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Abstract 

Companies that develop digital products are increasingly interested in designing products and 
services that provide positive experiences for users. User-centered approaches can support 
product development teams in creating products that are more likely to offer the intended user 
experience (UX) to the customers. Instructions and guidance based on empirical studies in real-
life contexts can provide valuable information for product development teams, including UX 
designers and other UX experts working in the industry. User-centered design and evaluation 
methods are used widely. However, there is a lack of specific guidance on how to achieve and 
evaluate the desired UX during the product development process of digital products. 

This thesis explores three different approaches for supporting product development activities 
towards the desired user experience: setting UX goals, long-term UX evaluations, and utilizing 
usage data logging. This research work was motivated by the lack of empirical studies regarding 
the utilization of UX goals and long-term UX evaluation methods in product development of 
digital products. In addition, little is known about how product development teams perceive the 
utilization of usage data logging, especially in manufacturing industry. This thesis is based on 
research work conducted in five case studies and published in six scientific publications. Four of 
the studies were conducted in collaboration with product development practitioners from 
companies and included real or potential end-users (e.g., customers or company employees). 
Three of the studies evaluated UX of real products on the market. In total, during all the case 
studies, data from 185 survey responses and 20 interviews were analyzed, while log data were 
collected and analyzed from 61 participants. 

First, the elicitation process of UX goals is explored as a part of the experience design process, 
where the intended experiences are set as a starting point of the design. Findings from nine design 
cases are synthesized as characteristics of a good UX goal, instructions for defining UX goals and 
as a theoretical Experience Goal Elicitation Process. Second, the benefits and challenges of 
specific, long-term UX evaluation methods are summarized. The perceptions of product 
development practitioners reveal that long-term UX evaluations can 1) help in understanding 
change in UX over time, 2) confirm expectations based on other data sources, 3) support updating 
of current products, and 4) support the conceptualization and development of future products. 
Third, the expected benefits by practitioners for usage data logging include the following: 1) the 
data show what users really do; 2) data can be collected without disturbing users; 3) findings from 
the data can inform user interface design decisions and 4) justify more qualitative user studies. 
Furthermore, 5) logged usage data can provide new business opportunities for supplier companies 
in the manufacturing industry. The utilization of usage data logging can be supported through 
collaborative development of visual data analytics tools between researchers from academia and 
practitioners from industry. Guidelines to support such collaborative processes are provided. 

This research work provides theoretical contributions in the form of the Experience Goal 
Elicitation Process. Methodological contributions include a new understanding of benefits and 
challenges of long-term UX evaluation methods. Furthermore, the case study descriptions and the 
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instructions for defining UX goals contribute to product development activities on a practical 
level. These results can support product development teams and especially UX designers 
investigating the feasibility of UX goals and long-term evaluation methods for their product 
design and evaluation activities. The expected benefits of long-term UX evaluations and usage 
data logging can inform UX designers and managers when considering how to utilize these 
approaches. The guidelines for developing visual data analytics tools can support analytics tool 
developers in academia and industry. Future studies should develop the studied approaches 
further by investigating their utilization in different consumer and business-to-business contexts. 
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1.4 Structure of the Thesis 

The rest of the thesis is organized as follows. Chapter 2 presents related work to provide the 
reader a background of the topics studied during this thesis work. These topics include the concept 
of user experience (UX), temporal aspects of UX, UX goals, long-term UX evaluation and usage 
data logging. Chapter 3 presents the research approach and research process with summaries of 
each case study. Chapter 4 presents the main results of the thesis in relation to each research 
question. Chapter 5 discusses the contributions in the light of previous research and in relation to 

Table 1. Case studies (see sections 3.2.1 - 3.2.5), publications, and their contributions to 
related research questions. 

Case 
Study 

Publication Related research questions and contributions 

I P3 RQ2, RQ2a, RQ2b. Explores how practitioners in a company 
developing interactive sports products evaluate the usefulness of long-
term UX evaluation and utilize evaluation results in practice. 

II  P4 RQ2b. Explores the utilization of AttrakDiff and UX Curve methods 
in a survey study for long-term UX with a practical, non-digital 
product. 

III  P1 RQ1. Presents the Experience Goal Elicitation Process and 
instructions for defining UX goals based on two survey studies.   

IV  P2 RQ1, RQ3. Example case presenting a user study for defining UX 
goals to support developing motivational mobile learning services. 
Demonstrates benefits of usage data logging in addition to remote user 
experience evaluation. 

V P5 RQ3. Presents potential usage metrics to collect and discusses the 
opportunities of usage data logging from the viewpoints of 
stakeholders in an industrial R&D company. Provides a set of 
questions for stakeholders to discuss in companies interested in 
utilizing usage data logging to support their product development 
activities. 

V P6 RQ3, RQ2b. Provides guidelines to support usage data analytics tool 
development in collaboration with end-users from manufacturing 
automation industry. Describes a visual data analytics tool, UX-
sensors, for logged usage data and the process for its development 
with end-users. 
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the product development life cycle. Finally, the assessment of the research and implications for 
future research are presented, followed by chapter 6 with conclusions. 
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2.2.1 Experience Design Processes 

Experiences with interactive products are considered dynamic, subjective, and context-
dependent (Hassenzahl & Tractinsky, 2006). Therefore, it is suggested that instead of designing 
an experience per se, designers can only design for an experience, with an aim to providing the 
intended experience for the user (Wright et al. 2003; Sanders & Dandavate, 1999). Designers can 
then observe and measure how successfully their intended experience was manifested when users 
interact with the product. This can include different physical, cognitive, emotional, and aesthetic 
aspects in experiencing a product. While designing for experiences is difficult, it is worthwhile 
as such approach can extend simple usability techniques and help to differentiate on the market 
(Forlizzi & Battarbee, 2004; Cagan & Vogel, 2001; Bloch, 1995). 

In the context of HCI development, human-centered design (HCD), also called user-centered 
design (UCD), is the most well-known approach. Human-centered design process (ISO 9241-210, 
2010) includes five process activities, starting with planning for HCD and proceeding in an 
iterative cycle that includes the following activities: specifying the context of use, specifying 
requirements, producing design solutions and evaluating designs against requirements (Figure 4). 
The cycle is repeated until the design meets the requirements. Active user participation is seen as 
a requirement for successful HCD (Gulliksen et al. 2003) and the lack of direct feedback from 
actual users has been associated with failure in software projects (Kujala, 2008). 

While the first version of the ISO standard from 1999 (ISO 13407, 1999) focused on usability, 
the updated version from 2010 (ISO 9241-210, 2010) includes user experience as one of the six 
key principles in HCD: 

Plan the human-
centered design 

process

Understand and specify 
the context of use

Specify the user and 
organizational 
requirements

Produce design 
solutions

Evaluate design against 
requirements

System meets 
requirements?

 

Figure 4. Human-centered design process (ISO 9241-210, 2010)  
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Figure 5. UX activities during a product life cycle process as based on research work in 
FIMECC UXUS research programme (Roto et al. 2014). Published with permission from 

the authors Eija Kaasinen, Hannu Karvonen and Joona Elo (visualization). 
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interpret ing the log data, the sheer amount of data generated and skills required for data 
analysis. Developing user-friendly data analytics and visualization tools can support 
product developers and designers in interpreting log data collected from users. In the 
following section, related work is summarized on the development and evaluation of usage data 
analytic and visualization tools together with users. The topic is addressed from the viewpoint of 
developing industrial manufacturing automation systems, as the case study (Study V, see section 
3.2.5) in this thesis was conducted in this context. 

2.3.2 Development and Evaluation of Visual Data Analytics Tools with 
Users 

This section provides a summary of the related work that discusses the development of visual 
data analytics tools together with users. The collaborative development of visual data analytics 
tools is an approach utilized in Study V (section 3.2.5) and one of the contributions from this 
study aims to support similar development activities. However, the aim here is not to provide a 
list of currently available data analytic and visualization tools and approaches, but to review the 
previous work done in presenting design approaches, guidelines and relevant case studies where 
visual data analytics tools were developed together with users. Finally, previous studies done in 
manufacturing automation context are highlighted, as related to research done for this thesis.  

In this work, the visual data analytics tool refers to software applications and web services 
that offer a variety of data analytics and data visualization features for inspecting log data, with 
the aim to provide users with insights regarding the inspected data and what it represents. 
According to categorization done by Hilbert & Redmiles (2000), visual data analytics tools that 
support the inspection of logged usage data belong to the techniques of integrated support, 
offering a variety of transformation, analysis and visualization techniques (see Table 2). 

There are various proposed approaches and guidelines for supporting the development and 
evaluation of visual data analytics tools with users. Carpendale (2008) presents a good overview 
of different evaluation approaches and methods for visualizations, while Munzner (2009) 
provides advice on when to choose between different methods. The choice of an evaluation 
approach depends on the goals of the study. For example, quantitative laboratory experiments 
focus on precision, while sample surveys can aim for more generalizable results (Carpendale, 
2008). Utilization of qualitative evaluation methods such as the observations or interviews of 
users, especially during field studies in the real use context, can support evaluators in obtaining a 
richer understanding of different factors that may influence the development and usage of visual 
data analytics tools (Carpendale, 2008; Patton, 2001). Carpendale (2008) encouraged that more 
studies evaluating visualizations should utilize qualitative methods. 

The Multi -dimensional In-depth Long-term Case Study (MILC) (Shneiderman & Plaisant, 
2006) is an approach to evaluate visualization tools with both qualitative and quantitative methods, 
originating from the studies of creativity support tools (Shneiderman et al. 2006). MILC combines 
field studies with participant observation, interviews, surveys and automated logging of user 
activity. Shneiderman & Plaisant (2006) suggest that MILCs can be beneficial for studying the 
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guidance should be based on empirical research in real-life design cases and there is lack of such 
studies done in the manufacturing automation context. 

The research related to the three topics in this thesis, UX goals, long-term UX evaluations and 
usage data logging, contributes to different phases of the product development process. Guidance 
regarding the elicitation of UX goals can support development teams at the beginning of the 
product development process, where understanding of the context and requirements gathering for 
the designed system takes place. Evaluating the fulfillment of UX goals might require a high-
fidelity prototype or even a finalized product that is used over an extended period. In these cases, 
the long-term UX evaluation methods may prove to be beneficial. The findings regarding a) the 
perceptions towards the usefulness of long-term UX evaluations, b) the feasibility of specific 
long-term UX evaluation methods, and c) benefits related to usage data logging in specific 
contexts, can inform other development teams in choosing suitable approaches and methods when 
planning the evaluation of their products. Finally, reporting experiences and providing guidance 
for the development of visual data analytics tools in collaboration with users can support other 
tool developers working in similar contexts. Over time, this should result in better analytics tools 
that can support tool users, such as data analysts, UX designers or product developers, in 
inspecting collected usage data from their systems. In summary, this work can provide support 
for development teams at the beginning of the development process when the utilization of UX 
goals, but also a need for long-term evaluations (related to the chosen UX goals) and usage data 
logging, should be considered. On the other hand, development teams interested in evaluating the 
long-term UX or logging the usage of their products, be they prototypes or products already on 
the market, could benefit from this research work by learning from the findings reported in the 
included studies. 
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RQ2a. What kinds of perceptions do product development practitioners have about 
the usefulness of long-term user experience evaluation? 

RQ2b. How can user experience evaluation methods and tools support the long-
term user experience evaluation in product development? 

RQ3. How can the utilization of usage data logging be supported in product development? 

Table 3. Projects, case studies (C.S.), publications (Pub.), their contributions to related 
research questions, and units of analysis in each case study. 

Project C.S. Pub. Related research questions and contributions Units of analysis 

DELUX I P3 RQ2, RQ2a, RQ2b. Explores how practitioners 
in a company developing interactive sports 
products evaluate the usefulness of long-term UX 
evaluation and utilize evaluation results in 
practice. 

Practitioners 
participating in product 
development 

DELUX II  P4 RQ2b. Explores the utilization of AttrakDiff and 
UX Curve methods in a survey study for long-
term UX with a practical, non-digital product. 

1) End-users, 2) UX 
evaluation methods: 
AttrakDiff, UX Curve 

UXUS III  P1 RQ1. Presents the Experience Goal Elicitation 
Process and instructions for defining UX goals 
based on two survey studies.   

1) Design cases 
utilizing UX goals, 2) 
Designers participating 
in the design cases 

CCD 
MobiLe 

IV P2 RQ1, RQ3. Case study presenting a user study 
for defining UX goals to support developing 
motivational mobile learning services. 
Demonstrates benefits of usage data logging in 
addition to remote user experience evaluation. 

End-users of the 
mobile learning service 

UXUS V P5 RQ3. Presents potential usage metrics to collect 
and discusses the opportunities of usage data 
logging from the viewpoints of stakeholders in an 
industrial R&D company. Provides a set of 
questions for stakeholders to discuss in companies 
interested in utilizing usage data logging to 
support their product development activities. 

Company employees 
participating in the 
project. 

UXUS V P6 RQ3, RQ2b. Provides guidelines to support 
usage data analytics tool development in 
collaboration with end-users from manufacturing 
automation industry. Describes a visual data 
analytics tool, UX-sensors, for logged usage data 
and the process for its development with end-
users. 

1) Company employees 
participating in the 
project, 2) Developers 
of the UX-sensors tool 
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Figure 7. The Experience Goal Elicitation Process model (P1, p. 330). Sources for insight 
and inspiration from Kaasinen et al. (2015). 
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from the collaborating company, studies such as the six-month SWb evaluation study (see Table 
4) would have been difficult for the company with their internal resources. This suggests that 
lightweight approaches are needed for long-term UX evaluation studies as practitioners need to 
carefully plan how to use their available resources. 

4.2.2 User Experience Evaluation Methods and Tools Supporting Long-
Term User Experience Evaluation 

The second sub-question to RQ2 is RQ2b: How can user experience evaluation methods 
and tools support the long-term user experience evaluation? The question is answered by 
summarizing the experiences from the UX evaluation methods and tools that were used during 
the long-term UX evaluation studies included in this thesis. Therefore, the aim is not to provide 
an overview of all possible evaluation methods and tools for long-term UX evaluation but to share 
the insights and experiences from utilizing the specific methods and tools during this dissertation 
process. The conducted long-term studies include the viewpoints of product development 
practitioners in a company (P3), the experiences during an iterative development of a software 
product (P6), and studying the applicability of UX evaluation methods for a practical, non-digital 
work tool (P4). 

Table 8 summarizes the products, respondents and the used methods or tools from those case 
studies where long-term UX was evaluated. More detailed descriptions of the used methods and 
tools are presented in sections 2.2.4, 3.2.1, 3.2.2, 3.2.5 and in publications P3, P4 and P6. 

In order to answer RQ2b, Table 9 summarizes the benefits and challenges that were identified 
with each method regarding its feasibility in long-term UX studies. The table combines 

Table 8. Summary of the studies where UX was evaluated over time. 

Case 
Study Pub. Evaluated  

product Respondents Evaluation approach and used  
methods/tools 

I P3 Diving computer 
(DC) 

Customers who had 
purchased the products 
themselves 

DC: Retrospective: Online survey 
with AttrakDiff + iScale survey tool. 

  Sports watch A 
(SWa) 

SWa: Longitudinal / Retrospective: 
Weekly online survey 

  Sports watch B 
(SWb) 

SWb: Longitudinal / Retrospective: 
Monthly online survey with  
AttrakDiff  

II  P4 Non-powered 
pruning shears 

Horticulturalist stu-
dents and school per-
sonnel who received 
the product  

Retrospective: Paper-based survey 
with AttrakDiff2 + UX Curve  
method. 

V P6 Usage data ana-
lytics and visua-
lization tool 
UX-sensors 

Employees of a com-
pany developing flexi-
ble manufacturing sys-
tems  

Longitudinal / Retrospective: User 
observations and interviews + Online 
surveys after each iteration 

 











https://drawux.cs.tut.fi/
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may log data differently, meaning that not all desired log data may be available from all 
systems and in the same format. Therefore, support for all different kinds of log events 
can be difficult to implement and it should be decided what kind of logging the developed 
visualization tool should primarily support. (P6) 

6. Combine Expert Evaluation and Field Study Methods to Include Different 
Viewpoints. We learned that heuristic evaluations (Forsell & Johansson, 2010) by 
external HCI experts supplement user observations and interviews in the early stages of 
the iterative development process by detecting additional usability problems related to 
user interface and data visualizations. While it can be challenging to find HCI experts 
who are also familiar with the specific domain, such as manufacturing automation, hiring 
students with HCI or visualization background can be a viable option (Tory & Möller, 
2005). Stakeholders from the company could also act as evaluators, but it may be 
challenging to motivate them to invest time in learning the evaluation process and 
conducting the evaluations. (P6) 

7. Collect Log Data of the Analytics Tool to Follow Its Usage. It can be convenient if tool 
developers can use the tool itself to analyze log data collected from its usage. The log 
data can reveal how actively the participants use the analytics tool, without a need to 
disturb company employees with questions regarding the tool usage. This information 
can be used to motivate the participants and plan interventions if needed. Logged usage 
data from the tool can also provide additional information on how different features are 
used over time, especially outside observation sessions. Finally, log data can provide 
information about how the tool is used after the collaborative development period, 
revealing its applicability over time. (P6) 

8. Provide Support for Users with Varying Analytics Skills.  Interactive data analytics 
tools should support users who are less familiar with programming and analytics (Heer 
& Kandel, 2012). Help texts and instructions for novice users can be especially useful for 
users who did not actively participate in the collaborative development process of the 
visual data analytics tool. Presenting the generally most interesting data first in the UI is 
recommended. In our case, this meant the frequencies of used features and error events, 
which were the first tabs in the main data browsing and analysis view of the UX-sensors 
tool. (P6) 

9. Support the Sharing of Insights. The key principles of developing creativity support 
tools include support for collaboration and open interchange (Shneiderman et al. 2006). 
While stakeholders have their own channels for communication, visualization tool 
developers can support the sharing of insights during group discussions and by 
implementing features into the tool that support information sharing. For example, we 
allowed users to add notes to the usage data timeline, with the aim that others inspecting 
the same data could view these comments (P6). Easy ways to exporting data tables or 
visualization images from the data analytics tool can also support users in sharing their 
findings with others. (P6) 
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These guidelines are derived from a case study where the visual data analytics tool was 
developed by an external team of researchers from academia, and are aimed at other designers 
and developers of visual data analytics tools. However, these guidelines could also be used by 
internal teams working in companies towards developing analytics tools for supporting the 
utilization of logged usage data. Furthermore, they can be useful background data to inform 
discussions with stakeholders, for example when contemplating the questions presented in the 
previous section concerning the utilization of usage data logging.  

Finally, it is claimed that providing guidance based on real-life design cases done in 
collaboration with product development teams in the industry is an important way to support other 
tool developers in creating visual data analytics tools. Furthermore, such collaborative process 
can help development teams in utilizing usage data logging to support their own work, 
including activities related to product development. 
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does not interrupt normal product usage, c) log data can reveal interesting usage patterns and 
possibly justify a need for further qualitative inspection, and d) log data can inform developers 
on how the product is used after major software updates, therefore supporting product 
development decisions. Indeed, Grimes et al. (2007) also emphasized that data logging does not 
disturb the user and therefore provides unbiased observational data when studying query logs for 
search engines. In another example from game development field, Hullet et al. (2012) showed 
how analysis of long-term logged usage data resulted in recommendations for changes in the user 
interface of the studied auto racing game. These earlier results from other industrial domains 
support the generalizability of the identified and expected benefits of usage data logging from this 
research work. However, the expected business opportunities from usage data logging were more 
specific to the domain of manufacturing automation. These opportunities included improving 
customer support services (e.g., fault diagnosis), new customer training offers, providing 
additional value from customer reports and obtaining evidence for accidents, for example, 
regarding the liability of the damage. Overall, these results contribute to the current 
understanding of how product development practitioners, especially in the manufacturing 
industry, perceive the benefits of usage data logging. Further research should explore how 
successfully log data can meet these expectations and provide additional value for practitioners 
in product development and other stakeholders, including customers and end-users.  

From a product development perspective, logged usage data could be a useful channel 
especially for development teams that have little opportunities in observing how their products 
are used in the field. For instance, in the case of supplier companies in the manufacturing industry, 
customers can be located around the world, making site visits costly. Remotely collected log data 
can provide an overall view of how the product is used and how individual use patterns emerge, 
as long as data collection and analysis on individual level is agreed with the customer. However, 
as noted by Grimes et al. (2007), log data does not explain why the user has made specific choices. 
Therefore, it seems that while usage data logging might support the generation of UX insights 
related to practical usability aspects, such as efficiency or effectiveness, insights related to 
emotional aspects of product use would require other evaluation methods. As results from Study 
V suggest, data logging could be useful in identifying and justifying situations where a more 
qualitative approach, such as user observation or interview, is necessary to understand reasons for 
user actions. However, there are ethical and legal issues that need to be considered in this approach, 
such as the anonymity of the log data and if designers can contact the specific person experiencing 
problems with the system, based on his or her logged behavior. Often the case can be that log data 
is anonymized and there is no way to contact specific users to learn more about their experiences 
with the system. Long-term studies, where participants agree that their product usage is logged 
over time, could be one potential approach where logged usage data could be utilized together 
with more qualitative UX evaluation methods. Long-term participation might also decrease the 
possible Hawthorne effect, i.e. the change in behavior due the feeling of being observed, in 
comparison to short-term UX evaluations. 
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cases were utilized in design of the Experience Goal Elicitation Process model. Using web survey 
as a data collection method may have posed some limitations to the richness of the data, and 
interviews with each participant might have provided more elaborate comments regarding the 
utilization of UX goals in each case study. However, all the participants had an opportunity to 
comment on the initial process models and the instructions for defining and evaluating UX goals, 
allowing the researchers to consider different viewpoints when defining the final versions.  

Study I included perceptions of product development practitioners in one company 
developing digital sports products, posing a limitation to the generalizability of the results. 
However, the external validity was increased by conducting the employee surveys in three 
different long-term UX evaluation studies and including practitioners with different roles in the 
company. Although the perceived usefulness of the long-term UX evaluation results reflected 
views of practitioners only in the studied domain, it is argued that most of the identified aspects 
regarding the usefulness of UX evaluation results were general enough to, for example, motivate 
the long-term UX evaluations of other digital, commercial products. However, the actual 
utili zation of long-term UX evaluation results in industry contexts is something that should be 
studied further, also in other contexts, as the results in this topic were limited due the small number 
of respondents in the follow-up survey (see Section 4.2.1).  

Considering the external validity of Study V, contributions related to supporting the utilization 
of usage data logging (RQ3) are derived from a case study with a flexible manufacturing systems 
supplier company and are therefore most applicable in similar contexts. However, some of the 
guidelines (see Section 4.3.2) include similar findings from related research in other domains, 
therefore encouraging the generalization of specific guidelines into the broader setting. In practice, 
development teams utilizing any design guidelines should be critical in what is applicable in their 
current product development context. 

Ecological validity refers to the relevance of the research findings in the real world. The data 
during this research work was collected in a real-life context, including real companies and design 
cases, products on the market, employees, and actual or potential customers or end-users. The 
case studies were conducted in a real-world setting in close collaboration with practitioners from 
industry, and UX evaluations included users utilizing the products in natural use contexts over 
time. Therefore, the ecological validity of the research is considered to be high. 

5.4 Future Research 

This doctoral research has inspired several avenues to continue the presented research work, 
related to the limitations and insights gained from the current research. Next, the possible topics 
for future research are discussed. 

First, only a few earlier studies have explored the experience-driven design in practice and 
especially how UX goals are utilized over product development life cycle. The candidate shares 
the views with Roto et al. (2017) regarding the future research topics for UX goals utilization in 
experience design, including a need for more empirical research studying in which conditions UX 
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6 Conclusions 

During this doctoral research, three approaches related to supporting product development 
activities were explored: utilization of UX goals, long-term UX evaluations, and usage data 
logging. The findings and contributions were derived from explorative case studies with 
companies and their employees, real products on the market and experiences from actual or 
potential customers utilizing these products in real use contexts. 

The research contributions of this work are both theoretical and practical, aiming at supporting 
product development teams, and especially UX designers and UX researchers, working in 
industry and academia. First, the contributions to support the utilization of UX goals include a 
notation for describing UX goals, a description of characteristics for a good UX goal, and 
instructions for defining and evaluating UX goals. A model to illustrate the Experience Goal 
Elicitation Process was created to structure the fuzzy front-end of experience design. Second, in 
the results, it was reported how product development practitioners perceived the usefulness of 
long-term UX evaluation results in three evaluation studies. Furthermore, the identified benefits 
and challenges with long-term UX evaluation methods utilized in the included studies were 
presented, especially regarding methods that support retrospective reporting of experiences with 
products. These findings aim to support product development teams in choosing suitable methods 
and tools for their long-term evaluation needs. Third, the results of this research work include a 
summary on the perceived benefits of usage data logging for product development purposes in 
the manufacturing automation context and a set of questions to inspire discussions regarding the 
feasibility of usage data logging. These findings can inform product development teams that are 
considering using usage data logging to support their work, also in domains outside the studied 
one. The collaborative development of visual data analytics tools for logged usage data is 
proposed as a potential approach to supporting the utilization of usage data logging in product 
development, and guidelines to support such collaborative development projects between 
academia and industry are provided. 

This research work has summarized several insights from empirical case studies in close 
collaboration with industry. The findings have potential in supporting UX researchers and UX 
practitioners in their product development activities. In the future, the proposed methods and 
approaches can be further iterated as more case studies are conducted in different product 
development contexts, with a focus on UX goals, long-term UX evaluations, or utilization of 
logged usage data. 
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ABSTRACT  
When starting an experience design process, designers 
should first determine the experience to aim for. In the 
fuzzy front end of the experience design process, there 
are often several alternative sources for gaining insight 
and inspiration in defining this experience. In this paper, 
we describe our findings from two surveys about 
experience goal setting and approaches to communicate 
about these goals with stakeholders. The results from 
researchers working on 9 different experience design 
cases suggest that “empathic understanding of the users’ 
world” is the most used source of insight and inspiration 
in defining experience goals. As an end result, we 
propose the model for Experience Goal Elicitation 
Process to clarify the fuzzy front end of experience design 
and instructions to support designers in defining and 
evaluating experience goals. 

Author Keywords  
Experience goal, UX goal, experience design, fuzzy front 
end, survey study, Experience Goal Elicitation Process 

ACM Classification Keywords  
H5.m. Information interfaces and presentation (e.g., 
HCI): Miscellaneous.  

INTRODUCTION 
In experience design, the emotional and experiential 
elements are the main starting point of design activities. 
The intended user experience (UX) is taken as the 
primary objective of the design process (Hekkert et al., 
2003). ISO 9241-210 (2010) defines UX as “a person’s 
perceptions and responses that result from the use or 

anticipated use of a product, system or service”. 
Hassenzahl (2003) divides UX into pragmatic (e.g., 
usability and utility) and hedonic (e.g., stimulation and 
identification) aspects of product use. Similarly, Mahlke 
(2007) presents a model of UX components with 
instrumental (e.g., ease of use) and non-instrumental 
system qualities (e.g., visual attractiveness). In addition, 
he also links the perceptions of these qualities to 
emotional reactions which are presented as the third UX 
component, during user’s interaction with the system 
(Mahlke, 2007) 

Because experiences with interactive products and 
services are subjective, dynamic and context-dependent 
(Hassenzahl & Tractinsky, 2006), it is suggested that 
designers can only aim to facilitate specific experiences 
among the users, i.e., design for an experience (Wright et 
al., 2003; Sanders & Dandavate, 1999). According to 
Desmet and Schifferstein (2011), two important 
challenges in experience design are: 1) to determine what 
experience to aim for and 2) to design something that is 
expected to evoke that experience. In this paper, we focus 
on the first challenge. 

The “fuzzy front end” refers to actions at the beginning of 
the development process, when the targeted product or 
service is not yet decided and making changes to the 
target result is still inexpensive (Khurana & Rosenthal, 
1998). The first step in designing for an experience is to 
define the experience goals that concretize what the users 
are intended to experience before, during or after 
interacting with the product or service. Clearly defined 
experience goals, to which the project team commits to 
already during the fuzzy front end phase, can help the 
team by “keeping user experience in focus through the 
multidisciplinary product development and marketing 
process” (Kaasinen et al., 2015). 
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Brand UX Goals Derived from Company and Brand Image 

Theory 
Deriving UX Goals from Scientific Understanding of 
Human Beings 

Empathy 
Inspiration from Designer’s Empathic Understanding 
of Users’ World 

Technology 
UX Goals Identified Based on Possibilities and 
Challenges of a New Technology 

Vision 
Inspiration from Investigating the Deep Reasons for 
Product Existence and Envisioning Renewal 

Table 1. Five approaches to gain insight and inspiration for 
UX-goal setting. (Kaasinen et al., 2015) 

In this paper, we present results from web survey studies 
with nine (9) respondents working on nine different 
experience design cases in the field of human-computer 
interaction (HCI). The surveys were conducted in 
connection with an academic conference workshop in 
NordiCHI2014. The workshop focused on the first phases 
of experience design in real life design cases where the 
design was driven by the intended experiences, described 
as “experience goals”. The research questions directing 
our research were: 

�x Where can insight and inspiration be gained from to 
define experience goals? 

�x What are the characteristics of a good experience 
goal? 

�x How should experience goals be communicated to 
stakeholders? 

As a result of our findings and prior research, we propose 
a model illustrating the elicitation process of experience 
goals and different approaches for communicating them 
among stakeholders. The model aims to clarify the fuzzy 
front end of experience design for HCI academics and 
practitioners. We also summarise our learnings in a more 
practical set of instructions to support designers when 
defining and evaluating experience goals. Our findings 
contribute to the body of knowledge of experience design 
research in the field of HCI. 

EXPERIENCE/UX GOALS 
The first academic workshop to collect cases of UX goal 
(in this paper, we use term “experience goal”) utilisation 
was held in a NordiCHI2012 conference (Väätäjä et al., 
2012; Väätäjä et al., 2015). The domains of the case 
studies varied from workplace to consumer applications 
and education. The workshop participants defined a good 
experience goal as something that 1) helps aiming the 
design as a guiding light, 2) is measurable, 3) describes 
positive emotions, and 4) is a way to communicate the 
desired experience with other people. Furthermore, 
experience goals were considered useful in keeping the 
focus on important issues and providing inspiration. 

In their recent study, Kaasinen et al. (2015) identified five 
approaches to gain insight and inspiration for experience 
goal-setting in industrial environments. The approaches 
were derived from four industrial design case studies with 
companies and were supplemented with literature study. 

Table 1 presents definitions for the five identified 
approaches (Kaasinen et al., 2015). 

Karvonen et al. (2012) suggest that the made design 
solutions should be traceable back to the originally 
defined experience goals during later design phases. In 
this way, it is possible to measure and evaluate the 
fulfilment of the experience goals in different phases of 
the design work, such as when evaluating the designed 
product with users (Karvonen et al., 2014). In their 
experience design case of a remote operator station 
(ROS) for container gantry crane operation in port yards, 
a combination of methods was used to evaluate the 
fulfilment of the original experience goals. User 
interviews, testing sessions with a simulation version of 
the ROS, and UX questionnaires (for measuring UX and 
usability of the system) provided evidence to evaluate if 
the original claims for target experience goals had been 
achieved. They concluded that a modified version of the 
Usability Case method (see Liinasuo & Norros, 2007) 
could be a suitable approach for evaluating the fulfilment 
of experience goals in the future. 

STUDY DESIGN 
The goal of the study was to understand how experience 
goals are created and communicated among stakeholders. 
The study consisted of four phases: 1) a survey for 
experience design cases, 2) the analysis of the results and 
creation of model prototypes and instructions, 3) a 
follow-up survey, and 4) the iteration of the most 
promising model and the instructions. 

Participants  
The respondents were researchers working on experience 
design related cases, and had submitted their case papers 
to a workshop about experience design in the field of 
HCI. Prior to the workshop, we received 11 responses 
from 16 possible authors and co-authors (i.e., a 69% 
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Topic n Range Mean (SD) 

HCI related working experience from academia? (years/months) 4 (1 missing) 3 y 3 m – 14 y 12 y 9 m (3 y 11 m) 

HCI related working experience from industry? (years/months) 4 (1 missing) 1 y – 6 y 3 y 5 m (2 y 2 m) 

Working or research experience from Experience Design (e.g., experience goals, 
design for experience, experience evaluation) related activities? (years/months) 5 4 y 2 m  – 15 y 7 y 8 m (4 y) 

How would you evaluate your own expertise and knowledge from theories and 
research related to experience design field? (Very low 1 – 5 Very high) 5 3 – 5 4 (0.63) 

How would you evaluate your own expertise and knowledge from conducting 
experience design work in practice? (Very low 1 – 5 Very high) 

5 3 – 5 4 (0.63) 

How many other experience design projects had you worked on before the one 
reported here? (i.e. projects following experience design process, with defined 
experience goals) 

5 6 – 11 projects 9.4 projects (1.85) 

Table 2. The follow-up survey results regarding the respondents‘ expertise at the moment of the first survey [n=5]. 

Based on the case described in your paper, or thinking about some 
other case, please answer the following questions. 

1. Describe the topic of the case briefly 

2. Where did you get insight and inspiration to define what experience 
to aim for? (Choose all that apply) 

  a) Company or brand image (Brand) 

  b) Scientific understanding of human beings (Theory) 

  c) Empathic understanding of the users’ world (Empathy) 

  d) Possibilities and challenges of a new technology (Technology) 

  e) Reasons for product existence and envisioning renewal (Vision) 

  f) Something else, what? 

3. Who participated in defining the targeted experiences (experience 
goals)? 

4. What were the targeted experiences (experience goals) in your case? 

5. How (in what form) did you communicate the targeted experiences? 

6. Based on you own experience, please complete the following 
sentence: In my opinion a good experience goal is…  

Table 3. Experience design case survey questions. 

response rate). Three identical responses were received 
from the same experience design case, so two of them 
were removed from the data set. Therefore, in total, nine 
responses were used in further analysis. All nine 
respondents came from academic institutions, either 
universities or research organizations, situated in Sweden, 
Finland, Germany or United Kingdom.  

Ten responses were received to the follow-up survey. 
Despite two reminders, only five of the original nine 
respondents answered the follow-up survey. Table 2 
summarises how these five described their expertise in 
the HCI and experience design fields to be at the time of 
the first survey. Three of them were researchers 
responsible for defining, designing and/or evaluating the 
solution, one was a researcher conducting a user study 
and one acted as project manager and design lead. All 
five had more than four years of experience from 
experience design related activities and had worked in 
several experience design projects (see Table 2). Four out 
of five respondents had more working experience from 
academia than from industry. In addition to the five 
original respondents, three HCI researchers from the 
Tampere University of Technology and two of the 
workshop organisers gave feedback about the proposed 
models and the instructions. 

Based on the follow-up survey responses, case C4 (see 
Table 4 for the case descriptions) was an academic 
research project, while cases C3, C5, C6 and C8 were 
collaborative projects between academic and industrial 
partners. 

Web Surveys  
Table 3 presents the questions used in the first web 
survey. The participants were first asked to choose a 

specific case of experience design and answer the 
questions 2 to 5 (see Table 3) based on their experiences 
during the case. In the second question about the sources 
of insight and inspiration for the used experience goals, 
we utilized the five approaches presented by Kaasinen et 
al. (2015), but also left an open-ended option for 
alternative sources. The last question was related to the 
definition of experience goals in general. Here, we used a 
projective technique called sentence completion (e.g., 
Soley & Smith, 2008). 

The follow-up web survey was conducted to iterate the 
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proposed models and instructions. This survey also 
included more detailed background questions regarding 
1) the respondent’s role in the experience design case, 
and 2) working experience in HCI field and experience 
design related activities at the time of the first survey. In 
addition, we asked the respondents to choose their 
favourite of the three Experience Goal Elicitation Process 
model prototypes, justify their choice and suggest 
improvements to the model. Finally, we asked how 
understandable our instructions for “defining and 
evaluating experience goals” were, did they agree or 
disagree with the instructions, and how they could be 
improved? 

Process  
A link to the first web survey was sent by e-mail to the 
participants of the workshop and to all the authors of each 
accepted position paper of the workshop. Two researchers 
analysed the results of each open question and 
categorised similar responses to their own groups. Based 
on the survey results and previous literature, the 
researchers outlined several prototype models for an 
Experience Goal Elicitation Process and a set of 
instructions for defining and evaluating experience goals. 
The models and the instructions were iterated by a group 
of HCI researchers at the Tampere University of 
Technology and separately by each author of this paper, 
resulting in three alternative versions of the model and an 
updated set of instructions. 

Approximately 8 months after the first survey, a link to a 
follow-up survey was sent to all workshop participants 
and organizers. An abridged version of the survey was 
also sent to HCI researchers working at the Tampere 
University of Technology. Based on the feedback 
received from the workshop participants, the workshop 
organizers, and the fellow researchers at the university, 
two researchers further iterated the most promising 
version of the model and updated the instructions. 

RESULTS 
This section describes the main results and discusses the 
findings. At the end of this section, we present the model 
of an Experience Goal Elicitation Process and instructions 
to support designers in defining and evaluating 
experience goals. 

Sources for Insight and Inspiration When Defining 
Experience Goals  
Table 4 presents short descriptions of the cases and what 
sources for insight and inspiration (see Kaasinen et al., 
2015) the participants reported in each case when defining 
experience goals. 

In the reported case studies, “empathy” (7/9 responses) 
and “visioning” (5/9) were the most often used sources. 
“Brand” and “vision” were mentioned in all three 
industrial cases, which may indicate that these cases had 
clear business purposes, which were different from more 
research-driven cases. In seven out of nine cases, three or 
more different sources were used for insight and 
inspiration when defining experience goals. This suggests 
that the respondents prefer to combine multiple sources of 
information when defining experience goals. 

The reported five “Other” sources for insight and 
inspiration were 1) the environment (case C4), 2) co-
design cued by site visits (C5), 3) the values of an author 
to whom the museum is based on (C5), 4) previous 
published pilot work related to the user group (C7), and 
5) rules and functionalities created by the paper 
generation (C9). Kaasinen et al. (2015) include co-design 
in the empathic approach, according to the original idea 
of co-design by Sanders and Dandavate (1999). However, 
they also question whether co-design should be an 
approach of its own.  

Our results seem to confirm the findings from previous 
studies by Väätäjä et al. (2012; 2015) and Kaasinen et al. 
(2015) where “Empathy” (e.g., user studies) was the most 
often used source for inspiration when defining 
experience goals. However, it is not evident if our 
respondents interpreted the given options for the sources 
of insight and inspiration in a similar way, since the 
provided descriptions in the questionnaire were brief. For 
example, it may not have been evident to the respondent 
from C5 that co-design was included in the “Empathy”. 
Therefore, more elaborate descriptions for the sources, 
possibly with some examples, would be required in any 
future studies to avoid misinterpretations. 
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Case description Empathy Vision Theory Technology Brand Other Total 

C1. Industry: UI design for a tool to manage customer 
information in product development X X   X  3 

C2. Industry: Developing paper machine quality 
control system X X   X  3 

C3. Industry: Concept design approach Innoleap for industrial 
work activity. Example of a ship command bridge design case.  X X X X  4 

C4. Entertainment: Considering quality of experience in a 
location-based augmented reality horror adventure 

X  X   X 3 

C5. Entertainment/Education: Use of mobile augmented 
reality and outdoor education principles to create something for 
families visiting a museum. 

X X X X  XX 6 

C6. Education/Well-being: Designing technology to combat 
(cyber)bullying in classrooms X   X   2 

C7. Health care/Well-being: Enhancing patient agency in 
spinal cord injury (SCI) rehabilitation X  X   X 3 

C8. Marketing: Studying experiences from packaging design 
using Online Research Community method. 

X      1 

C9. Informatics: Enhancing archival UIs with UX techniques  X  X  X 3 

Total 7 5 4 4 3 5  

Table 4. Case descriptions and the sources of insight and inspiration when defining experience goals [n=9]. 
 

Case Researcher Designer Topic expert/ 
Specialist Developer Management/  

Employee/Client 
User/ 

Target user Students Total 

C1. Industry   X  X   X 3 

C2. Industry X   X  X  3 

C3. Industry   X   X X  3 

C4. Entertainment X X      2 

C5. Entertainment/Education X  X  X   3 

C6. Education/Well-being   X   X  2 

C7. Health care/Well-being X X X  X   4 

C8. Marketing X       1 

C9. Informatics    X    1 

Total 5 4 3 3 3 3 1  

Table 5. Participants in the definition process of the experience goals in each case [n=9]. 

Who Participated in Defining the Experience Goals?  
When considering “Who participated in defining the 
experience goals?” the results in Table 5 shows that 
researchers (5/9 cases) and designers (4/9, e.g., UX 
designers, graphic designers and game designers) 
participated most often in the definition process of the 
experience goals. Topic experts or specialists (3/9) 
included an expert panel of educators, outdoor educator 
specialists, and consultants. Management / employees / 

clients (3/9) category included museum management and 
employees (C5) and the spinal injury unit (SIU) director 
(C7).  

We noticed that although “Empathy” was the most often 
mentioned source for inspiration (7/9, see Table 4), users 
participated in the definition of the experience goals only 
in three cases. This seems to suggest that although 
understanding users is necessary for designers to become 
familiar with the design context, the experience goals are 
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Case Chosen experience goals Approaches to communicate experience goals 

C1. Industry - Documents, Verbal presentations 

C2. Industry 1) Learnability, 2) Awareness, 3) Feel of control, 4) Success - 

C3. Industry 
1) Being one with the ship and the sea, 2) Feeling of community,  
3) Feeling of efficiency, 4) Feeling of trust towards peers,  
5) Sense of control 

Scenarios, Sketching 

C4. Entertainment 
1) Overall experience of curiosity, tension and ‘black-humour’ 
horror, 2) Feeling of presence, 3) Speculative play,  
4) Support trajectories as journeys through hybrid spaces 

Audiovisual material, Free play 

C5. Entertainment/ 
Education 

1) Arouse curiosity, 2) Focus on natural and cultural landscape,  
3) Communicate author’s life and authorship, 4) Support 
outdoors education, 5) Sustainable experience over time 

Bodystorming, Brainstorming, Moodboards, 
Personas, Scenarios, Sketching 

C6. Education/ 
Well-being 

1) No-blame strategy: not blaming bullies, 2) Positivity,  
3) Kind authority, not strict or punishing, 4) Dialogue Reports, Academic publications 

C7. Health care/ 
Well-being 

1) Patient-centredness, 2) Ease of Use, 3) Ownership,  
4) Network Navigation, 5) Projection 

Workshops, Verbally in meetings, Ad-hoc 
interaction, Patient journey timeline 

C9. Informatics 1) Bring user experience of archives closer to modern day web - 

Table 6. Chosen experience goals and approaches to communicate them. No answers from C8 [n=8]. 

not always derived from the users. This may indicate that 
experience design seeks possibilities rather than aims at 
solving existing problems or evident needs. However, it is 
also possible that user participation during the experience 
goal definition was not feasible for some reason. Overall, 
when not involving users in the definition process of 
experience goals, there is a risk of basing the design on 
stereotypical views or assumptions. Still, designers with 
much previous experience from designing for a specific 
user group could arguably manage without actual user 
participation, but our data does not tell how experienced 
the respondents were with similar target user groups. 
However, some of the respondents did have a substantial 
experience from different experience design cases. 

Chosen Experience Goals and Approaches to 
Communicate Them  
Table 6 shows that the reported targeted experiences are 
rather unique in each case. However, industrial cases C2 
and C3 shared a common experience goal: the sense/feel 
of control. Also, entertainment related cases C4 and C5, 
both utilizing augmented reality, had a similar goal: to 
provide an overall experience of curiosity. 

Some of the reported goals seem to contain aspects 
related to good usability, such as “ learnability” (C2) and 
“ease of use” (C7). Furthermore, in some cases, the 
usability quality was described from an experiential 
aspect, such as “feeling of efficiency” (C3). Some of the 

goals do not seem to be related to experiential aspects, 
such as “support outdoors education” or “dialogue”. 
However, the complete definitions of these goals may 
have included also the experiential aspects. Still, it seems 
that in some cases, the chosen goals were a blend of 
experiential and more pragmatic goals. 

Table 6 also shows how the targeted experiences were 
communicated among stakeholders. Brain-storming 
sessions, workshops and meetings (3/9 responses) were 
the most common ways to verbally discuss the 
experiences to aim for. Written reports and 
documentation (2/9) and sketch-level scenarios (2/9) were 
also used. For example, in the case C5 “around forty 
design concepts were sketched down and presented to 
stakeholders”. In the case C7, “a generalized timeline of a 
patient’s journey through the SIU” was created based on 
user observations during an ethnographic study. 

According to the survey results, experience goals are 
communicated between stakeholders in writing, verbally 
and by using artefacts, such as personas and sketches.  An 
interesting theme for future research could be how well 
these different ways manage to communicate the intended 
experience, in what phases during the development 
process they are used and how. 

Aspects of a Good Experience Goal  
Based on the responses to the sentence completion task, a 
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Figure 1. The model for Experience Goals Elicitation Process. 

good experience goal is 1) expressed clearly (so that all 
stakeholders understand it in the same way) (4/9 
responses) and 2) precise enough to guide the design 
(4/9). Furthermore, the goal 3) should be achievable (3/9) 
and 4) involve emotion or the feeling users have while 
interacting with the product/service (3/9). In individual 
responses, a good experience goal 5) is grounded in 
research, 6) comes directly from the end user, 7) is related 
to the context of use, 8) can be evaluated, and 9) is a 
principle that drives creativity.  

In the follow-up survey, one of the respondents 
commented that an experience goal does not necessarily 
have to be realistically achievable, as it can still act as a 
target, even if it cannot be fully reached. 

Our results are mostly in line with the earlier findings by 
Väätäjä et al. (2012, 2015). However, the requirements of 
clear and precise descriptions of the goals were more 
distinctively emphasized in our findings.  

The Model for Experience Goal Elicitation Process 
and Instructions for Defining Experience Goals  
When evaluating the proposed model prototypes in the 
follow-up survey, respondents highlighted that experience 
goal elicitation is an iterative process. One of the 
respondents justified the choice for his/her favourite 
model: “Because it shows an iterative process. Cloud is a 
symbol for possible approaches (indicating there might be 

others)”. Another respondent considered the boundaries 
between the “sources for insight and inspiration” and 
“approaches for processing information” to be blurry: 
“Participatory design can be one way of gaining such 
emphatic understanding, so the boundaries between the 
different boxes are not always clear to me.” 

Figure 1 illustrates the resulting model for Experience 
Goals Elicitation Process. On the left are potential sources 
for insight and inspiration, as described by Kaasinen et al. 
(2015). In the middle, information from the sources is 
iteratively processed by stakeholders using different 
approaches, such as brainstorming or co-design 
(examples come from the studied cases). The sources are 
overlapping with the approaches that “are also approaches 
to building sources for insight and inspiration”, as one 
respondent commented.  The iterative process produces a 
list of usually verbally described tentative experience 
goals, which are then prioritized. After making the 
selection of the target experience goals, they can be 
communicated to all stakeholders through different 
means, such as sketches, personas, and use scenarios 
(examples come from the studied cases). The means 
change depending on the stage of the project. The whole 
process is iterative, and during the communication with 
the stakeholders the experience goals can be further 
refined and more data can be gathered from the sources. 
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Instructions for  defining and evaluating experience goals 

Describe,  
prioritize & 

choose 

1. Use/choose methods and means to describe experience goals so that all stakeholders can create a shared and similar 
understanding.  
2. Consider possible user requirements connected with the experience goals. You can also describe emotions or feelings the 
user is aimed to experience. 
3. Describe goals precisely enough to make them actionable for designers in the design process. Describe also the reasoning 
behind the goals (why) as designers need to select the proper means of conveying (how) the experience (what). 
4. Prioritize the experience goals to aim for and choose goals that can realistically be achieved (or at least targeted). 

Communicate & 
iterate 

5. Plan what means (e.g. artefacts) to use to communicate the experience goals for stakeholders. 
6. Iterate the goals as you learn more throughout the design process. Revise what deliverables to use if you find better ways 
of communicating. 

Measure &  
evaluate 

7. If experience is measured, operationalize the experience goals and select appropriate (qualitative) metrics for evaluation. 
8. Plan how to trace the later design solutions back to experience goals so that it is possible to evaluate the fulfilment of the 
goals in different phases of the design work. 

Table 7. Instructions to support designers when defining and evaluating experience goals. 

Although experience goals defined at the very beginning 
of an experience design project should guide the whole 
design process, in practice it is possible that the original 
goals are iterated later on, as designers learn more about 
the users and the context where the product or service 
will be used. 

Finally, in Table 7, we provide a set of instructions to 
support the definition and evaluation of experience goals, 
derived from our results and previous literature (Väätäjä 
et al., 2012; Karvonen et al., 2012; Karvonen et al., 
2014). Although not an exhaustive list to cover all 
possible steps in the experience design process, our aim is 
that these instructions can act as a check-list to support 
the beginning of the experience goal definition process 
and that different aspects of good experience goals are 
discussed with stakeholders. 

CONCLUSIONS 
In this paper, we have focused on one of the first 
challenges in experience design process: determining 
what experience to aim for. Our aim was to understand 
how experience goals are defined and communicated with 
stakeholders in the fuzzy front end of experience design. 
We have reported our findings from two survey studies of 
9 experience design cases. As a result, we proposed a 
model of Experience Goal Elicitation Process and 
instructions to support the definition and evaluation of 
experience goals. 

There are several limitations of our current study that 
should be taken into account in studies to follow: 1) the 
small sample size of rather dissimilar experience design 

cases, 2) lack of experience design projects ran by 
practitioners from industry, and 3) our data was based on 
participants’ memories of the events, not necessarily what 
actually happened during the design process. From 
research perspective, it can be challenging to obtain a 
large sample of, especially industry-driven, design 
projects that actually follow the experience design 
process. Therefore, a more in-depth approach utilizing 
interviews and observations with practitioners could 
provide more valuable insights for experience design 
research and practice, even from a smaller number of 
cases. 

We aim to iterate the model for Experience Goal 
Elicitation Process with practitioners from industry, since 
the participants of our current study were mainly from 
academia although several of them had work experience 
also from industry. Also, the model could be further 
iterated to better illustrate the experience design process 
in more specific domains, such as consumer electronics, 
educational games, or assistive technology, where 
different sets of stakeholders might be important. 

Interesting research questions that have formed during 
this study include: 1) how experience goals can be 
prioritized and chosen, 2) how well different artefacts 
support the communication of experience goals for 
different stakeholders, and 3) how experience goals can 
be transformed to measurable design targets (e.g., 
Karvonen et al., 2014). With more research on these 
topics, we can hope to clear up the “fuzziness” of the 
fuzzy front end of experience design. 
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ABSTRACT  
The rapid rise in the number of mobile phone users in developing 
countries has created an opportunity to research and develop new 
mobile learning services. However, designing mobile learning 
services that are both motivating and provide positive user 
experiences is crucial for being successful in mobile learning 
markets. In this paper, we study the motivational factors for 
studying mathematics and using mobile mathematics learning 
service Microsoft Math in South Africa. The relationship of 
learners�¶ motivational factors, UX, math skills and behavioral 
intentions are studied. No significant relationships were found 
between UX and motivational factors. As a result, we provide 1) 
the summaries of the identified motivational factors for studying 
mathematics and for using mobile mathematics learning services, 
2) UX goals for designing mobile learning services for developing 
countries, and 3) implications for conducting remote mobile 
surveys in developing countries.  

CCS Concepts 
�‡�� �+�X�P�D�Q-centered computing~Empirical studies in HCI �‡��
Applied computing~E-learning. 

Keywords 
Motivation; User experience; Mobile learning; Informal learning; 
UX Goals; Developing countries. 

1. INTRODUCTION 
Access to mobile devices, such as mobile phones, has increased 
tremendously in the developing countries during the last decade. 
Today, developing world is more mobile than the developed 
world as most phones are owned by people living in low-income 
regions [25]. From mobile learning perspective, there is huge 
potential for new mobile learning services as more learners in 
developing countries now have access to mobile internet. Design 
and development of mobile learning (m-learning) services has 
strongly focused on learners in western countries and more 
research is needed regarding the design of mobile learning 
services for learners in developing countries [21]. 

In this paper, we study the motivational and user experience (UX) 
factors and their relationships regarding the use of a mobile 

mathematics learning service by high-school students in South 
Africa. Other factors, such as math skills and behavioral 
intentions were also studied. Developing mobile learning services 
that are motivating and provide positive UX for their users is 
crucial in being successful in mobile learning markets. By 
understanding factors that motivate learners in using mobile 
learning services and that provide positive experiences, in 
different cultures and learning contexts, designers will have better 
changes in creating mobile learning services that are not only 
taken into use but also used over longer periods of time. 

Subjective data was collected with a remote mobile survey from 
the learners who had been using the evaluated mobile 
mathematics learning service. In addition, objective data on use of 
the service was gained by analyzing the logged usage data from 
the same respondents. This approach gave us a more 
comprehensive image on how learners evaluate and actually use 
the service. 

Based on the findings, we propose three UX goals for supporting 
the design of mobile mathematics learning services for learners at 
high-school level to be part of the math curricula and didactics for 
developing countries. We also share our experiences in 
conducting remote mobile surveys in South Africa to support 
researchers working in similar context in the future. Finally, 
topics for future research are suggested. 

2. RELATED WORK 
2.1 Motivation in mobile learning 
The self-determination theory states that motivation can be 
classified as intrinsic motivation, extrinsic motivation and 
amotivation [1]. Intrinsic motivation is related to performing the 
activity because it is perceived as fun and pleasurable. External 
rewards, such as money and public recognition, drive a person to 
perform in case of extrinsic motivation. Different types of 
extrinsic motivation have been proposed, two of them being 
external regulation and identified regulation [1]. External 
regulation occurs when individual acts only in a pursue of a 
reward or to avoid sanction. Identified regulation occurs when a 
person values the activity and chooses to act by oneself, however 
still with a specific goal in mind, such as learning a new skill. 
Amotivated person has no motivation, intrinsic or extrinsic, when 
completing a task. Both intrinsic and extrinsic motivations can be 
present at the same time. 

Sharples et al. (2007) define mobile learning �D�V���³�W�K�H���S�U�R�F�H�V�V�H�V���R�I��
coming to know through conversations across multiple contexts 
�D�P�R�Q�J�V�W�� �S�H�R�S�O�H�� �D�Q�G�� �S�H�U�V�R�Q�D�O�� �L�Q�W�H�U�D�F�W�L�Y�H�� �W�H�F�K�Q�R�O�R�J�L�H�V�´����A more 
practical definition was used in MoLeNET programme [18]: �³The 
exploitation of ubiquitous handheld technologies, together with 
wireless and mobile phone networks, to facilitate, support, 
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enhance and extend the reach of teaching and learning.�  ́Several 
more definitions for mobile learning (or m-learning) are available 
in m-learning literature. 

Jones et al. (2006) define informal learning �D�V�� �³�O�H�D�U�Q�L�Q�J�� �W�K�D�W�� �L�V��
�R�X�W�V�L�G�H���L�Q�V�W�L�W�X�W�L�R�Q�D�O���F�R�Q�W�H�[�W�V�´�����7�K�H�\��suggest six factors explaining 
why using mobile devices for informal learning could be 
motivating: 1) control (over goals), 2) ownership, 3) fun, 4) 
communication, 5) learning-in-context, and 6) continuity between 
contexts. These factors were further iterated in a workshop 
�³�$�I�I�H�F�W�L�Y�H�� �I�D�F�W�R�U�V�� �L�Q�� �O�H�D�U�Q�L�Q�J�� �Z�L�W�K�� �P�R�E�L�O�H�� �G�H�Y�L�F�H�V�´��[19], where 
motivational factors and barriers for mobile learning were 
discussed. The conclusions from the workshop were that the six 
�S�U�R�S�R�V�H�G���P�R�W�L�Y�D�W�L�R�Q�D�O���µ�I�H�D�W�X�U�H�V�¶���U�H�T�X�L�U�H���P�R�U�H���L�W�H�U�D�W�L�R�Q�V���D�V���W�K�H�U�H���L�V��
overlapping with other concepts (e.g. cool and fun, control and 
ownership). Affect and especially motivation were seen as key 
�D�U�H�D�V�� �I�R�U�� �I�X�U�W�K�H�U�� �U�H�V�H�D�U�F�K���� �8�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �O�H�D�U�Q�H�U�V�¶�� �S�U�H�Y�L�R�X�V�� �D�Q�G��
current use of technologies were also considered as important 
factors in understanding motivation to use mobile technologies. 

Venkatesh (2000) studied in a longitudinal study how intrinsic 
motivation is related to the perceived ease of use by using the 
concept of computer playfulness operationalized as feeling 
spontaneous and creative while using the system. Users use 
intrinsic motivation (computer playfulness) as one anchor when 
forming perceived ease of use about a new system [23]. With 
increasing experience in using the system, perceived enjoyment 
becomes more important in forming the perception of ease of use 
[23]. 

2.2 Mobile learning in South Africa 
Vainio et al. (2015) studied the effect of South-African cultural 
context on user experience of mobile mathematics service in a 
longitudinal research with over 30 South African schools during 
three years. Their aim was to identify culturally sensitive areas in 
the local context of mobile learning services in order to give 
insight for localization of these services.  

To understand the learning culture in South Africa, or in any 
learning culture, one needs to know the educational system. In 
2009, there were 24693 public schools in South Africa (12 million 
pupils) and 1174 private schools (386098 pupils) [6]. The student-
to-teacher ratio in South Africa is high, 16 to 1 in private schools 
(primary, secondary, middle and combined) [6]. According to the 
2003 Trends in Mathematics and Science Study [20], there is a 
challenge in mathematics teaching in South Africa because the 
international average maths score in 2003 was 467 whereas in 
South Africa it was 264. In addition, there is discrepancy in 
mathematics achievement across provincial, gender, economic 
and racial divides [20]. To solve the challenges, several initiatives 
has been established, focusing on training teachers to meet current 
and future requirements and ensuring that adequate measures for 
pupils to move from secondary education into higher education 
(HE) institutions or the labour market [8]. However, the role of 
technology is not specified at all, therefore leaving the field open 
for research into the possibilities offered by technology.  

Vainio et al. (2015) found several issues to consider in South-
African learning context: The first issue is the level of mobile 
network coverage, which is a fundamental requirement for mobile 
learning services. South Africa has the most advanced 
telecommunications network in Africa. This is a good starting 
point for developing mobile mathematics learning service in 
South Africa. The second issue is the level of mobile penetration: 
in 2009, South Africa had 46.4 million mobile telephones in use, 
as well as 4.4 million Internet users [6]. The third issue to 
consider is the language used at school. South Africa has about 50 

million people of diverse origins, cultures, languages, and 
religions and eleven official languages are recognized in the 
constitution. Two of these languages are of European origin: 
English and Afrikaans. Although English is commonly used in 
public and commercial life, it is only the fifth most spoken home 
language. The education sector does not totally reflect the 
multilingual nature of South Africa. English is often used as the 
medium of instruction at the expense of Afrikaans and African 
languages [6]. Fourthly, in the study of Vainio et al. (2015) the 
content of the mobile mathematics material was aligned with the 
South African curriculum and level of maths. In a context where 
math results tend to decline substantially from Grade 9 to Grade 
10 in South African Public Schools, the pupils who used the 
Nokia Mobile Mathematics service regularly (completing more 
than 15 practice exercises and tests) achieved results for Grade 10 
were 7% better on average than their peers. 

The sixth issue is how schools and education systems allow the 
use of mobile technology during school hours. In the study of 
Vainio et al. (2015), 81% of the schools participating in the study 
had an ICT policy or school code of conduct that restricts the use 
of mobile telephones during school time. The seventh issue is to 
understand how much pupils and teachers use the mobile learning 
service. In 2009, 85% of the pupils had mobile phones with SMS 
capacities and 64% of them were able to use the browser based 
learning system with their mobile phones. The average posts per 
week for those pupils who used browser-based service was 3.99 
posts per week and for SMS based service users 1.69 per week. In 
2010, there were altogether 2875 registered users and 1528 of 
them were active users. Of these pupils, 75% reported that they 
had their own mobile phones and 67% reported that their mobile 
phone could download browser-based service. In addition, 17% 
reported that they could access a shared mobile telephone, which 
could download browser-based service, at home. However, 13% 
of case study pupils were unable to use either their own or a 
shared mobile phone.  

Vainio et al. (2015) found that the �S�X�S�L�O�V�¶�� �D�W�W�L�W�X�G�H�� �W�R�Z�D�U�G�V��
learning mathematics improved when they had been using mobile 
learning service and learning mathematics was seen enjoyable or 
fun. Vainio et al. (2015) found also that in South African 
environment it is important to encourage the informal use of the 
service as the churn rate of teachers at school is high and the 
information disappears when a teacher leaves the school. This 
finding encouraged the development of the service towards a 
more informal way of using it: independently and outside school 
hours. Because of the low teacher-to-pupil ratio in public schools, 
mobile learning service could help teachers to keep up with the 
pupils�¶ learning progress as well as give teachers more ways to 
communicate with the pupils than in a traditional class set up. 

2.3 User Experience Goals 
Various available definitions for UX underline the richness and 
complexity of this concept. However, in the field of HCI, it is 
widely agreed that UX is dynamic, context-dependent and 
subjective [12]. ISO 9241-210 (2010) standard defines UX as �³a 
�S�H�U�V�R�Q�¶�V��perceptions and responses that result from the use or 
anticipated use of a product, system or service�´�����7�K�H���F�R�P�S�R�Q�H�Q�W�V��
of UX include pragmatic or utilitarian (related to usability and 
utility) and hedonic or non-utilitarian (stimulation, identification 
visual aesthetics etc.) aspects of product use [4, 14]. Furthermore, 
�Z�K�H�Q�� �L�Q�W�H�U�D�F�W�L�Q�J�� �Z�L�W�K�� �W�K�H�� �V�\�V�W�H�P���� �X�V�H�U�¶�V�� �S�H�U�F�H�S�W�L�R�Q�V�� �R�I���W�K�H�V�H��
qualities are linked to emotional reactions, which are presented as 
the third UX component [14]. 



Designing for experiences is increasingly in the interest of both 
Human-Computer Interaction (HCI) practitioners and researchers. 
User experience (UX) goals are one means that can be used to 
describe the experiential requirements for an interactive system, 
and guide their design and evaluation [24]. They concretize the 
experiences that are intended to be experienced by the users of the 
interactive systems [24]. Commonly agreed experience goals help 
�W�K�H�� �H�Q�W�L�U�H�� �S�U�R�M�H�F�W�� �W�H�D�P�� �E�\�� �³�N�H�H�S�L�Q�J�� �X�V�H�U�� �H�[�S�H�U�L�H�Q�F�H�� �L�Q�� �I�R�F�X�V��
through the multidisciplinary product development and marketing 
�S�U�R�F�H�V�V�´���>10].  

Väätäjä et al. (2015) report the characteristics of good experience 
goals based on the questionnaire responses of researchers working 
on nine case studies varying from workplace to consumer 
applications and education [24]. A good experience goal 1) helps 
the design as a guiding light, 2) is measurable, 3) describes 
positive emotions, and 4) is a way to communicate the desired 
experience with other people. Furthermore, experience goals were 
considered useful in keeping the focus on important issues and 
providing inspiration. 

Five sources to gain insight and inspiration for setting experience 
goals in industrial environments have been suggested [10]. The 
sources were derived from four industrial design case studies with 
companies, and were supplemented with a literature study (ibid.). 
Sources include brand, theory, empathy for users, possibilities and 
challenges of technology, and vision. Varsaluoma et al. (2015) 
report based in nine case studies that empathy �± empathic 
�X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���W�K�H���X�V�H�U�¶�V���Z�R�U�O�G���± is the most often used source 
for inspiration to set the experience goals [22]. 

For example, Lu and Roto (2015) describe using the experience 
goal approach that drives the design ideation process in 
educational context [13]. An e-learning tool was developed for 
beginner forklift truck drivers to reduce the workload of senior 
drivers who traditionally teach the new drivers. Based on 
interviews with warehouse workers as well as the �G�H�V�L�J�Q�H�U�V�¶���R�Z�Q��
experience of learning to drive a truck, three experience goals for 
the design were identified: 1) Security by feeling guided even 
without a human teacher present; 2) Competence by balancing the 
feeling of incompetence and over-confidence; 3) Stimulation by 
the enjoyment of learning. Solution included a virtual eye that was 
implemented that followed the driver and provided feedback in 
natural language, the self-assessment of the success of the 
exercise to support reflection, and by gamified elements for 
feedback. However, user experience goals have rarely been 
reported and mentioned as driving and guiding the design of 
educational systems. Our work contributes to this body of 
knowledge, by deriving user experience goals from the findings to 

support designing mobile mathematic learning services for 
developing countries. 

3. METHOD 
A remote mobile survey was designed by a research team in 
Finland and iterated together with context experts from South 
Africa. Data was collected using two methods: 1) a questionnaire 
accessible with mobile devices and 2) log-data describing the 
actual usage patterns of the service. 

3.1 Microsoft Math Service 
The studied service was Microsoft Math (earlier Nokia Mobile 
Mathematics) that is an international mobile mathematics learning 
service, intended for high-school students to practice mathematics 
especially informally, e.g. outside school hours. The service is 
accessible through web browsers for all data-enabled handsets. 
Using the service does not cause any mobile data transfer costs for 
learners in South Africa. 

The service was launched 2008 in South Africa, its content 
following the local curriculum. Starting with 300 learners in 2009, 
in 2012 the service had reached 50 000 learners. In 2014, the 
service was available nationwide to all learners and was also 
launched in Tanzania with localized mathematics content. 

Microsoft Math offers math examples, theory and exercises on 
different difficulty levels (see Figure 1 for screenshots). Users can 
collect points by completing quizzes, compete with each other, 
create study groups (or classrooms) and send messages within the 
groups. The service is freely available at 
https://math.microsoft.com/. 

3.2 Instruments 
A mobile survey was chosen as a data collection method as we 
expected it to be fast, inexpensive and reliable way of reaching 
many learners around South Africa. To make certain that the 
participants would have an easy access to the questionnaire 
without any mobile data transfer costs, we decided to integrate the 
questionnaire into the Microsoft Math platform. Although this set 
some restrictions for the format of the questions that could be 
used, we expected to get a better response-rate when there were 
no additional data-transfer costs for the participants. Furthermore, 
the questionnaire could be advertised in the front page of the 
service itself and answering the questionnaire would be easy in 
the familiar environment for the users of the service. Also, by 
using the existing platform, we could be certain that the 
questionnaire would function correctly with every respondent�¶s 
mobile device. 

The questionnaire was divided into two parts to decrease the 

 
Figure 2. Examples of the mobile questionnaire pages in 

Microsoft Math. 
 

Figure 1. Microsoft Math screenshots. 

https://math.microsoft.com/


Table 1. Main topics and used questions. Q#=questionnaire and L#=log data. Note that the order of the questions has been 
altered from the questionnaire to improve readability. 

User experience 

Q1. What is your overall evaluation of this mobile service? (Emoticons: Sad 1�±5 Happy) 

Q2. �7�K�L�V���V�H�U�Y�L�F�H���L�V�«�����'�L�I�I�L�F�X�O�W���W�R���X�V�H�����±5 Easy to use) 

Q3. �7�K�L�V���V�H�U�Y�L�F�H���L�V�«�����8�J�O�\�����±5 Beautiful) 

Motivation 

Q4. I am interested in studying mathematics in general. (Strongly Disagree 1�±5 Strongly Agree) 

Q5. Why are you interested or not interested in studying mathematics in general? 

Q6. I like to use this mobile service in studying mathematics. (Strongly Disagree 1�±5 Strongly Agree) 

Q7. Why do you like or dislike to use this service in studying mathematics? 

Q8. Abridged version of SIMS with 9 questions. Example question for measuring intrinsic motivation: Why do you use this 
service to study mathematics? Because I think that this activity is interesting (Strongly Disagree 1-5 Strongly Agree)  

L1. Number of completed separate quizzes. 

Behavioral 
intentions 

Q9. How likely are you going to continue using this service in future? (Not at all likely 1�±5 Very likely) 

Q10. If your friends had a mobile phone access, how likely would you recommend this service to your friends? (Not at all likely 
1�±5 Very likely) 

Context 
Q11. When do you most often use this service? (On my free time / During school or work hours) 

Q12. Which one would you prefer to study mathematics? (This service / Textbook with pen and paper) 

Background 

& 

Math skills 

Q13. Year of birth, gender and current occupation. 

Q14. In general, how hard is math for you? (Very hard 1�±5 Very easy) 

Q15. In general�����,���W�K�L�Q�N���W�K�H���P�D�W�K���T�X�H�V�W�L�R�Q�V���L�Q���W�K�L�V���V�H�U�Y�L�F�H���D�U�H�«�����9�H�U�\���K�D�U�G�����±5 Very easy) 

 

participant fatigue, allowing a break for the respondents between 
answering both parts while using mobile devices. Both parts had 
14 questions, each one presented on a separate page (see Figure 2 
for examples). Due the restrictions of the platform, only single-
choice Likert scale questions (with five options) and open-ended 
questions were used. The questions were divided into five main 
topics: 1) user experience, 2) motivation, 3) behavioral intentions, 
4) context, and 5) background and math skills. In addition to the 
questionnaire, data logging was used to gather actual usage data 
from the participants who answered the questionnaire. This data 
had been gathered since the participants had registered to the 
service. Table 1 presents the questions and logged usage data that 
were used for measuring the factors of these topics. To keep the 
mobile questionnaire short, only a few questions were used for 
each topic. 

User experience. Two questions measured the overall UX (Q1 
and Q2, see Table 1) and one the fulfillment of hedonic goals 
(Q3). For overall UX, emoticons were used to offer a non-verbal 
way to evaluate how learners experienced the system (see Figure 
2). Ease of use (Q2), related to pragmatic usability, was derived 
from the UMUX scale [2] and Q3 from the Attrakdiff2 
questionnaire to measure the hedonic quality Beauty [5]. To keep 
the questionnaire short, no other aspects of UX were measured. 

Motivation . We wanted to understand how motivated (i.e. 
�³�L�Q�W�H�U�H�V�W�H�G�´���� �O�H�D�U�Q�H�U�V�� �Z�H�U�H�� �D�Q�G�� �Z�K�D�W�� �P�R�W�L�Y�D�W�H�G�� �W�K�H�P�� �W�R�� �V�W�X�G�\��
mathematics in general (Q4, Q5). The motivation to use the 
service was measured in a similar fashion (Q6, Q7), but also an 
abridged version of the Situational Motivation Scale (SIMS) [3] 
was used (Q8). SIMS measures four motivational constructs: 
intrinsic motivation, identified regulation (extrinsic motivation), 
external regulation (extrinsic motivation) and amotivation. The 
whole amotivation subscale and one item on each remaining scale 
were removed to reduce the length of the questionnaire. Also, to 
make the SIMS questions easier to comprehend and to better fit 
the scale on mobile screens, �W�K�H�� �V�F�D�O�H�� �Z�D�V�� �F�K�D�Q�J�H�G�� �I�U�R�P�� �³�'�R�H�V��
not correspond at all 1�±7 Corresponds ex�D�F�W�O�\�´�� �W�R�� �³�6�W�U�R�Q�J�O�\��
disagree 1�±�����6�W�U�R�Q�J�O�\���D�J�U�H�H�´�� 

From the log data, our aim was first to measure the number and 

length of log-in sessions, but these data were not comparable 
because �V�R�P�H���X�V�H�U�V���K�D�G���X�V�H�G���W�K�H���³�U�H�P�H�P�E�H�U���P�H�´���R�S�W�L�R�Q���I�R�U���O�R�J-in 
settings. Instead, we decided to use the number of completed 
separate quizzes for the measurement of motivation to use the 
service (L1). In Microsoft Math, each mathematical topic had 
quizzes that consisted of three problems to be solved. Normal 
quizzes were between difficulty levels 1 to 10, after which a 
bonus level 11 could be repeatedly completed to improve the 
�X�V�H�U�¶�V�� �W�R�W�D�O�� �V�F�R�U�H. Upon discussions with the developers, it was 
revealed that some learners may have earlier repeatedly completed 
bonus quizzes in order to win competitions that were based on 
collected points. For this reason, we did not use the total score or 
count the repetitions of the same quizzes for measuring the 
motivation by actual usage.  

Behavioral intentions. Participants were asked how likely they 
were a) going to continue to use the service (Q9) and b) 
recommend the service to their friends (Q 10). 

Context. We were interested to see if the service is most often 
used outside school hours, suggesting that it supports informal 
learning (Q11). Also, do learners prefer to use the service or more 
traditional methods for studying mathematics (Q12)? 

Background and math skills. Measured background variables 
�Z�H�U�H�� �W�K�H�� �U�H�V�S�R�Q�G�H�Q�W�V�¶�� �D�J�H���� �J�H�Q�G�Hr, occupation and math skills. 
Perceptions of the �U�H�V�S�R�Q�G�H�Q�W�V�¶�� �R�Z�Q�� �P�D�W�K�� �V�N�L�O�O�V�� �Z�H�U�H�� �P�H�D�V�X�U�H�G��
with two task difficulty scales asking 1) how hard math is in 
general (Q14) and 2) how hard the math questions in the service 
are (Q15). Since the math tasks in the service follow the 
curriculum in South Africa, Q15 seemed to be a suitable 
measurement for perceived math skills. 

3.3 Participants and Procedure 
The questionnaire was advertised in the news-section of the 
Microsoft Math service and was open for one month in December 
2014. Two additional news-messages were sent near the 
completion of the study. Respondents who completed both parts 
of the questionnaire could participate in a lucky draw of five free 
airtime coupons for mobile data worth 200 ZAR (~ USD 16.50) 
each. 



65 responses were received to the first part (opened 91 times) of 
the questionnaire and 53 responses to the second part (opened 65 
times). In total, 53 respondents (22 female, 42%) answered both 
parts of the questionnaire and their responses were used in the 
analysis. Only three of these respondents had not answered both 
parts of the questionnaire during the same day, suggesting that the 
length of the survey was not an issue for a majority of the 
respondents. 

�5�H�V�S�R�Q�G�H�Q�W�V�¶�� �D�J�H�� �Y�D�U�L�H�G�� �I�U�R�P�� ������ �W�R�� ������ ��M = 18.3, SD = 3.87). 
One respondent was less than 16 years (14) and three were more 
than 19 years old (21, 30 and 42). 45 (85%) of the respondents 
were in a primary school or college, 5 (9%) were higher education 
students, one (2%) in working life and 2 (4%) in other life 
�V�L�W�X�D�W�L�R�Q�����³�Q�R�Q�H���R�I���W�K�H���S�U�H�Y�L�R�X�V�´���� 

�0�R�V�W�� �S�D�U�W�L�F�L�S�D�Q�W�V�� �D�V�V�H�V�V�H�G�� ���V�F�D�O�H���� �³�9�H�U�\�� �K�D�U�G�� ���� �± ���� �9�H�U�\�� �H�D�V�\�´����
math in general (Q14: M = 3.74, SD = 1.02) and the math 
questions in the service as easy (Q15: M = 3.66, SD = 0.85). 5/53 
(9%) respondents considered math in general to be very hard or 
hard (responded 1 or 2) and only three (6%) considered the 
questions in the service to be very hard or hard. 36 (68%) rated 
math in general to be easy or very easy and 31 (59%) the 
questions in the service to be easy or very easy. �6�S�H�D�U�P�D�Q�¶�V��
correlation showed a significant, moderate relationship between 
the responses to Q14 and Q15 (rs = .47, p < .001). The responses 
suggest that our sample was somewhat biased in a sense that 
majority of the respondents considered themselves to be skilled in 
math. 

3.4 Analysis of the results 
Qualitative data (Q5 and Q7, see Table 1) were initially coded 
based on similar responses to the questions. The initial coding was 
then viewed by another researcher, after which another round of 
analysis was carried out by the first researcher, resulting in the 
final coding and categorization of the open comments. We also 
coded the resulting categories for Q5 with the intrinsic and 
extrinsic motivational types [1]. Quantitative data were analyzed 
with SPSS. Shapiro-Wilk tests for normality showed that the data 
deviated from a normal distribution, and therefore non-parametric 
tests were used in further analysis. Log data (L1 in Table 1) from 
each respondent were used in SPSS for evaluating the actual 
usage of the service and for making subgroup analyses. 

�&�U�R�Q�E�D�F�K�¶�V�� �D�O�S�K�D�V�� �I�R�U�� �W�K�H��abridged SIMS was acceptable for the 
e�[�W�H�U�Q�D�O�� �U�H�J�X�O�D�W�L�R�Q�� �V�X�E�V�F�D�O�H�� ���.�� � �� ������������ �E�X�W�� �Q�R�W�� �I�R�U�� �W�K�H�� �R�W�K�H�U���W�Z�R��
subscales:  i�Q�W�U�L�Q�V�L�F���P�R�W�L�Y�D�W�L�R�Q�����.��� �������������D�Q�G��identified regulation 
���.�� � �� ������������ �6�L�Q�F�H�� �W�K�H�� �U�H�P�R�Y�D�O�� �R�I�� �D�Q�\��items did not significantly 
increase the alpha, each item of these two subscales was analyzed 

individually. 

Initial UX goals were derived from the analysis results by the 
researcher who was the most familiar with the data. The initial 
goals were then discussed and iterated within the research team, 
resulting in the final set of proposed UX goals. 

4. RESULTS 
4.1 User Experience 
The overall experience that respondents had with Microsoft Math 
was very positive (Q1: M = 4.74, SD = 0.52). Majority also found 
the service to be easy to use (Q2: M = 4.74, SD = 0.71) and 
beautiful (Q3: M = 4.85, SD = 0.36). No significant correlations 
were found between the three UX factors. 

4.2 Motivation 
Based on the responses, participants were very interested in 
studying mathematics in general (Q4: M = 4.75, SD = 0.62). They 
also liked to use the mobile service to study mathematics (Q6: M 
= 4.74, SD = 0.63). �6�S�H�D�U�P�D�Q�¶�V���F�R�U�U�H�O�D�W�L�R�Q���V�K�R�Z�H�G���D��statistically 
significant, but weak relationship between the two factors (rs = 
.34, p < .05). 

Motivation to study mathematics. Table 2 shows the 
categorization of reasons for why studying mathematics was 
found interesting or not. No negative reasons were reported. 
Based on the results, the main types of motivation for studying 
mathematics seemed to be both extrinsic (identified regulation), 
and intrinsic. 

The most often mentioned motivation (25/53 responses, 47%) for 
�V�W�X�G�\�L�Q�J�� �P�D�W�K�H�P�D�W�L�F�V�� �U�H�O�D�W�H�G�� �W�R�� �O�H�D�U�Q�H�U�V�¶�� �I�X�W�X�U�H�� �S�U�R�I�H�V�V�L�R�Q���R�U��
career, where they would require math skills. For example: 

Mathematics is fun and interesting but above all mathematics 
opens many opportunities to becoming successful because in 
many fields of work maths is required as it shows how mentally 
sharp you are and how good you are at solving problems. 

Mathematics was also seen important for solving problems in real 
life: 

I am interested in learning maths generally because I believe that 
I will need it in future as I will be taking a career that needs 
maths and it also helps me to solve real life problems with 
patience. 

15 (28%) respondents seemed to be intrinsically motivated as they 
simply liked to study mathematics because it is interesting or fun: 

I am interested in studying mathematics in general because it is 
the only subject I find interesting! it is fun, cool and not time 

Table 2. Reasons why studying mathematics is interesting or not interesting (Q5, no negative responses) 

What motivates learners in studying mathematics? Responses 

For my future (identified regulation): Math is studied in order to secure future studies, profession or career. It is something that 
everyone needs, it can make life easier and help solving real life problems on personal and global scale. 25/53 

I like to study mathematics (intrinsic motivation):  Studying mathematics is interesting, amazing or fun. I enjoy the challenges, 
complexity and working with numbers. Practicing math and solving problems gives me satisfaction, sense of accomplishment, optimism, 
confidence and pride. Math gives me motivation to think, new ideas and can free my mind. It has become a hobby for me. 19/53 

Improve my math skills (identified regulation): I want to increase my understanding, math skills or thinking capacity. 14/53 

For school (external regulation): Math is needed at school, it can help with other topics and improve my marks. 4/53 

Math is easy (intrinsic motivation):  I am good in math and it is easy for me. 2/53 

Help fellow learners (identified regulation): I want to help fellow learners who are struggling with math. 1/53 

It supports my hobby (identified regulation): I combine math with my hobby, chess. 1/53 

 



wasting! I love doing calculations than theory. 

�«�R�U���E�H�F�D�X�V�H���W�K�H�\��enjoyed the challenges that mathematics offers: 

I love mathematics because math makes me to think out of the 
box. It brings everyday challenges that need to be solved. What I 
like the most about math is that you have to be a critical thinker. 

Maths is a very interesting subject. It can be challenging at times 
but once you overcome a challenge you get filled with joy, 
confidence and pride. 

14 (27%) respondents were motivated by the improvement of 
their math skills and thinking capacity. As one respondents 
commented: 

I believe everything in life is about maths. learning maths in 
general increases my intelligence, my speed of thinking accurately 
and solving problems I face in my life. Having a great knowledge 
of maths in general makes life very easy and nice to live. 

Other motivations for studying mathematics in general were that 
1) math is needed at school and improving marks (4 responses), 2) 
math was found as easy subject (2), 3) learner wanted to help 
others struggling with mathematics (1), and 4) mathematics 
supported another hobby (1). 

Motivation to use Microsoft Math. Table 3 shows the 
categorization of reasons why respondents liked or disliked using 
Microsoft Math to study mathematics. 

More than half of the respondents�¶ comments (27/53, 51%) 
related to the content offered by the Microsoft Math as a 
motivational factor to use the service. The wide variety of 
questions and clear examples on different topics were liked: 

I like the variety of questions asked about a topic, and the manner 
in which the theory is explained after I get it wrong or right. 

I like this service because it is an interactive way of studying 
mathematics and it shows you the answers and the correct way of 
solving the problems for those who struggle to get to it. 

I like to use this service to study mathematics. The reason is that it 
has all contents of mathematics and easy to access. I like it again 
because it helps me a lot, I was struggling with Math but now I'm 
much better! Thank you for the service. 

One respondent also appreciated the change to learn more on 
topics that were rarely discussed at school:  

This software/application is a great studying tool as it challenges 
us to do better and it gives us totally new fields to explore in our 
mathematics subject, fields that we rarely do at school. 

15 (28%) respondents stated that they either wanted to or already 
had improved their math skills and marks with the help of the 
service. As some of the respondents commented: 

I like it because it makes me have a better look and understanding 
on answering and solving the questions. This service has also, as I 
believe, improved my paper 1 maths, so it's so awesome and 
simplified. 

I like to use this service because it really improves my knowledge 
in maths, using this service had also improved my marks in 
school. 

I like to use it because it helps me. I have a problem with maths 
and since I started using it my maths skills have improved and I 
now understand a lot of things and ways to do them differently. 

8 (15%) respondents appreciated the good accessibility of the 
mobile service, e.g. when compared with traditional textbooks:  

I like to use this service because through my phone I can easily 
get access to math's whenever and wherever I want unlike when 

Table 3. Reasons why learners liked or disliked using Microsoft Math (Q7). 

What motivates or unmotivates learners to use Microsoft Math to study mathematics? Responses 

High-quality content supports informal learning: The service helps to understand math questions and different topics by offering theory and 
clear explanations of correct solutions. New topics are learnt by reading examples and tips. High quality contents with wide variety in questions 
also in topics rarely explored at school. 27/53 

Improves my math skills: Has improved or will improve my math skills and math marks 15/53 

Accessibility: Easy to access anywhere and anytime (unlike textbooks). 8/53 

Fun way of learning mathematics: Fun, enjoyable, exciting or awesome way of learning mathematics.  7/53 

Supplements teaching at school: Similar content helps with questions that will be asked at school or topics that learners did not understand in 
class. Can be more understandable than textbooks. 7/53 

Competition: Competing with fellow learners.  6/53 

Ease of use: Simplified and easy to use 5/53 

Makes me use more time on studying: I am more active and get to practice mathematics a lot. It gives me courage to practice math. Less time 
wasted on luxurious services. 4/53 

Efficiency: Fast, efficient and saves time (compared to paging textbooks) 3/53 

Prizes: Competitions and possibility to win prizes 2/53 

Inexpensive: Uses only little airtime 2/53 

Measure my progress: Points tell which topics to focus on more and help measuring my knowledge.  2/53 

Novel learning experience: Interactive way of studying mathematics. Modern learning experience. 2/53 

Unmotivating (1 response for each): Not enough questions on each level. Examples are not clear. Slow loading times. Feedback not replied 
fast enough. 4/53 

 



Table 4. Results from the abridged version of SIMS (Q8). 

Why do you use this service to study mathematics? 
(Strongly Disagree 1-5 Strongly Agree) (n=53) Mean (SD) 

INT1 Intrinsic motivation: Activity is interesting 4.81 (0.59) 

INT2 Intrinsic motivation: Activity is pleasant 4.43 (0.87) 

INT3 Intrinsic motivation: Activity is fun 4.57 (1.05) 

IDE1 Identified regulation: I am doing it for my own good 4.85 (0.36) 

IDE2 Identified regulation: Activity is good for me 4.87 (0.39) 

IDE3 Identified regulation: Activity is important for me 4.91 (0.35) 

EXT External regulation subscale 3.03 (1.35) 

 

using books which I can't carry everywhere I want to go. 

I like to use this service because it saves time, improves my 
psychological power, so there is no need to spend most time 
paging like in textbooks It is like my teacher in the pocket because 
it provides with both questions and answers and I can use it 
anywhere at any time. 

I'm someone who is always online, so I like to use this service 
because I'm also able to practice and enjoy maths without getting 
to my books. I get to be more educated and skilled in maths 
through this service. 

7 (13%) reported that the using the mobile learning service for 
studying mathematics was fun, exciting or enjoyable: 

It is a fun way for practicing maths and one gets to compete with 
other students across the country. 

It's a much better and a fun way of practicing maths. 

In 7 (13%) responses it was emphasized that Microsoft Math can 
supplement teaching at school. One respondent found it easier to 
comprehend than textbooks: 

I like to use this service because it makes mathematics simpler 
and more �X�Q�G�H�U�V�W�D�Q�G�D�E�O�H���W�K�D�Q���W�H�[�W�E�R�R�N�V�« 

Others liked that the content is similar to what is discussed at 
school and it can therefore help understanding topics discussed in 
class. Also, using the service can help when preparing for exams: 

I like it because it helps me with future questions that will be 
asked at school. I also like it because most of the questions the 
service provides to me are common to the questions we are given 
at school so it gives me more confidence to answer the questions.  

This service helps me to understand things I did not even 
understand in class. 

I like to use this service because l noticed that the questions l get 
to answer here are actually the questions that appear during 
exams so with this service l stand a better chance of scoring 
higher marks. 

6 (11%) learners were especially motivated by competing with 
each other. For some this was related to why using the service was 
considered fun: 

�«�$�O�V�R�� �,�� �O�L�N�H�� �W�R�� �E�H�� �F�R�P�S�H�W�H�G�� �V�L�Q�F�H�� �F�R�P�S�H�W�L�W�L�R�Q�� �L�V�� �D��performance 
stimulant that's why I like this service because through it I can 
compete with many people. 

It is a fun way for practicing maths and one gets to compete with 
other students across the country. 

I like to use this service because I get to measure my knowledge 
up to so far and I get to see how good am I compared to other 
students 

5 (9%) respondents mentioned ease to use as a motivational factor 
to use the service. 4 (8%) had noticed positive change in their 
behavior, such as using more of their free time for studying or 
getting more courage to practice mathematics. 3 mentioned 
efficient and fast usage of the service. Only 2 respondents 
mentioned the following as motivational factors: 1) possibility to 
win prizes from competitions, 2) using the service is inexpensive, 
������ �P�H�D�V�X�U�L�Q�J�� �R�Q�H�¶�V�� �S�U�R�J�U�H�V�V�� �E�\�� �I�R�O�O�R�Z�L�Q�J��the points gained in 
different topics, and 4) novel experience for studying 
mathematics. 

Only four negative aspects were mentioned by single respondents: 
1) not enough questions on each level (respondent preferred to 

have 5-6 questions instead of 3), 2) examples are not clear, 3) 
slow loading times, and 4) feedback not replied fast enough. 

In conclusion, the open comments also indicate that majority of 
the respondents liked to use the Microsoft Math service and that 
there were several factors that motivated them. Especially 1) the 
�F�R�Q�W�H�Q�W�� �S�U�R�Y�L�G�H�G�� �E�\�� �W�K�H�� �V�H�U�Y�L�F�H�� �D�Q�G�� ������ �W�K�H�� �U�H�V�S�R�Q�G�H�Q�W�V�¶��
interpretation that the service already has or will improve their 
math skills were considered important aspects when using the 
service. 

Motivation to use Microsoft Math based on SIMS. Table 4 
presents the results of the abridged version of SIMS (Q8). 
�&�U�R�Q�E�D�F�K�¶�V�� �D�O�S�K�D�� �Z�D�V�� �D�F�F�H�S�W�D�E�O�H�� �R�Q�O�\�� �I�R�U�� �W�K�H�� �V�X�E�V�F�D�O�H�� �(�[�W�H�U�Q�D�O��
regulation. The results from SIMS seem to be in line with the 
qualitative data regarding motivation to study mathematics in 
general. Ratings were high for all intrinsic motivation items and 
very high for all identified regulation items. This suggests that the 
use of the service is motivated by the activity itself but even more 
so because respondents see the value for themselves in studying 
mathematics with the service. External regulation was in the 
middle of the scale with higher SD, suggesting that perhaps 
external rewards such as prizes from competitions or competing 
with fellow students have motivated some respondents to use the 
service, but clearly not everyone. 

Spearman�¶s correlation showed statistically significant, but weak 
correlations between the following motivational scales:  

- IDE2 & INT1 (rs = .43, p < .01) 
- IDE2 & INT3 (rs = .39, p < .01) 
- EXT & INT2 (rs = .33, p < .05) 
- EXT & IDE1 (rs = .39, p < .01) 

A weak relationship was found between motivations to use the 
service because it was interesting or fun (intrinsic motivation) and 
good for oneself (identified regulation). Also, motivation to use 
the service based on external regulations was weakly related to 
�S�O�H�D�V�D�Q�W�Q�H�V�V�����L�Q�W�U�L�Q�V�L�F���P�R�W�L�Y�D�W�L�R�Q�����D�Q�G���G�R�L�Q�J���W�K�H���D�F�W�L�Y�L�W�\���I�R�U���R�Q�H�¶�V��
own good (identified regulation). 

Motivation to use Microsoft Math based on logged usage data. 
In addition to the subjective measurements, we calculated the 
number of separate completed quizzes in order to estimate how 
motivated the respondents were to use the service. On average, 
respondents had completed 70,96 separate quizzes, with SD 
76,87. 10/53 (19%) respondents had completed less than 10 
separate quizzes, while 14 (32%) had completed more than one 
hundred, the highest number being 329. Interestingly, 9/10 
respondents who had completed less than 10 separate quizzes 
stated that they were very interested (Q6) in using the service for 
studying mathematics. However, log data suggests that these 



learners did not actually use the service that much. This stresses 
the importance of studying actual usage data in order to learn 
what users really do with mobile learning services. 

4.3 Behavioral intentions 
Behavioral intentions were measured with two questions (Q9 and 
Q10). Based on the results, the respondents were very likely to 
use the service in the future (Q9: M = 4.77, SD = 0.70) and also 
recommend the service to their friends who had access to mobile 
phone (Q10: M = 4.87, SD = 0.39).  

4.4 Context 
49/53 (93%) used the service more often during their free time 
than during school or working hours. Also, 45 (85%) preferred to 
study mathematics with the studied service when compared with a 
traditional textbook, pen and paper. Although schools may restrict 
the use of mobile phones [21], these results suggest that the 
service has been successful in motivating the learners towards 
informal learning. Also, the available service seems to be 
compelling from the learners�¶�� �S�H�U�V�S�H�F�W�L�Y�H when compared with 
traditional methods. 

4.5 Correlations between measurements and 
comparisons of subgroups 
Next, we will report 1) significant correlations between 
measurements of different factors and 2) significant differences 
between subgroups that were created based on background 
variables. 

Correlations. �6�S�H�D�U�P�D�Q�¶�V correlation showed the following 
statistically significant correlations with rs >.50. 

- Interest in studying mathematics in general (Q4) & 
IDE3 (Q8) (rs = .51, p < .001). 

- Hedonic quality beauty (Q3) & willingness to 
recommend the service (Q10) (rs = .52, p < .001) 

Only weak relationships were found between the following UX 
and motivational factors: 

- Overall UX (Q1) & I like to use this service (Q6) (rs = 
.33, p < .05) 

- Hedonic quality beauty (Q3) & (IDE1 (Q8) (rs = .41, p 
< .005) / IDE2 (Q8) (rs = .34, p < .05)) 

Subgroups. For further analysis, we divided the respondents into 
the following subgroups: 1) female (22) and male (31), 2) novice 
(39) and expert users (14), and 3) math-talents (25) and non-
�W�D�O�H�Q�W�V�� ������������ �³�(�[�S�H�U�W�� �X�V�H�U�V�´�� �K�D�G�� �F�R�P�S�O�H�W�H�G�� �������� �R�U�� �P�R�U�H�� �V�H�S�D�U�D�W�H��
�T�X�L�]�]�H�V�����³�0�D�W�K-�W�D�O�H�Q�W�V�´���K�D�G���U�D�W�H�G���4�������D�Q�G���4�������D�V�������R�U���������)�R�U���H�D�F�K��
subgroup pair, Mann-Whitney U Test was used to detect any 
significant differences in the measurements. 

No statistically significant differences between genders were 
found among any of the questionnaire measurements. 

We found a statistically significant difference between novice and 
expert users in external regulation (Q8, U = 175, p < .05) 
suggesting that external rewards may have motivated learners who 
had completed more separate quizzes. 

Statistically significant difference was found between math-
talented and non-talented groups in SIMS item INT1: �³�7�K�L�V��
�D�F�W�L�Y�L�W�\�� �L�V�� �L�Q�W�H�U�H�V�W�L�Q�J�´�� ���4������U = 275, p < .05), suggesting that 
those who evaluated themselves to be talented in math were also 
more interested in using the Microsoft Math service. Another 
notable finding was that math-talented were more likely to keep 
using the service in the future (Q9, U = 275, p = .058), however 
this difference was not statistically significant (p > .05).  

5. DISCUSSION 
The results suggest that learners were motivated in using 
Microsoft Math service and that their user experience was positive 
in terms of overall UX, ease of use and beauty. There was also a 
weak relationship between those who liked to study mathematics 
in general and use Microsoft Math. Majority also preferred the 
service to using textbooks. 

Relationships between UX and motivational factors were not 
evident. Weak relationships were found between overall UX and 
�³like to use the service�  ́ (motivation). The weak relationship 
between hedonic quality beauty and two identified regulation 
items seems accidental in this context. 

Majority of the learners liked studying mathematics and this 
intrinsic motivation was also evident in open comments. 
However, the most often mentioned reason for studying 
mathematics related to future plans and ambitions (identified 
regulation). Previous studies have also shown that African youth 
generally appreciates education as a means to gainful employment 
or status in society [15]. The motivations for using Microsoft 
Math based on SIMS seem to be in line with the motivation to 
study mathematics in general, as the means for all intrinsic 
motivation and identified regulation items were high.  

Extensive content that supported informal learning seemed to be 
that main motivation for using Microsoft Math. Other detected 
factors such as accessibility, supplementing teaching at school, 
ease of use, efficiency and inexpensive usage were also likely to 
support informal learning. Personal experiences of improved math 
skills or marks were considered highly motivating. We assume 
that shared stories of such experiences would also be an effective 
way of motivating fellow learners to try out the service. 

Surprisingly, inexpensive use of the service (no airtime costs) was 
mentioned only by two respondents. Considering that majority of 
the users are young, one could expect this to be crucial aspect for 
using such service outside school hours. It is possible that this 
aspect was not considered as the service has been free to use since 
it was launched. 

Playful elements such as competing with other learners by 
collecting points or measuring your progress motivated some 
respondents. Few mentioned the possibility of winning actual 
prizes. There was also statistically significant difference between 
novice and expert users in motivational factor external regulation. 
This could relate to the fact that some learners had completed 
significantly more quizzes than others, perhaps in order to win 
competitions or to see their name on the high-score board. 
Therefore, it appears that including such playful elements can fuel 
extrinsic motivation for some users in mobile mathematics 
learning context.  

Regarding the negative comments on using Microsoft Math, one 
learner found the examples difficult to comprehend. However, 
more details would be required on learning what aspects were not 
explicit. Another practical challenge mentioned was slow loading 
times. This is likely to hinder positive user experience, as even if 
the service would be optimized for older mobile device models, 
data transfers over a mobile network could be slow at times or be 
prone to blackouts. Finally, answering user feedback too slowly is 
likely to give a bad impression to users. 

Interestingly, a moderate relationship was found between the 
hedonic quality beauty and willingness to recommend Microsoft 
Math to friends. This seems unusual for mobile learning context 
and would be interesting to see if a similar relationship can be 
found with other mobile learning services. 



Finally, it seemed that math-talented were more likely to keep 
using the service in the future. This raises a question of how to 
motivate those with weaker skills in math to keep using mobile 
learning services also in the future? 

UX Goals. Based on the identified motivational factors to use the 
studied mobile math service, we propose the following UX goals 
to support designing mobile learning services for developing 
countries. The proposed goals autonomy and competence reflect 
the fundamental psychological needs discussed by Sheldon et al. 
(2001). 

- Autonomy �± to feel freedom by choosing when and how 
to study using the mobile learning service. 

- Competence �± to feel successful by achieving new goals 
in the learning process.  

- Efficiency �± to feel that no time is wasted in the use of 
the mobile learning service. 

The autonomy goal could be supported with good accessibility 
and by enabling inexpensive usage. Content should support 
informal learning for example with clear examples, step-by-step 
instructions and theory reading. 

The competence goal could be achieved for example by offering 
sufficient challenge in tasks and emphasizing the personal 
progress with playful elements such as collecting points, 
competing with fellow learners and rewarding from achievements. 

The efficiency goal is supported by instant feedback from learning 
exercises, easy to use user interface and short loading times. 

Implications for conducting remote mobile surveys. Based on 
our experiences in conducting this study, we present the following 
implications to support researchers conducting mobile surveys in 
developing countries: 

- Open questions can work with for mobile surveys. We 
were positively surprised by the long responses to open 
questions. It seems that learners in South Africa were 
used to writing longer responses using mobile devices. 

- Longer questionnaires can be divided into two parts to 
decrease respondent fatigue. However, we experienced 
that the learners could have answered the whole 
questionnaire in one session. 

- Logged (objective) usage data can support subjective 
statements. 

- Free airtime coupons for mobile data as rewards. 
Coupon codes can be easily sent to respondents (e.g. 
lottery winners) via SMS. 

Limitations . Our study was limited at least in the following 
aspects: 1) sample size was small in comparison with the potential 
number of users for Microsoft Math at the time of conducting the 
survey, 2) our recruitment process may have attracted respondents 
who were already interested in maths and therefore the results 
should not be generalized in other contexts without consideration, 
3) a majority of the respondents considered themselves to be 
skilled in math, suggesting that our results do not reflect the views 
of those learners who struggle with mathematics, 4) better 
measurement for math skills would have been test scores from 
national math tests. However, we did not have access to this data 
as the survey was kept anonymous. Alternatively, we could have 
asked the respondent for their most recent math score. 

6. CONCLUSIONS 
In this paper, we have studied the motivational and UX factors of 
Microsoft Math service used by learners in South Africa. Results 
from a mobile survey include the summaries of motivational 

factors for studying mathematics in general and with Microsoft 
Math service. However, no meaningful statistically significant 
relationships were identified between UX and motivational 
factors. Finally, we summarize our findings by reporting 1) UX 
goals to support design work of mobile learning services for 
developing countries and 2) implications for conducting remote 
mobile surveys for developing countries. 

Future studies could focus on understanding motivational aspects 
in mobile learning with a more in-depth approach, such as 
interviews. Replicating this study with larger sample size 
including learners who are less skilled in mathematics, in other 
countries or cultures, or with other measured UX factors could be 
interesting. Studying the views of other actors, such as teachers or 
parents, could provide a more comprehensive image of the 
possibilities and challenges of mobile learning services in the 
future. For example, in an exploratory study taking place in the 
rural India, parents perceived that learning to use technology 
should be emphasized in education and that mothers could also 
benefit from educational applications that support lifelong 
learning [11]. However, cultural issues such as gender attitudes 
are still a major challenge that can �K�L�Q�G�H�U�� �J�L�U�O�V�¶�� �R�S�S�R�U�W�X�Q�L�W�L�H�V�� �I�R�U��
mobile learning (ibid.). Finally, longitudinal studies of 
motivational factors and UX with mobile learning services could 
help understanding how to keep learners motivated and how to 
support positive UX over time. 
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ABSTRACT
Understanding the temporal aspects of user experience
(UX)  has  received  increasing  attention  in  the  HCI
community. However, little empirical evidence is available
on how practitioners in product development companies
evaluate the usefulness or actually use long-term UX
evaluation data in their work. In this study, we explore how
practitioners (e.g., managers, designers and UX specialists)
evaluate the usefulness of long-term UX evaluation results
to their own work. Three case studies were conducted with
longitudinal and retrospective methods in a company
developing interactive sports products. Our findings suggest
that long-term UX evaluation provides results that are
perceived as interesting, relevant and useful by
practitioners. Potential uses for the results were e.g.,
verifying practitioners’ expectations, planning future work,
understanding changes in UX, the development of future
products, and updating current software products. Future
research should focus on how to provide long-term UX
evaluation results in more efficient manner to benefit
product development.

Author Keywords
Usefulness; evaluation; long-term; longitudinal; user
experience; usability; product development; case study.

ACM Classification Keywords
H.5.m. Information interfaces and presentation (e.g., HCI):
Miscellaneous.

INTRODUCTION
Today, several companies developing interactive products
have adopted user studies as a regular part of their product

development processes. Traditional user research methods
often focus on the first experiences and learnability
problems that novice users have with interactive products.
However, previous research suggests that conventional
usability testing methods may not reveal the problems that
can cause frustration for more experienced users over time
[11]. Indeed, there has been an increasing interest in HCI
field towards the temporal aspects of usability and user
experience (UX) [4, 7, 15, 16].

There are no exact definitions for termslong-term UX and
longitudinal research in HCI literature. However, several of
the proposed UX models consider the temporal aspects of
UX [e.g. 10]. Also, an emerging definition states that
longitudinal research looks beyond the initial UX (or
learning experience) [4]. Longitudinal research “is ideal for
studying how and when users transition from novice to
expert, as well as addressing issues such as abandonment or
adoption rates, learnability, comfort with technology,
productivity, and evolution of user perceptions” [4]. In this
paper,long-term UX evaluation refers to longitudinal and
retrospective studies that focus on understanding the change
in product UX over time.

Motivation and benefits to conduct long-term studies have
been addressed by the HCI research community [4, 7, 15,
16]. However, there is lack of empirical research on how
practitioners in companies utilize results from long-term
UX evaluations in their work and howuseful this
information is from practitioners’ perspective. We argue
that providing useful UX evaluation results that can support
product development is a key factor in motivating
stakeholders to invest in conducting long-term studies in
future.

In this paper, we explore theusefulness of long-term UX
evaluation results for practical work over three case studies
in one company. The questions that motivated this research
were:

�x What kind of long-term UX evaluation results are
the most useful for practitioners (e.g., managers,
designers, UX specialists), who participate in the
development of interactive products?

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercialadvantage and that copies
bear this notice and the full citation on the first page. Copyrights for
components of this work owned by others than ACM must be honored.
Abstracting with credit is permitted. To copy otherwise, or republish, to
post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions fromPermissions@acm.org.
NordiCHI '14, October 26 - 30 2014, Helsinki, Finland
Copyright 2014 ACM 978-1-4503-2542-4/14/10…$15.00.
http://dx.doi.org/10.1145/2639189.2641218



�x For what purposes are the reported long-term UX
evaluation results seen as useful?

�x How do practitioners actually use the long-term
UX evaluation results in their own work?

During the case studies presented in this paper, information
was collected on users’ experiences with products and how
UX relates to other aspects, such as customer loyalty. Long-
term studies can result in a vast amount of information that
can be beneficial to practitioners in different positions, e.g.
management, marketing and design. Therefore, we were
interested to explore how managers, in addition to UX
specialists and designers, would use the reported long-term
UX evaluation results. Due the exploratory nature of this
study, we let the practitioners freely describe, what use (if
any) they had for the reported results.

By presenting new empirical research results, this study can
help building the body of knowledge for long-term research
in HCI. The issues highlighted in this paper can contribute
to the ongoing discussions and motivate the future research
of long-term UX evaluation practices for both industry and
academia.

First, we present an overview of the current long-term UX
research practice in HCI, followed by discussion on
measuring the usefulness of long-term UX evaluation
results. The research process chapter presents the three case
studies and the personnel surveys for measuring the
usefulness of the long-term UX evaluation results. The
results chapter describes the findings from the personnel
surveys. In discussion, the main findings are reviewed and
their meaning discussed. Finally, the research is
summarized in the conclusions, with the limitations of the
study and implications of the findings for future research.

BACKGROUND

Long-Term UX Research Practice in HCI
In [17], three perspectives for HCI studies were presented
based on the time period the study covers. Typical usability
tests are amicro perspective studies (one to two hours),
while longer-term studies are divided into ameso
perspective (e.g., 5 weeks) andmacro perspective studies
(from years to the whole product lifecycle). While macro
perspective studies are rare in HCI, the number of published
meso perspective studies has been increasing since 2006,
judging by the number of workshops and other events
around the topic [7].

Long-term studies are not dependent on any specific
method, and using a combination of quantitative and
qualitative methods is encouraged [4]. Retrospective
methods such as  CORPUS [17],  iScale  [6]  and UX Curve
[9] can be cost-effective alternatives to repeated
measurement methods, such as the Experience-Sampling
Method (ESM) [2] and the Day Reconstruction Method
(DRM) [5]. Retrospective studies rely on users’ memories
of experiences and are prone to biases. However, memories

can guide customers’ future behavior and what experiences
will be reported to others [12]. Therefore memories of
product use can be relevant information for product
development purposes. Lastly, data logging methods (e.g.,
usage logs) provide an interesting viewpoint for observing
changes in product use over time [4, 7].

Longitudinal studies are useful for studying change over
time, as they include two or more observations or
measurements  with  the  same  users  [17].  However,  in
quantitative longitudinal studies a minimum of three
measurements is advised to differentiate true change from
measurement error [14]. The length of previous longitudinal
studies in HCI varies from few weeks to three years [4]. In
order to track the change over time, some of the dimensions
(e.g., tasks, users, measures, or products) have to stay
constant over the study period. As the same participants use
the studied product over time, they will get more
experienced with the product. Therefore, no longitudinal
survey samples the exactly same users twice [13]. This
should be considered especially when the learning process
itself is of interest, e.g. how long it takes and why for new
users to learn to use a product efficiently?

How to decide the timing and frequency for measuring
long-term UX? Considering longitudinal studies in general,
if no theoretical guidance is available for deciding the
measurement times, Ployhart and Ward [14] propose to 1)
consider “natural” measurement occasions for the studied
phenomenon, 2) conduct interviews or observations with
subject matter experts, and 3) review literature that studied
similar phenomena. Few studies in HCI literature discuss
the most beneficial measurement times with interactive
products. In a longitudinal study by Kujala and Miron-
Shatz [8], DRM [5] and questionnaires were used to study
22 users’ experiences with new mobile phone models. After
the first week with DRM, more retrospective measurements
were conducted on the 6th day, after 2.5 months and after 5
months of product usage. Surprisingly, some basic usability
problems were reported still after 2.5 months. Another
study [13] used a cross-sectional approach to study
differences between novice and expert users regarding
frustration episodes. Although the sample size was small,
results suggest that studies where applications are used
beyond a year may not be beneficial, as the most observable
differences occur within three to six months from the
beginning of use.

In practice, the number and times of UX measurements can
depend on several factors, including the product itself (e.g.
use frequency, the estimated length of the product learning
period and product life cycle), users’ characteristics (e.g.
previous experience with similar products), available
research resources, measured factors, and stakeholders’
demand for receiving actionable results.  Finding a balance
between the length of a single survey and the number of
measurements is important, since each measurement
requires effort from the participants and participant drop-
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