries 

that the participants made while interacting with the data. Nearly all were surprised 

positively over the choices they had made, as expressed by these two participants: 

"The amount of fibres and fat, good and bad, is an interesting information. I 

haven't thought of those before, even though they read in the packages. Prepared 

foods are not as unhealthy as I thought, they have still have a lot of fibres and 

proteins." (ID1, 2016). 

“I’m fascinated by this spike of 128 euros spent one month, with this much carbs. 

Oh… there’s jam also… and milk and cream. That’s it! Somebody has had a 

pancake party! [Referring to himself]” (ID6, 2016) 

Most begun to reflect their own consumption behaviour and impacts on their health based 

on the received information. While participants made discoveries in the data, they 

expressed excitement and got engaged with the detected patterns wanting to explore 

reasons for their behaviour. 

5.2.2 Information on shopping behaviour 

Most study members stated they had discovered new information on their overall 

shopping behaviour through the prototypes (Table 10). More than half of the participants 

recognized a pattern in the data, and three reflected environmental impact of their 

purchases as demonstrated by the following citations: 

“Still it’s somewhat unsettling to watch at the past choices. I can see that I visit 

the store quickly and hungry and buy prepared food and chocolate. And when 

that happens again and again, it shows in my health condition and energy 

levels.” (ID5, 2016) 

“I have thought of starting to use reusable shopping bags. It says we consumed 

42 euros worth of plastic bags alone. We shop groceries five times a week, 

that’s 250 plastic bags per year. One plastic bag every other day. Even though 

you would recycle them as trash bags, the same amount of trash bags costs 2 

euros a roll.” (ID4, 2015) 

“I will never ever use that much on gasoline! I will rather walk if I have to.” 

(ID8, 2016) 

Even though four study group members agreed or strongly agreed that they had gained 

new information regarding shopping behaviour, most participants still pointed out 

findings in the data they already knew. In the second evaluation interview, the participants 

were asked about the impact of the study on their thoughts and attitudes towards 

consumption and nutritional choices (Table 11). Unexpectedly, half of the participants 

reported that due to their insights drawn from the purchase data, they had somewhat 

altered their shopping habits during the 3-month study period. Most observed changes 

related to nutritional choices, but also some were based on environmental insights or 

spending (Table 11). 
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Participants described their observations in the following way:  

"During the study I have come to realize how much I spend on cheeses, and 

tried to look for less expensive alternatives. But still they are not cheap."  

(ID1, 2016) 

”Soft drinks, mineral waters, beers, plastic bags – those have been the ones 

that have made me think the most while visiting the local grocery store. I can 

say that the thinking has had impact on what I now end up buying.” (ID4, 2016) 

”I haven’t observed any radical change. But there has been times when this 

study has come to my mind while I have been picking the prepared food packets 

in the store. And left them there. […] You end up cooking more from the raw 

ingredients.” (ID6, 2016) 

”Absolutely, now that I know more of my unhealthy choices, the study has had 

impact on by shopping habits. But that effect only lasts so long. If this was a 

mobile app, it should remind me continuously, so that I wouldn’t forget. Now 

its works like a speeding ticket. After the initial shock you forget about it.” (ID8, 

2016)  

It is essential to acknowledge that while many of the participants reported a willingness 

to change their consumption pattern, this does not imply behaviour change. Even though 

four out of eight participants reported a minor change in their shopping behaviour during 

the study period, this was not confirmed as a fact. Still, the experienced insight they based 

their decision on remained and highlighted the importance of the information for them. 

Table 10. Identified shopping behaviour related themes from the interviews. 

Shopping behaviour related theme Freq. 

Surprised by product category popularity 6 

Seasonal variance 6 

Spikes in consumption 6 

Shopping pattern recognized 5 

Insight on household items 3 

Reflection on environmental choices 3 

Surprised by seldom bought products 1 

Table 11. Five participants reported changes in their shopping habits during the study. 

Theme related to shift in shopping habit Freq. 

Observed change in shopping behaviour 4 

Changes based on insights on nutrition 4 

Changes based on environmental insights 2 

Changes based on insights on expenditure 1 
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5.2.3 Value for finance management 

Half of the study group agreed or strongly agreed on the analysis to contain useful 

finance-related information (see Figure 13). Table 12 reveals that every member of the 

study group reflected on their expenditure, while four went beyond the costs, and 

considered more deeply their household budget planning, as described by one participant: 

”From finance point of view, I find this application most useful. That price per 

day, what I spend on groceries daily, that’s good to know. I have often 

wondered, what it would be. When you have a tighter bugdet, you know, what’s 

the minimum that you can live with.” (ID8, 2016) 

Two participants found a correlation between costs and the amount of fat in their groceries 

and another between costs and carbohydrates. Some reflected the amount of nutrients and 

the impact of their choices on their monthly spending: 

“Well, let me see. This actually looks surprising healthy to me. These were the 

groceries for our cottage. I bought frozen berries and fruits for 8 euros. That’s 

huge for me.” (ID2, 2015) 

 “I buy every time chocolate, milk and prepared food. It would be good, if I 

bought more vegetables and fruits. That’s what this tells me. [...] Why, since 

these vegetables are so cheap, I could actually buy them every time. I thought 

they cost more.” (ID5, 2016) 

“First I spend 1200 euros on gasoline and then I get a good conscience not 

buying plastic bags every time. That’s me being eco-friendly.” (ID8, 2016) 

More than half of the study group members were surprised by the expenditures being 

higher or lower than they anticipated: 

“600 euros for cheeses, that’s surprising! Well, Parmesan is expensive, 

perhaps that’s why. The cheese for pizza shouldn’t be so expensive, I wonder… 

And also those soft drinks, that we buy them so much. And still we consume 

much more milk, but it doesn’t show likewise in the costs.” (ID3, 2016) 

Table 12. Identified finance-related themes from the interviews. 

Finance related theme Freq. 

Reflection on expenditure 8 

Useful information on grocery spending 6 

Some expenditures higher than anticipated 6 

Some expenditures lower than anticipated 4 

Insights on household budget planning 4 

 

The two participants that did not mention represented information useful for their finance, 

missed other food retailers’ data. Still they reflected on their data, pondering the reason 

for the expenditures and clicking on the spikes of the price line. The first prototype P1 

sparked slightly more reflection on shopping behaviour related themes than the P2.  
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5.3 Effectiveness of data representations 

Five participants out of eight preferred basic charts while three liked more of the abstract 

ones (Figure 13). Basic charts included line, area, bar, pie and scatterplot charts. Two 

people emphasized simplicity and easiness to read the charts and three wanted to be able 

to interact with their shopping data. The technology probe T1 (see Figure 9, p.41) 

displayed an interactive donut chart and allowed the participant to play with it and test it 

out. Half of the study group felt the donut chart was too complex and took too much time 

to comprehend while three persons cheered for its easiness to read and effectiveness to 

present data. The following quotes demonstrate the opposite impressions: 

“This has too much stuff in it. I’m an old school guy and more into old fashion 

bar and curly [area] charts. Colours are good though, they make it nicer to 

read.” (ID4, 2015) 

 “I would prefer as simple presentation as possible, but something more than 

only line chart. Well, this [donut chart] was good. I want only the information 

about how much healthy and unhealthy food I buy.” (ID5, 2015)  

“It’s quite fascinating, even though I think a dozen categories are enough, this 

has a little too much. It’s good how clearly I can see which values are okay and 

which are not. Like this sugar here. It’s a way off, this guy has lost it. How’s 

data are these?” (ID7, 2015) 

 “I think this [donut chart] is easy to read but perhaps if I could choose the 

categories to view... that way it would be clearer and I could leave out the 

groups I'm not interested in. Perhaps different colours for each category... but 

then again it might be too wild.” (ID8, 2015) 

All the study members praised the visualizations as engaging and intriguing and found no 

difficulties using the prototypes. Two participants mentioned that they had needed the 

initial training to make most out of the visualizations. 

 
Table 13. Identified visualization-related themes from the initial interview. Freq. denotes the 

number of interviewees that mentioned the theme during the interviews. 

Preferred visualization Freq. 

Basic chart 5 

Abstract chart 3 

Interactive chart 3 

Simplicity 2 

Verbal analysis 1 

 

Technology probe T1 Freq. 

Too messy 4 

Easy to read 3 

Effective representation of data 3 

Information unbalanced 2 

Beautiful 1 

 

One participant described in detail that he would like to see the products in two categories, 

groceries and household items. In the initial interview, the participant had a solid 

reasoning behind the product categorization: 

“Division to groceries and other items, that’s what I would like to see. When I 

go to the store, I have a list of food and drinks. But every so often I come home 
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with those groceries, but also with a bunch of stuff that I didn’t plan to buy. I 

would like very much to see, how that happens.” (ID7, 2015) 

However, after seeing his data presented in two categories as he had defined, he did not 

quite recognize the usefulness in the representation. Interestingly though, another 

participant got excited about the two-category representation after seeing her graph, even 

though that was not exactly what she had expressed as her interest: 

“This is the thing what I said to be interested in. I can see here how my products 

are divided into food and household items, this is interesting. ” (ID8, 2015) 

The prototypes differed both in the quantity of represented data and in the types of charts 

they presented. The prototype P1 displayed only metrics about the purchases (costs, 

quantities and categorization) whereas prototype P2 also presented nutritional 

information. When the participants were asked which one is more informative for them, 

a chart or a table, a half preferred more the chart and half the tables: 

“Quite useful information, especially these TOP lists. They tell you, where you 

spend your money, what you eat. And you can even zoom in.” (ID5, 2015) 

”I find these charts more interesting, as you can see where you actually spend 

you money. You don’t need to start to count, and they are visible with a 

glimpse.” (ID2, 2015) 

When comparing bar and area chart representations, again opinions were divided with 

five participants favouring more the bar charts while three liked the area charts more. The 

following citations describe both views: 

“Area chart is more illustrative, because you see all the nutrients the stacked 

here. You can make out from the colours the whole thing. It takes a little 

practice to use the charts.” (ID2, 2016) 

“Area chart is a bit less clear than the bar chart. From bar chart you can more 

easily compare nutrients. But still area chart is for checking the overall picture. 

I like these labels in both of the charts, they tell you at once, what’s there. I find 

this [bar chart] pleasant to use.” (ID6, 2016) 

Overall, tables were characterized as descriptive and better suited in portraying finance-

related information. Bar charts were favoured for presenting details in nutrients while 

area charts suited better for giving an overall view to the data. 

5.4 Insights, improvements and innovations 

Surprisingly many, five of the participants described their own idea in detail how to 

develop a real digital health application based on the prototype experience: 

“You could develop functionality to the app to generate shopping lists. Now 

that it knows those items you have bought, it could compose a ready-made 

shopping list for you as a suggestion. Then there you needed only to drop out 

the things you don’t want this time. […] Or then this Foodie, it could already 

ship the most certain groceries for you every day based on this application. 

Two cans of milk per day. It would know the groceries that are running out.” 

(ID7, 2015) 
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“This prototype could replace my own accounting, I already keep track of all 

my groceries and expenditures by hand. If it could read the purchase reports 

from the S group stores, it would be totally great! It would easy my work 

significantly since I buy all the groceries mainly from S group’s shops. I just 

needed to add the expenditure from other retailers. I would be truly a killer 

app.” (ID8, 2016) 

“You asked before, if I were interested in comparing the groceries with peer 

groups. Well now after seeing this data, I am! It could be a group relevant for 

me, based on my own consumption. It could cheer me towards the goals I have 

set myself, a little like Heiheia.” (ID8, 2016) 

“If you merged this [purchase data] with the data from my FitBit activity 

tracker, you could check if you have managed to buy less prepared food or 

chocolate, and if it has had any effect on exercising or jogging. And the other 

way around, if jogging has had effect on eating more healthy.” (ID5, 2016) 

“If the application were a mobile app like Foodie, I could set it to watch out 

certain ingredients that I’m allergic to. Then at the store before I would read 

the bar code if I’m uncertain and know it right away. Or sometimes that don’t 

have proper product descriptions printed on the groceries. It could dig out the 

information I need for me, without trying to read all the fine print from the 

package. Like what really is the origin of the food.” (ID1) 

One technically savvy participant defined in detail how an application could recommend 

alternative products to replace the unhealthy ones: 

“It could be shopping recommendations, taken as a treatment, for example, for 

limited amount of time. Or cheaper alternatives in the competing store. I would 

set a goal, and the recommendations would guide me closer to it. That would 

be great. Now that I have gained some weight, I would expect the application 

to help me loosing it.” (ID2, 2015) 

Three suggestions were proposed how to improve the user experience of the application 

by personalization: 

“If you could change the visual appearance of the graph to suit your own 

preferences that would be nice. To bars, for example.” (ID2, 2016) 

“Could the top purchases lists have a choice or menu, from where you dropped 

out the categories you are not interested in? Show all and show only buttons.” 

(ID6, 2016) 

“What if you could select certain categories to dig into and other’s to leave out. 

Like gasoline and stuff.” (ID8, 2016) 

All but two participants gave their contributions to the future development of digital 

health applications. It should be noted that the interview guide did not include any 

encouragement or questions to spark discussion on improvements or innovations, but 

rather these themes took place after strikingly meaningful personal discoveries in the data. 

Another trigger that made the study group members to envision new uses for the data, 

was after realizing the prototype did not fill their expectations or after discovering a 

shortcoming or missing attribute in the data. 
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5.5 Barriers for value creation 

During the interviews, almost every participant noted a limitation of the data as shown in 

Table 14. In the data visualized by the first prototype, most frequently expressed lack in 

the data was missing information about nutrients with five out of eight participants 

pointing out the shortcoming. The second prototype P2 was designed to overcome the 

limitation in the original purchase report offered by S-Group. With additional information 

from participants’ receipts, nutrients including fats, carbohydrates, fibres, energy, added 

sugar and protein were represented in the prototype P2. This time, only two participants 

longed for more detailed information of their groceries’ composition: 

“When you have bought pork meat and it shows there have been 52 grams of 

fat, could it [the application] tell me how much that has been in percentage? 

That would tell me how much of the whole product is fat. And also, how much 

of the product’s mass are pure fibres, again in percentage.” (ID2, 2016) 

“Here I can see the amount of saturated and unsaturated fats. But it would be 

nice to see also the amount of trans fats.” (ID8, 2016) 

However, the nutritional information was only an approximation and lacked the accuracy 

of real point-of-sales data. One participant noted an inaccuracy in the nutrients, which 

was then corrected by uploading additional receipts to improve the estimate. Even though 

the objective of representing grocery nutrients was only to assess their value potential for 

the study group, the limitation in the data was not fully overcome.  

Table 14. Four identified themes related to the purchase data limitations. 

Limitation in the purchase data Freq. 

Nutritional data missing 7 

Individual product data missing 5 

Product categorization ambiguous or misleading 5 

Missing other food retailers’ data 4 

 

The remaining most significant lack in the data was the absence of individual product 

information since the purchase report only revealed products categories but no name, 

brand or quantities of the purchased groceries. Similarly, five participants found the 

names of the product categories to be misleading or ambiguous. This was to be expected 

since the product categories followed a taxonomy made for the food producers, not for 

the consumers (S. Mattila, expert interview, June 26, 2015). For example, two participants 

got stuck on categories “Natural products with 17% VAT” and “Other sour milk prod.” 

and could only guess for which purchases the categories might refer to. Another two 

participants reported the lack of more detailed product information in the following way: 

”I find it a bit troublesome that what is actually in which category. The data 

doesn’t say this. Now it’s like when I find some bad thing in my groceries, I see 

only the category, which’s a bit fuzzy. Because you can’t see the actual products 

that you bought, you can always doubt it, whether it really is a bad thing, and 

don’t know it for sure.” (ID3, 2016) 
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“Those natural products remain a bit of a mystery, what they really are 

[referring to category “Natural products with 17% VAT”]. Again here, the 

names of the categories. Some are clear as the others are somewhat vague.” 

(ID6, 2016) 

Being able to explore only their groceries bought in S-Group markets (referred as 

“missing other food retailer’s data” in the table), was considered a shortcoming by half 

of the study group. At times, these participants considered the missing information as an 

obstacle when they made remarks of their findings in the data. Occasionally, the 

participants explained their consumption behaviour with the missing data. 

Three members of the study group had concentrated their grocery shopping to S-Group 

stores and were therefore able to get a nearly complete overall view of their consumption 

patterns and amount of nutrients while five lacked in variety of stores included. 

Neglecting to show their loyalty membership card at the cashier would have resulted in 

sparse purchase data. Still, none of the participants reported forgetting to swipe their card 

while shopping.  

From technical point of view, the lack of direct point-of-sales data restricted the data 

representations the most. If EAN codes for individual products had been present in the 

purchase report (see Appendix E), there would have been no need for excess receipts and 

approximation of grocery nutrients. However, since the interviewees reported an 

inaccuracy in the approximations only once, the implication of visualizing accurate point-

of-sales data instead of an estimate, would have had little effect on the overall experienced 

value, and thus to the study results. 
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6. Discussion and implications  

The study set out to explore the research question what value if any does the use of grocery 

shopping data bring to the customers. Three research objectives were defined to support 

seeking solutions for the question. The findings are presented next in conjunction with 

the research objectives leading to them: 

Objective 1. Discover the motivating factors derivable from the purchase data that the 

study participants find the most valuable. The first design cycle iteration resulted in two 

findings. First, nine motivational factors were identified contributing to the value gained 

through the purchase data (Finding 1.1). Second, themes of the identified motivational 

factors were able to be classified into two categories, curiosity and self-improvement 

(Finding 1.2). Thus, the study group expressed motives that fell into one of these two 

categories. These results were achieved by utilizing two technology probes while 

conducting the initial interviews to map the motivational factors. These factors were then 

refined into requirements to be met by the following iterations. 

Objective 2. Explore visualization techniques to represent factors in the data with value 

for the participants. The second and third design cycle iterations revealed findings how 

the study group perceived and gained value from the purchase data. Representation of the 

purchase data created health-, nutrition- and finance-related value that the study group 

experienced as useful (Findings 2.1-2.3). Four themes relating to the usefulness of the 

visualized health-related data were identified in the interviews, eight themes relating to 

the usefulness of the visualized nutrient data, and five themes relating to the usefulness 

of financial information. Five study group members reported changes in their shopping 

habits during the study (Finding 2.4).  

Regarding information visualization, simple representations of data were preferred to 

abstract illustrations (Finding 2.5). Also, presenting their data visually triggered new 

innovations among the participants to improve the artifact design (Finding 2.6). 

Objective 3. Map limitations in the purchase data in contrast to the motivating factors, 

and overcome them with design alternatives when possible. Findings regarding barriers 

to purchase data utilization were more related to the context and structure of the data than 

available tools or methods. The fact that the purchase data did not contain nutrients was 

experienced as the most significant shortcoming in the data by the study group (Finding 

3.1). The missing product names, brands and quantities hindered reflecting on the data 

and making inferences based on the data, that is, what kind of impact the data had on the 

participant’s life (Finding 3.2). Similarly, product categorization was perceived as 

ambiguous or misleading, and it also hindered reflecting on the data and making 

conclusions based on the data (Finding 3.3). Also having grocery data available from only 

one chain of food retailers decreased the experienced value (Finding 3.4).  

Lastly, it was discovered that estimates actually had a potential to overcome shortcomings 

in the data without significant decrease in the experienced value of the data. However, 

the tradeoff from not having the precise purchase data, in this case, point-of-sales data 

with EAN codes, and calculating approximations resulted in significant increase in the 

development time and effort visualizing the data (Finding 3.5). Table 16 displays the 

findings with references to relevant research findings from other studies.  
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Table 15. The findings of the current study in conjunction with the research objectives leading to 
them, with references to relevant studies. 

Objective 1. Discover the motivating factors derivable from the purchase data that the study participants find 

the most valuable. 

Finding in the study  Research with relating findings  

1.1 Nine motivational factors were identified contributing to 

the value gained through the purchase data. 

Li et al. (2011), Reitberger et al. (2014a),  

Whooley et al. (2014), Epstein et al. (2014) 

1.2 The motivational factor themes could be classified to one 

of the two categories, curiosity or self-improvement. 

 

Li et al. (2011), Reitberger et al. (2014a),  

Whooley et al. (2014), Epstein et al. (2014) 

Objective 2. Explore visualization techniques to represent factors in the data with value for the participants. 

Finding in the study  Research with relating findings  

2.1 Representation of the purchase data created health-related 

value the study group experienced as useful with 4 identified 

themes. 

Choe et al. (2014), Reitberger et al. 

(2014a), Saarijärvi (2011) 

2.2 Representation of the purchase data created nutrition-related 

value experienced as useful with 8 identified themes. 

Reitberger et al. (2014a), Saarijärvi (2011) 

2.3 Representation of the purchase data created finance-related 

value experienced as useful with 5 identified themes. 

Li et al. (2011) 

2.4 Study group reported changes in their shopping habits during 

the study. 

Choe et al. (2014), Li et al. (2011), Tollmar 

et al. (2012) 

2.5 Simple representations of data were preferred to abstract 

illustrations. 

Whooley et al. (2014), Reitberger et al. 

(2014a), Saarijärvi (2011) 

2.6 Presenting their data visually triggered new innovations 

among the participants to improve the artifact design. 

 

Choe et al. (2014), Lupton (2015) 

Objective 3. Map limitations in the purchase data in contrast to the motivating factors, and overcome them with 

design alternatives when possible. 

Finding in the study  Research with relating findings  

3.1 The purchase data not containing nutrients was experienced 

as the most significant shortcoming in the data. 

Gencoglu et al. (2015), Li et al. (2010),  

Reitberger et al. (2014a), Saarijärvi (2011) 

3.2 The missing product names, brands and quantities hindered 

reflecting on the data and making inferences based on the 

data. 

Gencoglu et al. (2015), Li et al. (2010),  

Reitberger et al. (2014a) 

3.3 Product categorization in the data hindered reflecting and 

inference-making. 

Gencoglu et al. (2015), Li et al. (2010),  

Reitberger et al. (2014a) 

3.4 Having grocery data available from only one chain of food 

retailers decreased the experienced value. 

Li et al. (2010), Saarijärvi (2011) 

3.5 Estimates have a potential to overcome shortcomings in 

the data without significant decrease in the experienced 

value, but with significant increase in the development 

effort visualizing the data. 

Li et al. (2010), Lupton (2014) 
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In the following sections, relevant research findings from other studies are discussed 

reflecting their results to the presented findings. The first section reflects the findings on 

digital health research. The second section goes through value co-creation literature with 

typology presented by Saarijärvi (2011) and suggests another model based on the 

empirical results. Lastly, the third section reflects the findings of the current study to 

information visualization research. 

6.1 Implications for digital health 

Even though there was only a limited number of studies available exploring self-tracking 

with digital health applications and making use of purchase data for health promotion, the 

current research had interesting findings regarding these other studies. Relevant studies 

researched health data, which was gathered through tracking of diet, weight, fitness 

levels, sleep quality, food intake and groceries with consumption behaviour. While not 

all of those involved analysing nutrition-related data, they were applicable to the subject 

area and carried similarities in their research settings to the study at hand. 

Research exploring the motives for tracking personal data has found the reasons to 

support mostly private and personal interests falling into two broad categories: curiosity 

and self-improvement (Lupton, 2014; Reitberger et al., 2014a; Whooley et al., 2014). In 

their study of personal informatics, Epstein et al. (2014) identified goals motivating their 

participants to relate to either tracking or improving health. In the current study, the 

motivational factors related to curiosity were tracking of nutrients, food consumption and 

origin of the products, knowing the purchase categories and getting product 

recommendations. Study participants approached the data with curiosity and 

astonishment while they were also entertained by their findings (Finding 1.2). 

Ruckenstein (2014) received similar results in her study, where even mundane 

observations had provoked discussion and evoked emotional responses in the users.  

In their research of self-trackers, Li et al. (2010) discovered the reasons for tracking to 

relate to curiosity, but also to improving overall wellness, losing weight and triggering 

events such as treating an illness or health condition. However, motive lacking from the 

current study, Li et al. (2010) also recognized interest in quantitative data as part of being 

a "geek" among their study subjects. Similar motive was found by Choe et al. (2014) in 

their research, where self-trackers used the term “self-experimentation” for finding 

meaning knowledge about themselves that they could use for self-optimisation.  

The participants of the study at hand presented a number of innovations to meet their 

motives (Finding 2.6), some of those bearing even potential for commercial application. 

Mattila pointed out in his interview the same features in their forthcoming product 

releases as the study participants already came up with: predictive grocery shopping 

algorithms, customized product recommendations and health indicators based on 

shopping data (S. Mattila, expert interview, June 26, 2015). This behaviour was not 

clearly recognized in any of the mentioned digital health related studies, although user 

innovations were an expected outcome from utilizing the lead user method in the 

participant selection (Helminen, 2012). Still, Choe et al.’s (2014) “self-experimentation” 

with custom built tools had similar motives, even though the participants of the current 

study lacked in the skills to develop applications they presented as innovation, opposite 

to self-trackers described by Choe et al. (2014). In her research, Lupton (2015) discovered 

a willingness in the users to innovate and exploit the possibilities of smart devices to 

engage in reflective self-monitoring and the monitoring of others. The behaviour in the 

study participants bears a resemblance to the current study. 
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Self-improvement was recognized as the driving factor in themes such as improving diet, 

controlling weight, seeking to change shopping habits, improving overall wellness and 

address a health condition (Finding 1.2), and thus supporting the results of earlier research 

(Epstein et al., 2014; Li et al., 2011; Reitberger et al., 2014a; Whooley et al., 2014). Three 

persons out of eight emphasized factors relating to curiosity while five sought for self-

improvement through tracking purchases. Three members of the study group had 

concentrated their grocery shopping to S-Group stores and were, therefore, able to get a 

nearly complete overall view of their consumption patterns and amount of nutrients. This 

had an impact on their interest in the data visible in the motivational factors. 

Half of the study participants reported a change in their shopping habits (Finding 2.4), in 

addition to believing in their ability to act based on the discovered information. Research 

on self-tracking has revealed similar results. Li et al. (2011) found out in their research a 

desire in participants to act on the data and change their behaviour accordingly. Choe et 

al. (2014) reported that subjects of their research claimed self-tracking to have supported 

treating or curing a disease. Furthermore, Tollmar et al. (2012) observed a change in their 

participants’ behaviour during 2-month study period showing evidence of a potential 

relation between food tracking and weight loss. 

In the current study, seven significant barriers were identified preventing study group’s 

value creation. The detected barriers related mostly to the data itself: 

Data accessibility. Some of the collection barriers reported by Li et al. (2010) were 

encountered in the current study as well. Barrier shared with their research, was having 

limited access to the data (Findings 3.1-3.4). The current study required the purchase data 

to be download from S-Group portal and then uploaded back to the visualization 

application (prototypes). This required commitment that most of the study group 

members considered too much for them to engage in tracking in their everyday life.  

Data accuracy. Since the purchase data contained no nutritional information, it was 

approximated based on the receipts supplied by the study group. Therefore, the visualized 

data lacked in accuracy as the estimate did not fully replace the missing point-of-sales 

data. The limitation was also present in the research of Li et al. (2010), were the visualized 

data relied on approximation and thus was not totally accurate. Against initial 

presumption, the limitation turned out be less significant than anticipated, suggesting that 

estimation may be used to overcome shortcomings in data accuracy (Finding 3.5).  

Data granularity. The purchase reports included the total household consumption, and 

it was not possible to separate individual consumption from the overall data. The same 

limitation was observed in the research by Reitberger et al. (2014b), where it was up to 

the household members to make sense of the results. Similarly to Reitberger et al.’s 

research, the limitation carried no relevant significance for the study group. 

Data availability and readability. Another barrier to the study at hand was shared with 

the research of Gencoglu et al. (2015), where only a few organisations providing personal 

data submitted it in formats easily accessible by analytics tools. Integrating nutritional 

information with the purchase data, feature profoundly missed by the participants 

(Finding 3.1), required building custom-made analytics tools. Even though for the current 

study the purchase data was provided solely in electronic form, it was not real-time and, 

therefore, the value of the data was diminished over time. Furthermore, portraying the 

data in a meaningful way required a significant effort, since the data followed no general 

standard and there was no available documentation for the data structure. Again, Li et al. 

(2010) pointed out similar shortcomings in integrating the personal data. 
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Out-of-S-market shopping. The study participants considered it lack in the data that 

only purchases made in S-Group stores were available for them (Finding 3.4). Both Li et 

al. (2010) and Saarijärvi (2011) reported the same shortcoming of the data not being 

readily available as the most relevant obstacle preventing the users from reflecting on 

their data. 

Out-of-household consumption. The limitation refers to dissatisfaction that derives 

from others consuming the groceries bought by the customer, such as serving dinner 

parties for friends (Saarijärvi, 2011). The analytics application is unable to separate 

groceries consumed by a household from its guests unless the customer puts effort in 

excluding or marking those items. Contrary to research by Saarijärvi (2011), even though 

out-of-household barrier was mentioned by three participants in the current study, none 

of them regarded it as a concern for the usefulness of their data. 

Seldom bought items. The barrier refers to a limitation in data analytics, where the 

analytics software is unable to distinguish groceries that take a long time to consume from 

those used daily (Saarijärvi, 2011). For instance, butter, salt or flour take weeks or even 

month to consume, while everyday items such as bread and meat only a few days. Since 

the analytics software presents all the data equally, buying a sugar pack results in an 

unnecessary spike in the grocery visualization. The analytics software is yet unable to 

differentiate consumption periods between groceries, thus obscuring the data 

visualization. Even though this limitation was present in the visualizations of the purchase 

data, the study group did not consider it to decrease the information value. The potential 

reason for lack of impact could be that the nutrient values were represented on a monthly 

scale which balanced the spikes in the data. 

Other relevant barriers reported in other researches but not present in the current study, 

were forgetting to record the data (Li et al., 2010), lack of time (Whooley et al., 2014), 

excess amount of data (Choe et al., 2014), failing to find meaning in the data (Choe et al., 

2014; Saarijärvi, 2011), self-criticism (Li et al., 2010), emotional resistance to change 

(Ploderer et al., 2012), missing skills for data interpretation and unhelpful visualization 

(Li et al., 2010; Whooley et al., 2014).  

Opposite to current trend in storing health application data (Swan, 2013), the built 

application did not use cloud storage for sharing and analysing the data, but instead local 

server offered by University IT administration. This decision inherently decreased the 

concern about security and privacy issues which are critical for personal data storages. 

Obligated by Finnish legislation, the personal data needed to be stored within the 

European Economic Area (Personal Data Act, 1999). Since the code of the prototypes 

was published as open source, special care was placed on security, as open source bears 

a risk of exposing vulnerabilities to someone seeking to exploit the weaknesses (Hoepman 

& Jacobs, 2007). Emerging digital health data has drawn attention to the potential ways 

in which the data may be adopted to make inferences and assumptions about individuals, 

either for beneficial or malicious purposes (Lupton, 2015). 

Saarijärvi (2011) points out a legislative aspect in the development process of digital 

health applications. When deployed commercially, Finnish legislation prohibits the 

retailer from utilizing the information that has emerged as a result of the accumulating 

purchase data. In practice, employees having access to customer loyalty data are not 

allowed to see customers’ nutrient profiles and vice versa, therefore effectively enforcing 

the company not being able to segment or profile customers based on the healthfulness 

of their groceries, or use the gained information for the retailer’s internal purposes. This 

makes the development process inevitably more challenging, requires more time and 
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customer participation since the informational infrastructure needs to be built in a way 

taking this fact into account. (Saarijärvi, 2011.) 

6.2 Implications of value co-creation 

In the context of service marketing paradigms, the study group member was the customer, 

S Group was the provider, and the service in question resulted from the use of the artifact, 

the two visual prototypes. One might argue that the researcher played the role of the 

service provider, since he was the creator of the artifact that provided the service, and this 

would have presented a strong bias for the study. Even though this potential bias is to be 

acknowledged and the service was not offered directly by the company, the purchase data 

was the central resource of the value creation process. Instead, the researcher played the 

role of a proxy, creating the value proposition for each participant, and thus enabling the 

resource integration process while observing the value potential for the study group. By 

no means was the role of the researcher merely an observer but rather resembled an 

ethnographer or an active investigator exploring the informants' possibilities to discover 

the future use of their personal data that already has at their disposal. The selected research 

methods gave support for the explorative nature of the study, such as design science 

research, participatory design techniques and the lead user method. Being an exploratory 

study, the research might also be considered to be a simulation of value co-creation 

process based on the reverse use of the customer data. 

From the perspective of SDL, the study group members were the resource integrators, 

and value co-creators, who created value by integrating necessary resources from various 

source, with the skills they possessed (Grönroos, 2008). The purchase data was naturally 

one resource, experiences and prior knowledge on nutrition another, the devices to access 

the prototypes third and so on. SDL and service logic share the same service-centered 

view of customer orientation, where as in the context of the study, the participants 

determined the value when accessing their data through the prototypes. From service logic 

point of view, the study group member might have been the sole creator of the value they 

perceived (Grönroos, 2008) and it was the member how created the value for themselves 

as a result of the resource integration process. From SDL point of view, the participant 

was considered to be a co-creator of value taking actively part in the co-creation process 

(Vargo & Lusch, 2004). Following the lines of SDL, neither did the researcher alone 

define the meaning of value, but both the participant and the researcher collaborated in 

creating the value in an interactive effort (Lusch & Vargo, 2014). According to 

Saarijärvi's (2011) perspective on interaction, the researcher influenced the participants 

value creation process with an additional support, in the form of giving training and 

providing the tools to access the data which again was enabled by the participants' actions, 

for example, by taking part in the study and giving out requirements. 

The different service marketing approaches, including SDL, service logic, customer-

dominant logic and post modernism, offer diverse perspectives on the concept of value 

co-creation. They emphasize different characteristics, shifting the focus of attention 

between the company, customers and resources, and consequently, also lack clear unified 

views to observe and influence, how the value is formed and experienced. Saarijärvi, 

Kannan et al. (2013) claim that diversity of the concept is caused by contradicting 

interpretations of components value, co- and creation. Thus, instead of only stating value 

is co-created, really understanding the process requires clarifying for whom and what 

value is being co-created, and furthermore, with what kind of resources and through what 

kind of means. Still, given the diversity, each of the service marketing approaches reveals 

aspects of the process that the other perspectives would not have brought into daylight. 
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6.2.1 Results in relation to existing case studies 

From the customer-dominant logic (CDL) perspective, the study had a number of 

similarities to two previously mentioned case studies, the Nutrition Code and Nutriflect, 

how the customer value was formed (Findings 1.2, 2.1, 2.2 and 2.5). The results of the 

two case studies in conjunction with the current research are presented in Table 16. Core 

activity included the study participants viewing their purchase data and gaining insights 

while interacting with the prototypes. With the Nutrition Code, customers’ value was 

increased by product recommendations, which was not possible with the study prototypes 

nor with the Nutriflect. This was clearly a feature that would most probably have 

contributed to the value experienced by the study group, since two participants noted the 

lack of the feature.  

Likewise the Nutrition Code customers, the study group members reported motivation to 

control their weight and use the gained information improved the healthiness of their 

lifestyle (Finding 1.2). The case study of Nutrition Code had no mention of value brought 

by insights of expenditure or finance management. These were features that were still 

offered by the application, yet they were not present in the results. Furthermore, the 

customers did not report value created through other than health-related factors, which 

again were present in the current study: purchase data of household items was considered 

meaningful, as was also the impact of consumption on the environment. 

Table 16. Customer activities of CDL reflected on the findings in comparison with two case 
studies. 

Customer 

activity 

Findings based on the 

visual prototypes P1 and 

P2 of the study 

Nutrition Code 

(Kesko Food, 2009; 

Saarijärvi, 2011) 

Nutriflect 

(Reitberger, Spreicer & 

Fitzpatrick, 2014a, 2014b) 

Core 

activity 

Participants used the 

prototypes to interact, 

view and gain insights 

of their purchase data.  

Customers applied for an 

account in the online service, 

used the service to retrieve 

nutritional information of 

their groceries, and accessed 

product recommendations.  

Participants set nutritional 

goals for the system, 

logged in or scanned 

purchases, and checked on 

the nutritional information 

of their purchases.  

Related 

activity 

Participants reflected on 

their insights during the 

interviews. The gained 

knowledge of their 

consumption patterns 

had an effect on some 

of the participants’ 

shopping habits. 

Customers used nutritional 

advice to improve their 

healthy-eating based lifestyle 

and followed their food 

consumption, such as losing 

or gaining weight, or check 

on how healthfully their 

children are eating. The use 

of the service resulted in 

excitement, entertainment 

and frustration. 

Participants followed 

carbon footprint of their 

groceries. Long-term 

change in participants’ 

food consumption patterns 

was reported, in addition 

to raised awareness of 

participants’ consumption 

patterns and reflection on 

nutrition. 

Other 

activity 

Participants ordered 

their purchase report 

from S Group and 

collected receipts for 

the study. 

Arranging other tasks to 

make time to use the service. 

Participants collected 

receipts for the study. 

 

On the contrary to the current study, the Nutrition Code brought up issues that were 

relevant in the customers’ everyday lives and how the information provided by the service 

was embedded within their lives and in their daily value creating processes. Since the 

visual prototypes of the study were not in active everyday use with the participants, the 
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value was created only through study sessions. Although similarly with Nutriflect, the 

study group members reported a change in their shopping behaviour in addition to raised 

awareness in consumption habits.  

6.2.2 Results in relation to existing frameworks 

As suggested Saarijärvi, Kannan, et al. (2013), varying number of service marketing 

approaches to value co-creation contributes to a better understanding of the nuances in 

the process: what kind of value for whom is created (value), by what kind of resources 

(co-), and through what kind of mechanisms (creation). Table 17 demonstrates how this 

approach of reducing complexity, by dismantling the process into its essential 

components, might be applied to the current study. 

The framework helps to identify which actors other than the customer were involved in 

the value creation process, with reasoning, refined resources and applied mechanisms 

through which the value was gained. Table 17 reveals how the four actors, the participant, 

the research group and two companies, are interconnected and each contributing to the 

whole, eventually creating value for themselves and others. The identified mechanisms 

also point out the vulnerability in the process: if one actor exits the system, the value 

chain is severed, and the co-creation fails. However, if all the actors adhere to the process, 

the framework indicates that there is no party playing the role of sole consumer or 

producer. The results suggest that every actor is benefiting from the joint co-creation of 

value.  

Table 17 displays four identifiable characteristics of value co-creation, as portrayed by 

Payne et al. (2007), typical of service marketing. Self-service shifts activities of the 

companies, such as offering product recommendations, to the customer allowing more 

leeway. Co-creation is present when the provider offers an environment and the customer 

is part of the context, in this case, the service consisting of two prototypes. In addition, 

the customer and the providers create value jointly when the customer utilizes tools 

offered the provider to solve his or her particular problem. Also, emotional engagement 

of customers through advertising can be characterized as value co-creation. (Payne et al., 

2007.) Lastly, a significant value is brought by co-designing the products along the user-

centered design approach, since the participants contributed with their ideas and 

improvements to product development.  

From dismantled components, it is evident that not merely a service or application is 

creating the experienced value, but rather a number of other resources are involved in the 

process, such as information and knowledge as suggested by Grönroos (2008). Therefore, 

the study findings (2.1-2.3) imply that it was the participants’ prior knowledge of their 

health-related behaviour and goals they aimed that for made the purchase data engaging 

and useful for them.  

Already in 1995, the postmodern approach to value co-creation acknowledged the fact 

that product, such as health application, cannot be regarded as a complete, finished 

consumer object, but rather considered the product as a process which the customers can 

immerse in and provide inputs, and thus create more value for themselves (Firat et al., 

1995). This is visible in the findings since customers’ value creation resulted in 

entertainment, insights and increased awareness of their consumption, even changes in 

their shopping habits, which could not have been “built-in” to a particular application or 

service (Finding 2.4). 
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The "creation" in value co-creation process refers to the mechanism of integrating 

different resources of various actors in order to manifest their value potential (Saarijärvi, 

Kannan, et al., 2013). Combining nutritional data offered with the purchase data, 

visualizing it and calculating metrics from the data were the value creation mechanisms 

to integrate these resources into customer’s value creation process and then develop to 

experienced value. 

Table 17. Value co-creation process from three perspectives, and dismantled as proposed by 
Saarijärvi, Kannan, et al. (2013). 

Research process of the thesis 

 Actor  

“Value” 

What kind of value for whom?  

“Co” 

By what kind of resources?  

“Creation” 

Through what kind of mechanism? 

      

Participant 

(customer) 

Purchase data was transformed 

into meaningful information by 

the participants. As a result, 

customers’ value creation 

resulted in entertainment, insights 

and alterations in their shopping 

habits with increased awareness 

of their consumption impact on 

finance and environment. 

Participants retrieved their 

purchase data and offered 

receipts for more detailed 

analysis. Participants 

integrated the resources with 

the help of their skills and 

nutritional knowledge they 

possessed. Participants 

offered their insights and 

experiences in the interviews. 

Combining nutritional data 

offered with the purchase data, 

visualizing it and calculating 

metrics from the data were the 

mechanisms to integrate these 

resources into customer’s value 

creation process. 

Research 

group 

(provider) 

The researchers received 

value in the form of refining 

the gathered data from the 

participants (e.g. purchase 

data, interviews), with the 

participants (through UCD), 

and by reaching the research 

objectives with the output 

from other actors, integrating 

their skills and knowledge of 

applied methods. 

 The two prototypes, 

constructed by the author, 

provided the participants 

with a service visually 

analysing the data, and 

also value proposition for 

research group’s value 

creation process. 

 Researchers created value 

through applying research 

methods, e.g. data collection 

methods, participatory design 

methods, and design science 

research methodology. 

S Group 

(provider) 

Retailer’s value creation was 

supported by increased 

customer loyalty, since some 

participants expressed their 

willingness to commit to the 

food retailer with their 

groceries in order to gain 

more detailed information 

about their overall nutritional 

values.  

 From participants, the 

retailer gained increased 

value-in-use. For 

participants, S Group 

offered data on nutrients 

combined with the data. 

For researchers, S Group 

provided co-operation in 

the form of assistance and 

knowledge. 

 The retailer gained increased 

customer loyalty through 

participants’ commitment to the 

study, and increased marketing 

value though participants use of 

the tools provided by the retailer 

(e.g. advertisements while 

retrieving the purchase data) 

Digital 

Foodie Ltd. 

(provider) 

The company received the 

study results to support its’ 

product development. The 

participants learned about the 

company’s ordering service 

Foodie since it was central 

tool utilized as in the study. 

 Digital Foodie offered the 

means (API) to access the 

products’ nutrition data. 

 By offering access through 

Foodie API, Digital Foodie 

enabled constructing the two 

prototypes, and accessing the 

nutritional data. 

Note. Research group refers to the author of the thesis, and to co-workers how contributed to the study or made 

use of the collected data. 
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Exploring further the research on value co-creation, the findings give validation to 

Saarijärvi’s (2011) typology of reverse use of customer data. Later Saarijärvi has explored 

the concept of value co-creation based on customer data in more detail in succeeding 

publications (Saarijärvi et al., 2014; Saarijärvi, Kannan, et al., 2013; Saarijärvi, Kuusela, 

et al., 2013). Saarijärvi (2011) proposes that, in the context of food retailing, there are 

several ways in which information resulting from applying purchase data is used in the 

customers' value creation process. From the perspective of service-dominant logic, the 

purchase data was a resource for value co-creation process, where the participant was the 

co-creator and the prototypes formed the service. The typology is presented in Figure 14. 

The typology consists of four distinct types extracted from empirical data to demonstrate 

how the information provided by the internet-based service application Nutrition Code 

succeeded in creating value out of the customers’ purchase data (Saarijärvi, 2011). As 

earlier described in section 3.2.4, these include playing, check-pointing, learning and 

goal-orientation (Saarijärvi, 2011; Saarijärvi, Kuusela, et al., 2013). Even though they are 

not exclusive, they uncover the distinct ways for perceived created value, which may even 

be extended from purchase data to other forms of personal data. Next, the findings of the 

second research objective (2.1-2.6) are walked through while applying the typology on 

the empirical results. 

 

Figure 14. Typology of value creation3 based on information provided by the Nutrition Code 
application. 

Playing as a type in the Saarijärvi’s (2011) typology refers to those customers using the 

information for entertaining purposes. Customers have no expressed need for the 

                                                 

3 Adapted from “Customer value co-creation through reverse use of customer data,” by H. Saarijärvi, 2011, 

doctoral dissertation, p. 128. Copyright 2011 by the H. Saarijärvi. Reprinted with permission. 
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information about the healthiness of their groceries, and it has no instrumental value for 

them (Saarijärvi, 2011). In the study, the participants falling into this category sought 

mainly to track nutritional values and to know the amount of fat and carbohydrate. They 

found the prototypes playful or visually engaging, but reported no change in shopping 

behaviour, complying with Saarijärvi’s definition. 

Playing created value is considered as interesting, "nice to know", where it is merely used 

for entertainment (Saarijärvi, 2011). For two participants in the study adhering to this 

type, the information did not aim at creating value through healthier consumption, but it 

was experienced as engaging and inspirational: 

"These are interesting to follow, sugars and carbohydrates, this gap might be 

because we were travelling on November... Oh, this is really looking nice… I 

don't think there has been any changes in my groceries during the study." (ID3, 

2016) 

Check-pointing includes customers, who are interested in comparing the healthiness of 

their groceries with the official recommendations (Saarijärvi, 2011). Only one participant 

complied with this type. She appreciated nutritional choices in relation to 

recommendations provided by the authorities, and reflected health impacts on the data 

with emphasized comparison on consumption. She had observed no effect that the study 

might have had on her groceries or their healthiness. 

Check-pointing results in value, where knowing where one stands in relation to the 

recommendations provides him or her a secure feeling about the healthiness of their 

consumption (Saarijärvi, 2011). Along the study, the participant’s interest in comparison 

with official recommendations broadened to include frequent comparison with other peer 

groups. This was an extension to check-pointing type not contained in Saarijärvi’s 

typology, as expressed by one participant: 

“Earlier you asked about my interest in comparing my results. After seeing 

these on top, well now I’m truly interested! It could be some relevant peer group 

with some meaning for me... people having same interests as me.” (ID8, 2016) 

For learning type of customers, the information offers insights for them and increases 

their awareness of their food consumption (Saarijärvi, 2011). By learning about their 

habits, they drive to change their behaviour accordingly. For two persons in the study, 

Saarijärvi’s description of learning type was a solid match. Participants were motivated 

by tracking nutritional values, sought for weight management and reflected health 

impacts on the data. They reported a change in their shopping behaviour during the study 

period.  

Learning creates value in the form of new information, which makes the customers feel 

astonished and surprised, and they utilize the additional resources in the form of new 

knowledge to make more educated and healthier choices regarding their consumption 

(Saarijärvi, 2011). These participants expressed the most of their behaviour related 

insights, as demonstrated by the following citation: 

”Well, this is most interesting: prepared food, prepared food, here meat and 

again prepared food. They correlate with the price graph, it’s on the top… They 

are also those with the most fat [points the values]. That’s bad for health and 

bad for money, that’s why I should avoid these.” (ID6, 2016) 
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Lastly, goal-oriented customers are driven by higher level goals, for example, to achieve 

a healthier diet. The goals might not relate to health as such, but be more abstract in nature 

(Saarijärvi, 2011). There were three participants falling into this category, driven by 

improving overall wellness and to address a health condition they had. The study group 

members of this type were not so interested in tracking the nutritional composition of 

their groceries as other types. Still, also they reported a change in their shopping 

behaviour. With the help of the presented information, these participants expressed their 

will to reach their goals, which goes beyond the healthiness of food, as indicated by their 

comments: 

"I'm very interested in the composition of groceries, knowing what to shop 

regarding my allergies. They set my diet." (ID1, 2015) 

"By eating healthier, I aim at being more alert." (ID5, 2016) 

Saarijärvi (2011) claims that the customers of playful and goal-oriented type create more 

hedonic value in nature, whereas the types of learning and check-pointing end up forming 

more utilitarian kind of value. There is a reason to question whether goal-oriented type 

actually leads to utilitarian instead of hedonic value since utilitarian outcome results more 

often from the a conscious pursuit of planned behaviour (Babin et al., 1994). In addition, 

both participants of goal-oriented type expressed long-term rational goals and reflected 

their consumption on environmental impacts, which according to Batra and Ahtola (1991) 

may suggest more instrumental and utilitarian value than hedonic. In addition, 

participants of learning type were often after affective gratification and also expressed 

spontaneous emotional responses in relation to their insights.  

With an addition to the check-pointing type to include also relating to a peer group by a 

commitment to follow a set of recommendations, such as following a certain diet, 

Saarijärvi’s (2011) customer types can be applied to the findings reported by the study 

group. Even though the study results indicated characteristics of utilitarian and hedonic 

value, this cannot be directly related to types in the typology. These observations would 

indicate that the utilitarian or hedonic nature of the perceived value might not be as simply 

related to types in the typology, or to a single consumer. 

6.2.3 Derived model for value creation 

Incorporating the model proposed by Pine and Gilmore (1998) with Saarijärvi’s (2011) 

typology resulted in a model that would describe the study’s empirical results more 

accurately. In the resulting model shown in Figure 15, Saarijärvi’s check-pointing type is 

extended to “relating” type. In addition to comparing food healthiness with the official 

recommendations based on curiosity, the “relating” type includes experienced value from 

belonging to a peer group which gives justification to one’s choices in consumption and 

a feeling of togetherness. The mere utilitarian-hedonic axis is replaced by active-passive 

dimension with characteristics of utilitarian and hedonic value creation. In contrast with 

the Saarijärvi’s typology, the emphasis is on active or passive nature of the creation 

process. Action value describes the value that is created through new information 

resulting in perceived change in the customer’s behaviour. This is drawn from the finding 

where the study group members “acted on the information”, such as by reporting a change 

in their shopping habits. Opposite to Saarijärvi’s typology, customers of goal-oriented 

type are proposed in the model to create the value of more utilitarian nature, in addition 

to the learning type. This categorization follows more precisely the interview results when 
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reflected on the online shopping findings by Childers et al. (2001), and the creation of 

utilitarian value as defined by Babin et al. (1994).   

In the model, passive value refers to experiences in value creation process that are not 

related to changes in one’s consumption behaviour, but rather the value is experienced 

meaningful through other means, such as entertainment (playing type) or getting 

validation for one’s behaviour (relating type). Passive value creation can be better 

described as having more hedonic uses for the customer including affections and 

sensations when consuming the value (Babin et al., 1994), opposite to creational activities 

brought up by the gained information. 

 

 

Figure 15. Constructed typology describing how customers create value with purchase data. 

Playful type refers to customers interested in the nutritional data for entertaining purposes 

only and having little utility for the information regarding healthiness of their groceries. 

Customers tend to play with the information out of curiosity and pay attention to the 

interaction and aesthetics of the representation.  

For learning type of customers, the information adds to their understanding of issues 

regarding their food consumption. Customers get thrilled and excited about their findings, 

learn new things about food healthiness and aim for self-improvement. They find high 

value in the information itself and thus regards it as instrumental. 

Customers of goal-oriented type seek to meet higher level goals not necessarily related to 

food healthiness or groceries. The information is guiding them to achieve these 

objectives, and even though it is essential in their value creation process as a resource, 

health-related and nutritional information is not regarded as instrumental to them as to 

other types. 

It should be noted that the model is limited by its static nature. It describes created value 

based on fixed customer types, even though the customers’ motivational factors do 

change over time (Choe et al., 2014). As suggested earlier by Li et al. (2010), people 

tracking their personal health and wellness data tend to shift their interest in the data. In 
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their research participants in the maintenance phase relate to customers of goal-oriented 

and relating type (or “check-pointing” type in Saarijärvi’s typology), since they have 

found their goal of interest and have identified how different factors affect their 

behaviour. Customers of playful and learning type match Li et al.’s discovery phase, as 

they still harvest the data and pursue to identify relevant factors potentially impacting 

their behaviour. The authors discovered people transitioning between the two phases, 

which supports the presumption of customers shifting their type due to their developed 

needs and motivations. 

Based on the literature review of the study, there is still little research done in the field of 

food retail to either question or validate the suggested model. The proposed model needs 

more empirical results for it to be considered valid, since the amount of gathered data, the 

number of interviewees and used qualitative analysis methods are not sufficient to build 

grounds for advanced abductive reasoning. However, the empirical results of the study 

can invalidate or give support for existing theoretical frameworks as proposed. 

6.3 Implications for information visualization 

The study assessed two types of visualization with the prototypes, bar charts and stacked 

area charts. Figure 16 displays how the study group described the prototypes in terms of 

four characteristics: visuality, playfulness, usefulness and gained information. The farther 

away the vertex is from the center of the star chart, the more descriptive that feature was 

for the prototype. The participants’ description of the prototype was interpreted as mostly 

visual when they emphasized the aesthetics, clearness and visuality over its context. The 

prototype was considered fun, when the participant described it as fun, playful or 

engaging. Prototype was counted as useful, when the study group member had found 

either health- or finance-related value in the data representation. Lastly, new information 

discovered in the data visualization was translated into informative quality.  

 

Figure 16. Two visual prototypes were characterized with different qualities. Prototype P1 
visualized expenditure and P2 both expenditure and nutritional information. 
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The prototypes differed both in the quantity of represented data and in the types of charts 

they presented. The prototype P1 displayed fewer metrics about the purchases (costs, 

quantities and categorization) whereas prototype P2 also presented nutritional 

information. Interestingly P1 was characterized more visual and fun even though P2 had 

more graphical, colourful and interactive charts. These visual differences with the 

additional nutrition information in data representation made the prototype P2 to appear 

more useful and informative. It is logical to assume that more types of data made the P2 

prototype more helpful and informative for the study group. One reason for decreased 

value in fun and visual qualities is potentially explained by the excess amount of data as 

described by one participant: 

“There’s so much stuff here that I don’t know where to begin. You can clearly 

see a lot of useful things here. But I don’t know what to look for... let me browse 

this for a while.” (ID4, 2016) 

This being the case, the presented excessive information might be a usability issue in the 

prototype and have little to do with the actual value of the data. On the other hand, more 

data might shift the focus from playfulness and aesthetics to the actual context of the 

information. Van Wijk (2006) concurs that when a visualization does not show clear 

patterns, i.e. the observer does not receive value from it, it is hard to decide whether this 

is a limitation of the visualization method, an indication of a usability problem or that the 

data simply does not contain significant patterns. 

Based on the user preferences gathered with the initial technology probes (Finding 2.5), 

both prototypes were designed to utilize only basic visualization schemes. The results 

showed half or more of the participants finding the visualized data to carry information 

they were not aware before (Findings 2.1-2.3). As recommended by Ware (2012, p. 24), 

unless the benefit of novelty outweighs the cost of inconsistency, this finding suggests 

adopting visualization methods that are consistent with others commonly used, as they 

lessen the cognitive burden of learning and interpreting the data. This guideline can be 

quite frustrating for a designer aiming at innovative solutions. It often means that 

something that seems to be a clearly superior way of representing data when viewed in 

isolation, is in fact not useful for the user. 
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7. Conclusion 

The study set out to explore the research question what value if any does the use of grocery 

shopping data bring to the customers. Using design science research the thesis made use 

of grocery purchase data available to S-Group customers and presented ways of applying 

the data making it meaningful for the customers. Three research objectives were defined 

to support seeking solutions for the question.  

7.1 Practical implications 

The study identified a number of motivating factors though which the study group gained 

value. The study participants were motivated by the purchase data either out of curiosity 

or to seek self-improvement. Visualization of the purchase data created health-, nutrition- 

and finance-related value that the study group experienced as useful. Concerning 

visualization of the data, simple charts were preferred to abstract illustrations. Presenting 

their data visually triggered innovations among the participants to improve the artifact 

design. 

The limitations hindering the purchase data utilization were mostly related to the context 

and structure of the data. The missing nutrients in the data the study group regarded as 

the most significant flaw. Also, lack of individual product information, misleading or 

ambiguous products categories hindered the data usage and inference-making. In 

addition, having grocery data available from only one chain of food retailers decreased 

the experienced data value. It was found that using estimates to overcome shortcomings 

in the data did not result in perceived decrease in experienced value of the data. The 

tradeoff from using approximation to cover the lack of exact data, and building estimation 

logic into the prototypes resulted in significant increase in the development effort. 

Another practical implication of the study emerged in following the design science 

research process. Purchase analytics application was built for building a nutritional profile 

for each study participants, and also developing two evaluated proof-of-concept prototype 

to utilize those profiles. The application was released as open source to the Git Lab 

repository in hopes of supporting future research on personal data, digital health and 

information visualization. 

The study implicates several practices helping to design a digital health application and 

visualizing personal data. The following five design guidelines can be derived from the 

study results and reviewed literature: 

1. First give an overview to the data, and then with the help of linked views 

allow the user to dive into the details (Findings 2.1-2.3; Shneiderman, 1996). 

 

2. Do not overload the user with details having no actual interest for the user. 

When the data is too sparse, too dense or unbalanced, consider giving the user 

tools to group the data points in number of ways, such as altering the time span 

from daily to monthly views (Finding 3.5; Buja et al., 1991; Wilhelm, 2008) 

 

3. Use simple visual representations. Do not drive away the user with abstract 

representations that require too much learning or cognitive processing  

(Finding 2.5; Ware, 2012, p. 24). 
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4. Pilot test the outcomes with real users with their actual data  

(McCurdie et al., 2012; Payne et al., 2007). 

 

5. Put effort in exploring valuable characteristics in the data with the actual users 

(Finding 2.6; Helminen, 2012; von Hippel, 2005). 

Based on the user preferences of the study group, built designs utilized only basic 

visualization schemes. The results showed half or more of the participants finding the 

visualized data to carry information they were not aware before, and consequently the 

designs reaching their goals. Following Ware’s (2012, p. 24) recommendation, this 

finding suggests adopting visualization methods that are consistent with others commonly 

used, since they take off the cognitive burden of learning and interpreting the data. The 

third guideline can be quite frustrating for a designer driven to innovative solutions, since 

it suggests that something seeming to be a superior way of representing data, is in fact not 

useful for the user. 

7.2 Theoretical implications 

The study made use of design science research with the DSRM methodology by Peffers 

et al.'s (2008). Additionally, the study supplemented the research process with the lead 

user method to attract user innovations. User innovations bear similarities to user-

centered design, which also contributed strongly to the research process, both through the 

participatory design and in value co-creation process. The findings proved the method 

selection successful in gaining innovations with potential commercial value.  

One of the principles of user-centered design is an early focus on users and, in essence, 

to translate users' needs into development requirements and ensure their satisfaction 

(Gould & Lewis, 1985). Between the fields of user innovation and user-centered design 

lingers many participatory design methods. Participatory design focuses on designing 

with the users, facilitating innovative activities by the users, but also letting the designers 

develop solutions for the users (Preece et al., 2015, p. 16; Törpel et al., 2009). However, 

participatory design often depends on design interaction between the designers and the 

users and thus differs from pure user innovation, such as the open innovations (Helminen, 

2012).  

Therefore, product development approaches which rely on user innovations and seeking 

for users most likely to innovate new ideas, differ significantly from the ideals of 

democratic and representative participation that characterizes participatory design 

(Helminen, 2012). The lead user method merely focuses on innovative ideas that can be 

built into products (Churchill et al., 2009, p. 3). Consequently, the resulting tradeoff from 

elite bias in the participant selection was rewarded with a novel way of inviting new ways 

of utilizing the purchase data. 

From three service-marketing perspectives, the study had a number of similarities with 

two case studies, the Nutrition Code and Nutriflect, how the customer value was formed. 

The framework suggested by Saarijärvi, Kannan, et al. (2013), helped to identify which 

actors other than the customer were involved in the value creation process of the study, 

and what resources and mechanisms were utilized to gain the value. Adapting the 

framework revealed how the four actors of the study, the participant, the research group 

and two companies, were interconnected, each contributing to the whole, and eventually 

creating value for themselves and the others. Combining nutritional data offered with the 
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purchase data, visualizing it and calculating metrics from the data were the value creation 

mechanisms to integrate these resources into customer’s value creation process and then 

develop to experienced value. 

The study demonstrated a significant value brought by co-designing the products along 

the user-centered design approach, since the participants contributed with their ideas and 

improvements to product development. It is evident that not merely a ready-made service 

or an application regarded as a finalized product is creating the experienced value, but 

rather a number of other resources are involved in the process, such as information 

generated by the customers, their skills and knowledge (Firat et al., 1995; Grönroos, 

2008). 

The identified mechanisms also pointed out the vulnerability in the process: if one actor 

exits the system, the value chain is severed, and the co-creation fails. When all the actors 

adhere to the process, the framework indicated that there is no party playing the role of 

sole consumer or producer. The results of the study suggested that every actor is 

benefiting from the joint co-creation of value. 

Firat et al. (1995) suggest that a product is considered more as a process, which the 

customers can immerse into, provide inputs, and thus create more value for themselves. 

This was visible in the findings of the study, since customers’ value creation resulted in 

entertainment, insights and increased awareness of their consumption, even changes in 

their shopping habits, which could not have been “built-in” to an application or service. 

Developing further the typology suggested by Saarijärvi (2011) with the findings from 

the study resulted in a derived model for value creation, and the discovery of the 

“relating” type that would describe the study’s empirical results more accurately. The 

model works as a framework for created value derived from the customer shopping data. 

Based on gained value from the purchase data, the model distinguishes four customer 

types with dimensions of passive-active role of the customer and, similarly to Saarijärvi’s 

typology, produced information more or less instrumental in value creation process. 

The findings validated Saarijärvi’s (2011) typology of reverse use of customer data. Even 

though they were not exclusive, they uncovered the distinct ways how the study group 

perceived created value.  

7.3 Limitations of the study 

The research has a number of limitations, which should be acknowledged when 

considering the results of the study. The study group comprised of eight participants, 

which does not represent any population, give justification for generalization, nor does 

the small sample size provide grounds for quantitative deduction. The fact stressed 

throughout the study was that neither the 3-month duration of the study nor the utilized 

data collection methods gave basis to claim any behaviour change among the participants. 

The change in shopping habits was reported as an observation made by the study group.  

Since the study was explorative in nature, the focus was in selecting qualitative methods 

that were suited for discovering user perceptions, insights and emotions based on usage 

experienced, user-centered designing and evaluation of those designs. The lead user 

method was applied in user selection, which resulted in participants having expertise in 

either digital health or information technology related products and service. The method 

choice had a clear emphasis on the results, such as the improvements and potential 
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innovations that the study group contributed while testing the prototypes. Qualitative 

interviews were applied in data gathering and artifact evaluation. The themes were 

derived from the interview transcripts by the authors. If there had been another researcher 

to conduct the analysis phase that would have increased the analysis credibility. Six 

evaluation interviews out of 16 were carried out over the phone with sessions recorded 

remotely, which had a potential impact in the results (Shuy, 2003; Trier-Bieniek, 2012; 

Weiss, 1995).  

The purchase reports provided only a snapshot of grocery data from a 16-month period 

containing data about purchased product categories with no precise information on 

bought individual products or their quantities. The participants provided receipts by their 

own choice, 10-20 each, to add the nutrient consumption estimates presented by the visual 

prototypes. The estimates were mere approximations and the accuracy varied based on a 

number of receipts delivered. Even though the inaccuracy potentially affecting the results 

was prepared for through artifact design and method selection, there is still possibility 

that the estimates had an impact on the findings. 

7.4 Ethical considerations 

On a wider scale, public health and health promotion have always struggled to balance 

the rights of an individual over those of the public, for instance, legislation and public 

policy on matters such as quarantine, restriction of alcohol, cigarette smoking and 

wearing seatbelts in cars (Lupton, 2013; Pitkänen, 2014). The current challenge in 

offering customer data and building personal data storages (PDS) is to abide by privacy 

protection legislation and restrictions mixing data from a number of databases (Saarijärvi 

et al., 2014). Predictive algorithms used on personal data can result in privacy harms, 

where people may be discriminated against only because they are associated with certain 

social groups based on their data (Lupton, 2015). As a result, this might affect individual's 

credibility, social security and employment options and render them vulnerable to unfair 

targeting by housing suppliers or credit loan industry (Crawford & Schultz, 2014; 

Rosenblat, Kneese, & Boyd, 2014).  

Commercialization of digital health data refers to the ways in which people’s personal 

data may be utilized for the financial benefit of others (Lupton, 2015). Some researchers 

have risen concerns regarding the increasing interest in digital health services from 

industry and the commercialization of digital health revolution, which is likely to have 

different motivations than patients and those responsible for looking after public health 

(PLOS Medicine Editors, 2013). Studies show that consumers feel they have lost control 

over how their personal information is collected and used (Andrejevic, 2014; Madden, 

2014). However, there are ongoing initiatives to update digital rights legislation to address 

personal data as a resource that the individual can access and control (CHT, 2014; LVM, 

2014). 

7.5 Future research 

The proposed value creation model, integrating the typology suggested by Saarijärvi 

(2011) with the findings from the study, still needs validation. Based on the literature 

review of the study, there is still little research done in the field of food retail to either 

question or validate the suggested model. The proposed model needs more empirical 

results for it to be considered valid, since the amount of gathered data, the number of 
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interviewees and used qualitative analysis methods are not sufficient to build grounds for 

advanced abductive reasoning.  

The proposed model may have potential applications for describing value created from 

other types of personal data as well. This would also be an interesting and unexplored 

area to study further. Still emerging topics, the personal informatics and the quantified 

self movement in the area of HCI have increasing amount of applications with the 

potential to be studied further as new wearable sensors surface. For instance, Lupton 

(2014) suggests that sociological perspectives of self-tracking devices may have 

intriguing possibilities for HCI, while there is little research on practical uses of machine 

learning for the needs of personal informatics. 

7.6 Closing remarks 

The use of grocery purchase data can open new opportunities of revenue generation for 

food retailers, such as improve customer loyalty by providing personalized information, 

attract new customers to purchase goods and services, develop competition advantage, 

and create new market niches. In addition, these uses of customer data might be the only 

way to interact with customer who would otherwise be unreachable to the company. 

Refining customer data back to the customer can be an effective way to identify new 

target markets and reach out to new customer segments. (Saarijärvi et al., 2014.) 

The use of customers’ purchase data requires the food retailer to expose their data to the 

public, but what is the right subset of data exposure to allow value formation for its 

customers? Too detailed data bears a risk of violating privacy in the wrong hands, but for 

example, the Finnish retailer corporate S-Group lets its customer download their purchase 

data with no actual product information for it to be useful as indicated by the study results.  

Companies are taking more active role in the customer value creation process and shifting 

their attention from the sale of goods to support customer's value-creation to discover 

more innovative service-based business models (Grönroos, 2008; Saarijärvi et al., 2014). 

In this way companies can deepen the value that the customer creates through resource 

integration. Through the reverse use of customer data, the customer can develop more 

responsible consumption behaviour, make more economical choices, and raise awareness 

on food healthiness (Saarijärvi et al., 2014). Customer data encourages the customer to 

make better-informed decisions related to their everyday activities, such as grocery 

shopping history (Thaler & Tucker, 2013). 

To support these value-creating processes, companies need a deeper understanding of the 

resources that are relevant to the customer and support their customer value-creation 

(Saarijärvi et al., 2014). Consumers are rapidly becoming the ones shaping the brands for 

their needs instead of companies having control over the value-creation process (Fisher 

& Smith, 2011). 
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Appendix A. Consent form for study participants 

Oulun yliopisto 

Tietojenkäsittelytieteiden laitos 

PL 3000 

90014 Oulun yliopisto 

Master’s Thesis: Finding Value for Grocery Shopping Data with Digital Health Application  

TIEDOTE TUTKITTAVILLE JA SUOSTUMUS TUTKIMUKSEEN OSALLISTUMISESTA 

 

1 Tutkijoiden yhteystiedot 

Vastuullinen tutkijaopiskelija:  

Petteri Ponsimaa 

Yliopistokatu 40 A 733 

90570 Oulu 

petteri.ponsimaa@student.oulu.fi 

p. 041 454 6364 

 

Muut tutkijat: 

Prof. Minna Isomursu   

Tietojenkäsittelytiede 

90014 Oulun yliopisto 

minna.isomursu@oulu.fi 

 

2 Tutkittavien oikeudet 

Osallistuminen tutkimukseen on täysin vapaaehtoista. Tutkittavilla on tutkimuksen aikana oikeus 

kieltäytyä ostoskäyttäytymiseen liittyvästä tiedonkeruusta. Tutkimuksen järjestelyt ja tulosten raportointi 

ovat luottamuksellisia. Tutkimuksesta saatavat tiedot tulevat ainoastaan tutkittavan ja tutkijaryhmän 

käyttöön ja tulokset julkaistaan tutkimusraporteissa siten, ettei yksittäistä tutkittavaa voi tunnistaa. 

Tutkittavilla on oikeus saada lisätietoa tutkimuksesta tutkijaryhmän jäseniltä missä vaiheessa tahansa. 

 

3 Tutkittavan suostumus 

Olen perehtynyt tämän tutkimuksen tarkoitukseen ja sisältöön. Suostun luovuttamaan  

S-ryhmän ostosdatan annettujen ohjeiden mukaisesti. Voin halutessani peruuttaa tai keskeyttää 

osallistumiseni missä vaiheessa tahansa. Tutkimustuloksiani saa käyttää tieteelliseen raportointiin 

(esim. julkaisuihin) sellaisessa muodossa, jossa yksittäistä tutkittavaa ei voi tunnistaa. 

 

 

 

________________________________________________________________________________ 

   Päiväys    Tutkittavan allekirjoitus 

 

 

 

________________________________________________________________________________ 

   Päiväys    Tutkijan allekirjoitus 
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Appendix B. The initial interview 

Interview guide 

The semi-structured initial interview gained its final form though pilot testing, and  had 

the following list of topics to guide the interview. The warm-up questions are based on 

FINRISKI (2012) study. The laddering technique is applied when drilling for more details 

with the questions. The questions are translated from Finnish to English. 

Warm-up questions 

1. Tell little about yourself. What is your occupation and age?  

2. How many members there are in your household? 

3. What is your daily work/study-life like? 

 

Health-related questions 

4. How would you evaluate your current state of health? Is it a) very good, b) good, c) 

mediocre, d) bad, e) very bad?  

(in Finnish: erittäin hyvä, melko hyvä, keskitasoinen, melko huono, erittäin huono) 

 

How do you feel about tracking diet in relation to your health? Do you think it might have 

impact? How? 

 

5. What tools would you use preferably for the tracking activity? What this tracking activity 

could be in practice? What kind of effects would you imaging gaining from it? 

 

6. Have you got any (chronical) diseases diagnosed by the doctor (during the last 12 months)? 

 

Have you received any dietary instructions from your doctor? Does the illness affect on 

your daily groceries in a way or the other? Do you think that tracking might have effect on 

treating your illness? 

 

Nutrition-related questions 

7. Do you aim to follow a certain diet?  

 

8. How would you consider tracking nutrients in your daily meals? Do you think it might have 

impact on your health? How? 

 

How would you consider tracking nutrients in your gorceries? Do you think it might have 

impact on your health? How? What time period would you consider most interesting for 

you? 

 

Groceries 

9. How often do you visit a grocery store? 

 

10. Who would you say makes the decisions in your household? 

 

11. What factors impact the decisions what you do the grocery shopping? 

If your groceries would be made visible in a way you preferred the most, would it matter to 

you? (If the interviewee needs an clarification: an app, paper, or a situated display) What 

information about them would you like to know? 

 

12. On what grounds do you choose the store where you do your groceries? 

 

13. Have you done shopping in the internet? Have you ever checked any information about 

grocery products from the internet? What has it been, and what has motivated you to check 
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the information? 

 

14. Do you usually read grocery packings at store? What do mostly seek from them? 

 

15. Do you follow the points or account status of your grocery store loyalty card/membership? 

Do you feel they have impact on your groceries? How? 

 

Health applications 

16. Do you have a) smart phone, b) tablet or c) desktop computer? How much do you use it 

daily? How often?  

 

17. Have you used the devices to promote your health in a way or the other? 

 

18. Have you used the devices aid your everyday grocery shopping in a way or the other? Do 

you keep diary or track your groceries digitally? 

 

19. What health- or nutrition-related applications do you use? (For each application the 

following questions are charted) 

 

a. How frequently do you use the application? 

b. In which occasions do you primarily use it? 

c. What function or feature has been most beneficial in the application for you? 

d. Have you observed any benefit of using the application for your health or for 

shopping? 

 

20. Have you used activity meter, heath beat sensor, digital blood pressure monitor, or similar 

in tracking your health or wellness? What has been the reason for use? How frequently have 

you used them? Have they had impact on your health or wellness? 

 

Interests for use 

21. Regarding the study at hand, what would you consider most interesting to know or achieve 

relating to your purchase data representations? What would be meaningful for you? What 

would that be? 

 

22. Why would it carry a meaning for you? 

 

Questions for technology probes 

23. If your purchase data would be presented in this form / in one of these forms, would you 

consider it meaningful? How and why? 

 

24. What more information would you like to be presented with your purchase date to make it 

even more relevant for you? 

 

25. What is good or works for in in this particual representation? How would you improve it to 

make it more interesting or beneficial for you?  

 

26. What is not working in the model for you? Why? How would you improve it? 

 

27. Using the model as a basis, could you think of any other ways of representing or gaining 

relevant information for you regarding your health, wellness and finance? 

 

28. Would you like to add anything? 
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Appendix C. The evaluation interviews 

Interview guide 

The semi-structured evaluation interview of the visual prototype P1 had the following list 

of topics to guide the interview:  

 

Evaluating the representation of purchase data  

(translated from Finnish to English) 

Please give an estimate on the scale of 1-5, how truthful the following set of statements 

are for you, and elaborate why and how is it so (1 = strongly disagree, 2 = disagree, 3 = 

neutral, 4 = agree, 5 = strongly agree): 

1. The analysis of my purchase data offered my new information, something I did not 

know yet about my shopping behaviour.  

 

What was new to you? How? What did you know already? What kind of 

significance these findings bear for you? 

 

2. The analysis of my purchase data was useful for me regarding 

 

a. my health 

 

b. my finance 

 

How was it useful? What details had a meaning for you? What did you know 

already? What kind of significance these findings bear for you? 

 

3. The visual prototype was easy to use. 

 

What problems or issues did you encounter while using it? How did you overcome 

those issue? Was there something that you would have liked to accomplish with the 

prototype but the application did not allow you to do it? 

 

4. Is there anything else, you would like add or ask about your purchase data, or 

comment on the application? 
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Appendix D. The final interview 

Interview guide 

The semi-structured evaluation interview of the visual prototype P2 had the following list 

of topics to guide the interview:  

 

Evaluating the representation of purchase data  

(translated from Finnish to English) 

Please give an estimate on the scale of 1-5, how truthful the following set of statements 

are for you, and elaborate why and how is it so (1 = strongly disagree, 2 = disagree, 3 = 

neutral, 4 = agree, 5 = strongly agree): 

1. The analysis of my purchase data offered my new information, something I did not 

know yet about my shopping behaviour.  

 

What was new to you? How? What did you know already? What kind of 

significance these findings bear for you? 

 

2. The analysis of my purchase data was useful for me regarding 

 

a. my health 

 

b. my finance 

 

How was it useful? What details had a meaning for you? What did you know 

already? What kind of significance these findings bear for you? 

 

3. The visual prototype was easy to use. 

 

What problems or issues did you encounter while using it? How did you overcome 

those issue? Was there something that you would have liked to accomplish with the 

prototype but the application did not allow you to do it? 

 

At the end of the interview: 

4. Is there anything else, you would like add or ask about your purchase data, or 

comment on the application? 

 

5. Have you experienced or observed any shifts in your grocery shopping lately? When 

has those been and what has changed? 
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Appendix E. An example purchase report 

 


