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Meaningful Measures: Valid Useful User Experience 
Measurement (VUUM) 

Preface 
Effie L-C. Law & the VUUM Program Committee1 

COST294-MAUSE (http://www.cost294.org) 
 
 

                                                           
1 The list is too long to be presented on the title page: Special contributions from Nigel Bevan, Gilbert Cockton, and 
Georgios Christou in preparing the call for papers and in reviewing the submissions together with other Program Committee 
members: Mark Springett, Marta Lárusdóttir, Ebba Hvannberg, Kasper Hornbæk, Marc Hassenzahl, Jan Gulliksen, 
and Timo Jokela. 

ABSTRACT 
In this Preface we first describe the motives underlying the 
workshop VUUM. Next, we provide a short summary of 
each of the sixteen accepted submissions, which are 
grouped into five categories, namely: Overviews, Validity, 
Comparisons, Commercial relevance, and UX in Particular 
Application Contexts. Correspondingly, some questions for 
further discussion are raised.   

Author Keywords 
VUUM, Usability measurements, User experience, 
Meaningfulness, Validity, Usefulness 

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

 

BACKGROUND  

“To measure is to know” 
 “If you cannot measure it, you cannot improve it”  

(Lord Kelvin, a.k.a. Sir William Thomson, n.d.) 
 

Lord Kelvin’s dictum on measurement is frequently quoted 
to justify the quantification of theoretical concepts in 
physical sciences, computer science, engineering and social 
sciences [1].  Much HCI evaluation aspires to its scientific 
philosophy. However, while some HCI researchers and 
practitioners are strongly convinced about the need for 
measurement, others are ambivalent about the role of 
numerical values in providing useful, valid and meaningful 
assessments and understanding of complex interactions 
between humans and machines. Some go further and deny 
the measurability of affective states such as love, beauty, 
happiness, and frustration.  Strictly, one can measure 
(almost) anything in some arbitrary way. The compelling 
concern, however, is whether the measure is meaningful, 
useful and valid to reflect the state or nature of the object or 
event in question.  
What is measurement actually?  One key definition is “the 
assignment of numbers to objects or events in accordance 
with a rule of some sort” ([9], p.384); a process that is seen 
as essential to the empirical determination of functional 
relations. Alternatively, measurement can be defined as “an 
observation that reduces an uncertainty expressed as a 
quantity” (our italics, [5]).  In usability evaluation, the 
uncertainty is the quality-in-use; the observation can 
objectively be taken by usability professionals (e.g. task 
completion time) or subjectively by users (e.g. self-
perceived duration) [2].  The debate on objective vs. 
subjective measurements animates many HCI discussions.  
In dispute are not only which type of measure is more 
appropriate, but also whether and how they are related and 
under which conditions [4].  More important perhaps 
however, is the question of how to interpret measurements 

 
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 commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee. 
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taken and use them to support improvement of an 
interaction design.  

Usability manifests as quality in design, in interaction and 
in value [8], with diverse measures from many methods and 
instruments [3].  The challenge is how to select appropriate 
measures to address the particularities of an evaluation 
context. The definitions above strongly support the 
necessity and utility of usability measures, which should 
provide data either for improving the system under scrutiny 
(i.e. formative evaluation), and/or for comparing different 
versions of a system or assessing whether user requirements 
have been achieved (i.e., summative evaluation).  However, 
both the construct validity and predictive power of some 
usability measures are of particular concern. For instance, a 
count of user errors cannot accurately reflect the quality of 
interaction, nor can it well predict the actual adoption of a 
product/service, because there are inconsistent ways to 
categorize and quantify errors [4].   

Whereas some qualities of intangible interactions/products 
may be considered as non-measurable, there are 
un-measured but tangible qualities such as affordances and 
constraints of interfaces.  Some researchers argue that they 
are unmeasured not because they have nothing to do with 
usability, but because no suitable measure that translates 
them well into usability outcomes exists.  Furthermore, 
there is a substantial philosophical literature on qualia [6, 
10], which are not even directly detectable, never mind 
measurable (cf. physicists struggling with the problem of 
sub-particle physics).  It is intriguing to consider indirect 
measurement and inference of qualia.  Besides, we should 
consider alternative approaches from the fine arts where 
there are not systematic measures, but critical assessments 
of artefacts.  

Most importantly, all sorts of measurements should be 
rooted in sound theories, usability measures are no 
exception. Otherwise, they are just numbers, as remarked 
by Thomas S. Kuhn [7]: 

"The route from theory or law to measurement can 
almost never be traveled backwards. Numbers 
gathered without some knowledge of the regularity 
to be expected almost never speak for themselves. 
Almost certainly they remain just numbers." (p.44) 

GOAL & OBJECTIVES 

The overall goal of the workshop VUUM is to understand 
challenges relating to measures of usability and user 
experience (UX), and to identify effective practical 
responses to these challenges. The following objectives are 
addressed: 

• To gather evidence of the contextual bases for 
meaningful and useful usability and UX measures;  

• To identify validity and reliability concerns for specific 
usability measures; 

• To identify practical strategies for selecting appropriate 
usability measures and instruments that meet contextual 
requirements, including commercial contexts; 

• To explore the notion of qualia from the philosophical 
perspective and its practical implications for usability 
engineering; 

• To identify whether non-measurable properties of 
usability/UX exist, and propose alternative critical 
methods and techniques for their assessment;  

• To extend the range of measures to currently tangible 
but unmeasured and under-used physical and other 
properties, such as affordances and constraints inherent 
in interfaces; 

• To review and analyse the theoretical frameworks 
underlying different usability measures; 

• To examine the applicability of existing usability 
measures to new interaction styles; 

 

CATEORIZATION OF SUBMISSIONS  

Sixteen accepted submissions, which are authored by 
experienced usability and UX researchers and practitioners, 
cover the aforementioned objectives to various extents.  
Each of the submissions has been peer reviewed by at least 
two members of the Program Committee. They are 
categorized into five major categories: Overview, Validity, 
Comparisons, Commercial relevance, and UX in particular 
application contexts. Subsequently, each submission is 
briefly described.  

Category 1: Overviews  

This category covers ISO standards, organizational 
stakeholder enquiry approach, systems usability approach, 
and worth-centred approach.  

• Nigel Bevan: Classifying and Selecting Usability 
Measures 
The paper refers to a set of old and new standards related 
to usability, accessibility and user experience. The author 
attempts to integrate the interpretations of usability and 
UX extracted from several related standards. It is deemed 
challenging to articulate the intricate inter-relationships 
between the standards. Nonetheless, it is relevant to know 
how the ISO addresses the UX definition and measures. 

• Pekka Ketola & Virpi Roto: Towards Practical UX 
Evaluation Methods 
The paper presents the findings of a survey conducted 
with personnel in different units and levels of Nokia 
about UX measurement needs. The authors characterize 
UX in two interesting ways, as a longitudinal relationship 
that continues post-use, and as a set of intangible benefits 
both for end user and for the organization. The paper also 
contributes to an undervalued body of knowledge about 
the needs and perspectives of different roles within 
organizations.   
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• Leena Norros & Paula Savioja: User Experience in the 
Systems Usability Approach 
The paper discusses user experience in work-related 
settings and in the operation of complex systems under 
the conceptual framework of systems usability and 
activity theory. It highly advocates contextual analysis 
and more holistic perspectives. The authors present in this 
short paper some strong arguments for observations and 
interviews as the main data source (i.e. informal 
documentation methods).  

• Gilbert Cockton: What Worth Measuring is 
The paper presents a very useful and insightful overview 
of the state-of-the-art of worth-centred design (WCD), 
and some contentious claims about when and why 
emotion should be measured (i.e. “measuring emotions 
has to be related to their role”).  The paper raises a 
number of fundamentally important issues and describes 
a useful approach to understanding UX in context. It is 
convincing argued that worth centredness places user-
experience design and measurement meaningfully in 
context. 

Discussion:   
What is actually new in the alternative approaches to 
usability and UX measures?  
 

Category 2: Validity 

This category covers the issues on psychometric properties 
of scales, the notion of qualia, the utility of usability 
measures in industry, and the practical use of a newly 
developed scale. 

• William Green, Greg Dunn & Jettie Hoonhout: 
Developing the Scale Adoption Framework for 
Evaluation (SAFE) 
In this paper the authors argue for the use of established 
scales for subjective measurements. This paper presents a 
good account of psychometric issues for scale 
development and choice. It summarizes the approach 
taken in psychology and provides a framework that is 
relevant for HCI.   

 
• Mark Springett: Assessing User Experiences Within 

Interaction: Experience as a Qualitative State and 
Experience as a Causal Event 
The paper presents a nice discussion on the notion of 
qualia, which is addressed in the literature of UX, albeit 
to a limited extent. It also attempts to link the 
persuasiveness of the evidence with first person felt states 
(i.e. qualia) based on some case studies. The author puts 
forward an interesting argument that the ‘soft’ discipline 
of user-experience evaluation is not significantly softer 
than more traditional measurement of HCI phenomena. 

 

• Jan Gulliksen, Asa Cajander & Elina Eriksson: Only 
Figures Matter? – If Measuring Usability and User 
Experience in Practice is Insanity or a Necessity 
The paper presents two case studies to illustrate how 
usability measures have been used in industry. The 
authors put forward some contentious arguments about 
the necessity and utility of usability measures.  The 
controversies lie in the particularities of organizational 
goals, which strongly influence whether and how 
usability measures are used. 
 

• Jonheidur Isleifsdottir & Marta Lárusdóttir: 
Measuring the User Experience of a Task Oriented 
Software 
The paper uses AttrakDiff2 to probe user experience with 
a business tool. AttrakDiff2 is new, ambitious and 
requires examination.  The authors administer it before 
and after think-aloud test. The timing of UX 
measurement is an issue to explore. 

 
Discussion: Shall we fix the constructs to be measured or 
fix the measuring tools/methods to render usability and UX 
measures more meaningful? How is the meaningfulness of a 
usability measure determined by contextual factors? 

 
Category 3: Comparisons 

This category addresses the issue of subjective vs. objective 
measures, field vs. lab-based settings, and triangulation of 
data from multiple resources. 

• Anja B. Naumann & Ina Wechsung: Developing 
Usability Methods for Multimodal Systems: The Use of 
Subjective and Objective Measures 
The paper addresses the controversial and yet unsettled 
issue about the relationship between the subjective and 
objective usability/UX measures. In addition, it looks into 
the variable interaction modality (mono vs. multi) when 
examining the extensibility of the existing usability 
evaluation methods. Another interesting point is to 
contrast within-data-types correlations with between-
data-types correlations.  

• Carmelo Ardito et al.: Combining Quantitative and 
Qualitative Data for Measuring User Experience of an 
Educational Game 
This paper demonstrates the applications of multiple 
measurement techniques and methods to evaluate the 
complex user experiences engendered by playing the 
educational game called Explore! The work reported 
interestingly revealed aspects of authentic field evaluation 
and its advantages over contrived evaluation settings.   
 

• Arnold Vermeeren et al.: Comparing UX 
Measurements: a Case Study 
The paper reports different approaches to capturing data 
on the usage of a P2P software application. The authors 
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present some interesting empirical studies – field tests, 
lab tests and expert reviews. The authors demonstrate 
how to triangulate different types of data from 
longitudinal and field studies. 

Discussion: Under which conditions are certain types of 
usability and UX measures correlated? 

Category 4: Commercial Relevance 

This category addresses the practical applications of 
emerging usability and UX evaluation methods in industry.  

• Mats Hellman & Kari Rönkkö: Is User Experience 
supported effectively in existing software development 
processes? 
This paper addresses a very valid issue of monitoring UX 
into the software development process with a case study 
of a mobile phone company. The authors illustrate how 
the UX quality can be integrated into the traditional 
usability framework. They also point out the definitional 
problem of UX and the tradeoff between different 
usability metrics such as efficiency and satisfaction.  
 

• Timo Jokela: A Two-Level Approach for Determining 
Measurable Usability Targets 
The paper makes a succinct and important contribution by 
distinguishing between business-relevant strategic 
usability goals and detailed operational usability goals. 
Different usability measures are required for each of this 
two-tier usability targets.  

• Kaisa Väänänen-Vainio-Mattila, Virpi Roto, & Marc 
Hassenzahl et al.: Exploring UX Measurement Needs 
The paper summarizes several proposed methods for UX 
evaluation that have been addressed at a CHI’08 
workshop UX Evaluation Methods in Product 
Development (UXEM). The useful and interesting 
outcome of that workshop is a list of requirements for 
practical UX evaluation methods. 

Discussion: How can the industrial partners be convinced 
the usefulness and validity of alternative evaluation 
methods for usability and UX? Do they tend to believe in 
adapted traditional methods or in entirely new methods that 
might bring in some magic? 
 

Category 5: UX in Particular Application Contexts 

This category addresses three specific contexts: mobile 
applications, children’s technology uses, and emergent 
migratory user interfaces.  
 
• Nikolaos Avouris, Georgios Fiotakis & Dimitrios 

Raptis: On Measuring Usability of Mobile Applications 
This paper addresses some interesting views on 
measuring the usability of mobile applications. It presents 

a comprehensive literature review as well as a nice 
summary of the current practice as reported in several 
related papers of CHI 2008.  This material gives a good 
ground for discussing what usability measurements for 
mobile applications are selected from a range of choices. 

• Janet C. Read: Is what you see what you get? Children, 
Technology and the Fun Toolkit 
The paper addresses the validity and reliability of the UX 
measures with children. The paper describes some 
interesting empirical studies on surveying children’s 
prediction and experience in using different types of 
technologies. 

• Fabio Paterno, Carmen Santoro & Antonio Scorica: 
Evaluating Migratory User Interfaces 
The paper describes an empirical evaluation study of 
migratory user interfaces that allow users to change 
device and continue the task from the point where they 
left. A new evaluation paradigm is clearly described 
along with key usability and UX issues specific to it.  A 
useful list of identified issues relevant to migratory 
interfaces is identified.  

Discussion: What can we learn from the process of 
adapting the existing usability and UX evaluation 
methods or creating new ones to address context-specific 
characteristics? 

 

CONCLUDING REMARKS 

The workshop VUUM brings together a group of 
experienced HCI researchers and practitioners to explore a 
long-standing research problem – the meaningfulness of 
measurable constructs and the measurability of non-
measurable ones.  One may argue that basically everything 
can be measured, but some things may be more 
“measurable” than the others; how to estimate the threshold 
of measurability remains unclear. The sixteen interesting 
submissions in this volume touch upon the basic issue of 
the formal-empirical dichotomy [9]. Many arguments can 
be boiled down to the fundamental problem that our 
understanding of how people think and feel is still rather 
limited, which is essentially inferred from people’s 
behaviours. Psycho-physiological and neuro-psychological 
data seem promising, but the issue of calibration and 
integration is a big hurdle to overcome. Nonetheless, we are 
convinced about the value, meaningfulness and usefulness 
of this research endeavour.  
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ABSTRACT 
In the present paper different types of data (log-data and 
data from questionnaires) assessing usability parameters of 
two multimodal and one unimodal system were compared. 
The participants (N=21) performed several tasks with each 
system and were afterwards asked to rate the system by 
filling out different questionnaires. Log-data was recorded 
during the whole test sessions. The results show that since 
the questionnaire ratings differed considerably from each 
other, questionnaires designed for unimodal interfaces 
should not be used as the only data source when evaluating 
multimodal systems. The correlations between task duration 
and questionnaire ratings indicate that subjective measures 
of efficiency via questionnaires do not necessarily match 
with the objective data. 

Author Keywords 
Evaluation methods, multimodal interfaces 

ACM Classification Keywords 
H.5.2 [Information Interfaces and Presentation]: User 
Interfaces – theory and methods, interaction styles, haptic 
I/O, voice I/O, graphical user interfaces (GUI).  

INTRODUCTION 
In the recent years, an emerging interest in multimodal 
interfaces has become noticeable. But up to now, there is no 
standardized method for usability evaluation of multimodal 
systems. In particular, it is not clear if established methods 
covering unimodal systems provide valid and reliable 
results also for multimodal systems.  

In an earlier paper we already showed that standardized 
questionnaires are not completely applicable for usability 
evaluation of multimodal systems, since there was only 
little agreement between the different questionnaires [13].  

Thus the questionnaires seem to measure different 
constructs. Therefore further validation is needed. The 
purpose of this paper is first to analyze which questionnaire 
relates most to objective data and second to investigate if 
the results are consistent to our earlier findings. 

RELATED WORK 
The HCI literature provides a wide range of methods to 
measure usability. Most of them were developed to evaluate 
unimodal graphical user interfaces. Parameters used as 
usability measures include subjective data, often assessed 
through questionnaires, and objective data like for example 
log-files containing task duration or performance data. 
Since all these parameters are measuring at least roughly 
the same concept, namely usability, high correlations 
among them should be observable.  

A meta-analysis conducted by Nielsen and Levy [10] 
showed that performance and predicted preference are 
indeed correlated. Similar results were reported by Sauro 
and Kundlund [12]. They found negative correlations 
between satisfaction (subjective data) and time, errors 
(objective data) and a positive correlation between 
satisfaction (subjective data) and completion (objective 
data).  

However, several studies reported opposing findings: 
Krämer and Nitschke [8] showed that user ratings of 
multimodal interfaces are not affected by increased 
intuitivity and efficiency. Moeller [9] could not find a 
correlation between task duration and user judgments when 
evaluating speech dialogue systems. Also Frokjaer and 
colleagues [2] could not find correlations between user 
ratings and efficiency. Results from a meta-analysis by 
Hornbaek and Lai Chong-Law [5] showed that the user’s 
experience of the interaction (subjective data) and objective 
data differ considerably from each other or show even 
negative correlations.  

In view of the studies mentioned above, it seems necessary 
to use both kinds of data in usability evaluation to obtain 
reliable results. Thus developing methods for usability 
evaluation of multimodal systems can only be done by 
validating within these data types (e.g. validation across 
questionnaires) but also between these data types (e.g. 
comparing objective and subjective results). 

 
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 commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee. 
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METHOD 

Participants and Material 
Twenty-one German-speaking individuals (11 male, 10 
female) between the age of 19 and 69 (M = 31.24) took part 
in the study. All users participated in return for a book 
token. Due to technical problems log-data was missing from 
three participants. Regarding the task duration three further 
cases were identified as outliers and therefore excluded 
from analyses including task duration. 

The multimodal systems adopted for the test were a PDA 
(Fujitsu-Siemens Pocket LOOX T830) and a tablet PC 
(Samsung Q1-Pro 900 Casomii). Both systems could be 
operated via voice control as well as via graphical user 
interface with touch screen. Additionally, the PDA could be 
operated via motion control. Furthermore, an unimodal 
system (a conventional PC controllable with mouse and 
keyboard) was used as control condition. The application 
MediaScout, a media recommender system, was the same 
for all systems.  

Procedure 
The users performed five different types of tasks: seven 
navigation tasks, six tasks where checkboxes had to be 
marked or unmarked, four tasks where an option from a 
drop-down list had to be selected, three tasks where a 
button had to be pressed, and one task where a phone 
number had to be entered. The questionnaires used were the 
AttrakDiff questionnaire [3], the System Usability Scale 
(SUS) [1], the Software Usability Measurement Inventory 
(SUMI) [7], the SASSI questionnaire [4] and a self-
constructed questionnaire covering overall ratings and 
preferences. SUMI, SASSI and AttrakDiff were used in 
their original form. The SUS was adapted for voice control 
by replacing the word “system” by “voice control”. The 
order of the questionnaires was randomized. With the help 
of the questionnaires designed or adapted to cover speech 
based applications (SASSI and SUS) ratings were only 
collected for the two multimodal systems (PDA and tablet 
PC). 

Each test session took approximately three hours. The 
procedure is shown in Figure 1. Each participant performed 
the tasks with each system. Participants were verbally 
instructed to perform the tasks with a given modality. This 
was repeated for every modality supported by that specific 
system. After that, the tasks were presented again and the 
participants could freely choose the interaction modality. 
Finally, they were asked to fill out the questionnaires in 
order to to rate the previously tested system. This procedure 
was repeated for each of the three systems. In order to 
balance fatigue and learning effects the sequence of the 
systems was randomized. After the third system, a final 
questionnaire regarding the overall impressions and 
preferences had to be filled out by the participants. 

Figure 1. Example of the procedure. Order of systems, 
modalities and questionnaires was randomized. 

 

During the whole experimental session log-data and 
psycho-physiological data were recorded. Task duration as 
a measure of efficiency was assessed with the log-files and 
was, for each system, averaged over all tasks. 

For the current paper only data from the test block in which 
the users could freely choose modalities was analyzed. 
Since the participants were already familiar with the 
systems and all modalities, it can be assumed that they have 
used the modality they preferred most.  

The scales and subscales for each questionnaire were 
calculated according to the instructions in the specific 
handbook [1,3,4,11]. All questionnaire items which were 
negatively poled were recoded so that higher values 
indicate better ratings.  

The level of significance was set at p<.05. 

RESULTS 

Task Duration – Objective Measures 
In a first step we compared the systems regarding the task 
duration. There was a significant difference between all 
three systems (F(2,28)=32.64, p=.000; part.eta²=.70). 
Participants solved the tasks fastest when using the 
unimodal PC. The most time to solve the tasks was needed 
with the PDA. Figure 2 visualizes these results. 
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Figure 2. Task duration for all systems. 
 

Questionnaire Ratings -Subjective Measures 

Ratings on Scales Measuring Efficiency 
Task duration is used as an objective measure for efficiency 
and should therefore be related to questionnaire scales 
assessing perceived efficiency. Thus the following section 
presents the results of the subscales developed with the 
purpose to measure subjective judgments of efficiency. 

The results of task duration are contradictory to the SUMI 
questionnaire but match the results from the AttrakDiff. 
According to the SUMI efficiency subscale the PDA is 
most efficient and the unimodal PC least efficient 
(F(2,40)=6.19, p=.005, part.eta²=.236).  

Results on the AttrakDiff in contrast agree with the 
objective task duration data: Best ratings on the AttrakDiff 
pragmatic scale (the scale measuring efficiency according 
to the AttrakDiff authors) got the unimodal system, worst 
ratings were given for the PDA (F(2,38)=16.80, p=.000, 
part.eta²=.469).  

Scale System Mean SD 
Tablet PC 19.00 3.39 
PDA 19.90 3.48 SUMI Efficiency 

(Min.=10/Max.=30) 
Unimodal 16.67 3.15 
Tablet PC .91 .84 
PDA .01 .88 

AttrakDiff  
Pragmatic Qualities 
(Min.=-3/Max.=3) Unimodal 1.34 .61 

Tablet PC 1.64 .50 SASSI Speed 
(Min.=0/Max.=4) PDA 1.60 .46 

Table 1. Ratings on questionnaire subscales measuring 
efficiency. 

The SASSI speed scale revealed no significant difference 
(t(20)=.40, p=.69, Cohen’s d= 0.09) but the absolute rating 

was higher, which means better, for the tablet PC. The 
detailed results are given in Table 1. 

Ratings on Scales Measuring Global Usability 
According to ISO 9241 [6] efficiency is one of the three 
main factors determining usability. So we expected global 
questionnaire scales to be affected by task duration, as it is 
an efficiency measure.  

On the SUMI global scale the PDA was rated best and the 
unimodal PC worst (F(2,40) = 6.56, p = .003; partial eta² = 
.247). The AttrakDiff scale attractiveness pointed to the 
tablet PC as the most attractive system (F(2,38)=4.04, 
p=.026, part.eta²=.175). Regarding SUS and SASSI ratings 
were only assessed for the systems supporting voice 
control. No differences but a medium effect could be shown 
for the SASSI (t(20)=1.95, p=.059, d=0.6). Like on the 
AttrakDiff the tablet PC was rated better than the PDA. The 
SUS ratings for the PDA and the tablet PC did not differ 
(t(20)=1.23, p=.232, d=0.25) but again the absolute ratings 
were better for the tablet PC. Table 2 presents the detailed 
results. 

Scale System Mean SD 
Tablet PC 40.19 7.87 
PDA 45.29 10.14 SUMI Global 

(Min.=10/Max.=50)
Unimodal 38.04 7.06 
Tablet PC .99 1.04 
PDA .34 .88 

AttrakDiff 
Attractiveness 

(Min.=-3/Max.=3) Unimodal .74 .66 
Tablet PC 2.25 .52 SASSI Global 

(Min.=0/Max.=4) PDA 1.96 .48 

Tablet PC 53.93 16.60 SUS Global 
(Min.=0/Max.=100) PDA 50.12 13.38 

Table 2. Ratings on questionnaire scales measuring global 
usability. 

Correlations between Subjective and Objective 
Measures. 
In a further step the efficiency measures from the different 
questionnaires were correlated with task duration. All 
questionnaire ratings and task durations were transformed 
into ranks for each participant. Concerning the 
questionnaire ratings, rank one was assigned to the system 
with the best rating. For task duration, the system with the 
shortest task duration got rank one. Thus positive 
correlations show concordance between these objective 
(task duration) and subjective measures (questionnaire 
ratings).  
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Correlations between Scales Measuring Efficiency and Task 
Duration 
The ranks based on SUMI efficiency correlated negatively 
with task duration. A positive correlation could be observed 
between the ranks based on the AttrakDiff pragmatic scale 
and task duration. Also the rank transformed SASSI speed 
scale was positively correlated with task duration. Table 3 
shows the detailed results. 

Ranks based on Task Duration 
SUMI Efficiency  
(N=45) 

-.577** 

AttrakDiff Pragmatic Qualities 
(N=45) 

.529** 

SASSI Speed  
(N=30) 

.324* 

Table 3. Correlations (Kendall's tau-b) between task duration 
and subscales measuring efficiency (** p<.01; *p<.05). 

Correlations between Scales Measuring Global Usability 
and Task Duration 
Regarding the scales assessing global usability the SUMI 
showed a negative correlation with task duration. All other 
global scales were not significantly correlated with task 
duration (see Table 4). 

Ranks based on Task Duration 

SUMI Global 
(N=45) 

-.418** 

AttrakDiff Attractiveness 
(N=45) 

.019 

SASSI Global  
(N=30) 

.230 

SUS Global 
(N=30) 

.264 

Table 4. Correlations (Kendall's tau-b) between task duration 
and scales measuring global usability (*p<.05). 

DISCUSSION 
The subjective data (questionnaire ratings) and the objective 
data (task duration) results showed concordances only to a 
limited extend. The questionnaire ratings most inconsistent 
to the results of all other questionnaires as well as to the 
task duration data were the ratings of the SUMI. The SUMI 
results showed correlations in the wrong direction for 
efficiency and for the global scale. That means that the 
longer the task duration the better was the rating on the 
SUMI. The AttrakDiff pragmatic scale in contrast showed 
the highest agreement with the task duration data. Thus this 

scale measures the construct it was developed for. A similar 
conclusion can be drawn from the SASSI results: Ratings 
on the speed scale matched the task duration data. 
Regarding the global scales, all questionnaires except the 
SUMI showed no significant correlation with task duration. 
According to these results, the global usability is hardly 
affected by the systems efficiency. 

The current results are in line with our previous findings 
[13]. Again, the AttrakDiff and the SASSI showed the most 
concordance. A possible explanation could be that the kind 
of rating scale used in the AttrakDiff, the semantic 
differential, is applicable to all systems. It uses no direct 
questions but pairs of bipolar adjectives, which are not 
linked to special functions of a system. The SASSI uses 
direct questions but was specifically developed for the 
evaluation of voice control systems and may therefore be 
more suitable for multimodal systems including voice 
control than questionnaires developed for GUI based 
systems. Furthermore all SUMI questions were included 
although some of them are only appropriate for the 
evaluation of market-ready interfaces. These inappropriate 
questions may have affected the SUMI results. 

In summary, some of the questionnaires showed high 
correlations in the right direction with the objective data. 
Other questionnaires’ ratings stood in contrast or no relation 
with the objective data. Thus the contradictory findings 
[5,8,9,10,12] regarding the correlation between objective 
and subjective data may partly be caused by questionnaires 
with a lack of construct validity. Therefore the method 
assessing subjective data should be chosen carefully.  
Furthermore a reliable, valid and more specific 
questionnaire especially for multimodal interfaces is 
desirable. In view of the results reported, the AttrakDiff 
provides a proper basis for this. 
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ABSTRACT 
There are many different types of measures of usability 
and user experience (UX).  The overall goal of usability 
from a user perspective is to obtain acceptable 
effectiveness, efficiency and satisfaction (Bevan, 1999, 
ISO 9241-11). This paper summarises the purposes of 
measurement (summative or formative), and the measures 
of usability that can be taken at the user interface level 
and at the system level.  The paper suggests that the 
concept of usability at the system level can be broadened 
to include learnability, accessibility and safety, which 
contribute to the overall user experience.  UX can be 
measured as the user’s satisfaction with achieving 
pragmatic and hedonic goals, and pleasure. 

WHY MEASURE UX/USABILITY? 
The most common reasons for measuring usability in 
product development are to obtain a more complete 
understanding of users’ needs and to improve the product 
in order to provide a better user experience. 

But it is also important to establish criteria for 
UX/usability goals at an early stage of design, and to use 
summative measures to evaluate whether these have been 
achieved during development. 

Summative Measures 
Summative evaluation can be used to establish a baseline, 
make comparisons between products, or to assess whether 
usability requirements have been achieved.  For this 
purpose, the measures need to be sufficiently valid and 
reliable to enable meaningful conclusions to be drawn 
from the comparisons.  One prerequisite is that the 
measures are taken from an adequate sample of typical 
users carrying out representative tasks in a realistic 
context of use.  Any comparative figures should be 
accompanied by a statistical assessment of whether the 
results may have been obtained by chance.   

 

For example, the test method for everyday products in 
ISO 20282-2 points out that to obtain 95% confidence that 
80% of users could successfully complete a task would 
for example require 28 out of 30 users tested to be 
successful.  If 4 out of 5 users in a usability test were 
successful, even if the testing protocol was perfect there is 
20% chance that the success rate for a large sample of 
users might only be 51%. 

Although summative measures are most commonly 
obtained from user performance and satisfaction, 
summative data can also be obtained from hedonic 
questionnaires (e.g. Hassenzahl et al., 2003; Lavie and 
Tractinsky, 2004) or from expert evaluation, such as the 
degree of conformance with usability guidelines (see for 
example Jokela, et al, 2006). 

Formative Measures 
Formative evaluation can be used to identify UX/usability 
problems, to obtain a better understanding of user needs 
and to refine requirements.  The main data from formative 
evaluation is qualitative.  When formative evaluation is 
carried out relatively informally with small numbers of 
users, it does not generate reliable data from user 
performance and satisfaction. 

However some measures of the product obtained by 
formative evaluation, either with users or by an expert, 
such as the number of problems identified, may be useful, 
although they should be subject to statistical assessment if 
they are to be interpreted.  

In practice, even when the main purpose of an evaluation 
is summative, it is usual to collect formative information 
to provide design feedback at the same time. 

WHAT MEASURES SHOULD BE USED? 
There are two types of UX/usability measures: those that 
measure the result of using the whole system (usability in 
use) and measures of the quality of the user interface 
(interface usability). 
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SYSTEM USABILITY  
ISO 9241-11 (1998) defines usability as: 

the extent to which a product can be used by specified 
users to achieve specified goals with effectiveness, 
efficiency and satisfaction in a specified context of use 

and ISO 9241-171 (2008) defines accessibility as: 

usability of a product, service, environment or facility 
by people with the widest range of capabilities 

These definitions mean that for a product to be usable and 
accessible users should be able to use a product or web 
site to achieve their goals in an acceptable amount of 
time, and be satisfied with the results. ISO/IEC standards 
for software quality refer to this broad view of usability as 
“quality in use”, as it is the user’s overall experience of 
the quality of the product (Bevan, 1999). This is a black-
box view of usability: what is achieved, rather than how.  

The new draft ISO standard ISO/IEC CD 25010.2 (2008) 
proposes a more comprehensive breakdown of quality in 
use into usability in use (which corresponds to the ISO 
9241-11 definition of usability as effectiveness, efficiency 
and satisfaction); flexibility in use (which is a measure of 
the extent to which the product is usable in all potential 
contexts of use, including accessibility); and safety (which 
is concerned with minimising undesirable consequences): 

Quality in use 

Usability in use 

Effectiveness in use 
Productivity in use 
Satisfaction in use 

Likability (satisfaction with pragmatic goals) 
Pleasure (satisfaction with hedonic goals) 
Comfort (physical satisfaction) 
Trust (satisfaction with security) 

Flexibility in use 

Context conformity in use 
Context extendibility in use 
Accessibility in use 

Safety 

Operator health and safety 
Public health and safety 
Environmental harm in use 
Commercial damage in use 

Usability in use is similar to the ISO 9241-11 definition 
of usability: 

• Effectiveness: “accuracy and completeness.” Error-
free completion of tasks is important in both business 
and consumer applications. 

• Efficiency: “resources expended.” How quickly a 
user can perform work is critical for business 
productivity. 

• Satisfaction: the extent to which expectations are met.  
Satisfaction is a success factor for any products with 
discretionary use; it’s essential for maintaining 
workforce motivation.   

Usability in use also explicitly identifies the need for a 
product to be usable in the specified contexts of use: 

• Context conformity: the extent to which usability in 
use meets requirements in all the required contexts of 
use. 

Flexibility in use: the extent to which the product is 
usable in all potential contexts of use: 

• Context conformity in use: the degree to which 
usability in use meets requirements in all the intended 
contexts of use. 

• Context extendibility in use: the degree of usability in 
use in contexts beyond those initially intended. 

• Accessibility in use: the degree of usability in use for 
users with specified disabilities. 

Safety: acceptable levels of risk of harm to people, 
business, data, software, property or the environment in 
the intended contexts of use. 

Safety is concerned with the potential adverse 
consequences of not meeting the goals.  For instance in 
Cockton’s (2008) example of designing a van hire system, 
from a business perspective, what are the potential 
consequences of:  

 Not offering exactly the type of van preferred by a 
potential user group? 

 The user mistakenly making a booking for the wrong 
dates or wrong type of vehicle? 

 The booking process taking longer than with 
competitor systems? 

For a consumer product or game, what are the potential 
adverse consequences of a lack of pleasurable emotional 
reactions or of achievement of other hedonic goals? 

SYSTEM USABILITY MEASURES 
Usability in use and flexibility in use are measured by 
effectiveness (task goal completion), efficiency (resources 
used) and satisfaction.  The relative importance of these 
measures depends on the purpose for which the product is 
being used (for example in some personal situations, 
resources may not be important). 

Table 1 illustrates how the measures of effectiveness, 
resources, safety and satisfaction can be selected to 
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measure quality in use from the perspective of different 
stakeholders. 

From an organisational perspective, quality in use and 
usability in use is about achievement of task goals.  But 
for the end user there are not only pragmatic task-related 
“do” goals, but also hedonic “be” goals (Carver & 
Scheier, 1998).  For the end user, effectiveness and 
efficiency are the do goals, and stimulation, identification, 
evocation and pleasure are the be goals. 

Additional derived user performance measures (Bevan, 
2006) include: 

• Partial goal achievement. In some cases goals may be 
only partially achieved, producing useful but 
suboptimal results.  

• Relative user efficiency. How long a user takes in 
comparison with an expert.  

• Productivity. Completion rate divided by task time, 
which gives a classical measure of productivity.  

 

Stakeholder: 
 

End User 
Usability 

Usage 
Organisation 
Cost-
effectiveness 

Technical 
support 
Maintenance

Goal: 
Characteristic 

Personal goals Task goals Support goals

System 
effectiveness 

User 
effectiveness 

Task 
effectiveness 

Support 
effectiveness

System 
resources 

Productivity 
(time) 

Cost 
efficiency 
(money) 

Support cost 

Safety Risk to user 
(health and 
safety) 

Commercial 
risk 

System 
failure or 
corruption 

Stakeholder 
satisfaction 

Hedonic and 
pragmatic 
satisfaction 

Management 
satisfaction 

Support 
satisfaction 

Table 1. Stakeholder perspectives of quality in use 

User Satisfaction Measures 
User satisfaction can be measured by the extent to which 
users have achieved their pragmatic and hedonic goals. 
ISO/IEC CD 25010.2 suggests the following types of 
measure: 

• Likability: the extent to which the user is satisfied 
with their perceived achievement of pragmatic goals, 
including acceptable perceived results of use and 
consequences of use. 

• Pleasure: the extent to which the user is satisfied with 
their perceived achievement of hedonic goals of 
stimulation, identification and evocation 
(Hassenzahl, 2003) and associated emotional 
responses (Norman’s (2004) visceral category). 

• Comfort: the extent to which the user is satisfied with 
physical comfort. 

• Trust: the extent to which the user is satisfied that the 
product will behave as intended. 

Satisfaction is most often measured using a questionnaire. 
Psychometrically designed questionnaires will give more 
reliable results than ad hoc questionnaires (Hornbaek, 
2006). 

Safety and Risk Measures 
There are no simple measures of safety.  Historical 
measures can be obtained for the frequency of health and 
safety, environmental harm and security failures.  A 
product can be tested in situations that might be expected 
to increase risks.  Or risks can be estimated in advance. 

Evaluation of Data from Usage of an Existing System 
Measures of effectiveness, efficiency and satisfaction can 
also be obtained from usage of an existing system. 

Web Metrics 
Web-based logs contain potentially useful data that can be 
used to evaluate usability by providing data such as 
entrance and exit pages, frequency of particular paths 
through the site, and the extent to which search is 
successful. (Burton and Walther, 2001), although it is 
very difficult to track individual user behaviour (Groves, 
2007) without some form of page-tagging combined with 
pop-up questions when the system is being used, so that 
the results can be related to particular user groups and 
tasks. 

Application Instrumentation 
Data points can be built into code that "count" when an 
event occurs (for example in Microsoft Office (Harris, 
2005)). This could be the frequency with which 
commands are used or the number of times a sequence 
results in a particular type of error.  The data is sent 
anonymously to the development organization.  This real-
world data from large populations can help guide future 
design decisions. 

Satisfaction Surveys 
Satisfaction questionnaires distributed to a sample of 
existing users provide an economical way of obtaining 
feedback on the usability of an existing product or system.  
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USER INTERFACE USABILITY  
The broad quality in use perspective contrasts with the 
narrower interpretation of usability as the attributes of the 
user interface that makes the product easy to use.  This is 
consistent with one of the views of usability in HCI, for 
example in Nielsen’s (1993) breakdown where a product 
can be usable, even if it has no utility (Figure 1). 

System acceptability 
 Social acceptability 
 Practical acceptability 
  Cost 
  Compatibility 
  Reliability 
  Usefulness 
   Utility 
   Usability 

Figure 1. Nielsen’s categorisation of usability 
User interface usability is a pre-requisite for system 
usability.  

Expert-based Methods 
Expert evaluation relies on the expertise of the evaluator, 
and may involve walking through user tasks or assessing 
conformance to UX/usability guidelines or heuristics. 

Measures that can be obtained from expert evaluation 
include: 

• Number of violations of guidelines or heuristics. 

• Number of problems identified. 

• Percentage of interface elements conforming to a 
particular guideline. 

• Whether the interface conforms to detailed 
requirements (for example the number of clicks 
required to achieve specific goals). 

If the measures are sufficiently reliable, they can be used 
to track usability during development.   

Automated Evaluation Methods 
There are some automated tools (such as WebSAT and 
LIFT) that automatically test for conformance with basic 
usability and accessibility rules.  Although the measures 
obtained are useful for screening for basic problems, they 
only test a very limited scope of usability issues (Ivory & 
Hearst, 2001). 

MEASURING UX, USABILITY AND ACCESSIBILITY 
Usability is variously interpreted as good user interface 
design (ISO 9126-1), an easy to use product (e.g. 
Cockton, 2004), good user performance (e.g. Väänänen-
Vainio-Mattila et al, 2008), good user performance and 
satisfaction (e.g. ISO 9241-11), or good user performance 
and user experience (e.g. ISO 9241-210). 

Accessibility may refer to product capabilities (“technical 
accessibility”) or a product usable by people with 
disabilities (e.g. ISO 9241-171). 

UX has even more interpretations. ISO CD 9241-210 
defines user experience as: 

all aspects of the user’s experience when interacting 
with the product, service, environment or facility. 

This definition can be related to different interpretations 
of UX: 

• UX attributes such as aesthetics, designed into the 
product to create a good user experience. 

• The user’s pragmatic and hedonic UX goals 
(individual criteria for user experience) (Hassenzahl, 
2003). 

• The actual user experience when using the product 
(this is difficult to measure directly). 

• The measurable UX consequences of using the 
product: pleasure, and satisfaction with achieving 
pragmatic and hedonic goals. 

Table 2 shows how measures of system usability and UX 
are dependent on product attributes that support different 
aspects of user experience.  In Table 2 the columns are the 
quality characteristics that contribute to the overall user 
experience, with the associated product attributes needed 
to achieve these qualities. 

The users’ goals may be pragmatic (to be effective and 
efficient), and/or hedonic (stimulation, identification 
and/or evocation). 

Although UX is primarily about the actual experience of 
usage, this is difficult to measure directly.  The 
measurable consequences are the user’s performance, 
satisfaction with achieving pragmatic and hedonic goals, 
and pleasure. 

User performance and satisfaction is determined by 
qualities including attractiveness, functionality and 
interface usability.  Other quality characteristics will also 
be relevant in determining whether the product is 
learnable, accessible, and safe in use. 

Pleasure will be obtained from both achieving goals, and 
as a direct visceral reaction to attractive appearance 
(Norman, 2004). 
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Quality 
characteristic 

UX  Functionality User 
interface 
usability 

Learnability Accessibility Safety 

Product 
attributes 

Aesthetic 
attributes 

Appropriate 
functions 

Good UI 
design (easy 

to use) 

Learnability 
attributes  

Technical 
accessibility 

Safe and 
secure design 

UX pragmat-
ic do goals  

 To be effective and efficient 

UX hedonic 
be goals 

Stimulation, identification and evocation 

UX: actual 
experience 

Visceral Experience of interaction 

Usability (= 
performance 

in use 
measures) 

Effectiveness and Productivity  
in use: 

effective task completion and efficient use of 
time 

Learnability  
in use: 

effective and 
efficient to learn 

Accessibility  
in use:  

effective and 
efficient with 

disabilities 

Safety  
in use:  

occurrence of 
unintended 

consequences 

Satisfaction in use: 
satisfaction with achieving pragmatic and hedonic goals 

Measures of 
UX 

consequences 
Pleasure Likability and Comfort Trust 

Table 2. Factors contributing to system usability and UX 

WHAT SHOULD BE MEASURED? 
In a systems development environment, UX/usability 
measures need to be prioritised: 

1. At a high level, whose stakeholder goals are the main 
concern (e.g. users, staff or managers)? 

2. What aspects of effectiveness, efficiency, satisfaction, 
flexibility, accessibility and safety are most important 
for these stakeholders? 

3. What are the risks if the goals for effectiveness, 
efficiency, satisfaction, flexibility, accessibility and 
safety are not achieved in the intended contexts of use? 

4. Which of these UX/system usability measures are 
important enough to validate using user-based testing 
and/or questionnaires, and how should the users, tasks 
and measures be selected?  

5. Are baseline measures needed to establish 
requirements? (Whiteside et al, 1998) 

6. Which aspects of interface usability can be measured 
during development by expert evaluation to help 
develop a product that achieves the UX/system 
usability goals for the important stakeholders in the 
important contexts of use? 

7. How can UX/usability be monitored during use? 

CONCLUSIONS 
Discussion of UX and selection of appropriate UX 
measures would be simplified if the different perspectives 
on UX were identified and distinguished. The current 
interpretations of “UX” are even more diverse than those of  
“usability”.  

This paper proposes a common framework for classifying 
usability and UX measures, showing how they relate to 
broader issues of effectiveness, efficiency, satisfaction, , 
accessibility and safety.  It is anticipated that the framework 
could to be elaborated to incorporate new conceptual 
distinctions as they emerge. 

Understanding how different aspects of user experience 
relate to usability, accessibility, and broader conceptions of 
quality in use, will help in the selection of appropriate 
measures. 
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ABSTRACT 
In the last decade, User eXperience (UX) research in the 
academic community has produced a multitude of UX 
models and frameworks. These models address the key 
issues of UX: its subjective, highly situated and dynamic 
nature, as well as the pragmatic and hedonic factors leading 
to UX. At the same time, industry is adopting the UX term 
but the practices in the product development are still largely 
based on traditional usability methods. In this paper we 
discuss the need for pragmatic UX evaluation methods and 
how such methods can be used in product development in 
industry. We conclude that even though UX definition still 
needs work it seems that many of the methods from HCI 
and other disciplines can be adapted to the particular 
aspects of UX evaluation. The paper is partly based on the 
results of UX evaluation methods in product development 
(UXEM) workshop in CHI 2008. 

Author Keywords 
User experience, evaluation methods, product development. 

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

INTRODUCTION 
Companies in many industrial sectors have become aware 
that designing products and services is not enough, but 
designing experiences is the next level of competition [19, 
22]. Product development is no longer only about 
implementing features and testing their usability, but about 
designing products that are enjoyable and support 
fundamental human needs and values. Thus, experience 
should be a key concern of product development. 

 

There are many definitions for UX, but not an agreed one 
[16]. However, even the most diverse definitions of user 
experience all agree that it is more than just a product's 
usefulness and usability [2,6,17,18,23,26]. In addition, they 
stress the subjective nature of UX: UX is affected by the 
user’s internal state, the context, and perceptions of the 
product [2, 6, 17]. 

However, definitions alone are not sufficient for the proper 
consideration of UX throughout product development. 
Product development in its current form needs tools from 
the very early concept to market introduction: UX must be 
assessable and manageable. An important element of this is 
a set of evaluation methods focused on UX. 

Apparently, there is a gap between the research 
community's and the product developers' understanding of 
what UX is and how it should be evaluated (see Figure 1).  

 

 

Figure 1. Currently the academic UX research and industrial 
UX development are focusing on different issues. 

As an attempt to close the gap, we organised a workshop on 
UX evaluation methods for product development (UXEM) 
[25] in the context of the CHI 2008 conference on human 
factors in computing. The aim of the workshop was to 
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identify truly experiential evaluation methods (in the 
research sense) and discuss their applicability and 
practicability in engineering-driven product development. 
In addition, we hoped for lively and fruitful discussions 
between academics and practitioners about UX itself and 
evaluation methods. In this paper, we present the central 
findings of this workshop. 

CURRENT STATE OF UX EVALUATION METHODS 
Traditionally, technology-oriented companies have tested 
their products against technical and usability requirements. 
Experiential aspects were predominantly the focus of the 
marketing department, which tried to create a certain image 
of a product through advertising. For example, when 
Internet became an important channel in communicating the 
brand and image, technical and usability evaluations of 
Web sites needed to be integrated with more experiential 
goals [4,15]. Today, industry is in need of user experience 
evaluation methods for a wide variety of products and 
services. 

User-centered development (UCD) is still the key to 
designing for good user experiences. We must understand 
users’ needs and values first, before designing and 
evaluating solutions. Several methods exist for 
understanding users and generating ideas in the early phases 
of concept design, such as Probes [5] or Contextual Inquiry 
[3]. Fewer methods are available for concept evaluation that 
would assess the experiential aspects of the chosen concept.  

EXPERIENTIAL EVALUATION METHODS 
A number of evaluation methods were presented and 
discussed in the UXEM workshop. However, only a few 
were "experiential" in the sense of going beyond traditional 
usability methods by emphasizing the subjective, positive 
and dynamic nature of UX. 

Isomursu's "experimental pilots" [11], for example, stress 
the importance of evaluating before (i.e., expectation), 
while (i.e., experience) and after product use (i.e., 
judgment). This acknowledges the subjective and changing, 
dynamic nature of UX: expectations influence experience, 
experience influences retrospective judgments and these 
judgments in turn set stage for further expectations and so 
forth. In addition, Isomursu points at the importance of 
creating an evaluation setting, which resembles an actual 
use setting. UX is highly situated; its assessment requires a 
strong focus on situational aspects. Roto and colleagues as 
well as Hoonhout [21,10] stress the importance of positive 
emotional responses to products and embrace the notion 
that task effectiveness and efficiency (i.e., usability) might 
be not the only source for positive emotions. Their focus is 
on early phases of development where idea creation and 
evaluation is closely linked and short-cycled. 

Hole and Williams suggest "emotion sampling" as an 
evaluation method [9]. While using a product, people are 

repeatedly prompted to assess their current emotional state 
by going through a number of questions. This approach 
takes UX evaluation a step further, by focusing on the 
experience itself instead of the product. However, in the 
context of product development additional steps would have 
to be taken to establish a causal link between a positive 
experience and the product: how does the product affect the 
measured experience. Bear in mind, that product evaluation 
is not interested in experiences per se but in experiences 
caused by the product at hand. 
Two further methods presented in the workshop (Repertory 
Grid, Multiple Sorting) [1,12] make use of Kelly’s 
"personal construct psychology" [e.g., 13]. Basically, these 
are methods to capture the personal meaning of objects. 
They have a strong procedural structure, but are open to any 
sort of meaning, whether pragmatic or hedonic. 
Interestingly, the methods derived from Kelly’s theory tend 
to provide both a tool for analysis and evaluation [7]. The 
results give an idea of the themes, topics, concerns people 
have with a particular group of products (i.e., content). At 
the same time, all positive and negative feelings (i.e., 
evaluations) towards topics and products become apparent. 
Finally, Heimonen and colleagues [8] use "forced choice" 
to evaluate the "desirability" of a product. This method 
highlights another potential feature of UX, which may pose 
additional requirements for UX evaluation methods: There 
might be drivers of product appeal and choice, which are 
not obvious to the users themselves. Tractinsky and Zmiri 
[24], for example, found hedonic aspects (e.g., symbolism, 
beauty) to be predictive of product choice. When asked, 
however, participants gave predominantly pragmatic 
reasons for the choice. Note that the majority of the 
"experiential" methods discussed so far rely on people's self 
report. This might be misleading, given that experiential 
aspects are hard to justify or even to verbalize. In other 
words, choice might be driven by criteria not readily 
available to the people choosing. Forced choice might bring 
this out. 
All in all, a number of interesting approaches to measure 
UX were suggested and discussed in the workshop. All of 
them addressed at least one key feature of UX, thereby 
demonstrating that "experiential" evaluation is possible. 
More work, however, has to be done to integrate methods to 
capture more aspects of UX simultaneously. In addition, 
methods need to be adapted to the requirements of 
evaluation in an industrial setting. So far, most suggested 
methods are still demanding in the sense of the skills and 
time required. 

REQUIREMENTS FOR PRACTICAL UX EVALUATION 
METHODS 
In industry, user experience evaluation is done in order to 
improve a product. Product development is often a hectic 
process and the resources for UX evaluation scarce. 
Evaluating early and often is recommended, as the earlier 
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the evaluations can be done, the easier it is to change the 
product to the right direction. 

The early phases of product development are challenging 
for UX evaluation, since at that point, the material available 
about the concept may be hard to understand and assess for 
the participants [10, 21]. In the early phases, it is not 
possible to test the non-functional concept in the real 
context of use, although user experience is tied to the 
context [6]. We need good ideas for simulating real context 
in a lab [14]. Later on, when prototypes are stable enough to 
be handed for field study participants, UX evaluation 
becomes much easier. The most reliable UX evaluation data 
comes from people who have actually purchased and used a 
product on the market. This feedback helps improving the 
future versions of the product. 

In summary, the UXEM workshop presentations and group 
works produced the following requirements for practical 
UX evaluation methods: 

Valid, reliable, repeatable 
o For managing UX also in a big company 

Fast, lightweight, and cost-efficient 
o For fast-pace iterative development 

Low expertise level required 
o For easy deployment (no extensive training needed) 

Applicable for various types of products 
o For comparisons and trend monitoring 

Applicable for concept ideas, prototypes, and products 
o For following how UX develops during the process 

Suitable for different target user groups 
o For a fair outcome 

Suitable for different product lifecycle phases 
o For improving e.g. taking into use, repurchasing UX 

Producing comparable output (quantitative and qualitative) 
 For UX target setting and iterative improvement 

Useful for the different in-house stakeholders 
o As UX is multidisciplinary, many company 

departments are interested in UX evaluation results. 
Clearly, it is not possible to have just one method that 
would fulfill all the requirements above. Some of the 
requirements may be contradictory, or even unrealistic. For 
example, a method which is very lightweight may not 
necessarily be totally reliable. Also, it might be challenging 
if not impossible to find a method which is suitable for 
different types of products, product development phases, 
and product lifecycle phases. We thus need to have a toolkit 
of experiential methods to be used for the different 
purposes. 

In the UXEM workshop, we noticed that there is not always 
a clear line between the design and evaluation methods, 
since evaluating current solutions often gives ideas for new 
ones. On the other hand, companies do need evaluation 
methods that focus in producing UX scores or a list of pros 
and cons for a pool of concept ideas in an efficient way. 
After the product specification has been approved, the 
primary interest is to check that the user experience matches 
the original goal. In this phase, the methods applied are 
clearly about evaluation, not about creating new ideas. 

DISCUSSION AND CONCLUSIONS 
Obviously, applying and developing methods for UX 
evaluation requires an understanding of what UX actually 
is. This is still far from being settled. Although everybody 
in the workshop agreed that the UX perspective adds 
something to the traditional usability perspective, it was 
hard to even put a name to this added component: Is it 
"emotional", "experiential" or "hedonic"? The lack of a 
shared understanding on what UX means was identified as 
one of the major problems of UX evaluation in its current 
state. As long we do not agree or at least take a decision on 
what we are looking for, we cannot pose the right questions. 
Without an idea of the appropriate questions, selecting a 
method is futile. Nevertheless, once a decision is made ─ 
for example to take a look at the emotional consequences of 
product use ─ there seem to be a wealth of methods already 
in use within HCI or from other disciplines, which could be 
adapted to this particular aspect of evaluation. 

Working with UX evaluation is a double task: We have to 
understand UX and make it manageable and measurable. 
Given the fruitful discussions in the workshop, a practice-
driven development of the UX concept may be a valid road 
to a better understanding of UX. "UX is what we measure" 
might be an approach as long as there is no accepted 
definition of UX at hand. However, this approach requires 
some reflection on the evaluation needs and practices. By 
discussing the implicit notions embedded in the evaluation 
requirements and methods, we might be able to better 
articulate what UX actually should be. The UXEM 
workshop and this paper hopefully open up the discussion. 
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ABSTRACT 
We conducted an empirical study on user experience (UX) 
measurement needs at different units and levels of Nokia 
product development and asked which kinds of UX 
measurements would be useful in different parts of the 
organization. In this report, we present the initial results of 
this study. We found that the needs for UX measures were 
not only about design details, but mostly about how the 
different touch points between user and company are 
experienced along the product experience lifecycle.  

Author Keywords 
User experience, Measurement 

INTRODUCTION 
In a big corporate like Nokia, measurements play an 
important role in all phases of product development as they 
enable systematic improvement of the products. Several 
company departments are interested in user experience 
measurement. To make the measurements relevant and 
useful, we first need to find out the needs of different 
stakeholders for UX measurements before starting to define 
the metrics.  

In Human-Computer Interaction (HCI) field, measurements 
have traditionally been usability measures, such as 
efficiency, effectiveness, and satisfaction (ISO 13407); 
learnability, memorability, error prevention, and 
satisfaction (Nielsen 1993); effectiveness, learnability, 
flexibility, and attitude (Shackel 1991, 25); guessability, 
learnability, experienced user performance, system 
potential, and re-usability (Jordan 1998). Learnability is the 
common element that is included in all above measures of 
usability.  

When usability evolved to user experience, the 
measurements broadened from pragmatic (easy and 
efficient) to experiential (delighting). Jordan upgraded his 
list to functionality, usability, pleasure, and pride (Jordan 
2002). Norman set the goal in engaging users in visceral, 

behavioural, and reflective level (Norman 2003), and Nokia 
followed these lines with the Wow, Flow, Show model 
(Nokia 2005). 

As UX highlights the emotional aspects, also emotion 
measurements have been investigated. Most emotion 
evaluations concentrate on identifying the emotion a user 
has while interacting with a product, and both objective and 
subjective methods are used to collect this information (e.g. 
Mandryk et al 2006; Desmet et al. 2001). 

UX evaluation can take place also after interaction phase. 
For example, Hassenzahl (2003) has investigated the 
pragmatic and hedonic aspects of products from the 
perspective of product appraisal. This model helps to 
measure user experience in real life, preferably after long-
term use. 

Gartner (2007b) considers UX measurements from the 
perspective of return on investment: what is the monetary 
benefit of spending money on user experience 
improvement. They study the relations of brand experience, 
company experience, and the implications to related 
revenues and costs. User experience is claimed to be a 
subset of brand experience. According to Gartner research 
(2007a), the success of UX can be measured in hard metrics 
and as intangible benefits: 

• Increased revenue: More orders per customer, More 
repeat engagements, More products per order. 

• Reduced cost: Fewer support calls, Fewer returns due 
to mistake or misperceptions, More efficient server use 

• Faster time to market due to accelerated development: 
Increased customer satisfaction, Improved brand 
image, Positive word of mouth. 

THE EMPIRICAL STUDY 
To our mind, people at different roles and levels of product 
development are the suitable population from whom to ask 
their view on user measurements and produced data. We 
selected to make a phenomenographic survey (Marton and 
Booth 1997) on the different measurement needs in their 
proper environment.  

We use qualitative Email survey for data collection (Meho 
2006). For practical reasons we invited 42 Nokia people 
from different corporate functions which we believe have 
interest in UX measurements, to act as subjects in this 
study. We sent our short question (below) to selected 

 
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 commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee. 
 
VUUM2008, June 18, 2008, Reykjavik, Iceland. 



 

 24

specialists, senior specialists, managers, senior managers, 
directors and vice presidents). A total of 18 of them 
responded within one week 

Which User Experience information (measurable data 
gained from our target users directly or indirectly),is useful 

for your organization? How? 

The question is intentionally very open and can be 
interpreted in many ways. This way the study participants 
are not limited in describing their measurement needs, and 
can address any area they think is valid. Only one 
participant asked for further clarification for the question. 

We analyzed the responses by using the content analysis. 
The free-text answers were first collected to an Excel 
document, matching the person, role and response. This 
grouping told us the key information needs for each 
discipline (Section “Measurement Needs for Different 
Groups”) and the variations between roles within that 
discipline. Then, one researcher organized and grouped the 
answers using mind map technique (see 
http://en.wikipedia.org/wiki/Mind_map). The grouping was 
reviewed by the other researcher. This led to common 
grouping of topics across disciplines (Section “Common 
Needs for User Measurement”). We gave the draft of our 
report to the respondents to confirm that we interpreted and 
classified their responses correctly. 

Measurement Needs for Different Groups 
In this section we shortly summarize the key needs for each 
studied group. We will discuss only four groups that 
answered most actively.  

Research (n=3). This group represents people who work 
with research management or hands-on research, before 
development takes place. Measurement needs in this group 
are seen in two main groups: 

• How users perceive and use new technologies? 

• Which are the most important UX or usability 
problems in current products and services? 

Development (n=4). This group represents people who 
manage and design concrete products and services, such as 
product manager or software designer. This group 
emphasizes the first use of products and services: 

• Which functions are needed the most? 

• What are the first impressions (overall experience, 
first use) and level of satisfaction? 

Care (n=5). This group represents people who manage and 
provide numerous product supports and maintenance 
services in online forums and in local support centers. In 
most cases they have direct connection to customers. This 
group has very a rich set of measurement needs. Major 

point of interest is out of box readiness with products and 
services. 

• How easy it is to start using product and services? 

• What is customer experience in support activities? 

Quality (n=6). This group consists of quality managers and 
specialists, working with concrete products or in company 
wide quality development activities. Respondents in quality 
are particularly interested in developing the quality 
measurement practises, and understanding the users’ 
perceptions about both products and support services: 

• Which metrics should be applied for experienced 
product quality? 

• What is the perceived performance of products and 
services? 

Common Needs for User Measurement 
In this section we provide a consolidated grouping across 
all responses, based on a mind map categorization. 

User experience lifecycle 
Measurable information is needed not only when the user is 
using the product for its original purpose, but also when the 
user is planning to buy a new device, when the new device 
is being taken into use and when there is a shift from an old 
device to a new device. 

What should be 
measured? 

Examples of measures 

Pre-purchase The impact of expected UX on purchase 
decisions 

First use Success of taking the product into use 

Product upgrade Success in transferring content from old 
device to the new device 

Table 1. Measurement areas in UX lifecycle 

Retention 
Retention is a concept and also measurement describing the 
loyalty of the customers. It is assumed that good user 
experience leads to high retention. Retention information 
would tell us how many customers continue with the brand, 
how many newcomers there are in customer base, and how 
many customer leave the brand. Among retention topics we 
can see non-UX information needs, such as the ownership 
of previous devices. 
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What should be 
measured? 

Examples of measures 

Expectations vs. 
reality 

Has the device met your expectations? 

Long term 
experience 

Are you satisfied with the product quality 
(after 3 months of use) 

Previous devices Which device you had previously? 

Engagement Continuous excitement 

Table 2. Measurement areas in retention 

User groups and use of features 
“What product features are used by different demographic 
groups” is the information that is mentioned by respondents 
from Research and Care organizations. The question has 
two key themes:  

- What kind of differences there are in the use of 
product function across different user groups? 

- What functions are most used (and underused)? 

What should be 
measured? 

Examples of measures 

Use of device 
functions  

What functions are used, how often, 
why, how, when, where? 

Differences in user 
groups 

How different user groups access 
features? 

Reliability of product 
planning 

Comparison of target users vs. actual 
buyers? 

Table 3. Measurement in the use of functions 

Where are the experience breakdowns? 
Breakdowns and concrete problems seem to have link to 
almost all our respondents. A common challenge is to 
identify breakdowns and measure the improvements. 

What should be 
measured? 

Examples of measures 

UX Obstacles  Why and when the user experiences 
frustration? 

Malfunction Amount of “reboots” and severe technical 
problems experienced. 

Usability problems Top 10 usability problems experienced by 
the customers. 

Table 4. Measurement areas in breakdowns 

User experience in customer care and maintenance 
Organizations providing customer care and other support 
need to measure how users experience the given support, 
for example, was it helpful? 

What should be 
measured? 

Examples of measures 

Customer experience in 
“touchpoints” 

How does customer think & feel about 
the interaction in the touch points? 

Accuracy of support 
information 

Does inaccurate support information 
result in product returns? How? 

Table 5. Measurement areas in customer care 

Experiences with user interface localization 
English is the primary language in technology 
communication, and often English language variants are 
provided first. There is a need to understand and measure 
how far this is enough, and what is the value of localized 
content in terms of user experience. 

What should be 
measured? 

Examples of measures 

Effect of 
localization 

How do users perceive content in their local 
language, what does it mean to them, how do 
they feel about it? 

Table 6. Measurement areas in localization 

Perceived performance 
In product development it is essential to know the 
performance targets, and how those targets are met in 
completed products. 

What should be 
measured? 

Examples of measures 

Latencies Perceived latencies in key tasks. 

Performance Perceived UX on device performance 

Perceived complexity Actual and perceived complexity of task 
accomplishments. 

Table 7. Measurement areas in device performance 

Experiences with new technologies 
There are several information needs mentioned by the 
people who represent research teams. Especially the 
reactions towards new proposed or realized solutions are 
interesting. 

What should be 
measured? 

Examples of measures 

Change in user 
behaviour 

How are usage patterns changing when 
new technologies are introduced 

Innovation feedback New user ideas & innovations triggered by 
new experiences 

Table 8. Measurement areas with new technologies 
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DISCUSSION 

Limitations 
Primarily the findings should be used as a new data for 
further UX measurement development and research 
activities. Our findings are not complete nor universal since 
the study was conducted in only one firm and with a limited 
number of respondents.  

Attention can be paid to the low response rate, but in the 
phenomenographic study the high response rate is not as 
important as the saturation level achieved. Alexandersson's 
survey (1994) on more than 500 phenomenographic studies 
concluded that the variation of a phenomenon reached 
saturation at around 20 research participants. Our number of 
informants (18) is close to that figure, and we can argue that 
the saturation took place in our study. 

Practical Implications 
Most of the UX measurement needs are familiar and 
already handled in existing practises. However, in our view 
this study provides new information revealing common 
cross-organizational needs for measurements. When new 
UX measurements are developed or existing measurements 
are improved, there should be sufficient cross-functional 
review to find out who else would benefit of the measures, 
and who else could be already measuring related topics or 
collecting similar data. The same finding can be extended to 
consider also cross-firm perspective, such as for developing 
UX measures together with business partners, ‘third parties’ 
and developers. 

Implications to Research 
To our mind the data from our survey is consistent with the 
evolution of measurements that are visible in previous 
research from a few different disciplines. As the discipline 
of user experience is now forming, it is beneficial for the 
field to be aware of the kinds of metrics needed in industry. 
It is also healthy to start UX metrics work from the needs of 
the audience that will use the results. This hopefully helps 
UX researchers to establish the boundaries for UX 
measurements and even for UX as a discipline.   

Our research results are still tentative. The current data 
requires more thorough analysis and discussion that 
compares our findings with others. Our research will 
continue to look deeper at the responses and contextual 
factors (organizational environment), with the aim to 
develop and generalize useful model for further research 
and development. 
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ABSTRACT 
Measuring the user experience (UX) with interactive 
systems is a complex task. Experiences are influenced not 
only by the characteristics of an interactive system, but also 
by the user’s psychological state and the context within 
which the interaction occurs. Human-Computer Interaction 
researchers have emphasised the importance of quantitative 
measures for providing useful, valid and meaningful 
assessments. Until now, there is no consensus among 
researchers as to which specific techniques should be used 
for evaluating UX. This paper presents an evaluation 
methodology that combines different techniques to measure 
the UX. Some of this techniques provides quantitative data, 
others provides qualitative data. The method was applied in 
the evaluation of Explore!, a mobile learning system 
implementing a game to be played by middle school 
students during a visit to an archaeological park. Results 
demonstrate the importance of triangulating qualitative and 
quantitative evaluation data to provide a clearer assessment 
of the UX.  
 
INTRODUCTION and motivation 
Measuring the user experience (UX) with interactive 
systems is a complex task. Experiences are influenced not 
only by the characteristics of the interactive system (e.g. 
complexity, usability, functionality, etc.), but also by the 
user’s internal states (such as predispositions, expectations, 
needs, motivation, mood, etc.), and by the context (or the 
environment) within which the interaction occurs (e.g. 
organisational/social setting, meaningfulness of the activity, 
voluntariness of use, etc.) [8]. Thus, the evaluation of UX 
has to consider not only functional aspects of the system 
(e.g., fast, easy, functional, error-free performance), but it 
has also to measure non-functional characteristics such as 

attractiveness (harmonious, clear), emotion (affectionate, 
lovable), engagement (fun, motivation and stimulation).  

The evaluations of mobile systems open further challenges. 
User performance can be disrupted by external 
circumstances, such as noise, distractions, and competition 
for resources in multi-task settings, or other surrounding 
people. These factors are difficult to predict and can only be 
observed in the field. In fact, the comparison of laboratory 
and field evaluations reported in [7] demonstrated that users 
behave more negatively in the field than in the laboratory. 
Users also take longer time to perform certain tasks and also 
reported more negative feelings, such as dissatisfaction and 
difficult of use, to the use of the device in the field. 

HCI (Human-Computer Interaction) researchers have long 
emphasised the importance of quantitative measures for 
providing useful, valid and meaningful evaluation. Until 
now, there is little consensus among researchers as to which 
specific techniques should be applied to understand the UX 
[4]. We think that different techniques should be used to 
measure different aspects of the UX. This approach has 
been followed in the evaluation of Explore!, an m-learning 
system implementing a game to be played by middle school 
students during a visit to an archaeological park. We have 
conducted a field study in which a range of different 
techniques were used for comparing the experience of 
playing the game with and without technological support. 
The evaluation study and its results are illustrated in details 
in [3]. We summarise here the main findings, discussing 
how quantitative and qualitative techniques should be 
integrated to provide a view of UX . 

EXPLORE!  
Explore! is an m-learning system that exploits imaging and 
multimedia capabilities of the latest generation mobile 
devices. Explore! implements an electronic game that 
support learning of ancient history, transforming a visit to 
archaeological parks into an engaging and culturally rich 
experience [1, 2]. The m-learning technique implemented in 
Explore! is inspired by the excursion-game, an educational 
technique that help students to learn history while they play 
in an archaeological park [5, 6].  
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In the study we have evaluated the “Gaius’ Day in 
Egnathia” game, designed to be played in the archaeological 
park of Egnathia in Southern Italy. Gaius’ Day is structured 
like a treasure hunt to be played by groups of 3-5 students, 
which have to discover meaningful places in the park 
following some indications. The game consists of three 
main phases: introduction, game, and debriefing. In the 
introduction phase, the game master gives a brief 
description of the park and explains the game. In the game 
phase, groups of students explore the park to discover some 
interesting places. This phase follows the metaphor of a 
treasure hunt, where students have to locate physical places 
by some cues provided to them in written messages. These 
locations have to be recorded on a map. Finally, in the 
debriefing phase, the knowledge which is implicitly learned 
during the game is reviewed and shared among students.  

EVALUATION  
The main objective of the evaluation was to compare the 
pupils’ experience while playing Gaius’ Day in its original 
paper-based version with the experience of the electronic 
version of the game. The results of this are reported in [3]. 
In this paper, we focus on describing the different 
techniques we applied in the study and discuss their relative 
advantages and disadvantages for measuring the user 
experiences of mobile learning. 

The game type (paper-based vs. mobile) was manipulated 
between-subjects. Nineteen students, divided into 5 groups, 
played the paper-based version of the game; 23 students, 
divided into 6 groups, played the mobile version. The main 
difference between the conditions was the way in which 
individual missions were communicated to the students. In 
the mobile version of the game, the missions were 
communicated to students by text-messages and the location 
was recorded in the mobile phone by entering a code 
number identifying the place. The mobile also provide some 
contextual help, in the form of an ‘Oracle’, displaying a 
glossary of the terms directly related to the active mission.  
In the paper-based condition, the missions were 
communicated to the participants in a letter format 
distributed at the beginning of the game. Participants had to 
record the right location on a map. A glossary containing 
the full list of terms was also delivered at the beginning of 
the study. 

Instruments 
In order to evaluate the overall user experience with the 
Gaius’ Day game a wide range of different techniques were 
exploited, specifically: naturalistic observations, self-reports 
(questionnaires, structured interviews, and focus groups), 
post-experience elicitation techniques (drawings and 
essays), and multiple choice tests. A summary of the main 
factors addressed by our evaluation, along with the method 
and techniques applied is reported in Table 1. The use of 
these different techniques allowed us collect both 

qualitative data and quantitative data, that have been 
triangulated to provide a global view of the user experience.  

Observations were based on event-sampling, an approach 
whereby the observers record all instances of a particular 
behaviour during a specified time period. Each group of 
children was shadowed by two independent observers, who 
had received in-depth training on data-collection. The 
events of interest referred to problem-solving strategies, 
social interaction processes (including collaboration and 
competition), and interaction with the artefacts (mobile, 
map, and glossary). These events were recorded in an 
observation grid organized on the basis of mission and time.  

Behaviour Naturalistic observations; questionnaire; 
focus group; essays and drawings. 

Engagement Open and closed questionnaires; 
naturalistic observations; focus group. 

Learning Observations during the debriefing 
session; questionnaire: learning self-
assessment immediately after the 
debriefing; multiple-choice test 
administered in school on the day after the 
visit; essay writing in school. 

Table 1. Instruments and techniques used in the 
evaluation 

Two questionnaires were developed for this study based on 
the QSA, an Italian questionnaire measuring learning 
motivation, strategies and behaviour [9]. The first 
questionnaire was administered individually at the 
archaeological park immediately after the game phase. It 
included 20 Likert-scale items, in the form of short 
statements regarding their game experience from the 
viewpoint of the following factors: collaboration, 
competition, motivation, fun, and challenge. Responses 
were modulated on a five point scale, ranging from 1 
(strongly agree), to 5 (strongly disagree). The second 
questionnaire was administered immediately after the 
debriefing to measure participants’ evaluation on the 
discussion session and their opinions on how much they 
learnt during the game.  

Learning was assessed in school on the day after the visit, 
via a multiple-choice test requiring the memory of facts, and 
knowledge application. The test was designed by 
researchers of Historia Ludens in collaboration with the 
school teachers. 

Evaluation Study Results 
Results addressing behaviour, engagement, and learning are 
reported in following subsections.  

Behaviour 
Efficiency and effectiveness during the game were analysed 
by traditional quantitative measures, namely time needed to 
complete the games and percentage of correct answers to 
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the missions. Both variables were significantly better in the 
paper-based condition of the game. Participants playing the 
game in the paper-based condition completed the challenge 
faster (mean = 29.5 minutes; std dev = 6.43) than those in 
the mobile condition (mean = 38.5 minutes; std dev = 7.66). 
The mobile condition was more prone to errors than the 
paper-based one, with a difference of some 20 percentage 
points.  

The naturalistic observations performed during the game 
phase were instrumental in understanding the reasons for 
these differences. In fact, we observed that groups in the 
paper-based condition preferred to choose their missions 
according to their locations or contextual knowledge rather 
that following the order in which the missions were 
presented in the letter. Another parallel strategy, commonly 
adopted in the paper-based condition, was to read several 
items in the glossary at the same time, making it possible to 
compare the target details. Once again, this behaviour was 
not possible in the mobile condition, as the ‘Oracle’ 
displayed only the glossary entry directly related to the 
active mission. 

Naturalistic observations were also used to understand 
problems with the game artefacts experienced during the 
game (i.e. cell phone, map, and glossary). In particular, we 
observed that the mobile groups had little problems in using 
the telephone, only in two cases at the start of the game did 
the technician need to intervene to explain how to use the 
phone. One group had difficulties in managing paper sheets, 
i.e. the wind complicated writing the answers. In both 
groups, students had some difficulties in reading the map, 
but the game master helped them in overcoming the 
problems.  

Behavioural observations were also important in 
understanding social dynamics driving group behaviour. In 
particular, we looked at leadership, defined as the 
participants’ willingness to take charge of the game, 
contributing ideas and suggestions and allocating tasks to 
the other members. This was done by analysis the notes 
collected in the field by a dedicated observer for each group 
and by video analysis. It was found that 50% of the 
participants who played the leader role in the mobile 
condition happened to be the one holding the cell phone, 
whereas no clear trends emerged in the paper-based 
condition.  

Looking at participant’s behaviour in the field it also 
appeared that the mobile groups were more competitive 
than the paper-based one. Usually, when they met they 
ignored each other and continued to carry out their own 
mission. They appeared very concentrated on their tasks and 
did not want to exchange any comments with their 
adversaries. The few questions they exchanged were aimed 
to get information that could be useful to them. Examples of 

such questions were: "Have you found ****?", "Have you 
finished?”, “What mission are you carrying out?”. In 
contrast, the paper-based groups were more talkative and 
often engaged in jokes and chit chat when they met. In 
general, however, winning appeared to be important to 
students, who often enquired about the other groups’ 
performance during the game. We also witnessed a couple 
of attempts to cheat, where students tried to swap codes 
between different locations to make it impossible for others 
to win, or gave false answers to a direct enquiry. 

Interestingly these differences did not emerge as significant 
in the analysis of self-reported items addressing sociability 
issues in the questionnaire. 

Engagement 

To analyse strengths and weakness of the game, we 
considered two open questions where participants reported 
the three best and the three worst features of the game. A 
total of 99 positive features were reported, and only 39 
negative features. On the average participants in the mobile 
condition reported more positive features (mean per 
participant = 2.7) than the paper-based group (mean = 1.9). 
No differences in the number of negative features reported 
by the two groups emerged (mean =1). 
Analysing the content of participants’ self-reports it 
emerged a different trend in the two game conditions. The 
most frequently reported positive features in the mobile 
game addressed the artefacts used during the game, whereas 
in the paper-based condition participants referred most often 
to the archaeological park. A total of 11 out of 19 references 
to artefacts in the mobile condition directly addressed the 
cell phone or some interface features, such as the Oracle 
and the 3D reconstructions. Overall, the 3D reconstructions 
were given a score of 4.3 on a 5 point scale. One of the 
students commented “The mobile and the game are a 
winning combination”. 

The collaborative nature of the game was indicated as 
another winning factor by both groups. Children enjoyed 
playing together and demonstrated a good team spirit all 
over the game. The learning potential of the game was 
another positive factor in both conditions. Students, 
especially those in the mobile condition, appreciated the 
difficulty of the game: they enjoyed because “It was 
challenging”, as reported by a participant in a focus group. 
As regards negative features, the trend of results is more 
homogeneous between the experimental conditions, 
although the mobile groups was more likely to complain 
about the difficulty of the game and the paper-based group 
was more likely to complain about the duration of the game, 
normally considered to be too brief. 

Learning 
Learning was evaluated by a range of different techniques 
including self-evaluation and formal assessments performed 
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with multiple choices, essays writing and drawing. In the 
following some data are reported. On average the students 
were very positive about the educational impact of the 
systems and they all agreed they had learned something 
(mean = 4.1; std dev = 0.66). No significant differences 
emerged in the group comparison. Participants’ opinions 
were confirmed by an objective test. A total of 36 tests were 
returned for analysis (21 from the mobile condition; 15 
from the paper-based one). On average, students answered 9 
out of 11 questions correctly (std dev = 1.65). No 
significant differences between the game conditions 
emerged. The distributions are strikingly similar (mobile 
mean=8.8 (SE=.38); paper-based mean=9 (SE=.40)). 

Discussion 
Summarizing, about the behaviour aspect, the evaluation 
study revealed that different problem solving strategies 
emerged. In the paper-based condition, students changed the 
mission order, either firstly performing those missions they 
perceived as easier or according to a personal strategy; 
while in the mobile condition students had to solve one 
mission after the other. This could be one of the reasons 
why, in the paper-based condition, students completed the 
challenge in less time and with less errors. From this result 
we have learnt that mobile games require more interaction 
freedom and context-dependent information to enhance the 
overall user experience. 
The evaluation has also demonstrated that users enjoyed 
playing the game and, although we could not demonstrate 
the expected superiority of the mobile game condition by 
statistical comparison of questionnaire data, the introduction 
of the mobile appeared to be much appreciated as 
demonstrated by qualitative data. The use of the mobile was 
directly acknowledged as one of the best features of 
Explore!. We expect that, as we add to the interactive 
features of the mobile, we will also improve the user 
experience with Explore!. 
Finally, no difference in learning between the two 
conditions was found. This can be explained by ceiling 
effect, as the participants’ performance in both conditions 
was very high. We think that it is not a bad result because 
students are not distracted by the technology and also that e-
learning is as equally valuable as traditional learning 
provided that appropriate techniques are used such as 
excursion-game, which is able to engage and stimulate 
students. 

CONCLUSION 
In this paper, we have illustrated an approach for the 
evaluation of m-learning. The study shows the importance 
of triangulation of different techniques and measures to 
capture all the different aspects that the user experience 
involves. Our understanding of the game was supported by 
a combination of qualitative data, collected through 
naturalistic observation, focus group, analysis of essays, and 

drawings, and quantitative data, collected through 
questionnaire, multiple-choice learning test, behavioural 
analysis.  
The study results have highlighted that in some domains, 
such as the mobile one, collecting and analyzing qualitative 
data gives the possibility to discover UX aspects that should 
be neglected by only considering data that are quantitatively 
measurable. The outcome of the study suggests that in order 
to obtain meaningful, useful and valid results, qualitative 
and quantitative data should be combined. It is worth 
mentioning that qualitative data helped us explain some 
unexpected results obtained by quantitative data. For 
example, regarding engagement aspect, no difference 
emerged from quantitative data. Otherwise, from 
naturalistic observation, focus group, we can state that 
students enjoyed the use of cell phone and appreciated very 
much the 3D reconstructions both on phone during the 
game phase and during debriefing. 
Quantitative data did not demonstrate the advantage of the 
electronic game. But, during the focus group, participants of 
the mobile condition referred that they were not distracted 
by the technology, while participants of the paper-based 
condition reported that paper annoyed them it was a windy 
day. Questionnaire revealed to be a useful source of 
information, but failed to discriminate between the 
experimental conditions. This may be due to a ceiling 
effect, as evaluations in both conditions were very high.  
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ABSTRACT 
Software process is one important element in the contextual 
foundation for meaningful and useful usability and UX 
measures. In this base usability has been around for a long 
time. Today the challenge in the mobile industry is User 
experience (UX), which is starting to affect software 
engineering processes. A common use or definition of the 
term UX is still not de facto defined. Industry and academy 
are both in agreement that UX definitely includes more than 
the previous usability definition. How do industry and 
manufacturers manage to successfully get a UX idea into 
and through the development cycle? That is, to develop and 
sell it in the market within the right timeframe and with the 
right content. This paper will discuss the above challenges 
based on our own industrial case, and make suggestions on 
how the case related development process needs to change 
in order to support the new quality aspects of UX.  

Author Keywords 
Software development processes, User Experience, 
Usability, Usability test, Management, Hedonic, Mobile, 
Product development, product validation, Concept 
validation 

ACM Classification Keywords 
H5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous. D.2.8 Metrics, D.2.9 Management. 

INTRODUCTION 
Mobile phones have reached a point beyond the level where 
technical hot news is not enough to satisfy the buyers, for 
today mobile devices also have to include the aspects of 
user experiences. Apple’s iPhone is one indication of this 
change. Software engineering strives to make complex 
things manageable.   

Engineering most often attempts to split the product 
complexity into smaller more manageable sub-functions. In 
the end all the sub-functions are put together and a product 
appears, hopefully as the designer or the idea maker 
intended. Deviations from the intended product idea are 
handled through iterated defect reporting and defect 
handling until the product is judged to have sufficient 
product quality. Hence, monitoring product quality is 
conducted by processes in which milestone criteria are 
measured mainly by different ways of controlling defect 
levels and defect status. So far this approach has been 
sufficient enough when striving to secure a product’s 
quality from a task and goal perspective (classic usability 
view), but still no guarantee for enhancing the user 
experience (that increases the chances of product success). 
In the goal and task view three canonical usability metrics 
have dominated, i.e. effectiveness, efficiency and 
satisfaction. Where the latter, satisfaction, has been a term 
capturing the feeling experience on a very high level, i.e. 
without further dividing it into its diverse constituent 
elements. Today a new level of quality needs to be handled, 
i.e. user experience. Handling this quality forces us to 
divide satisfaction into soft values such as: fun, pleasure, 
pride, intimacy, joy, etc. [8, 4] 

One problem that follows with this new approach towards 
quality is the risk of losing the holistic product view if we 
split it into smaller manageable sub-functions in the 
production process. In the quality of user experience 
apparently small changes made in different subparts can 
actually constitute a huge user experience change when put 
together in the final product. It is also difficult to predict the 
effects of such separately handled changes. Example of this 
could be that applications in the past have been more or less 
separate entities or islands in a mobile product. This has 
provided opportunities for application designers and 
engineers to apply their own solutions and create their own 
application specific components with “isolated” specific 
behavior to support a use case. Such isolated behavior can 
and will be a big threat to the total UX of a product. In this 
aspect designers and engineers need a generic framework of 
deliverable components to make sure that the total UX of 
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the product is consistent throughout the product 
development. 

Pushing out ownership and responsibility to the separate 
parts is a common management strategy. Are organizational 
models that push ownership out to the leaves in 
organization really effective in the mobile industry with its 
many actors and stakeholders? Doesn’t this model 
encourages handling risks via a focus on each constituent 
part rather than a holistic view on the end product or are 
there better and more efficient ways of making an idea 
appear in a product? Ways that could shorten the time to 
market, minimize the risk of fragmentation of the product, 
and in new effective ways help organizations to prioritize 
and secure a successful UX in a product. How can we 
maintain a holistic perspective despite multiple splits of 
functionality during development? For the goal and task 
related usability paradigm models simple division and 
delegation has been successful. In this era with a growing 
need for high level monitoring of UX in products we are 
still left with the goal and task oriented development 
models. Sorry to say but having good quality on each 
different part may not be sufficient and definitively not a 
guarantee for a good and successful end product. We need 
to find new ways to measure and monitor this combined 
quality aspect. To support UX efficiently a process with a 
clear product focus is needed in parallel with application 
development processes. Otherwise, because of the 
prevailing task and goal tradition, there is a risk that we talk 
about a holistic product view but in practice end up 
monitoring small identities. Still, we believe the 
engineering approach of separation is powerful and 
necessary in large projects. So - what are the possible 
approaches for ensuring an idea appears throughout the 
prevailing engineering approach of separating the 
development? The introduction of an overall design process 
is the solution we advocate, as a frame surrounding existing 
goal and task related development processes.  

RESEARCH COOPERATION 
The industrial partner is UIQ Technology AB, a growing 
company with currently around 330 employees, situated in 
the Soft Center Science Research Park, Ronneby, Sweden. 
The company was established in 1999, and has as one of its 
goals the creating of a world leading user interface for 
mobile phones. Their focus is “to pave the way for the 
successful creation of user-friendly, diverse and cost-
efficient mobile phones” [12]. They develop and license an 
open software platform to leading mobile phone 
manufacturers and support licensees in the drive towards 
developing a mass market for open mobile phones. Their 
product, UIQ, is a media-rich, flexible and customizable 
software platform, pre-integrated and tested with Symbian 
OS, providing core technologies and services such as 
telephony and networking.  

The research group U-ODD – Use-Oriented Design and 
Development [13], belongs to the School of Engineering at 
Blekinge Institute of Technology (BTH), and is a part of the 
research environment BESQ [1]. The research performed 
by U-ODD is directed towards use-orientation and the 
social element inherent in software development. Studies 
performed by U-ODD are influenced by the application of a 
social science qualitative research methodology, and the 
application of an end-user's perspective.  

The process of cooperation is Action research according to 
the research- and development methodology called 
Cooperative Method Development (CMD), see [3] [11], 
chapter 8) for details. 

HOLISTIC PRODUCT VIEW 
There is a risk of losing the UX intent of a product if no 
support structure is in place. In order to keep the 
organization “mean and lean” and at the same time deliver 
UX focused products we need to secure the vision of a 
product throughout the development process. Today many 
companies have developed methods to validate concepts of 
the final product with end users. UIQ technology uses for 
instance their UTUM method. [12]. Unfortunately these 
kind of validation activities are too often handled by and 
within a UI Design/Interaction Design group and not as part 
of the overall design process, e.g. as ad hoc help in the 
design work at different stages.  

Figure 1 visualizes the separateness product vision into 
many divided requirements and thereby risk  not monitoring 
UX in a holistic way; it also represent today’s goal and task 
oriented development models. The outcome/product 
includes the risk of becoming something that was not 
intended. 

 
Figure 1.  

How do we then keep the end user product in focus in a 
large product organization? Today most companies in the 
Mobile industry face the challenge of increasing demands 
on UX products. A lot of effort in improving the UX 
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capabilities in the software is undertaken but there are no 
new UX criteria included in the measurements of product 
quality even if most companies have both verbal and 
written UX statements and visions on their walls as lead 
goals for their businesses. A product quality definition is 
still based on different levels, measurements and 
predictions of defects as criteria, and seldom includes 
usability and/or UX quality criteria. This means there is no 
connection or possible way of measuring the “temperature” 
of UX in the product during the development between 
vision and final product. There is also a divergence between 
UX quality and existing product quality, meaning that we 
have processes and means (traditional Software 
Engineering) to monitor product quality by defects, but 
these are not a guarantee for achieving an envisioned high 
level of UX in the final product. The only way is to change 
the culture to become more UX and product focused and 
not as, in many cases today, focused on part delivery. 

Therefore a more appropriate way to inject UX quality 
assurance into the development process would be by:  

1. Gaining acceptance of a vision through user research 
with end users by means of methods like early prototype 
testing.  

2. Policing the vision throughout the development process 
by internal review methods to secure UX product quality. 
UX quality criteria and milestones should be included in an 
overall design process influencing the development process. 
A new quality assurance role needs to be created for UX 
experts to act as guardians for the UX quality.  

3. Validating the product and evaluating the result against 
the vision, again by formalizing existing methods like 
UTUM [1] in the development process. This is also 
visualized in figure 2: 

 
Figure 2. 

An organizational set up like the one described in Figure 2 
would be a better guarantee that the product vision and 
intent is what will be delivered in the end compared with an 
organizational set up as described in figure 1. Meaning that 
the whole of the organization needs to understand and 
prioritize the end result. The way to secure product quality 
and to include UX into the product quality aspect has to be 
to introduce “UX guards” in all levels of development. 

Their role would need to be to police the fulfillment of the 
UX quality criteria in the process defined and decided 
checkpoints. These checkpoints could e.g. be expert 
reviews of requirements and expert UX reviewers to get the 
authority to set a pass/not pass stamp on the intended 
delivery. This needs to be agreed and formalized into the 
development process. 

UX DEFINITION AND MEASUREMENT 
Beside the introduction of an overall design process 
monitoring the UX visions we also need to develop ways to 
both define and measure it. Today we use the UTUM 
method to measure usability according to efficiency, 
effectiveness and satisfaction and visualize the result for 
management as shown in figure 3. 

Figure 3. 

P. Jordan [6] writes about Functionality, usability and 
pleasure as the essential ingredients for a successful product 
or service to provide a consumer experience, see figure 5. 
(See also [7] for discussion of contextual factors) Jordan 
explains the three levels of consumer needs that have to be 
supported as:  

Functionality: Meaning that a product without the right 
functionality is useless and causes dissatisfaction. A 
product has to fulfill the needs of a user. 

Usability: When a product has the right functionality the 
product has to be easy to use. A user doesn’t just expect the 
right functionality they expect ease in use. 

Pleasure: When the user is used to usable products they 
want something more. Meaning, when functionality and 
usability have become levels of plain “product hygiene” 
they want products that just not bring functional benefits 
but also give the user emotional benefits. 

We think Jordan’s view on UX is a good starting point and 
is in line with our thoughts and present thinking. For us the 
Hedonic side of an experience is much about the users 
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experience and the Pragmatic side is about the user's 
expectations. 
Meaning that the Hedonic aspects of UX is more about how 
the product creates pleasurable and exciting experiences 
that delights the user in sometimes unexpected but 
hopefully positive ways compared with  
the Pragmatic aspect of UX that is about how well/bad a 
product lives up to the users expectation of that product's in 
functionality, ease-of-use etc. 
This is also applicable to our thinking in this paper about 
the need to increase the product quality aspect. By 
developing methods to understand users in all three areas, 
and by making it possible to also measure pleasurable 
aspects of a product, it would be possible to measure UX 
product quality.  

Today we measure in and cover the areas of “Usability” and 
“Functionality” but just partly in the area of “Pleasure” by 
doing traditional ISO standard measurements as Efficiency, 
effectiveness and user satisfaction. But we propose a shift 
in to include aspects of “Hedonic”, “Pragmatic” and 
“Business cost” (Development cost, infrastructure, 
technology maturity etc.) in measuring UX. It is also vital 
to understand the context in which the product will be used, 
as visualized in figure 4. 

 
Figure 4 

EXTENDING UTUM WITH UX QUALITY 
UTUM is a usability test package for mass market mobile 
devices, and is a tool for quality assurance, measuring 
usability empirically on the basis of metrics for satisfaction, 
efficiency and effectiveness, complemented by a test 
leader’s observations. 

The current test package is the result of several years of 
joint research cooperation and experimentation. During the 

period 2001 to 2004 an attempt was made, initiated by Kari 
Rönkkö from the research group U-ODD from Blekinge 
Institute of Technology (BTH), to use Personas in UIQ’s 
development processes. The intention was to find 
something that could bridge the gap between designers and 
developers and others within the company, and find a way 
of mediating between many different groups within the 
company. The Personas attempt was finally abandoned in 
2004, as it was found not to be a suitable method within the 
company, for reasons which can be found in [10]. In 2001, 
Symbian company goals included the study of metrics for 
aspects of the system development process. An evaluation 
tool was developed by the, at that point of time, head of the 
interaction design group at Symbian, Patrick W Jordan, 
together with Mats Hellman from the Product Planning 
User Experience team at UIQ Technology, and Kari 
Rönkkö from U-ODD/BTH. The first part of the tool 
consisted of six use cases to be performed on a high fidelity 
mock-up [9] within decided time frames. The second part of 
the tool was the System Usability Scale (SUS) [2].  

The first testing took place during the last quarter of 2001. 
The goal was to see a clear improvement in product 
usability, and the tests were repeated three times at 
important junctures in the development process. The results 
of the testing process were seen as rather predictable, and 
did not at this time measurably contribute to the 
development process, but showed that the test method could 
lead to a value for usability. During the period 2004 to 
2005, a student project was performed, supported by 
cooperation with representatives from U-ODD, which 
studied how UIQ Technology measured usability. The 
report from the study pointed out that the original method 
needed improvements and that the process should contain 
some form of user investigation, a way of prioritizing use 
cases, and that it should be possible to include the test 
leader’s observations in the method. The test method was 
refined further during 2005, leading to the development of 
UTUM v 1.0 which consisted of three steps. First, a 
questionnaire was used to prioritize use cases and to collect 
data for analysis and statistical purposes. The use cases 
could either be decided by the questionnaire about the 
user’s usage of a device (in this choice Jordan’s level of 
functionality is visible) or in advance decided by the 
company if specific areas were to be evaluated. After each 
use case the user performs a small satisfaction evaluation 
questionnaire explaining how that specific use case 
supported their intentions and expectations. Each use case is 
carefully monitored videotaped if found necessary and 
timed by the test expert. The second step was a performance 
metric, based on completion of specified use cases, 
resulting in a value between 0 and 1. The third was an 
attitudinal metric based on the SUS, also resulting in a 
value between 0 and 1. These values were used as 
parameters in order to calculate a Total Usability Metric 
with a value between 0 and 100. Besides these summative 
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usability results the test leader also through his/her 
observation during the test can directly feed back formative 
usability results to designers in the teams within the 
organization, giving them user feedback to consider in their 
improvement and redesign work. 

It is also the test expert observation that is decisive in what 
the trade offs are in the test. One example could be a use 
case that takes too long to perform compared to the norm, 
which still is rated as high usability on the satisfaction 
scale, by the user. It is then up to the test expert to explain 
and describe that trade off. 

In 2005, the work with UTUM gained impetus. A usability 
engineer was engaged in developing the test package, and a 
new PhD student under Rönkkö’s supervision from the 
research group U-ODD became engaged in the process and 
began researching the field of usability, observing the 
testing process, and interviewing staff at UIQ. In an 
iterative process in 2005 and 2006, the method was further 
refined and developed into UTUM 2.0. UTUM 2.0 is “a 
method to generate a scale of measurement of the usability 
of our products on a general level, as well as on a functional 
level.” [12]. The test package was presented for the industry 
at the Symbian Smartphone show in London, October 2006, 
and the philosophy behind it is presented in full detail on 
UIQ’s website. [12] Since UTUM is available via the 
Internet, we do not provide detailed instructions of the 
testing procedures in this paper.  

Increasing the UTUM test package to a more in depth focus 
on UX and measurements of pleasurable and “holistic” 
aspects through for example, questionnaires would help the 
organization to focus on the UX aspects within the software 
development process. The visual presentation for 
management for the achieved UX in a product at a specific 
time could then be presented as a radar diagram containing 
the current status in each area of UX. (See Figure 5) 

 
Figure 5 

This could be a way to include UX quality measurements 
into the software development process as a quality aspect, 

to act upon the result in a similar way as we do with 
defects. This would also be a possible way to undertake 
regular measurements along with existing processes and 
using existing forums for displaying and acting on the 
received result.  

NEW PROCESSES NEEDED 
Today many organizations, including UIQ Technology AB, 
have decided to work in multidisciplinary teams to secure 
quality and focus on deliveries. It is our belief that this is 
necessary, but there is a big risk that an organization that 
focuses on securing component quality loses sight of the 
actual holistic product intent, meaning that the delivered 
product doesn’t match the actual product intent. In order to 
secure the vision of product intent in complex and multi 
requirement projects the organization needs to acknowledge 
the need for policing. Not just defect levels, but also and 
maybe even more important, the holistic product intent 
throughout the development cycle and in all different teams 
participating in the development process. 

This is needed to secure an efficient and effective way of 
working towards a successful product. Today it becomes 
more and more important to deliver UX focus products 
faster and faster, whereby it also becomes vital for an 
organization to decrease development times. 

"Everything about mobile phone design and production has 
to be quick, so it's months from when there is an idea for a 
phone to the roll out on the market," said James Marshall, 
Sony Ericsson's head of product marketing, who is in Las 
Vegas this week for the trade fair. "The market moves very 
quickly, so you have to minimize development times."[5] 

Our suggestion is that companies organize in such a way so 
that UX requirements developed by end user understanding 
and user knowledge are monitored throughout the 
development cycle. Companies need to develop a better 
holistic understanding of their product, and the attempt that 
product should support and aimed for, even if they optimize 
their efforts in multi-disciplinary teams responsible only for 
specific components in a system. This could be done by 
having UX guarding functionality in leading positions in 
the development process. People that monitor the holistic 
view of the product and who have the mandate take 
necessary actions whenever it is needed to secure the 
product intent.   

CONCLUSION AND SUMMARY 
A new approach to this problem that focuses on the 
organization per se, as well as ways of working, is needed. 
By prioritizing UX in products a new perspective needs to 
be adopted if the intended result should appear in products 
in the market and appreciated by users. On a high level 
there needs to be a cultural shift into a more UX oriented 
and UX driven mentality within the whole product 
development organization.  On an organizational level UX 
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quality assurance needs to be established by recognizing 
and given authority to UX expertise that can secure the total 
UX product quality in all levels of development. In this 
paper we want to throw light upon the fact that if mobile 
manufactures want to be competitive and able to deliver 
high quality UX products fast and with regularity and 
predictability the need for UX “guardians” are necessary, 
see Figure 6.  

 
Figure 6 

We also point out and argue the need for both cultural as 
well as organizational changes. Today we monitor and 
define product quality by measuring defects levels in 
different ways. This will still be needed but must be 
complemented by UX quality measurements. The product 
quality definition needs to be increased and widened to 
include measurements from the UX area and these new 
quality criteria need to be accounted for with the same 
priority as other quality criteria. More organizational effort 
should be spent on developing Metrics and KPI’s for 
monitoring and securing UX product quality. 
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ABSTRACT 
In this paper we discuss challenges of usability evaluation 
of mobile applications. We outline some key aspects of 
mobile applications and the special characteristics of their 
usability evaluation that have recently lead to the laboratory 
vs field discussion. Then we review the current trend and 
practices. We provide an example of a usability evaluation 
study from our own background. We conclude with 
discussion of some open issues of usability evaluation of 
mobile applications. 
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INTRODUCTION 
Usability evaluation of mobile applications is an active area 
of research and practice in continuous evolution, due to the 
high demands and the evolving context in which mobile 
applications are developed and used. A fundamental 
concern of researchers and practitioners of this area is the 
use of adequate usability methods and measures. This has 
taken recently the form of a debate between the advocates 
of field versus laboratory study approaches, e.g. [18] and 
[19], that relates to qualitative vs quantitative measures. 
This debate seems to have its roots in the historical 
distinction between subjective and objective knowledge and 
corresponding epistemological implications, taking the 
form of a discussion on the merits of the scientific versus 
the design research method [4].     

 

As Annett [2] discusses in the debate paper of a special 
issue on subjective versus objective method in ergonomic 
practice: “..all knowledge is based on subjective experience. 
What really matters in establishing scientific truth is the 
method by which independent observers agree on the 
meaning of their individual observations. Complex features 
of the external world may be judged subjectively by experts, 
but the reliability of these judgments depends heavily on the 
use of agreed criteria … that provide the best assurance of 
inter-subjectivity”. 

These agreed criteria however need to be based on deep 
understanding of the characteristics of mobile applications. 
So, to start with, the evaluation of mobile applications 
necessitates examination of the factors that affect user 
experience and interaction with such applications. It is 
therefore understandable that during this exploratory phase 
existing evaluation techniques involving established 
measures and qualitative approaches are mostly to be used. 
So, in a survey of usability attributes in mobile applications 
by Zhang  and Adipat [31] nine attributes were identified 
that are most often evaluated: learnability, efficiency, 
memorability, user errors, user satisfaction, effectiveness, 
simplicity, comprehensibility and learning performance. All 
nine of them are well defined and extensively used 
measures of usability in more traditional desktop 
applications. Yet it is apparent that mobile applications 
introduce new aspects that need to be considered. We 
cannot limit the evaluation only to the device (typical 
scenario in desktop applications) but we must extend it, 
including aspects of context, which often bears dynamic 
and complex characteristics. There is the possibility that a 
single device is used in more than a single context, in 
different situations, serving different goals and tasks of a 
single or a group of users. Also, group interactions, a 
common characteristic in mobile settings, influence the 
interaction flow and increases the complexity of the 
required analysis as well as the necessity of analysis of 
complex observational data. The process of selecting 
appropriate usability attributes to evaluate a mobile 
application depends on the nature of the mobile application 
and the objectives of the study. So far, a variety of specific 
measures (e.g., task execution time, speed, number of 
button clicks, group interactions, support sought, etc.) have 
been proposed to be used for evaluation of different 
usability attributes of specific mobile applications, as 
discussed in the survey section of the paper. Is this due to 
the limited way of measuring user behavior and user 
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experience? Wilson and Nicholls [29] point out in 
discussing performance during the evaluation of virtual 
environments, “There are only a limited number of ways in 
which we can assess people’s performance: we can measure 
the outcome of what they have done, we can observe them 
doing it, we can measure the effects on them of doing it or 
we can ask them about either the behavior or its 
consequences.” [29]. This leads to Baber [3] suggesting that 
perhaps what is required is not so much a set of new 
measures, as an adaptation of existing approaches that pay 
particular attention to the relatively novel aspects of the 
environment and activity that pertain to mobile devices. 
Along these lines, a new breed of techniques for usability 
evaluation has been proposed [17], [18], [9], [14]. In a 
survey of research methods for mobile environments [13] a 
number of new data sources have been identified, to be 
considered in design and evaluation of mobile applications. 
These new data sources, may lead to new measures of 
usability and user experience. Mediated data collection 
includes a range of approaches for collecting data remotely 
by relying on the participant or mobile technologies 
themselves. Simulations enable knowledge about physical 
movement, device input and the ergonomics of using a 
device while mobile. Enactments enable researchers to 
know more about why we carry these mobile devices with 
us and what these devices give us the potential to do.  

On the methodological aspect of usability evaluation of 
mobile applications, influencing the usability measures, 
there is a growing interest in the development of scenarios, 
personas or applying performance techniques [14]. Along 
these lines, de Sa et al. [8] suggest a set of guidelines for 
generation of scenarios in usability evaluation of mobile 
applications. They claim that specific details of the design 
should be the focus of evaluation studies to be conducted in 
the field or the lab. While no specific metrics are suggested, 
a framework for definition of usability evaluation scenarios 
is introduced that covers the following aspects: (1) 
Locations and settings: lighting, noise, weather, obstacles, 
social environment. (2) Movement and posture: variations 
for sitting, standing and walking (3) Workloads, 
distractions and activities: Critical activities, settings or 
domains requiring different degrees of attention, cognitive 
distractions (e.g., phone ringing, etc), to study cognitive 
recovery, physical distractions (4) Devices and usages: 
Single vs dual handed interaction, and 
stylus/finger/keyboard/numeric pad, different devices (e.g., 
PDAs, smart phones, etc). (5) Users and Personas: 
movement and visual impairment, Heterogeneity – age 
(small/large fingers), dexterity, etc. For each of these 
aspects a set of variables has been suggested to be used by 
designers while arranging their scenarios and preparing the 
usability evaluation study.  

Various aspects related with mobility need to be measured. 
For instance the effect of mobility on the subjects of field 
experiments was demonstrated by Kjeldskov and Stage 

[18], who found that having participants report usability 
problems while sitting down in the laboratory led to more 
usability problems being reported than when the 
participants performed the evaluation while walking. They 
suggested that this result might have arisen from different 
demands on attention – in the seated condition, there was 
little distraction from the product and so participants were 
able to devote most of their attention to it, but in the 
walking conditions attention needed to be divided between 
the device and the task of walking. 

Tools for Mobile Usability Evaluation 
A number of tools have been proposed to support this 
diversity of approaches. Some tools gather usage data 
remotely through active (e.g., Experience Sampling Method 
- ESM, Diary studies) and passive modes (e.g., logging), 
enabling field evaluation on real settings. The Momento [7] 
the MyExperience [10] tools are two examples of such 
systems. Both systems support remote data gathering. The 
first relies on text and media messaging to send data to a 
remote evaluator. The second also incorporates a logging 
mechanism that stores usage data for synchronization. An 
innovative approach is suggested by Paterno et al. [21]) 
which combines a model based representation of the 
activity with remotely logged data of mobile application 
user activity. An alternative approach is proposed by Yang 
et al. [30] who have applied UVMODE a mixed reality 
based usability evaluation system for mobile information 
device evaluation. The system supports usability evaluation 
by replacing real products with virtual models. With this 
system, users can change the design of a virtual product, 
and investigate how it affects its usability. While users can 
review and test the virtual product by manipulating it, the 
system also provides evaluation tools for measuring 
objective usability measures, including estimated design 
quality and users’ hand load.  The metrics supported by this 
approach include direct measure of physical loads given to 
the user’s hand when user grabs and manipulates a virtual 
product. A custom built glove interface, equipped with 
pressure and EMG (electromyography) sensors, is used for 
measuring the hand load. The collected information is 
visualized in real-time, so that usability experts could 
investigate and analyze the hand load while the user 
manipulates a virtual product.  

Given the theoretical and methodological aspects of the 
mobile usability evaluation problem, it is worth examining 
the current trends in mobile usability evaluation practice; 
this is the subject of the next section. 

CURRENT PRACTICE: USABILITY EVALUATION OF 
MOBILE APPLICATIONS 
In this section we outline typical examples of current 
mobile usability evaluation practice. First a survey of 
reported evaluation studies that involved mobile 
applications has been performed, based on the ACM CHI 
2008 Conference. Five cases that were found are briefly 
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discussed here in terms of context of the study and 
methodological approach, see Table 1.  

Jokela et al. [15] described the design of the Mobile 
Multimedia Presentation Editor, a mobile application that 
makes it possible to author multimedia presentations on 
mobile devices. To validate and evaluate the application 
design, they have conducted a series of laboratory 
evaluations, that involved 24 participants, and a field trial 
with 15 participants. No quantitative measures are reported 
from these studies, except of descriptive statistics of 
participants’ behaviour.   

Guo et al. [12] introduced a new device (based on the 
Nintendo Wiimote and Nunchuk) for human-robot 
interaction. To evaluate this technique, they have conducted 
a lab based comparative user study, with 20 participants.  
This study compared the Wiimote/Nunchuk interface with a 
traditional input device – keypad in terms of speed and 
accuracy. Two tasks were employed: the posture task 
utilized a direct mapping between the tangible interface and 
the robot, and the navigation task that utilized a less direct, 
more abstract mapping. A follow-up questionnaire recorded 
the participants’ opinion about the preferred technique for 
controlling the robot in these tasks. 

 Source System Number of 
Participants 

Evaluation 
Method 

Metrics Used 

Jokela et al. 
(2008) 
 

Mobile 
Multimedia 
Presentation 
Editor 

24 (lab) 
15 (field) 

Laboratory 
evaluation and 
Field study 

Qualitative measures of user 
behaviour. 
 

Guo et al. 
(2008) 

Nintendo 
Wiimote and 
Nunchuk – 
based controller 
of a robot 

20 Lab based 
comparative 
user study 

Speed and accuracy in both tasks 
and user preference through 
questionnaire 

Riegelsberg
er et al. 
(2008) 

Use of Google 
Maps in Mobile 
Devices 

24 Field study in 
four different 
locations.  

Qualitative measures and usability 
problems found using group 
briefing sessions, recorded usage, 
multiple telephone interviews and 
debriefs in a lab setting 

Sanchez et 
al. (2008) 

AudioNature, A 
pocketPC 
device for 
science learning 
for the blind 

10 Case study in 
lab involving 
typical users 

Qualitative measures of 
effectiveness and performance 
through pre and post tests and 
questionnaires 

Bellotti et al. 
(2008) 

Leisure guide 
Magitti 
 

11 Field study 
over a period 
of several 
days 

Qualitative measures of user 
experience recorded through 
questionnaires 

Table 1. CHI 2008 usability evaluation studies of mobile applications 

Riegelsberger et al. [22] discuss a 2-week field trial of 
Google Maps for Mobile phones, with 24 participants, that 
was conducted in various parts of the world. The field trial 
combined many methods: group briefing sessions, recorded 
usage, multiple telephone interviews for additional context 
around recorded use, and 1:1 debriefs in a lab setting with 
the development team observing. No metrics were reported. 
As a result over 100 usability problems were found. 
Insights were gained along several dimensions: user 
experience at different levels of product familiarity (e.g. 
from download/install to habitual use) and identified 
hurdles to user experience arising from the mobile 
ecosystem (e.g. carrier and handset platforms). 

Sanchez et al. [23], evaluated the usability of AudioNature, 
an audio based interface implemented for pocketPC devices 
to support science learning of users with visual 
impairments. The usability and the cognitive impact of the 
device were evaluated. The usability evaluation 
methodology used was that of a case study involving 10 
blind participants in a lab setting. An end-user usability test 
was conducted that contained 24 statements in a Likert 

scale (12 statements regarding interaction with 
AudioNature and 12 statements related to the device used). 
In addition in order to evaluate the impact of AudioNature 
on learning, preliminary pre-tests and post-tests were 
administered. Cognitive testing consisted of different 
questionnaires to evaluate the learning of biology concepts, 
the behaviours and skills of visually impaired users and 
their performance with the cognitive tasks.     

Bellotti et al. [5] presented an evaluation study of a context-
aware mobile recommender system, the leisure guide 
Magitti. A field evaluation of this mobile application was 
conducted, in which 11 volunteers participated.  The main 
features of Magitti were assessed in this study. The field 
study involved 60 visits (places to eat, to buy, and to do) in 
the Palo Alto area. After each outing, participants filled out 
a questionnaire about their activities. In addition, all 
participants actions with the device were logged and map 
traces of outings were collected. An experimenter 
accompanied each participant on one of their outings to 
observe their use of the system. Finally, participants were 
interviewed after they completed all their outings. The 
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reported metrics were related to the user view on these 
characteristics, while no quantitative usability measures 
were applied.  

Quantitative Measures of Mobile Usability 
While the CHI 2008 conference papers, typical of the 
current practice on mobile applications usability evaluation, 
applied mostly qualitative measures in field studies, there 
have been cases in which mobile evaluation was based on 
specific quantitative usability measures. Two typical such 
examples are the evaluation study of Goodman et al. [11] 
and the study reported in [28]. 

In the first case, [11] a number of measures of usability are 
suggested to be used in location sensitive mobile 
applications that are, like mobile guides, to be tested in 
controlled field conditions (a setting termed Field 
Experiments). The following measures and methods are 
suggested: Performance: measured through timings and 
number of errors, identification of particularly hard points 
or tasks: by number of errors or by success in completing 
the tasks or answering questions correctly, Perceived 
workload:  User satisfaction Through NASA TLX scales 
and other questionnaires and interviews, Route taken and 
distance traveled measured using a pedometer, GPS or 
other location-sensing system, or by experimenter 
observation, Percentage preferred walking speed (PPWS) 
Performance By dividing distance traveled by time to 
obtain walking speed, Comfort: User satisfaction. Device 
acceptability using the Comfort Rating Scale and other 
questionnaires and interviews, User satisfaction and 
preferences and Experimenter observations. In effect, in 
this scheme, the authors suggest in addition to established 
measures, to take in consideration issues like walking speed 
and route taken, while they also suggest that existing 
measures like the Task Load Index and Comfort Rating 
Scale to be adapted for mobile use. For instance the NASA 
Task Load Index (TLX) has been extended for mobile 
applications, by addition of the Distraction scale. 

In the second case, Tullis and Albert [28] report a case 
study of usability evaluation of a mobile music and video 
device, conducted by practitioners S. Weiss and C. Whitby 
(pp. 263-271) in lab conditions. In this study a number of 
alternative devices where used by participants for executing 
a number of tasks relating to purchase and playback of 
music and video, using three different mobile devices. The 
measures used included: the time to complete the task, the 
success or failure of each task, the number of attempts, 
perception metrics, like feeling about the handsets before 
and after one hour’s use (affinity), perceived cost, perceived 
weight of handset, ease of use, perceived time to complete 
the tasks and satisfaction. In the summary findings they 
included in addition to qualitative findings, the summative 
usability metric (SUM), based on work by Sauro and 
Kindlund [24] This is a quantitative model for combining 
usability metrics into a single score. The focus of SUM is 

on task completion, task time, error counts per task and 
post-task satisfaction rating, each of these four metrics, 
once standardized, contributing equally to the calculation of 
the SUM score. While this was a large scale usability 
evaluation study, in which both usability quantitative and 
qualitative measures were used, the produced report, 
seemed to include both usability findings and comparative 
quantitative measures that were effective in communicating 
the quality in use of the evaluated devices. One concern 
related with this study, is the fact that there seem to be lack 
of consideration on issues of mobility and the effect of the 
mobility dimension on the user experience.  

A similar case is the study of Jokela et al. [16], who 
proposed two composite attributes the Relative average 
efficiency (RAE) and the Relative overall usability (ROU) 
which however do not take in consideration the specific 
characteristics of mobile devices.  Finally an alternative 
approach, focusing on social interaction, is the evaluation 
study reported by Szymanski et al. [26], which analyses 
user activity while touring a historic house with the Sotto 
Voce mobile guide. 

IN SEARCH OF A USABILITY EVALUATION METHOD 
In the rest of the paper, we describe our own experience 
with conducting usability evaluation studies of mobile 
applications over the last years and conclude with an outline 
of a methodological proposal for measuring usability in 
such contexts. An example of a typical usability evaluation 
study of a mobile application from our own experience is a 
collaborative game supported by PDAs in a cultural-
historical museum [27], [25], an earlier version of which 
was discussed in [6].   

One of the characteristics of these mobile applications was 
that they were context sensitive, allowed interaction with 
objects in the environment (e.g. scan RFID tags), in order to 
harvest information or make gestures for interacting with 
the application, while there was a strong social aspect as 
users acted mostly in groups.  Evaluation studies were 
conducted in various phases of design of these applications. 
Earlier in design time, these were laboratory based. One 
limitation of the lab evaluation approach was that it was 
particularly difficult to reconstruct the context of use, given 
the above characteristics (social aspect, interaction with 
objects of the environment etc.). One approach used was to 
create scenarios and run them in a simulated environment. 
Sketches of the scenarios that included incidents of 
interaction were built at these early stages (see Figure 1) 
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 Figure 1. Inheritance museum game sketch 

Then these scenarios were transformed in more detailed 
models of the activity, see figure 2 for a task model of the 
Inheritance Museum Game, using CTT [20]. These models 
were then used for formative evaluation of the design in the 
lab, using low fidelity prototypes. No quantitative 
measurements were made during this phase, while 
interaction was fragmented and focused in specific aspects 
of the interaction and tasks, like navigation, scan of 
exhibits, exchange of harvested information between group 
members, etc. 

 Figure 2. Task model of the inheritance museum game using CTT notation [20]. 

High Fidelity Prototypes Usability Evaluation 
As soon as high fidelity prototypes of the application were 
made available, more extensive and systematic studies were 
conducted in the lab, in terms of subjects and tasks. In this 
case the task execution was recorded using video and audio 
recording equipment.  In the final phase, a study was 
conducted in the field, following a micro-ethnographic 
approach, which involves, typical users, engaged with the 
application for a limited period of time, following a given 
scenario, without any intervention of the evaluators.  

In order not to miss important contextual information, 
multiple video cameras were used in this study. Two of 
them were steadily placed in positions overlooking the 
museum halls, while the third one was handled by an 
operator who tenderly followed the users from a convenient 
distance. One member of each group wore a small audio 
recorder in order to capture the dialogues between them, 
while interacting with the application and the environment. 
Furthermore, snapshots of the PDA screens were captured 
during the collaborative activity at a constant rate and 
stored in PDA's memory. After the completion of the study 
the guide, who was member of the evaluator team, 
interviewed the users, asking them to provide their opinion 

and experiences from the activity in the museum, while a 
week later they were asked to report their experience.  

In order to analyze all the collected data, we used 
ActivityLens (Figure 4) that has already been effectively 
used in similar studies [6, 25].  

Three usability experts, with different level of experience, 
analyzed the collected data, in order to increase the 
reliability of the findings. Initially, we created a new 
ActivityLens Study including 4 projects (each project 
concerns the observations of a team). We studied then the 
integrated multimedia files and annotated the most 
interesting interaction episodes. It should be clarified that 
we wished to evaluate the performance of each team and 
not individual team members. The performed analysis 
through ActivityLens revealed several problems related to 
user interaction with the device and the overall setting, 
given the social and physical context of use. In figure 3 the 
dimensions of analysis used are outlined, these include in 
addition to typical user device interaction, user-user 
interaction, user –setting interaction, while observed 
phenomena were related to other aspects, like interaction of 
the mobile devices with the infrastructure and other 
applications.   
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Various usability problems observed were unexpected and 
need further investigation, for instance the use of scrollbar 
in the textual description of the exhibits. The typical users 
were not familiar with the procedure of scrolling on a PDA 
using a stylus, a task necessitating both hands, while 
various cases of split attentional resources were observed.  

Quantitative measures of usability beyond the standard 
performance and user satisfaction measures need however 
yet to be defined. Inspired by the literature, discussed also 
in the survey part of this paper, we currently work towards 
defining a number of combined measures related to the 
dimensions outlined in Figure 3.  

Figure 3. Dimensions of analysis of observed behaviour 

In addition, and using the ActivityLens tool that integrates a 
model-based view with observational data, we plan to relate 
usability problems found to the task structure, the 
dimensions of interaction and a classification of usability 
problems scheme (e.g. the user action framework [1]), 
extending it in order to accommodate the characteristics of 
mobile applications. 

  
  

Figure 4. The ActivityLens analysis environment, annotation 
of video recording and mapping to task model. 

CONCLUSION 
In this paper, we discussed issues related with measuring 
usability of mobile applications. It has been argued that the 
nature of these applications necessitate new methods and 
tools for measuring their usability. Issues like study of 
attentional resources and mobility need to be included in the 
usability measures. Survey of current practice demonstrated 
that so far most usability evaluation studies are of 
qualitative nature, while quantitative measure of usability 
used are mostly related to well established general purpose 
attributes of usability, like effectiveness, efficiency and user 
satisfaction.  However as the mobile applications field 
matures and the usability evaluation methods become more 
reliable and theoretically understood, the specific 
characteristics and requirements of mobile applications, that 
become pervasive in modern societies, we feel that there 
will be accordingly adapted. 
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ABSTRACT 
In this paper we propose how and why the concept of user 
experience (UX) could be used in the analysis of user 
interfaces of complex systems. Complex systems often 
relate to work and professional usage of tools. In this 
context UX is typically not considered a meaningful 
attribute. As opposed to that, we feel that experience is 
especially important in work-related contexts as it has a 
link to development of good work practice, job 
satisfaction, and motivation. Thus, in this paper we 
describe how we think that UX should and could be made 
operational in the analysis of ICT tools used in various 
kinds of work. 

Author Keywords 
User experience, activity theory, practice, systems 
usability. 

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

INTRODUCTION 
In this paper we describe how the concept of user 
experience UX could be, and why it should be considered 
in the analysis of complex system user interfaces. With 
complex systems we refer to ICT (information and 
communication technology) based tools that are used in 
work that can be characterised as outcome critical from 
the point of view of society. Such works include for 
example control of power plants (including nuclear), 
control of other industrial plants (manufacturing and 
process industry), manoeuvring of large ships, command 
and control of emergency services, command and control 
of traffic systems etc. Also smaller scale systems such as 
patient monitoring can be considered to belong to the 
class of complex systems. What is in common with all of 
the above mentioned systems is that the work conducted 
with them is demanding and requires thorough training. 

The systems can also be characterised complex socio-technical 
systems [1] because they comprise both social and technical 
components which have to work together in a uniform manner 
to produce the desired outcome.  

The traditional approach to the analyses of the quality and 
functioning of complex socio-technical systems has been 
safety. From a human factors point of view this line of thought 
means the effort of minimising the possibility of human errors.  

Recently, the focus of the human factors research in safety 
critical complex systems has been extended to cover also the 
possible positive effects of the human components of the 
systems for example in tackling unexpected situations. But 
even a more systemic approach has been proposed which 
emphasises the transaction of the technical and human 
elements, and their mutual development [2]. A new notion of 
“joint cognitive systems” (JCS) proposed recently by 
Hollnagel and Woods represents the system-oriented point of 
view [3]. JCS presents the idea that from a functional point of 
view, human and technology constitute a unified system. 
While in the traditional Human-Computer Interaction (HCI) or 
Cognitive System Engineering (CSE) approaches a structural 
perspective was dominant and the information flow between 
two separate elements, i.e. human and technology was in 
focus, in the JCS approach the intelligent features and patterns 
of functioning of the unit should be the focus of design. From 
this perspective, rather than safety alone, an overall adaptive 
functioning of the system becomes a relevant success 
criterion. For example features that are typically considered 
within usability research may be linked to more global risk 
and reliability features.  

Our approach proposed recently under the title “systems 
usability” [4] is another example of a system-oriented 
approach. We have proposed how to tackle safety and 
usability issues in an integrated way in empirical analysis and 
practical design connections. We have also demonstrated that 
exploiting the concept of activity of the cultural historical 
activity theory (CHAT) opens a possibility to consider system 
functionalities more comprehensively than just dealing with 
the user interface [see also 5]. In our work we have become 
aware that experience of usage of complex tools is an intrinsic 
element in understanding capabilities and willingness of users 
to adopt new tools and technologies. We see however, that 
research and innovation is needed to develop an approach that 
in an appropriate way comprehends user experience of 
complex professional technologies. The aim of this paper is an 
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outline on which bases and how we would like to proceed 
in this work.  

EXPERIENCE IN THE DYNAMICS OF ACTIVITY  
Considering user experience is not a well developed 
research area with CHAT. Kaptelinin and Nardi (2006) in 
their recent account on “activity theory and interaction” 
touch the topic only briefly. They see that CHAT has 
potential to consider the role of emotions in the design 
and use of technologies but that challenging theoretical 
and conceptual work has to be accomplished.      

Developing Mediations in Action  
We take one of the basic ideas of CHAT that all human 
action is mediated by tools and signs [6] as our starting 
point. CHAT has traditionally focused particularly in the 
role of material tools [7]. Symbolic mediation has been 
the focus of semiotics. Within it, the pragmatist semiotics 
founded by Charles Sanders Peirce [8], has close 
resemblance to CHAT, and great relevance to 
understanding mediated action of the modern age.  In 
CHAT it is also maintained that development of human 
activity becomes evident in human beings becoming 
capable of making environmental features as signs of new 
possibilities of action. People experience new mediations 
as emotionally meaningful events, “decisive events” [9]. 
These events provide leverage for activity and create new 
motives. Drawing on Ch. S. Peirce, Koski-Jännes notes 
further that the strength of mediation is then greater when 
all the different sign aspects - iconic showing 
resemblance, indexical pointing to or identifying 
specifics, and symbolic creating generalized connections 
– are all present. A symbolic connection has emerged 
when a sign awakens awareness of a more comprehensive 
context, significance and worth of the event by the actor. 

A further basic notion of CHAT that we consider relevant 
is, that creating new meaningful and emotionally 
experienced mediations is a process that takes place in a 
“potential space” in which (a child and adult) the user and 
the designer jointly experience and develop the mediation 
function. In this space the tool or sign does not yet have 
established the mediating function but receives attention 
and interest as it is, as is typical for play or art. We have 
borrowed these ideas from Leiman [10], but they are close 
to those of the so-called instrument genesis theory, too 
[11]. The “potential space” is clearly an 
intercommunicational space.  

The principles are the basics of understanding the 
development of mediated action. Hence, they should be 
relevant in understanding how practices and tools should 
be developed and how to proceed in evaluating their 
maturity. At the present state, we observe tools and tool 
usage from two distinct perspectives. First we pay 
attention to the function of tools in activity, and, second, 
we consider how people experience technology in usage. 

Both aspects are incorporated in the analysis frame we have 
labelled “contextual assessment of systems usability”.    

Functional Approach to Analysis of Use Technology 
In a technology development oriented analysis of an activity 
system the tools that are used in the activity are the key 
element of analysis. According to the theory the tools mediate 
the role between the actor and the object of activity; it is with 
tools that the actor can affect his/her environment. The tool’s 
effect on the environment is called its instrumental function. 
Our interpretation is that the instrumental function refers to the 
same phenomena as “effectiveness and efficiency” in the 
prevailing ISO definition [12] of usability. Exploiting activity 
theory, the tools in an activity system have also further 
functions from instrumental. The second function of a tool is 
its psychological function. This refers to the tool’s ability to 
shape the actor’s understanding of the world. Use of a tool 
gives the actor concepts and schemas concerning the world, 
which enable some cognitive processes such as reflection of 
own behaviour and learning. Recently an addition to the 
functions of tools has been proposed by a prominent advocate 
of media theory Georg Rückriem [13]. Thus the third function 
of a tool is its communicative function.  This means that tools 
act as mediators that shape our shared understanding and 
awareness of the surrounding world. Tools are a manifestation 
of our culture and communicate meanings among human 
beings.  

Our claim is that good tools must satisfy all of the three above 
mentioned functions before they can be considered appropriate 
for a particular activity.  

Phenomenological Approach to Analysis of Use of 
Technology 
The phenomenological tradition in philosophy and social 
sciences has traditionally considered interesting and worth 
while to understand how people experience world, and also 
technology. Drawing on this tradition John Ihde has proposed 
his idea of “phenomenology of technics” [14]. Ihde identifies 
three forms of experiencing human-technology-environment 
relationships. These are the embodiment, hermeneutic and the 
alterity relationships. In the first variant, technology, when 
functioning well, is experienced invisible and as merging with 
the human body. In the second technology is experienced as 
part of the environment and interpreted as signs denoting 
environmental possibilities. In the third variant the focus of 
experience is on technology as another agent like the human 
him/herself. This approach does not assume that people 
necessarily conceive technology as mediator or in a particular 
function. It is interested in the user’s experience of 
coordination with technology. This is, of course, a very 
relevant aspect when considering usability of technology from 
UX point of view. We see, that understanding experience of 
this coordination provides added value to our attempt to 
understand users’ experience of the functions of tools and 
technologies. 
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Systemic Approach to Analysis of Use of Technology 
We have earlier introduced the concept of systems 
usability which provides a systemic approach to 
understanding use of technology. In the approach we have 
conceptualised what constitutes quality of tools in an 
activity system. We see that the quality of tools becomes 
visible in the practice of usage. Good tools promote good 
work practices! Further, the good practice, and its 
measures can be made operational by analysing the 
domain and the result critical functions of the particular 
activity. 

The systems usability approach presumes the following 
principles for the analysis of use of technology. 

1. The analysis should be contextual. The quality 
requirements for tools are determined by the 
objectives and purposes of the domain. The 
domain knowledge is elicited by modelling the 
critical functions and resources of the domain 

2. The analysis should be holistic. The users, tools, 
and the environment constitute one system the 
functioning of which is the focus of analysis. We 
do not only analyse how the users affect the 
environment with the technical system, but also 
vice versa: how the environment and the system 
have an effect on user. 

We have used the systemic approach to the analysis of use 
of technology in the development of evaluation 
framework: Contextual Assessment of Systems Usability 
(CASU). In evaluating technology with CASU we make a 
difference between the outcome of action and the mode of 
action. This means that although a task may be completed 
(the outcome is the desired one) there might still be 
problems in the way of reaching the outcome. For 
example the practice might be such that it somehow 
expends resources excessively. Thus the result cannot be 
considered as good as possible even though the objective 
has been accomplished. The two aspects of activity is 
included in the Core-task analysis approach, in which 
actual activity is distinguished from what it is a sign of, or 
what internal logic it refers to. The latter is the semiotic 
point of view which is represented by the concept of 
mode of activity. 

The third dimension (in addition to the outcome and 
mode) in the analysis of technology use is the experience 
of use. Thus in this type of analysis of technology use we 
combine the functional and the phenomenological 
approaches. 

EVALUATION OF EXPERIENCE 
Evaluating experience is not easy. Especially so-called 
objective evaluation of experience is at least extremely 
difficult, but it maybe also unnecessary as the 
phenomenon itself (the experience) is not objective by 

nature. We have connected the concept of experience of 
technology use to the functions that the tool has in an activity 
system (Table 1). With this we are able to infer which 
experiences have meaning in the particular context in which 
the technology is used. 

focus of analysis     

tool functions 

outcome of 
action 

mode of action experience 

instrumental task 
achievement, 
time, errors, 
objective 
reference 

meaningful 
routines 

experience of 
appropriate 
functioning 

psychological cognitive 
measures, 
SA, mental 
models 

coordination, 
control of own 
activity 

experience of 
fit for human 
use, experience 
of own 
competence, 
experience of 
trust in 
technology 

communicative amount and 
content of 
communicati
ons  

meaning of 
actions and 
communications 

experience of 
joint culture, 
tool as a sign of 
shared culture, 
experience of 
fit for own 
style 

Table 5. Classes of measures used in CASU framework. 

Measures of Experience 
The measures of experience are connected to the functions of 
the tools in the activity system. Above (Table 1) are stated 
also the classes of measures that are used in the functional 
evaluation of the tool. But only the measures related to 
experience are described in more detail. 

When the instrumental function is considered, the experience 
that we are trying to unveil is the experience of the 
appropriate, and probably embodied, functioning of the tool. 
This is the feeling that the tool functions as expected and that 
it is possible to use the tool for the purpose that it was 
designed for. 

In the psychological function the user experience is related to 
the tool’s fit for human use. For example the feeling that the 
tool functions as expected and that the user is able to use it are 
characterisations of experience in psychological function. If 
the experience is positive the users feel that they are 
competent users and they are able to formulate appropriate 
trust in technology (not over or under trust). 

The communicative function of technology is experienced in 
the community. If an individual user has an experience of 
belonging to a community (of practice) that shares the same 
objective and tools and also rules and norms, which all enable 
him to interpret the meaning of his fellow actors’ behaviours 
and tool usages. These are embodiments of positive user 



 

 48

experience concerning the communicative function of a 
tool. Further, the experience of the communicative 
function assumes that users’ are able to use the 
technology with their own style the fits their own identity 
and how they want others to perceive them. 

Data Concerning Experience 
In order to evaluate or measure the experience we need 
data concerning it. In our evaluations we have gathered 
data about the experiences with mainly two methods: 
observations and interviews. 

In the careful analysis of observation data it is possible to 
recognise experience related features in the users’ 
behaviour. For example communications and statements 
about own actions give information about experiences. 
Very careful analysis of the usage is needed in order to 
understand the behavioural markers that are related to 
experiences. 

The other method to acquire data about experiences of use 
is the interview method. We have used interface 
interviews that are conducted after the use of the tool. In 
the interviews we specifically ask the user to comment 
how in his/her view the system works. Also a stimulated 
interview method in which the user comments his or her 
own use of technology is suitable in eliciting data 
concerning UX. 

CONCLUSIONS 
In the development of complex system interfaces it is 
especially important to understand how the potential users 
experience the new technology. The experience of work 
tools is an evolving phenomenon that might take different 
forms during the technology life cycle. There is a 
difference in comparison to the development of different 
consumer products in which the experience is often 
connected to the decision to buy the product. With work 
related tools the user is not necessarily the same person 
who makes the decision to buy the particular tool. This 
means that the role of experience is also different. The 
need for positive user experiences is rooted in the need for 
the users to have high motivation in their work and also to 
carry out their work with appropriate work practices. 
Experience is related to both these concepts. If the tools in 
the work are experienced somehow negatively this has an 
effect on the whole activity system. An contrary, positive 
experience and activeness is  raised if tools can be seen to 
support professionally and personally worthy 
development in the activity.   

We see that development of new mediations that 
technologies enable takes place in the “potential space” in 
which the role and features of technology have not yet 
been crystallised. In this space a communication and 
mutual understanding between technology developers and 

users is a natural and indispensable element. UX is part of this 
dialogue. 
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ABSTRACT 
A growing number of psychometric scales have been 
developed to measure a plethora of constructs within the 
umbrella term, User Experience (UX).  Unfortunately, 
selecting an appropriate scale for UX can be difficult for the 
usability practitioner.  Based on psychometric scale 
development literature, the Scale Adoption Framework for 
Evaluation (SAFE) has been designed to support 
practitioners in selecting appropriate scales.  The SAFE is 
presented in this paper, with an example of how it could be 
used.  However, utilizing the SAFE has emphasised the 
difficulty in selecting suitable measures, revealing that the 
SAFE will not solve this issue in isolation.  Two main 
challenges are presented for the VUUM workshop: more 
explicit and transparent descriptions of psychometric scale 
development, and a need for more sensitive psychometric 
scales.  Future work should build on these challenges by 
consulting usability practitioners directly. 

Author Keywords 
Psychometric scale development, evaluation, UCD. 

ACM Classification Keywords 
H.1.2.,User/Machine System: Design, Experimentation, 
Human Factors, Measurement. 

INTRODUCTION 
This paper is concerned with psychometric scale 
development and its adoption by practitioners within the 
User-Centred Design (UCD) process.  There are many 
illustrative texts and practical examples of psychometric 
scale development in psychology literature, e.g., [4, 21, and 
26]. Interpreting this literature can be difficult however; the 
majority of psychometric literature is written for an 
assumed audience that will have either psychology or 

statistics expertise.  In this paper, the Scale Adoption 
Framework for Evaluation (SAFE) is presented and has 
been developed in an effort to support practitioners before 
selecting psychometric scales.  A psychometric scale is a 
form of measurement used to assess abstract qualia 
subjectively experienced by an individual (e.g., individuals’ 
personality, their emotional states, and interpersonal trust). 
From this point forward, ‘psychometric scale,’ will be 
referred to simply as, ‘scale.’  The SAFE is intended to help 
inform practitioners, who may not have a psychology or 
psychometric background, about the essential properties of 
valid and reliable measures.  To achieve this, the SAFE 
illustrates the most important elements that a practitioner 
should look for when adopting a measure, to ensure that it 
is sufficiently robust and accurately measuring the construct 
that the practitioner needs, and it claims to measure. 

Before presenting the SAFE, the UCD process is briefly 
reviewed emphasising how psychometric measurement of 
users’ subjective experience supports the evaluation of 
products.  The reasoning behind why it was believed that 
the SAFE would be helpful for practitioners is then 
presented.  In the next section, we discuss development and 
evaluation of psychometric measures, specifically focusing 
on what is particularly pertinent to practitioners when 
selecting a measure.  This led to the development of the 
SAFE.  An example of how to utilise the SAFE is 
illustrated. Initial use of the SAFE to select a measure of 
emotion indicated several challenges, which has led to 
conclusions and recommendations for future research. 

Measuring Usability and User Experience for UCD 
User-Centred Design (UCD) is a design philosophy that 
focuses on the needs and interests of users and emphasises 
making products usable and understandable [20].  There 
have been many descriptions of UCD in the literature that 
vary in the nomenclature used.  Nonetheless, [5] identified 
three principles for user-centred system design, which are 
still prevalent in the majority of the UCD descriptions, 
these are: 1) a user focus from the beginning and 
throughout the process, 2) measurement of system usage, 
and 3) iterative design.  As [3] noted, the two editions of the 
Handbook for HCI, e.g., [7], also emphasise the three UCD 
principles proposed by [5].  Despite recent suggestion that 
the emphasis on evaluation in [5] and [7] is dated [3] and 
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not always appropriate [6], evaluation is undeniably an 
important aspect in UCD, often achieved via measurement. 

Measurement of system usage by practitioners involved in 
UCD is often concerned with usability evaluation, i.e., are 
the products easy and comfortable to use, safe, effective, 
efficient, and easy to learn how to use?  These usability 
evaluations have been done through objective (e.g., time or 
physiology) and subjective (e.g., perceptions, attitudes, and 
other scales of psychological constructs) measurement and 
are typically based on at least one of three dimensions 
outlined by ISO 9241-11 [13], which are: Efficiency, 
Effectiveness, and Satisfaction.  

Subjective evaluation is often done via questionnaires, 
described as both the most versatile, but also most often 
misused research tool for HCI [19].  Despite [19]’s caveat 
and support for questionnaire design, development, and 
appropriate use, it appears that the questionnaire remains 
misused almost twenty years later.  For example, using 
[13]’s dimensions, [12] demonstrated that while the 
measurement of both Efficiency and Effectiveness is 
relatively straightforward and measured in similar fashion 
among UCD practitioners, the measurement of users’ 
Satisfaction is diverse.  This diversity is illustrated by 
findings indicating that only 11% of satisfaction scales used 
by practitioners are established (i.e., valid and reliable) 
[12]. Furthermore, [12] reported that the 89% of 
“homegrown” measures vary greatly in terms of reliability, 
and so, recommend that practitioners should use established 
scales. This is not a new recommendation.  For example, 
[15] emphasised that, “questionnaires should be elegant in 
terms of their reliability, validity and human factors appeal” 
(pg. 210).  It is in this vein that [11] proposed a model to 
support practitioners when selecting the best approach for 
usability evaluation.  His model outlines six approaches for 
evaluating usability, both objectively and subjectively for 
each of the three usability dimensions noted within the ISO 
standard above.  Extending from [11]’s model, this paper 
focuses on subjective approaches to usability evaluation. 

Obviously, performance criteria related to Efficiency and 
Effectiveness are important for consumer products, 
especially in the case of safety, comfort, and learnability.  
Particularly for consumer products, however, it has been 
increasingly accepted that other requirements related to 
Satisfaction should also be considered.  Using a product 
should be enjoyable, engaging, and appealing [e.g., 1, 8]. 
These requirements have often been discussed as part of the 
User Experience (UX).  UX has been particularly important 
given the migration from the workplace, ubiquity and 
growth of technology in the home, and the emergence of 
‘intelligent’ and perhaps more complex products. 
Nevertheless, like usability satisfaction, UX has numerous 
subjective meanings that are dependent not only on the 
individual, but also the context of interaction. Given the 
growing importance of UX evaluation, [12] findings 

regarding the low percentage of established satisfaction 
scales being used by practitioners becomes even more 
poignant.  If practitioners are creating or implementing 
scales that do not provide valid or reliable results, this could 
seriously compromise evaluations of constructs critical to 
the success of a product (e.g., trust measures for users’ 
perceived trustworthiness of an e-commerce website).  This 
paper supports [12]’s position recommending that 
practitioners should use established scales, but greater 
emphasis is placed on supporting practitioners when 
selecting existing scales.  To do this, steps are taken to 
further understand the benefits of using scales from a 
psychometric perspective, and their contribution to the UX 
evaluation process.    

Using Scales in User Experience 
Psychometric scales have often been employed for 
evaluation when measurements are required across a 
number of studies to determine some psychological 
construct (e.g., emotion, trust).  This method enables users 
to subjectively quantify their experiences, which map onto a 
construct.  These findings then indicate to practitioners how 
a product could be improved.  This use of scales has 
provided a number of advantages: 1) it enables testing of 
large quantities of participants over short periods of time, at 
relatively low cost, which is practical since time and 
financial resources to conduct user-studies have usually 
been limited, 2) it is an easy to apply technique (although 
scale development is more time-consuming and complex), 
and 3) it has usually been non-intrusive for participants. 

To support design decisions regarding the dimensions of 
UX through evaluation, scales must first be developed 
based on a UX construct definition.  For example, emotion 
and affect are ambiguous terms but are often postulated as 
integral to designing UX, e.g., [14].  This ambiguity stems 
from the literature itself.  [22] differentiate between the 
terminology ‘affect’, ‘emotions’, ‘moods dispositions’ and 
‘preferences’ (pg. 124).  They note that difficulty in 
answering the question, “what is an emotion?” is related to 
the interchangeable use of the terms ‘emotion’, ‘emotional’, 
and ‘affect.’ An example of this can be seen in [23] in an 
attempt to clarify this ambiguity in their use of terminology, 
“emotional and affective will be used interchangeably as 
adjectives describing either physical or cognitive 
components of emotion, although ‘affective’ will 
sometimes be used in a broader sense than ‘emotional” (pg. 
24).  This ambiguity stresses the importance of evaluating 
UX dimensions with scales based on specific constructs.  

One possible reason for the apparent lack of psychometric 
scale usage for UX could be due to practitioners simply not 
being familiar with the exhaustive process needed to create 
a new scale.  Choosing whether a scale is appropriate for a 
particular product is difficult given that part of this decision 
involves understanding scale construction, which is perhaps 
limited to those with psychology or statistics expertise.  It is 
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anticipated that new psychometric scales will be developed 
to evaluate UX [e.g., 10].  Given the high percentage of 
homegrown measures used to measure satisfaction and the 
similarities between UX and satisfaction (both are 
subjective and abstract constructs), it is possible that the 
nature of UX will inadvertently encourage its practitioners 
to develop their own scales without properly recognising 
issues such as scale validity and reliability.  If this were to 
occur, then it would only serve to propagate questions 
concerning the validity and reliability of UX evaluation.  To 
prevent this possibility, this paper presents the Scale 
Adoption Framework for Evaluation (SAFE), which is 
intended to encourage and support practitioners to select 
established scales for UX, rather than utilising homegrown 
ones.  But if a homegrown one must be used, then the 
SAFE also provides a starting point for practitioners to 
consider what is vital when attempting to construct a valid 
and reliable scale. 

THE SAFE DEVELOPMENT APPROACH 
Based on several methodological and statistical texts that 
discuss (aspects of) scale development [e.g., 2, 21, 26], the 
SAFE was created to portray the key elements of scale 
development that are, debatably, essential for scale 
construction.  As shown in Figure 1, the SAFE is composed 
of three elements.  Within each element, on the left, a 
description of the aim that developers have when 
considering the scale in scale construction is provided. 
Additionally, for each of these elements three key aspects 
are emphasized for practitioner’s to consider when deciding 
on a scale for their usability or UX evaluation.  The 
pertinent aspects of these elements are as follows: 

1. Construct definition – confirming that the scale construct 
(abstract qualia to be measured) is suitable.  

1a) Theory – is concerned with whether scale 
developers have based their proposed construct on a 
strong theoretical foundation following a literature 
review, experiments, or consultation with domain 
experts.  If this is not done, then there are fundamental 
questions regarding what the scale is measuring, 
despite possibly being valid and reliable (see below). 

1b) Clarity – recommends that the theory behind the 
construct is clear, coherent, and straight to the point.  If 
this is not the case, it becomes more difficult for the 
practitioner to decide whether the theory adequately 
describes the construct. 

1c) Discriminating – acknowledges that it is important 
for scale developers to also consider what the construct 
does not include at a theoretical level.  For the 
practitioner, this will simply mean that it will make it 
easier to see what the scale does and does not measure. 

2) Scale validity – the extent to which a tool or method 
measures what it is intended to measure. 

2a) Construct validity – it is important that practitioners 
see evidence from developers that the constructed   
scale  shows   some  sort  of  relation  (via 

2) Scale validity

Aim of scale validity

The extent to which a scale 
measures what it intend to 

measure

Pertinent questions regarding scale validity for practitioners 
when adopting a scale

2a) Construct 
validity 2b) Context 2c) Sample

3) Scale reliability

Aim of scale reliability

Ensure that the measure 
consistently reflects the 

construct, not only 
internally (cronbach’s

alpha) but also over time 
(test-retest)

Pertinent questions regarding scale reliability for practitioners 
when adopting a scale

3a) Inter-item 
reliability

3b) Test-retest 
reliability

1) Construct definition

Aim of 
construct definition

This is arguably the most 
important element of scale 
development: good scale 

items cannot be formulated 
without it. Determine what 

you are and are not 
intending to measure. 

Pertinent questions regarding construct definition for 
practitioners when adopting a scale

1a) Is the construct 
grounded in 

theory? 

1b) Clarity: need to 
know what you 
measure is not 
ambiguous and 

confused, when it is 
you are unsure of 

what you are 
measuring. 

1c) Discriminating: 
you must know that 

you are not 
measuring 

something that you 
are not intending to 

measure 
(confound).

Figure 1: Scale Adoption Framework for Evaluation (SAFE) 

prediction or correlation) with existing 
measures/behaviours connected to the construct.  For 
further information see [2] and [26]. 

2b) Context – practitioners must be aware of the 
context of use that the developers first envisaged when 
they constructed their scale.  If practitioners use a scale 
in a context that was not originally envisaged by 
developers, then the validity (and reliability) of the 
scale could be compromised. 

2c) Sample – similar to Context, this aspect asks 
practitioners to be aware of the sample (i.e., users) that 
developers used when constructing the scale.  If, in the 
opinion of the practitioner, this is distinctly different 
from the sample that s/he is intending to recruit, then 
this could compromise scale validity and reliability. 

3) Scale reliability – the extent the tool provides stable 
results across repeated administrations. 

3a) Inter-item reliability – Measured via Cronbach’s 
alpha or split-half reliability, it determines what extent 
scale items measure the same construct that it is said to 
be measuring accurately.  Generally, Cronbach’s alpha 
of .7 is a recommended minimum, though higher 
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Cronbach’s alpha are said to be necessary depending 
on the construct that is said to be measured.  

3b) Test-retest reliability – Much like Inter-item 
reliability, this aspect tests how reliable the scale is 
when individuals are retested with the same scale.  The 
level of test-retest reliability depends on what is said to 
be measured, but again, a good rule of thumb is .7.  

Example of the SAFE usage 
To initially ascertain whether or not the SAFE would 
support usability practitioners, the authors of this paper 
utilised the SAFE to review four established psychometric 
scales (Table 1).  For this, the original publications of these 
psychometric scales were obtained.  The scales have all 
been referenced in relation to their use in usability 
evaluations and are purposively concerned with disparate 
constructs that are all related to usability, satisfaction, and 
UX.  In Table 1 the four psychometric scales and their 
adherence to the attributes of SAFE are tabulated. 

As seen in Table 1, the four scales do not adhere to all of 
the SAFE attributes.  Nonetheless, all of these scales are 
established and have been used to measure their respective 
constructs in publications.  It is noted then, that it is not 
always possible or necessary to create scales that fully meet 
the SAFE requirements discussed above.  This decision is 
down to the practitioner and whether or not the scale can be 
accepted.  To determine how the use of SAFE can support 
practitioners in selecting appropriate scales, several case 
studies conducted in an industrial setting are now discussed.  

Determining the Affective Response of Participants: 
Feedback from Case Studies 
In many consumer application studies, a key question often 
addressed is, what is the affective response of participants 
when using the product being tested?  In several projects, 
ranging from studies investigating users’ affective response 
to environments that present coloured lighting effects [9, 
16], to game applications [28], different measures to obtain 
participants’ affective state were used: Self Assessment 
Manikin [17], Activation-Deactivation (AD-ACL, [27]), 
pleasure and arousal as evoked by environmental factors 
[24], and intrinsic motivation inventory (IMI [29]).  These 
instruments are all claimed to be established measures.  It is 
important to realise though that these instruments, as well 
as other affect scales that are often used in the context of 
UX studies, were never developed with possible application 
of usability testing for consumer applications in mind. 
These scales originate, for example, from research in the 
field of organizational psychology (e.g., IMI), or clinical 
psychology (e.g., AD-ACL). 

Unfortunately, alternative measures do not seem to be 
readily available.  Other means such as psycho- 
physiological measures have many drawbacks, especially in 
the context of testing consumer applications.  So, it seems 
inevitable to adopt these scales, such as the SAM, which is 

being used extensively in usability testing.  Without going 
into a detailed description of the above mentioned studies, 
this section provides a number of discussion points with 
respect to the use of these scales, and some lessons learned. 
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Table 1: Example use of the SAFE2 

• A general issue with several of the scales used is that 
quite often the scores obtained for different conditions do 
not show any significant differences.  Obviously, a range 
of causes might have contributed; the conditions not 
being distinct enough, too many variables in play, 
selection and number of participants, or the scales not 
being sensitive enough.  The first two possibilities are 
related to the fact that the studies in question are 
conducted in an ecologically valid setting, resulting in 
conditions that are not too extreme, and relatively rich in 
features.  After all, in an industry context, testing 
applications in a realistic setting is very important.  

• One could also wonder if these measures are effective in 
typical usability test conditions that often involve a 
relatively limited number of participants. 

• The SAM consists of three subscales, pleasure, arousal, 
and dominance.  The last subscale, however, is quite 
often not well understood by participants, even when 
provided with the official instructions as recommended 
[17].  A growing number of researchers have decided to 
simply no longer include the dominance subscale in their 
tests.  This raises questions regarding the underlying 
construct of the scale, or at least questions with regard to 
applicability of part of the construct in a usability test. 

• Valence measures (i.e., pleasure scales) quite often show 
ceiling effects; obtained scores tend towards the positive 
end of the scale.  In many cases, such strong positive 
scores are already obtained in connection with a baseline 
condition.  That is, even before the participants 
experienced the device or condition under investigation, 

                                                           
2 Table will be illustrated further in the VUUM workshop. 
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they are in a positive state, and this continues for the test, 
unless something dramatic happens to impact mood. 

• Finally, self-report measures are associated with a 
number of well-known issues: 
o Participants’ answers might be biased or guided by 

what the participants think is the “right” answer, or by 
socially desirable answers.  Furthermore, the discussed 
self-reports are retrospective and, thus, potentially 
subject to distortions. 

o In the case of SAM, such self-report issues might be 
strengthened because it is a measure that involves only 
three subscales, making it easy to remember what one 
filled in before the test condition, for example. 

DISCUSSION 
The aim of the SAFE is to support the selection of 
psychometric scales for usability and UX evaluations.  The 
development of the SAFE has built on previous tools to 
support practitioners in selecting and adopting 
psychometric scales. For example, [11]’s proposed model 
that outlined six approaches to measuring usability.  The 
SAFE has been developed to support the selection of 
psychometric scales for (subjective) usability satisfaction 
and UX, supporting [12]’s and [15]’s position 
recommending that practitioners should use established 
scales.  The example use of the SAFE in this paper 
considered existing scales related to the broad notion of 
(subjective) usability satisfaction and UX. A number of 
discussion points emerged. 

First, it became apparent that gathering the information to 
complete the SAFE was not as easy as initially anticipated.  
The main reason for this was that scales are developed in 
many different ways, (e.g., using different formats and 
statistical tests).  This diversity is also reflected in the 
language used to describe scale development.  Translating 
the original publications of the scales to complete the SAFE 
required an understanding of the development of 
psychometric scales.  It is not anticipated that all 
practitioners wishing to conduct an evaluation will have this 
required expertise or time. It is proposed that developers are 
more transparent in their scale description when publishing 
their developed scales; [19] is a good example to follow.   

Secondly, the majority of usability scales were developed in 
the 1990s, between 10 and 20 years ago. There are potential 
issues surrounding measures of this age, which practitioners 
should consider.  For example, the majority of usability 
scales were developed for workplace systems where tasks 
are structured and efficiency is of primary importance.  
When choosing measures to evaluate systems for the home, 
these factors may not be as prominent in design.   

In addition, the relative age of these scales may affect 
validity, considering the type of systems that would have 
been used when these scales were developed.  Therefore, 

the practitioner should consider that the original context of 
scale development may have an effect on the reliability and 
validity versus today.  Thus it is suggested that practitioners 
should at least acknowledge this and, if there is no time to 
develop another scale, be aware of the potential problems 
that could arise when reviewing findings.  

Thirdly, to the knowledge of this paper’s authors, there is 
no authority textbook to support the selection of 
psychometric measures specifically for UCD and UX. 
Given the abstract constructs that practitioners will be 
required to measure in UX, a textbook to support and 
explain to practitioners the advantages of using 
psychometric measures, and how they are developed, would 
perhaps increase the validity and reliability of UX scales 
utilised by practitioners, regardless of whether or not these 
scales are homegrown.  It should, however, be noted that 
there are some good texts related to the development of 
scales for the HCI domain.  For example, [15] describe a 
‘basic lifecycle of a questionnaire’ and call for a ‘battery’ of 
scales to be developed for HCI.  They describe the need to 
achieve validity and reliability, but not how this is done. 
Another important focus is the importance of language and 
choice of scale, amongst others.  The SAFE builds on this 
work by supporting the choice of appropriate scales. 

It seems that the call for a battery of psychometric measures 
[15] has been met and the HCI community is now entering 
a second generation of evaluation methods.  Whilst the 
community has a battery of scales to support evaluation and 
design, it is clear that the context for usage is now being 
stretched.  It is hoped that the SAFE will iterate to 
practitioners that just utilising a psychometric scale does 
not determine if constructs being measured are valid in 
every situation, and that using a psychometric scale does 
not guarantee significant findings.  In other words, a 
psychometric scale can be the wrong measure for 
evaluating a system.  Using the SAFE should encourage 
practitioners to question appropriate use of scales.  
Nonetheless, the example use of the SAFE to select a 
psychometric scale in the UX example SAM [17], among 
others, illustrates the need for new scale development.  

Please note that this paper does not discuss scale norms.  
Psychometric scale norms are not reported in many UX 
studies.  Norms would provide the researcher with the 
ability to compare findings with other studies (assuming the 
studies were sufficiently controlled) in the same way that 
personality and intelligence of individuals can be compared.   

CONCLUSIONS  
The preliminary development and example use of the 
SAFE, a tool to support practitioners in selecting 
appropriate psychometric scales, was illustrated in this 
paper.  Two conclusions have emerged, these are: 

• It can be daunting and difficult to gauge whether or not a 
scale is based on a robust construct, and if the scale is 
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valid and reliable.  This should be clearer in future 
publications of scales. 

• New scales are required to measure new constructs and 
overcome ceiling effects due to the new emphasis on 
augmenting existing and enjoyable experiences.  

These challenges are pertinent to the VUUM workshop, and 
can be elaborated on for presentation and discussion.   

The SAFE has been developed to support practitioners in 
adopting established psychometric measures.  Nonetheless, 
the SAFE model still has to be evaluated by practitioners.  
We intend to build on the SAFE and develop it into a useful 
and usable design tool, via evaluation with practitioners.  
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ABSTRACT 
Usability measures are required for defining clear, 
unambiguous usability targets for a system or product to be 
developed. A two-level approach for defining usability 
targets is proposed. Strategic usability measures are used to 
define the usability targets at business level. Operational 
usability measures are used to define the usability targets at 
the level of user performance. Different usability measures 
are required for each of the two levels. 

INTRODUCTION AND RATIONALE 
It is generally agreed as a good project management 
practice to define clear, measurable targets for product3 
quality characteristics. Clear quality targets provide a clear 
direction of work and acceptance criteria for the product 
under development.  

In practice, however, usability targets are quite seldom 
among the measurable goals in system or product 
development projects. One of the consequences of not 
having usability goals is that other project objectives 
dominate and usability is considered only as a secondary 
objective of a project. The result is a product with usability 
problems.  

Thereby, usability practitioners should aim for defining 
measurable usability targets and thereby also make their 
work and role more important in the projects. 

The relevance of measuring usability is generally accepted 
in literature, for example in (Good, Spine et al. 1986) 
(Wixon and Wilson 1997) (Gulliksen, Göransson et al. 
2005) (Jokela, Koivumaa et al. 2006) (Whiteside, Bennett 

                                                           
3 or system 

et al. 1988), (Hix and Hartson 1993), (Gould and Lewis 
1985)m (Nielsen 1993) (Mayhew 1999) (Dumas and 
Redish 1993) (Bevan and Macleod 1994) (Macleod, 
Bowden et al. 1997) (Maguire 1998) (Bevan, Claridge et al. 
2002) (ANSI 2001) (Butler 1985) (Karat 1997).  

In this paper, we propose a two-level approach for 
measurable usability targets. Strategic usability measures 
are used to define the usability targets at business level. 
Operational usability measures are used to define the 
usability targets at the level of user performance. Different 
usability measures are required for each of the two levels. 

The approach presented in this paper is not fully evaluated. 
Examples of partial application of the approach are 
provided.  

ON USABILITY TARGETS AND MEASURES 
Usability is not a generic “on/off” characteristic - one 
basically cannot state that a product is usable or not usable. 
Instead, usability is a continuous variable. Thereby, when a 
product is developed, it is not viable to aim at “good 
usability” at a generic level. Instead, one should define the 
level of usability that one is aiming at. In other words, clear 
measurable usability targets are required.  

We basically have two questions when defining usability 
targets:  

1. What are the appropriate usability measures to be 
used in the development project? 

2. What are the appropriate usability targets, i.e. the 
target values for the measures?  

But the matter, however, is more complex. The challenging 
question is: what is the process of finding answers to the 
questions above? In other words:  

1. How does one determine the appropriate usability 
measures? 

2. How does one set the appropriate usability targets 
(target values for the measures)?  

While usability is not an on/off thing, neither is the process 
of developing usability: one can carry out some basic low-
cost usability activities, or one can use a lot of resources for 
the usability activities. If a project team aims to achieve 
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ambitious usability targets, they obviously need more 
resources for usability activities. If the usability targets are 
modest, less usability work is probably adequate.  

Therefore, setting usability targets is necessarily a question 
of how much usability resources to assign for a 
development project. And thereby setting usability targets 

becomes a business issue: how many resources and how 
much money to assign on usability activities.   

The conclusion is that the basis defining usability targets -
and usability measures - is the business context of the 
product under development. One should analyse and 
understand the business context, in order to be able to set 
the appropriate usability targets.  

 

 

Figure 1. The JFunnel usability life-cycle model 

THE TWO SETS OF USABILITY TARGETS  
We use the JFunnel4 model (illustrated in Figure 1) as a 
reference of usability life cycle.  

There are two activities related to the determination of 
usability targets, and thereby to the determination of 
appropriate usability measures:  

• (0) Strategic usability targets 
• (3) Operational usability targets 
The strategic usability targets define usability goals at the 
business level. The operational usability targets define the 
usability goals the product level. The achievement of the 
usability targets is later checked in the usability verification 
activity (7).  

                                                           
4 JFunnel is a process model used by Joticon. Its earlier 
version is the KESSU model of the author, reported e.g. in  
Jokela, T. (2007). 

Strategic Usability Targets 
Strategic usability targets are used to define the impact of 
usability at business level: what is the economical and 
competitive advantage of usability. Strategic usability 
targets can be defined in terms of attributes known as 
‘business benefits of usability” (Bias and Mayhew 1994) , 
such as: 

• Reduced training time 
• Better system acceptance 
• Savings in support costs 
• No need of a user manual, or a smaller one 
• Improved efficiency of users’ work 
• Better user satisfaction 
• Savings in development costs 
• Etc.  
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A company may choose different levels of ambition in 
strategic usability objectives. High-level ambition leads to a 
need of more usability resources; lower level strategic 
usability objectives can be reached with fewer resources. 
For example, a system that is learnable without training is 
obviously more challenging to develop than one without 
such a target.  

Strategic usability targets should be discussed and decided 
with business management. 

Operational Usability Targets 
Strategic usability targets form the basis for operational 
usability targets. 

While strategic usability targets are the ultimate goals for 
usability, they are too high-level issues to concretely guide 
the development process. Operational usability targets are 
more concrete, and they provide guidance for the design.  

The main reference of defining usability measures is 
probably the definition of usability from ISO 9241-11: “the 
extent to which a product can be used by specified users to 
achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use” (ISO/IEC 1998). 
In brief, the definition means that usability requirements are 
based on measures of users performing tasks with the 
product to be developed.  

• An example of an effectiveness measure is the 
percentage of users who can successfully complete a task.  

• Efficiency can be measured by the mean time needed 
to successfully complete a task. 

The operational usability targets are derived from the 
strategic ones. For example:  

• If a strategic target is set to be that the product under 
development should be learnable without training, the 
operational usability targets define what exactly the users 
should learn.  

• If a strategic target is to improve the efficiency of 
users’ work, operational usability targets define what 
exactly are those user tasks that should be more efficient. 

EXAMPLES 
The approach is partially applied in a couple of case 
studies.  

A Health Care System 
The user analysis of a healthcare system revealed that 
doctors do not attend training sessions of new information 
systems. Thereby, it was seen a business benefit if the new 
system would be learnable without doctors attending the 
training sessions. Through this, one would achieve good 
acceptance of the system by doctors. In other words, we 
had an obvious strategic usability target: the system should 
be learnable without training.  

The operational level usability targets would then define 
what exactly are those things that should be “learnable 
without training”. In practice, this would mean the 
definition of those tasks that the user should be able to do 
without training.  

At the context of this project, usability work has not (yet) 
continued beyond the level of defining strategic usability 
targets.   

A Position Tracking Product  
This is a type of product the use of which requires special 
expertise by the user. In other words, it is not feasible that a 
person without any background knowledge would be able 
to use the product just by intuition.  

When defining the business objectives, it was therefore 
decided that the users would be categorised into two main 
groups: those that have previously used a similar product, 
and those that are novices. It was decided as a design target 
that those users with earlier experience should be able to 
use the product intuitively, without training or user manual. 
This is an obvious strategic usability target: the product 
should be intuitively learnable by non-novice users.  

During the next step, the user tasks were identified, from 
the introduction of the product to the daily use of the 
product. Operational targets were that the users should be 
able to carry out these tasks without training.    

For the other user group – novices – the objective was set 
that a user should be able to take the product into use 
without assistance of sales person. (the detailed discussion 
of this is not in the scope of this paper.   

This case study is at the phase where the user interface has 
been designed at the ‘paper prototype’ level and software 
development is in progress.  

DISCUSSION 
In this paper, a two-level approach for defining usability 
targets is proposed. The approach is meant to “identify 
practical strategies for selecting appropriate usability 
measures and instruments that meet contextual 
requirements, including commercial contexts” (in the Call 
for papers of VUUM).  

The specific feature of the proposed approach is that 
usability targets should be business driven. In some 
business contexts ambitious usability targets are 
appropriate, while in other contexts more modest usability 
targets may be justified.  

Two preliminary case studies are presented. In both of 
these cases, a strategic business benefit (among others) was 
identified as “learnability without training”. The strategic 
usability goals would be most likely different in other 
cases, depending on the business case and application 
domain.  
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ABSTRACT 
Worth-Centred Development uses worth maps to show 
expected associations between designs, user experiences 
and worthwhile outcomes.  Worth map elements focus 
support for Element Measurement Strategies and their 
selection of measures, targets and instruments.  An example 
is presented for a van hire web site to relate how and why 
user experience is measured in a worth-centred context. 
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INTRODUCTION 
The title of this paper is not in the style of Joda from Star 
Wars, but instead promises a worth-centred answer to 
“What is Worth Measuring”.  Interaction design has 
inherited a strong evaluation tradition from HCI, which 
largely reflects values from experimental psychology, 
bringing measures that will not be appropriate for all 
evaluations [4].  Rather than choose measures that matter to 
what a design is trying to achieve, usability evaluations 
re-use procedures and measures from cognitive psychology.  
In early usability work, psychologists applied measures that 
they were familiar with, using instruments and procedures 
refined for experimental validity [15]. 

There is a strong risk that affective psychology in user 
experience (UX) research will again privilege disciplinary 
values from psychology over professional practice values of 
Interaction Design.  The primary issue for choosing any 
measure or instrument is relevance to design purpose.  
Measures should reveal what we really need to know about 
a design, and not simply what psychology can ‘best’ tell us.   

 

There is thus a tension in the title of this workshop.  Valid 
Useful User Experience Measurement (VUUM) may only 
be possible on balance, that is, we may have to trade-off 
validity, when judged by psychometric standards, in return 
for relevance, that is, what makes measures matter.  The 
tension goes once we ignore psychometric disciplinary 
values, and see validity as a question of relevance rather 
than repeatability or objectivity.  Even so, prejudice either 
way in relation to psychometric standards would be wrong: 
we want neither a ‘tail’ that ‘wags the dog’, nor a ‘baby’ 
that is ‘thrown out with the bathwater’.  Psychometric 
approaches from affective psychology should be allowed to 
prove their worth, but we should not assume this.  There is 
enough evidence from usability engineering that cognitive 
performance such as time on task, error rate, task 
completion and task conformance are not always the 
appropriate measures.  Too often, usability engineers were 
like ‘drunks under the lamppost’, looking for dropped keys 
where the light is best, and not where they actually lost 
them.  A starting place for relevant measures, to continue 
the analogy, is where the keys were dropped, and not where 
the light is best: we should ground all evaluation purpose in 
design purpose, not in favoured measures. 

We need to clearly express what an interaction design seeks 
to achieve, and from this derive and/or anchor evaluation 
strategies.  This workshop paper motivates and outlines an 
approach to grounding Element Measurement Strategies 
(EMS) in worth maps, the anchor approach in 
Worth-Centred Development (WCD).    Next, the logic of 
WCD is briefly motivated, and the evolution of worth maps 
is summarised.  Next, the anchoring of an EMS is 
presented.  The final section presents a van hire example.  

WORTH AND EVALUATION 
Worth is a balance of value over costs.  A worthwhile 
design delivers sufficient value to its intended beneficiaries 
to outweigh costs of ownership and usage.  The benefits of 
the ends (design purpose) outweigh costs arising from the 
means (design features and composition).  Although 
originally used as a near synonym for value, to avoid 
confusing value and values [3], worth actually subsumes 
value as one half of its cost-benefit balance.  Worth-Centred 
Development (WCD) thus needs a survey of costs, including 
adverse outcomes (as opposed to worthwhile ones).  
Designing becomes more complicated, requiring constant 
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consideration of purchase, ownership and usage costs in 
context, and reflecting on the extent to which achievable 
value could sufficiently offset such costs. 

In [3], worth was introduced in the sense of “such as to 
justify or repay; deserving; bringing compensation for”.  
Elaborating on this, ‘worth’ deserves (or compensates) 
whatever is invested in it, whether this is money (repay), or 
time, energy or commitment (justify).  In short, worth is a 
motivator.  Thus differing motivations of users, sponsors 
and other stakeholders must be understood, as must factors 
that will de-motivate them, perhaps so much that 
(perceived) costs outweigh (perceived) benefits, when a 
design will almost certainly fail in use and/or the market. 

WCD broadens designing’s view on human motivation, 
realising that worth is the outcome of complex interactions 
of Herzberg’s motivators and hygiene factors [11].  The 
former are satisfiers and the latter are dissatisfiers.  For 
example, at work, salary is a hygiene factor, whereas 
advancement is a satisfier.  Cognitive and affective HCI 
have largely focused on hygiene factors.  Motivational HCI 
shifts the focus to Herzberg’s factors, and does not 
automatically associate positive impact with favourable 
hedonic factors, which may be short-lived and transient, 
with no long term impact.  This is immediately relevant to 
choosing UX measures.  Contrary to much current thought 
in HCI, there may often be no need, in summative 
evaluation at least, to measure hedonic factors.  If value can 
be demonstrated to be achieved in a worthwhile manner, 
i.e., with benefits outweighing costs, then one could assume 
that all contributory hedonic factors are good enough, and 
thus detailed measures of specific emotions would add 
nothing to a summative evaluation.  However, for formative 
evaluations where adverse hygiene factors do appear to 
increase costs, degrading or destroying intended worth, then 
measurement of hedonic factors could be essential. 

Worth thus turned out to be not only less ambiguous than 
value(s), but it also broadened design spaces to cover 
interacting benefits/value(s) and costs (price, usage and 
learning effort, synergies with existing product-service 
ecosystems).  However, moving from models of cost-benefit 
balances into evaluation criteria needs to be structured, as  
WCD as presented in [3] is less concrete and focused than 
Value-Centre Design (VCD, [2]).  An approach was needed 
to bridge between understandings of worth (in terms of 
costs and benefits) and worth-centred evaluation criteria.  
Worth Sketches and Worth Maps have provided this bridge. 

Worth Sketches and Worth Maps 
Korean research extended the VCD framework with 
approaches from consumer psychology.  Lee, Choi and 
Kim [12] took approaches from advertising and marketing 
and applied them to an existing design to explore the 
feasibility of grounding VCD in laddering and 
hierarchical value models (HVMs). 

Laddering has its origins in construct psychology’s 
repertory grids, developed as a clinical instrument to elicit 
people’s understandings of their relationships.  Having 
identified the significant people in their life, a respondent 
would be asked to contrast them, in the process exposing 
constructs that they used to describe personality and 
social relations.  Laddering takes elicitation further by 
asking what each construct means to the respondent, and 
applies this questioning recursively to each answer.  The 
result is a rich structure of what matters to someone, with 
personal constructs related via progressive questioning to 
an individual’s fundamental values.  Approaches have 
been transferred from therapeutic settings to marketing 
[10], where ladders become means-end chains, exposing 
perceived product benefits, especially ones relating to 
personal values.  Such elicited benefits form a basis for 
advertising messages or market positioning. 

Lee and colleagues’ published work is in Korean (Journal 
of the HCI Society of Korea 2(1), 13-24) but there is a 
draft manuscript in English [12].  Rather than apply 
laddering to existing designs (as in [10]), laddering 
concepts can be adapted into a design management 
approach.  [5] and [6] present WCD’s early keystone 
approach, Worth/Aversion Maps (W/AMs). 

W/AMs retained much of the structure of HVMs (formed 
by merging ladders at points of intersection).  
Specifically, they incorporated design elements as 
concrete and abstract product attributes and human 
elements as functional and psychosocial usage 
consequences.  These initial categories were quickly 
extended by a few example W/AMs in [5,6] to include 
physiological, environmental and economic 
consequences.  Use of Rokeach’s Instrumental and 
Terminal Values [13] in original HVMs was replaced by a 
single W/AM element type (worthwhile outcomes). 

In W/AMs, positive means-ends chains thus began with 
concrete product attributes and then could connect with 
worthwhile outcomes via qualities and a range of usage 
consequences. Negative means-end chains linked 
downover from concrete product attributes to adverse 
outcomes via defects and adverse usage consequences.  

Once people other than W/AMs’ inventor began to use 
them, it became clear that modifications were needed.  
During a WCD workshop for the VALU project 
(webhotel.tut.fi/projects/uservalues), a need became clear 
to split concrete product attributes into materials (basic 
unmodified technical system components) and features 
(technically coherent parameterisations, configurations or 
compositions of materials).  When applying W/AMs at 
Microsoft Research, it became clear that the extensive 
usage consequences were unwieldly.  Information hiding 
techniques were thus applied to replace all basic 
consequence types by a single human value element type 
of user experiences.  A comparison of Figure 1 below and 



 

 62

[5,6] will highlight significant changes from W/AMs to 
Worth Maps.  There is now no named distinction between 
Worth Maps and W/AMs, since worth by definition 
considers cost issues associated with product defects, 
adverse experiences and outcomes. 

EVALUATION MEASUREMENT STRATEGIES 
Worth Maps are network structures, drawn as box and 
arrow diagrams, with elements as nodes and associations as 
arcs (see Figure 1 later).  Paths up from feature elements to 
worthwhile outcomes constitute positive means-end chains, 
where associations between elements indicate a hoped for 
causal relationship.  These causal associations hopefully 
combine to deliver intended value in usage.  Paths down 
from features to adverse outcomes constitute negative 
means-end chains.   For a worthwhile interaction design, 
positive chains will outweigh negative ones in usage. 

Worth Map elements focus Element Measurement 
Strategies (EMSs), which can begin at the worth sketching 
stage [8], before associations between elements.  There are 
three types of positive element (worthwhile outcomes, 
worthwhile user experiences, qualities), three of negative 
elements (adverse outcomes, adverse user experiences, 
defects), and two of neutral element (features, materials).  
Elements also divide into human value elements (outcomes 
and experiences) and design elements (the rest).  

Initial worth sketch elements can be inspired, grounded, 
derived or otherwise created from a broad range of 
sensitivities [8,9].  A project team’s receptiveness to facts, 
theories, trends, ideas and past designs spreads the breadth 
of these sensitivities.  Some directly address human value(s) 
independently of specific technology usage.  Such human 
sensitivities form a basis for adding human value elements 
to a worth sketch (i.e., a worth map without associations 
[8,9]).  Other sensitivities concern creative craft possibilities 
and technological opportunities.  These form a basis for 
adding design elements to a worth sketch. 

An EMS decides on measures, instruments and targets for 
worth-centred elements.  It can start from a worth sketch, 
but is better supported once elements are associated.  
Furthermore, WCD survey data [5,6,9] that makes a worth 
map more receptive and expressive, and provide a rich 
context for the simple box label of a worth element.  The 
intended value statements of [2] are replaced by the balance 
of worth indicated by human value elements.  

Available information guides EMS selection of measures, 
instruments and targets.  An advantage of WCD is that one 
can identify opportunities for direct worth instrumentation 
(DWI, [6]) (self-instrumentation in [5]).  Here system 
features are added to capture evaluation data above low 
level system logging, substantially automating direct 
collection of relevant measures.  For example, if the 
intended worth for a university website includes increased 
student recruitment, then design could include a sales 

pipeline that tracks potential students from initial interest 
through downloads and registrations of interest, to 
interaction with admissions.  If, as preferred in VCD, 
evaluation planning is completed up to initial outlines of 
procedures (e.g., test plans) before detailed design 
completes, then this lets sales pipeline instrumentation 
features be added to the design (e.g., registration forms, 
downloadable content for registered prospects, information 
and advice service, active management of relationship with 
potential students through email and/or personalised web 
pages, integration with events and application process).  
These example features can measure engagement of 
potential students, tracking them through different stages of 
interest (i.e., registration, information downloads, use of 
information and advice service, use of personal pages, 
attendance at events, applying for entry).  WCD’s close 
synergies between design and evaluation would actually 
shape the design here.  DWI, like much measurement, 
changes the behaviour of what is measured, in this case 
through design features that not only measure engagement, 
but form a sales pipeline structure that actively increases 
engagement.  With DWI, the relative effectiveness of 
different features can be assessed, based on targets set for 
maximum drop outs at each stage of the sales pipeline.  
Ineffective features can be dropped and perhaps replaced, 
and poorly performing features can be improved.  

Evaluation should never be separated from design.  There 
will be no interplay between them if they are co-ordinated 
from the outset.  Interplay occurs between loosely coupled 
and potentially independent phenomena.  In HCI, design 
and evaluation have been so separated that their main 
relationship is interplay, but this is a fault line from HCI’s 
forced marriage between computing and psychology.  
Aligning evaluation purpose with design purpose replaces 
fault lines with synergies beyond unpredictable interplay.  
In particular, DWI goes beyond measuring design 
effectiveness to actually improving it (by adding features 
that combine instrumentation and user support). 

Evaluation in WCD 
Worth sketches and maps identify the main summative 
evaluation criteria for designs as worthwhile and adverse 
outcomes.  Evaluation criteria selection is an automatic 
by-product of worth sketching.  Worth maps refine sketched 
worthwhile and adverse outcomes as associations are 
added, since this often results in reflection on elements and 
consequent revisions to them.  For formative evaluation, all 
other elements may be measured to provide diagnostic 
information for iteration.  User experiences in worth maps 
are treated as means to the ends of worthwhile outcomes, 
but the quality of the UX will impact on the worth achieved 
by a design.  Thus formative measures of UX can become 
summative when costs of interaction reduce achieved 
worth.  However, the primary evaluation focus remains 
worthwhile outcomes, with UX only considered in so far as 
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it adds or detracts from the balance of worth.  Appropriate 
methods are indicated by the epoch within which evaluation 
criteria form.  Laboratory testing will thus be inadequate to 
measure value that takes days or weeks to be realised. 

AN EXAMPLE: A VAN HIRE WEB SITE 
Figure 1 below shows a worth map for a hypothetical van 
hire site, based on previous commercial UX work at 
Sunderland.  The map is populated by design elements 
(materials, features, qualities) and value elements (user 
experiences, outcomes).  Element colours are: yellow for 
worthwhile outcomes, pink for user experiences, light blue 
for qualities, grey for features, white for materials, and red 
edged for adverse outcomes.  Other negative elements 
(defects, adverse experiences) are omitted for simplicity. 

Any focus on UX measures would relate to the three user 
experience elements.  Figure 1 shows a divide between the 
experience of forming a good plan (at point of order) and 
the experience of being in control (seeded by a good plan 
but unfolding during actual van use).  This corresponds to a 
hiatus in user activity, which lets user testing in the hiring 
context (e.g., home, work) formatively explore confidence 
in quality of van hire plans up to confirmation of booking.  
Such formative evaluation should not be confused with 
summative evaluation, which should be worth-centred. In 
WCD, measuring achieved worth takes precedence over 
measuring UX. 

The main requirements for summative evaluation are to 

measure achievement of worthwhile outcomes (i.e., 
worthwhile economic transaction, pleasant sequel, 
successful gift/transfer/disposal and/or nicer home), plus the 
extent of the adverse outcomes (costs out of control, arrive 
late, load won’t fit, can’t collect van/ find depot).  The 
diamond ended arcs in Figure 1 are aversion blocks, which 
express claims that associated design elements will prevent 
adverse outcomes.  Measures can test these claims.  Most 
need instrumentation at the van hire depot, with data 
provided directly by customers/and or depot staff.  Others 
require instrumentation of customers soon after the end of a 
hire, again either with data provided directly at the depot by 
customers and/or staff, or via customer feedback web 
pages, phone or email surveys.  The ‘moments of truth’ of 
all the outcome measures are such that none can be 
measured through web-site user testing, and most cannot be 
fully measured until a customer has completed removal of 
goods, or abandoned delivery for some reason.  Referring 
back to this paper’s title, this is what “worth measuring” is. 

Worth measuring measures what matters, and what matters 
is worth.  In contrast, [1] associates the van hire W/AM 
from [5] with a user dissatisfaction and two difficulties: 

• Not offering exactly preferred type of van 
• Mistakenly booking for wrong dates or wrong type of van 
• Booking process taking longer than competitor systems 
The first and third have no impact relative to the worth map 
in Figure 1.  If saved time relative to any competitor matters 
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(regardless of overall achievable worth), then it must be 
added to the worth map as a worthwhile outcome.  
Similarly, if a specific type of van is required, in terms of 
the example worth map, its unavailability must impact on 
load handling, and would be covered by the failure to 
achieve a good plan.  Just liking Citroen Berlingos isn’t an 
issue though.  Clearly, date or van selection errors would 
lead to users experiencing a bad actual plan, and by 
implication a failure of the qualities in Figure 1.  In short, 
these are at best low level formative evaluation concerns 
that could be explored following failures in worthwhile 
outcomes.  If not, then the worth map is wrong.  Such a 
conclusion may often be reached during EMS formation, 
where designs can be fixed before they even form in detail. 

[1] endorses advice in [15] to base targets on an existing 
system or previous version, strongly competitive systems, 
or performing tasks with no computer.  However [15] 
advised that such (revisable) targets be chosen by the 
development team, engaging engineering staff in 
user-centred design but giving them control of development 
risks [6].  Importantly (but overlooked in [1]) over half of 
[15] addresses why they abandoned this approach [6]. 

For the VUUM focus, we must state when UX measures 
become important.  In WCD, they are secondary to worth 
measures.  Note that a pleasant sequel, that is good times 
after hiring a van, is a worthwhile outcome that may follow 
from the UXs of receiving good value and feeling in 
control.  The coalescing of these experiences minimizes 
potential attrition from van hire, which may otherwise lead 
to disappointment, frustration and/or fatigue.  It is important 
to include worth elements that capture the impact of 
interactions on user resources for subsequent activities. 

Where UX measures do not concern worthwhile outcomes, 
their role is largely formative.  UX measures tend to be 
associated with emotion (e.g., joy) or meaning (e.g., fun, 
trust).  A now common view in HCI is that these can and 
should be measured in isolation.  This however ignores the 
reality that UXs are holistic, taking their coherence from the 
meanings that coalesce during them. Feelings, beliefs, 
system usage, system response and actions in the world are 
almost inseparable in the unfolding of coherent experiences.  
Measuring emotions has to be related to their role.  At each 
point in a UX, emotions increase or reduce a user’s 
confidence and comfort with the progress of interaction.  
Each strong emotion both evaluates the immediate past and 
judges the immediate future. Emotions indicate comfort 
with the experience so far, and expectations for the 
remaining experience.  They are bound up in interpretation 
and anticipation of something, from which they are 
inseparable.  Emotions must thus be measured in the 
context of UXs with the aim of understanding their impact 
within the dynamics of UX.  Once again, formal measures 
should not become relevant until summative evaluation of 
achieved worth has indicated degradation or destruction as 

a result of poor design.  In short, you don’t measure UX 
until you know you have specific problems with worth.  
When you do, measures become valid and useful in so far 
as they can locate causes of degraded or destroyed worth in 
poor UXs that fail to coalesce into their intended positive 
meanings (or, for adverse experiences, achieve an 
anticipated but adverse meaning that must be avoided). 

In WCD, UXs are named to reflect their expected 
meanings.  When summative evaluation reveals a shortfall 
in achieved worth, formative evaluation needs to explore 
why.  Working into the centre of a worth map from 
outcomes, the next elements to look at are worthwhile and 
adverse UXs.  UX Frames (UEFs) are a WCD notation that 
supports a detailed focus on the unfolding of UX.  They 
have a flexible table format.  The example schematic UEF 
in Figure 2 includes feelings, beliefs, system usage, system 
response and actions in the world but other UX aspects 

could be added, and existing ones removed.  The contents 
of a UEF depend on the UX being represented. 

The schematic rotates a UEF, which is normally a table of 
columns below a header of outcomes and a footer of 
features and qualities.  Header and footer items correspond 
to associated worth map elements for the UX.  Column 
items are time ordered, with the most recent at the top.  In 
the schematic, time runs left to right.  The dotted arrow 
represents an abstract scenario, indicating how specific 
features and/or qualities give rise to feelings, then beliefs, 
that lead on to usage, further feelings and beliefs, further 
system usage and response an action in the world and then 
one last feeling that closes the meaning of the user 
experience and gives rise to associated outcomes. 

There is not space to provide a detailed UEF example.  The 
purpose of Figure 2 is to illustrate the context within which 
emotions and meanings form.  It is this context that 
identifies relevant emotions and user interpretations that 
could be measured in formative evaluation. A range of 
instruments could be designed to collect specific measures, 
including semantic differentials, questionnaires, playback 
(think aloud in response to video replay), facial expression 
monitoring, and video analysis.  Similarly, user perceptions 
of qualities in Figure 1 can be measured using some of 
these instruments, especially semantic differentials. 

feelings 

system usage 
system response 

actions in the world 

beliefs 
 

features 
and 

qualities 

 

outcomes

Figure 2. Schematic User Experience Frame (UEF) 
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CONCLUSION 
The purpose of this paper is to show how and when relevant 
measures can be identified.  Only once success criteria and 
related design and interaction elements are identified in 
context can selection of measures, targets and instruments 
proceed.  Evaluators have to be instrument makers, but this 
should not be their key skill.  Instead they should work 
closely with design and related roles in a project team to 
isolate the critical success and failure factors for a proposed 
system.  Sensitivities, worth sketching and worth mapping 
are WCD approaches that structure a process that identifies 
critical factors as worthwhile and adverse outcomes.  These 
become the major focus for summative evaluation in WCD. 

Much UX research in HCI is currently approaching 
evaluation from another position, which assumes the value 
of measuring emotions in isolation, without regard to their 
actual role in UX.  This approach also looks for affective 
psychology for measures and instruments.  As with 
usability in 1980s HCI, this position starts with a set of 
disciplinary assumptions that do not hold for designing as a 
creative, holistic, judgemental activity.  We do not design 
for specific emotions without regard to context.  Instead, we 
design for positive experiences of which emotions are only 
one aspect.  Meanings and outcomes bring emotions with 
them, and not vice-versa.  We must thus measure emotions 
only where needed, and mostly in formative evaluation. 

We must trade proven validity of generic psychometric 
tools for relevance of evaluation measures in design 
contexts.  The purpose of evaluation is to support design, 
not psychology.  This paper has focused on WCD 
approaches to highlight what matters in evaluation, as 
opposed to what can be easily or reliably measured.  Where 
the two conflict, design’s values take precedence over 
science’s.  Science can support design, but not direct it.  
Designing is a creative activity involving much judgement 
and interpretation, and this must extend to evaluation too.  
If HCI evaluation remains a (pseudo-) scientific silo 
alongside interaction design, its influence and effectiveness 
will stagnate.  We have an opportunity in early UX research 
to avoid the mistakes of usability evaluation, which 
uncritically applied measures, instruments and procedures 
from cognitive psychology.  It would be wrong for affective 
psychology to take UX evaluation into the same blind alley 
of evaluation methods with little downstream utility. 

The D in WCD stands for development, not design.  WCD 
takes a holistic view of development that allocates clear 
synergistic roles to design and evaluation, unified around 
the common purpose of achieving intended worth.  This 
holistic context, supported by representations such as UEFs 
and worth maps, lets us identify key criteria for summative 
evaluation and potential diagnostic measures for formative 
evaluation.  UX measures largely relate to the latter.  If 
intended worth is demonstrably achievable through 
interaction with a design, there is little need for detailed 

measurement of UX.  The latter is generally a means to an 
end, not an end in itself.  By placing UX in a worth-centred 
context, WCD guards against inappropriate use of measures 
and instruments from affective psychology.  The key 
requirement is to understand evaluation in a development 
context, and not as a scientific enterprise. 
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ABSTRACT 
There are several metrics used to gather experience data that 
rely on the user opinions.  A common approach is to use 
surveys.  This paper describes a small empirical study that 
was designed to test the validity, and shed light on, opinion 
data from children that was gathered using the 
Smileyometer from the Fun Toolkit.   

This study looked at the ratings that children gave to three 
different interactive technology installations, and compared 
the ratings that they gave before use (expectations) with 
ratings they gave after use (experience).  Each child rated at 
least two of the installations and most rated all three  

Different ratings were given for the different installations; 
this suggests that children can, and do, discriminate between 
different experiences.  In addition, three quarters of the 
children, having encountered the product, changed their 
minds on at least one occasion and gave a different rating 
after use than they had before.   Finally, the results showed 
that in most cases, children expected a lot from the 
technologies and their after use rating confirmed that this 
was what they had got.     

KEYWORDS 
Fun Toolkit, User Experience, Children, Smileyometer, 
Errors  

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

 

INTRODUCTION 
Asking children about technologies is a commonly used 
method for evaluation, especially where opinions or some 
measure of experience is required.  Determining what 
children think about technologies can give insights into 
software appeal and can provide a designer or developer 
with feedback as well as with a very useful endorsement of 
a product.  Many academic papers, especially design papers, 
use the opinions of end users as an indication of value or 
worth.   

Collecting children’s opinions is not always straightforward 
and there are several known hurdles that need to be 
overcome if the opinions that are gathered are to have real 
value.  Where opinions are elicited by questioning, an area 
of concern is the degree to which the child understands the 
question being asked. Answering questions in complex as 
not only does the child need to understand and interpret the 
question being asked, retrieving relevant information from 
memory, and integrating this information into a summarised 
judgment, in most cases the child then has to code the 
answer in some way, typically using rating scales.  
.Researchers often discuss the importance of the question-
answer process in determining the reliability of responses 
provided by children in surveys [1].  

Factors that impact on question answering include 
developmental effects (the child may be too young to 
understand); language (the child may not have the words 
needed), reading age (the child might be unable to read the 
question), and motor abilities (the child may be unable to 
write neatly enough), as well as temperamental effects 
including confidence, self-belief and the desire to please.   
Another factor, especially evident in surveys where 
respondents are being asked to pass attitudinal judgments 
[2], is the degree to which the respondent satisfices or 
optimises his or her answers.   

For validity in a survey, optimising is the preferred process.  
Optimising occurs when a survey respondent goes 
thoughtfully and carefully through all three or four stages of 
the question and answer sequence.  Thus, the respondent 
will ensure that he or she understands what the question is 
really about, will take care to retrieve an appropriate answer, 
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will think about how the response should be articulated in 
order to make it clear what he or she is thinking, and, where 
there is a rating to apply, will carefully consider where on 
the rating scale each answer should be placed.   

Satisficing is a midway approach (less good than optimising 
but better than guessing!) and occurs when a respondent 
gives more or less superficial responses that generally 
appear reasonable or acceptable, but without having so 
carefully gone through all the steps involved in the question-
answer process.  Satisficing is not to do with guessing 
answers or choosing random responses, it is to do with 
picking a suitable answer.  The degree or level of satisficing 
is known to be related to the motivation of the respondent, 
the difficulties of the task, and the cognitive abilities of the 
respondent [3].   

Especially because of motivation and cognitive maturity, it 
is the case that children are prone to satisficing - they find 
survey participation difficult and often lack the abilities to 
articulate answers or to fully understand the questions.   

As well as there being concerns with children’s responses to 
questions given at a moment in time, there are also concerns 
about the stability of these responses over time, both of 
these concerns affect the reliability of self-reported data 
from children.  It is generally considered that all that can be 
elicited from a survey is a general feel for a product or a 
concept with a particular group of children at a particular 
time, e.g. [4].   This is not especially good news for 
researchers hoping to evaluate user experience with 
children, but there is some comfort in that, in HCI work, the 
reliability of responses is generally not critical (as could be 
the case where a child is being interviewed as part of a 
criminal investigation).   

Given the general difficulties of surveying children, there 
are several useful approaches that can be taken to make the 
process more valuable and at least satisfactory for all the 
parties.   One of these is to use specially designed tools that 
fit the task of evaluating user experience for children [5], 
[6].  These tools may be easy to use but because they are 
relatively novel, they may be unreliable and may be used 
inappropriately.  The remainder of this paper describes a 
suite of tools, the Fun Toolkit [7], and then looks at one tool 
in particular, the Smileyometer, before describing a study 
that tested the reliability of the Smileyometer and the use of 
it with children. 

THE FUN TOOLKIT 
The fun toolkit is a selection of tools that have been 
designed to gather opinions from children about interactive 
technology.   They use only essential language, lend 
themselves well to the use of pictures and gluing and 
sticking for input, they are fun and attractive, and they 
reduce some of the effects of satisficing.   

The Three Main Tools 
The Fun Toolkit was originally proposed to have four tools. 
Over time, this original fun toolkit, has been tested and 
evaluated with the result that it is now considered to be 
sufficient to have three main tools for use.  These are the 
tools described here. 

The Smileyometer (shown in Figure 1) is a discrete visual 
analogue scale (VAS).  Research has shown that children 
aged around seven and over can use these VAS effectively 
and so, for the Fun Toolkit, this was an obvious choice of 
tool to consider [8].  In validations of the Smileyometer, 
studies by the authors and others have shown VAS to be 
useful for considerably younger children than was 
previously reported, but it should also be noted that when 
these scales are used to elicit opinions about software or 
hardware products, younger children are inclined to almost 
always indicate the highest score on the scale [9].   

During use children are asked to tick one face.  This makes 
it a very easy tool for the children, but it also includes 
textual information to improve the validity. The 
Smileyometer can be easily coded; it is common to 
apportion scores of 1 to 5 for the different faces; if used in 
this way.  

 

Figure 1. The Smileyometer 

The Smileyometer has been used in many studies to rate 
experienced but also anticipated fun; in the latter case the 
child is asked, before an experience, to tick a face according 
to ‘How much fun will it be?’   

In many evaluation studies, the desire is not to carry out an 
isolated evaluation but to rank a series of connected or 
competing activities or technologies.  These comparative 
evaluations can help the evaluator determine which may be 
more appealing or which may be least fun.  Repeated 
instances of the Smileyometer can be used but the Fun-
Sorter, a variation on a repertory grid test [10], can be useful 
in this context.   The Fun-Sorter (shown in Figure 2) has one 
or more constructs and a divided line (or table) that has as 
many spaces in it as there are activities to be compared.  The 
children either write the activities in the spaces, or for 
younger children, picture cards can be made and placed on 
the empty grid.   
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Figure 2. A completed Fun-Sorter 

The attractiveness of the Fun-Sorter, over repeated use of 
the Smileyometer or the Fun-Sorter is that it forces the 
children to rank the items or activities in order.  Where the 
Smileyometer has been used for comparative studies, the 
tendency of children to give maximum ratings to products 
inevitably makes it difficult to see which item, from a set of 
four, is the least fun.   

The ‘Again–Again’ tool (see Figure 3) can also be used to 
compare activities / events.  This table lists some activities 
or instances on the left hand side, and has three columns 
headed Yes, Maybe, and No.   

 

Figure 3.  Part of an Again–Again table 

The child ticks either yes, maybe or no for each activity, 
having in each case considered the question ‘Would you like 
to do this again?’ The background to this is that, for most 
children, a fun activity would be wanted to be repeated! 

Tests of the Validity of the Fun Toolkit Instruments 
The Fun toolkit has been around for quite some time now 
and has been evaluated in several studies.  The major 
findings to date have been that; 

• Children almost always pick 5 for everything, this 
is more the case the younger the children (REF 
Removed) – Either, everything children see is 
great, or, children see everything as great! 

• Children tend to report their experience as being 
the same as their expectation (REF Removed) – 
This suggests that what is seen at the beginning is 
very important 

• The Smileyometer is measuring Fun rather than 
Usability (REF Removed)  

• The tools, when used together, give similar results 
(REF Removed) – This suggests that the tools are 
fundamentally not flawed and that children know 
what they are doing when they use them. 

Of these findings, there are several research questions that 
merit further study.  In the work that reported that children 
‘got what they expected’, the technologies being evaluated 
were all attractive and were quite ‘even’ in their 
attractiveness.  Whether this result would hold with less 
attractive technology was worth investigating as it was 
hoped, but not known, that children would be able to 
discriminate more than that research study suggested! 

THE STUDY 
In this study, a group of children were given the 
Smileyometer to rate three different technology experiences.  
There were three hypotheses: 

1. Children would give different overall experienced 
(after fun) ratings according to the predicted 
experiences of the three technology installations 

2. Children would generally rate the technologies 
highly, with 5 being a common score 

3. Some of the children would demonstrate 
discriminatory behaviour according to their 
expected and experienced fun that would align with 
the predictions of the evaluators. 

Method 
The study took place at a Mess day at the University of 
Central Lancashire.  24 children aged 6 and 7 (9 girls, the 
rest boys) came to the lab and each child took part in 10 
minute activities on the three technologies in question.  The 
technologies were intended to offer different user 
experiences. 

• Interface A was a tangible block game that was 
entirely novel to the children, it looked fun, was 
very easy to play, and it was expected that all the 
children would enjoy playing it. 
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• Interface B was a PDA application that was 
probably new to most of the children, it looked 
interesting, it was not especially easy to use (due to 
the size of the stylus), and the children were 
expected to find it rather dull as they were carrying 
out a writing activity. 

• Interface C was a laptop PC with paint installed on 
it.  This was not especially novel but was expected 
to be greeted with enthusiasm by the children.  
However, there was a catch as the interface was 
relatively difficult to work due to there being no 
mouse attached to the computer and so children 
had to draw using the touch pad.  Thus, it was 
expected that most children would find this hard. 

Children moved around the activities in a predetermined 
order.  Each child moved from A to B to C but this was in a 
cyclic order and so some began with C (then moved on to A 
and B), others started with B (and moved to C then A).  
Some children only visited two applications as there were 
other activities happening in the room that they were 
involved in.  The children came to each application in 
groups of four and each child participated.   

On arriving at an activity, the activity was briefly described, 
the children were told what they were going to do and 
shown the technology (but it was not demonstrated), then 
the child completed a ‘Before Smileyometer’ to indicate 
how much fun they thought it was going to be.  Having 
completed the activity, the child then completed an ‘After 
Smileyometer’ (the before version was hidden from view at 
this point) to indicate how much fun the activity had been. 

The scores from the children were coded as follows: 
Brilliant = 5, Really good = 4, Good = 3, Not very good = 2, 
Awful = 1. 

At the end of the activity the children were thanked for their 
assistance and given certificates to take home. 

Results 
In total, 59 pairs of ratings were gathered.  16 of these 
related to Interface A, 21 related to Interface B, and 22 
related to Interface C.  The average before and after ratings 
for the three interfaces are shown in Table 1: 

 Interface A Interface B Interface C 

Before 4.75 3.71 4.36 

After 4.75 3.52 3.64 

Number 
rating 

16 21 22 

Table 6. Average ratings, before and after 

For Interface A, all but two of the children gave a 5 rating 
for expected (before) fun and all but two children (a 
different two), gave a 5 for experienced (after) fun. 

For Interface B, 10 children gave it 5 before playing and 9 
gave it 9 after playing with the other children rating it from 
1 – 4 in both cases. 

Interface C was rated at 5 by 14 children before it was 
played and by 9 after playing.  The other children rated it at 
3 or 4 before playing and between 1 and 4 after playing. 

Across the interfaces there were some trends in respect of 
individual children, six of the twenty four, in every instance 
gave the same ratings before they used the technology as 
they did after use.  Another six never changed their ratings 
by more than one from before use to after use, whereas half 
the children, on at least one occasion made a shift of two or 
more.  Overall, the score of 5 before and 5 after was the 
most popular choice.  Table 2 shows the frequency and 
spread of the different scores, the row indicates the after 
score, the column the before score. 

25 3 3 1  5 after 

3 3 3 1  4 after 

5 2 1 1  3 after 

5     2 after 

1  1  1 1 after 

5 
before 

4 
before 

3 
before 

2 
before 

1 
before 

 

Table 7. The 59 results 

This table shows that out of the 59 pairs, 25 were rated (5,5) 
– it also shows that only one interface was rated as ‘awful’ 
before use, and only 3 rated as awful after use. 

Discussion 
The results found in this study confirmed the three 
hypotheses whilst also indicating some interesting areas for 
further study.   

Looking at the average ratings in Table 1, it appears that 
children rated fun differently in each interface with there 
being a large difference between interface A and the other 
two.  Given that interface A was designed to be a game, and 
the aim of the interface was to have fun, this result seems to 
indicate that children are able to discriminate for fun even 
when using such a raw tool as the Smileyometer.  This was 
not previously reported as in earlier evaluations of the Fun 
Toolkit; the technologies being compared were very similar. 

Table 2, once again shows (as demonstrated in studies in [7] 
that on the whole, children will rate things with a maximum 
(5) score.  46 of the 59 ratings given overall included at least 
one five showing that children generally expect and 
experience high levels of fun, with their expectations (39 
with a 5), in this instance, appearing slightly higher than 
their experienced fun (32 with a 5), and evidenced by lower 
average ratings as seen in Table 1.   
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On interface C, the paint application, at least half the 
children experienced significant difficulties with the touch 
pad but the interface still got an average score that would 
indicate it was better than good and almost ‘really good’ and 
this confirms earlier results that suggest that children ‘put 
up’ with poor usability if what they experience is fun, and 
that fun, therefore, is more important than usability (a 
finding noted in [11]). 

Considering how the ratings changed from before to after it 
is interesting to note that interface C, which looked easy and 
familiar had a high rating for expected fun which fell once it 
had been played.  In this regard the children’s scoring 
matched the predictions of the evaluators.   

CONCLUSION 
This work shows some important trends for measuring the 
experience of children with technology.  It also adds to the already 
published work on the use of the Fun Toolkit and, specifically, the 
Smileyometer.  The relationship between expected and 
experienced fun has been shown to vary according to the 
technology being evaluated.   

Where good, fun technology is being evaluated, the children will, 
by and large, rate it very highly and the expected and experienced 
fun will hardly vary.  Where the technology is familiar but difficult 
to use, expectations will be quite high but children will adjust their 
ratings based on the experience with the product.  Technology that 
appears uninteresting will be rated lower before use than 
technology that appears interesting. 

Further work will explore the use of the other Fun Toolkit metrics 
with ‘less attractive’ and ‘less functional’ technologies and will 
test the ideas developed in this small study with a larger cohort of 
children and across a more diverse set of technologies. 
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ABSTRACT 
In this paper we present our preliminary findings of an 
informal comparison of different types of User eXperience 
(UX) measurements and methods during the field trial of a 
peer-to-peer file sharing application called Tribler.  
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INTRODUCTION 
Within the TUMCAT5 project, a generic, in-situ Testbed for 
UX measurements of Mobile, Context-Aware applicaTions 
is being developed. An informal comparison was made of 
TUMCAT findings from a first Tribler field trial, a 
laboratory usability test and an internet survey [2, 3]. In this 
paper we report some preliminary findings of a second 
comparative study. In this second Tribler field trial three 
studies (a longitudinal study with TUMCAT tools, an expert 
review and a laboratory test) are cross-validated on their 
ability to measure different User eXperience (UX) aspects. 
The measurements within the three studies were set up to 

                                                           
5 For more information on TUMCAT see: 
http://www.freeband.nl/project.cfm?id=1126&language=en 

answer UX research questions based on the UX 
framework as described in [3]. Below, the UX framework 
and different TUMCAT measurement tools are explained 
in more detail, followed by a description of the field trial, 
the results and some conclusions and future work.  

UX FRAMEWORK  
Shifts in focus from functional aspects of Information and 
Communication Technology (ICT) towards ICT as an 
integrated part of a user’s everyday life create a situation 
in which the success of a product in terms of value for the 
user can no longer be fully understood based on mere 
usability (e.g. efficiency, effectiveness, satisfaction, 
learnability, etc.). It becomes more apparent that the 
nature of user activity is opportunistic and situated,  based 
on the relation between individual predispositions 
(personality, norms/values, emotions/moods, goals and 
preferences, earlier experiences/knowledge, etc), product 
interaction and context (social, physical as well as virtual) 
[4].Furthermore  ICT increasingly influences our 
everyday experiences and emotions, which is often 
referred to as the UX [4, 5]. In [3] we presented a 
tentative framework for UX addressing the changes 
mentioned above. This framework draws heavily on 
research by Wright & McCarthy [4] and by Desmet & 
Hekkert [6], as well as on our own previous research [1]. 
The framework is meant to provide an overview of all 
possible aspects of UX. Further, it should help to identify 
(1) possible important product (interaction) aspects, such 
as design and context features that may play a role in the 
UX, and (2) suitable evaluation methods and instruments 
(see Section “From UX Framework to Measurements”) 
for measuring resulting emotions and experiences, at 
appropriate moments before, during and/or after product 
interaction.  

Design elements (outer circle of Figure 1) are the product 
features a designer can manipulate, such as form, colour 
(providing aesthetics), interaction flow or choice of 
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specific application features/functionality (providing 
compositional experiences and meaning). 

Aesthetic design aspects (middle circle) relate to a product’s 
capacity to delight one or more of our sensory modalities 
[6]. These aspects are closely related to design elements 
such as look, feel, sound, colour, form and their specific 
composition. Aesthetic aspects hardly involve cognitive 
processing and lead to emotions (inner circle) such as thrill, 
fear, excitement, unease, awkwardness, the perception of 
speed, time and its boundaries [4, 6]. 

 

Figure 2. UX framework 

Compositional design aspects (middle circle) are closely 
related to usability, pragmatic and behavioural 
characteristics of an interactive product. They encompass 
aspects directly related to interaction with the product, such 
as the design of interactive elements, action possibilities, 
narrative structure [4], intended use and function [6]. 
Compositional aspects result in emotions (inner circle), such 
as (mis)understanding of a product’s workings, 
(un)predictability of a product’s behaviour or outcomes, and 
feelings of (not) making progress. Aspects related to 
meaning are those through which a designer tries to realize 
the users’ higher order goals, by making users attribute 
meaning (middle circle) to the product. Through sense-
making processes people are able to recognize metaphors, 
assign personality or other expressive characteristics, and 
assess the personal or symbolic significance of a product 
[6]. Attributed meaning can result in emotions (inner circle) 
such as anger, joy, satisfaction, fulfilment, fun, bliss, 
closeness to one’s own identity or image, inspiration and 
regret [3, 5]. 

According to Wright & McCarthy [4], experiences come to 
life via a process of sense-making. Sense-making refers to 
processes such as: Anticipation, expectations about our 
experience with a product; Connecting, our first experience 
(sense of speed, thrill, openness, etc.) with the product and 

its interaction without giving meaning to it; Interpreting, 
interpretation of our interaction ((non-) instrumental, 
(non-) physical [6]) with the product, relating it to our 
goals, desires, hopes, fears and previous experiences, 
leading to experiences such as anxiety, unease, desire, 
willingness to continue); Reflecting, making judgements 
about our experiences, evaluating them and comparing 
them with other experiences, resulting in satisfaction, 
excitement or boredom, a sense of achievement, etc; 
Appropriating, trying to identify ourselves with the 
experience or changing our sense of self as a consequence 
of the experience; Recounting, reliving experiences by 
recounting them to ourselves and others, finding new 
possibilities and meaning in them. In some sense-making 
processes such as connecting, cognitive processing is 
hardly involved and experiences are a direct result of the 
perception or sensation of the aesthetics of the product 
[7]. In other sense-making processes cognition plays an 
important role in making sense of the product’s workings 
(compositional structure) and its attributed meaning (e.g. 
in anticipation, interpreting, reflecting, appropriating and 
recounting). The sense-making processes described here 
can all happen in parallel or successively [4]. 

FROM UX FRAMEWORK TO MEASUREMENTS 
In earlier work we identified requirements for new UX 
measurement tools; such tools should [1]: 
• Measure qualitative as well as quantitative and 

subjective as well as objective data related to the UX, 
as unobtrusively as possible. For example, they 
should capture users’ behaviour (e.g. application 
feature usage) and users’ opinions and emotions 
about the application’s features and relate both kinds 
of data to understand the results in the context in 
which the measurement was taken.  

• Support long term studies and timed or continuous 
measurements in which different measurement 
qualities (as mentioned above) are combined to create 
a picture of the overall UX or the dynamics therein 
(e.g. changes over time, at a specific moment in time, 
as a mean over time).  

• Enable researchers to perform situated measurements 
to approach or realize UX measurements that reflect 
users’ experiences in their every day lives. 

 
The above requirements were used to develop four 
different kinds of TUMCAT measurement tools [1]:  
• Logging tools: automatic capture of user’s behaviour 

or product usage (e.g., mouse-clicks, keystrokes, 
application feature usage).  

• Sensing tools: automatic capture of a user’s context 
(e.g. physical, social and/or virtual such as physical 
location, buddy lists and buddies online, active 
application window, system/application status).  
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• Experience sampling6 tools: automatically generated 
self report requests sent once or multiple times to the 
user, triggered by user activity (logged data), specific 
context aspects (sensed data) or a predefined time 
schedule. 

• User generated content tools: provided to the user to 
give feedback about any desired topic when a user feels 
like it (e.g. feedback button linked to a feedback form, 
discussion forum related to the product). 

 

CASE STUDY: TRIBLER 
Peer-to-peer (P2P) networks are networked computer 
devices (nodes, terminals) that permit other computer 
devices to utilize locally available storage space, 
communication bandwidth, processing capacity, and 
sometimes even hardware components. P2P technology has 
brought clear advantages over client-server architectures [8]. 
Yet, the success of any P2P system fully depends on the 
level of cooperation among users. Technical enforcement of 
this cooperation is limited. Therefore, within the Tribler 
project an alternative approach is chosen: making use of 
knowledge from (social) psychology on altruistic behaviour 
for developing cooperation inducing features [8].  

What is Tribler? 
Tribler is a peer-to-peer television (P2P-TV) system for 
downloading, video-on-demand and live streaming of 
television content [2]. The system not only gives users 
access to all discovered content and other users in the 
network, but also provides the means to browse 
personalized content with a distributed recommendation 
engine and an advanced social network that each user 
creates implicitly and explicitly. An advantage of having 
trustworthy friends in Tribler is that they can speed up the 
downloading process by donating their own idle bandwidth. 
Figure 2 shows the main screen of Tribler version 4.0.  

Measuring Experiences with Using Tribler 
Measurements were taken by conducting a longitudinal field 
study using the TUMCAT measurement tools, as well as by 
conducting a laboratory study in which test participants 
were asked to perform some tasks with Tribler and by 
asking international experts on usability and user experience 
from the COST294 network to provide their expectations on 
the users’ experiences with Tribler.  

Longitudinal field study  
In the field trial 39 users were asked to download Tribler 
and use it at home for five weeks in any way they wanted. 

                                                           
6 Experience sampling is a set of empirical methods that are 
designed to repeatedly request people to document and 
report their thoughts, feelings, and actions outside the 
laboratory and within the context of everyday life. 

Together with their download of the Tribler software they 
also received a customized version of the uLog7 software 
that logged all activities users performed with Tribler. An 
other tailor-made software package sent the loggings to a 
central server that the researchers used for data gathering. 
This software also sensed application and user related 
data that Tribler stores on the user’s computer (e.g., a list 
of the user’s friends on Tribler and the library of 
downloaded files). To be able to gather subjective data 
from the test participants, the server also sent out 
Experience Sampling questions to users which opened in 
a browser window. These questions were automatically 
triggered based on specified logged activities or 
combinations of activities. 

 

Figure 3. Tribler 4.0 main screen. 

Responses to these questions were automatically sent 
back to the server. In addition, test participants had a 
possibility to provide user generated content to the 
research team by clicking a feedback icon in the system 
tray of their computer and then entering text in a text 
window that would pop up. By clicking the submit button 
this feedback was sent to the server and was merged with 
the logged data file. Test participants were gathered 
through personal contacts, as well as through flyers and 
posters at institutes of higher education as well as 
technical institutes of applied science. They were given a 
€ 25 reward after the five weeks had passed. In the fourth 
week of the study they were asked to perform some 
specified tasks and to fill in a questionnaire. Tasks and 
questionnaire were similar to those of the laboratory study  

Laboratory study 
In the laboratory study ten test participants were asked to 
download the Tribler software, explore its use and then 
perform some tasks with it, in the presence of a facilitator. 
Sessions lasted about one hour to one hour and a half. 
Example tasks were: accepting an invitation to become 

                                                           
7 For more information on the uLog software see: 
 http://www.noldus.com/site/doc200603005 
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friends with someone; searching for a specific movie; 
asking a Tribler friend to donate bandwidth to speed up 
downloading. Tasks were designed to make users use basic 
downloading functionality, as well as features that 
distinguish Tribler from other competing file sharing 
software (e.g., recommendations, donating bandwidth to 
friends). Users were asked to think aloud while the 
facilitator was sitting next to them. The facilitator took an 
active listener approach [9] and asked questions at 
appropriate times to probe the user’s understanding of the 
software’s functionality, e.g., Have you noticed the 
checkmark / exclamation mark in the top right corner? What 
does it mean to you? Retrospective interviews were 
conducted to further discuss some of the events or problems 
that came up during sessions and users were asked to fill in 
the Attrakdiff8 questionnaire on paper.  

Expert review  
In the expert review five experts were provided with the 
Tribler software to review it. They were asked various 
questions assessing their opinions on the software. They 
were also asked to estimate what problems users would have 
with the software, and to fill in the Attrakdiff questionnaire 
imagining what the users would answer. Communication 
with the experts was solely through email.  

Measurements in the Different Studies 
The various types of measurements taken are discussed 
using the UX framework explained in section “UX 
Framework”, focusing on compositional, meaning and 
aesthetics UX aspects. It is assumed here that in case of 
software for voluntary use its attractiveness largely 
determines whether or not and to what extent the software 
will be used. The attractiveness of using the software is 
closely related to the emotional response to (the exposure to 
and interaction with) the software. In addition, factors like 
the user’s context, a user’s pre-dispositions and constraints 
play an important role (e.g., familiarity and availability of 
other software with similar functionality, previous 
knowledge of P2P file sharing software, technicalities and 
compatibility of the user’s system).  

The sense-making process of the UX framework (depicted 
in the outer circle) implies that there are temporal issues 
involved. One has to take into account the user’s experience 
in relation to the product prior to or at the very start of the 
actual interaction (e.g., anticipation and connecting), as well 
as during and after the interaction (i.e., the other elements of 
the sense-making process).  

Data was gathered on usage and on the attractiveness of the 
software, in addition to data that related to the different UX 
aspects. Temporal issues were addressed in different ways 
in the three types of studies. In the field trial data gathering 
                                                           
8 For more information see: http://www.attrakdiff.de/ 

on usage was automatically done over the five week study 
period. In case of the laboratory study, users were asked 
UX and usage related questions after their initial 
experiences with Tribler, as well as during the whole 
session and afterwards, imagining future usage. In the 
expert review experts were asked to provide their 
expectations on the UX after their first confrontation with 
the software, as well as after further inspection and trial.  

Usage 
In the field study, TUMCAT’s automated logging 
facilities made it possible to monitor actual usage of 
Tribler at the level of UI events (e.g., shifts in input focus, 
key strokes) and the abstract interaction level (e.g., 
providing values in input fields) [10], providing insight 
into how usage developed over the five week time period. 
In the laboratory study test participants were asked to 
imagine whether and how they would use Tribler at home 
in three different ways: 1) after a short exploration of the 
software: what kind of things do you think you would use 
Tribler for at home; 2) after each task: would this be 
something you can picture yourself doing at home? (scale 
1-5) and 3) at the end of the session: Would you consider 
starting to use Tribler at home? How frequently? What 
would you use it for? Under what circumstances? In the 
expert review, the experts were asked similar questions: 
1) after a quick exploration of Tribler: Do you think that 
the target group may indeed consider downloading, or 
actually download the software once they are aware of its 
existence? What do you think users would want to use 
Tribler for in particular? 2) in relation to Tribler’s friends 
and recommendations facilities: Do you think that (in the 
long term) Tribler users will actively engage in using this 
facility?  

Attractiveness  
One of the ways of measuring attractiveness was by 
having the test participants fill in the Attrakdiff 
questionnaire. This questionnaire is based on a theoretical 
model in which pragmatic and hedonic aspects of 
experiences are thought to affect the attractiveness of a 
product. A number of questions assess the product’s 
attractiveness for the user. In the field test, participants 
who had actually used Tribler were asked to fill in the 
questionnaire in the fourth week of their use. In the 
laboratory study participants filled in the questionnaire 
after their task performance. In the expert view, the 
experts were asked to fill in what they thought users 
would fill in.  

In addition to this questionnaire, participants were also 
asked about their appreciation of specified Tribler features 
on a 5-point scale. In the field study, these questions were 
asked as experience sample questions in response to the 
use of the specified function (e.g., after the 1st and every 
5th time of using the function). In the laboratory study all 
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participants were asked to answer the questions after having 
performed a task related to that function. In the expert view, 
experts were instructed to answer the questions imagining 
how they thought users would appreciate the specified 
functionality. 

Finally, insight into the users’ emotions in reaction to the 
product were received through spontaneous (written) 
feedback by the participants (field test) as well as through 
the retrospective interviews and observed (verbal and no-
verbal) reactions during task performance (laboratory 
study).  

Compositional aspects, meaning and aesthetics 
Compositional aspects relate to the pragmatic aspects of 
interactions, including usability problems, effectiveness etc. 

In all three studies measurements included those questions 
of the Attrakdiff questionnaire that related to the 
software’s pragmatic quality. In the field study, the 
logged and sensed data in combination with spontaneous 
user feedback shed a light on pragmatic issues. In the 
laboratory study such data were gathered by observing 
task performance and through retrospective interviews. In 
the expert review, the experts were given the tasks used in 
the laboratory study as suggestions to structure their 
search for usability problems in the software and were 
also asked to provide some reasons on why they thought a 
problem would occur. 
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Figure 4. Attrakdiff results (PQ: pragmatic quality, HQI: hedonic quality (identification), HQS: hedonic quality (stimulation), 
ATT: attractiveness. 1 indicates low score, 4 indicates neutral. Lab test (n=11), Expert view (n=5), Field test (n=6)).

In addition, the experts were explicitly asked about whether 
they thought users would understand the logic behind 
specified functions. Aspects of meaning were measured by 
the questions in the Attrakdiff questionnaire that related to 
the software’s hedonic qualities (all three studies). It was 
also expected that in all three studies spontaneous feedback 
from users and explanations on expected future usage would 
provide some insights on these aspects. Aesthetic aspects 
were not explicitly included in any of the measurements of 
the three studies. However, spontaneous remarks or 
feedback could provide some data on such aspects. 

PRELIMINARY RESULTS AND ANALYSIS 
A preliminary analysis of the data was conducted, which 
allows drawing some tentative conclusions on how the 
findings from the three studies relate to each other in 
terms of UX framework elements.  

From the field study it became clear that 15 of the 39 test 
participants had started using Tribler during the five week 
period; these were given the questionnaire. Only 6 of 
them filled it in, being active users in the sense that on 
occasional days they spent some hours on using the 
software. From questions asked to the 15 ‘real’ users and 
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through informal communication it became clear that 
reasons for not using Tribler had to do with software 
packages crashing, the combination of software making 
computers too slow, as well as them being used to 
competing software. Statements participants in the 
laboratory study made, predicted that utility and usability 
problems (compositional aspects) would prevent some 
people from using the software. In the expert review similar 
views were expressed. A superficial analysis of the logging 
and sensing data gathered in the field study could not 
provide a clear view on compositional aspects like usability 
problems; it was too difficult to trace back what users were 
trying to do from mere log data. The data from the 
laboratory study, as well as from the expert review provided 
a rich view on problems and their possible causes. This was 
the kind of data that designers in the Tribler development 
team could most readily use in their attempts to redesign 
Tribler. Aspects of meaning were found mainly in the 
laboratory study through spontaneous think aloud 
utterances, as well as in retrospective interviews. This 
related to issues like terminology being too dull for them, 
not wanting to use social software, not valuing 
recommendations of files based on popularity, issues in 
relation to (appreciating or not appreciating) illegal 
downloads and (laughing about or feeling offended by) 
adult content. In the expert review two experts commented 
on issues of meaning, only in relation to not appreciating 
illegal content and feeling offended by adult content. In the 
field study only two users commented on issues of meaning. 
They did so in the same way as the experts in the expert 
review.  

As to the aesthetic aspects, three experts mentioned issues 
of graphical design and layout in their comments. Generally 
they indicated they liked the graphical design, although also 
once ‘bad layout’ was mentioned, as well as being disturbed 
about the software not showing thumbnails in the files view. 
In the field test only two participants commented on 
aesthetic aspects, mentioning they disliked the library and 
files view. In the laboratory study a rich mix of comments 
was given (by 7 participants) on aesthetic issues. Opinions 
here were more mixed in the sense of valuing the design or 
not, but also of the level of design detail they commented 
on, ranging from comments on specific icons to an opinion 
on the general looks of the software. Many of the comments 
were spontaneous exclamations when confronted with a new 
screen. 

From the Attrakdiff questionnaire we found that pragmatic 
aspects in the field trial and the laboratory test were more or 
less the same and scored more negatively than in the expert 
review. Hedonic identification with, and stimulation by 
Tribler scored lowest in the field test, followed by the 
laboratory test and the experts’ opinions. Attractiveness 
scored similar over the different studies, see figure 3 for an 
overview.  

DISCUSSION AND CONCLUSIONS 
Analysis of these studies is still preliminary and ongoing. 
In the following we describe our first findings. We can 
only gain insight in the actual usage of Tribler and its’ 
functions by using tools such as logging and sensing over 
a longer period of time. Laboratory tests and expert 
reviews give weak predictions about usage which do not 
agree with the results from logging and sensing. Logging 
and sensing do not provide any explanation for the actual 
usage. We found lower scores in the field test for both 
meaning and hedonics (from the Attraktdiff 
questionnaire) than from the laboratory study or the 
expert reviews. Actual usage makes people aware of the 
match between product and their higher order goals (or 
meaning). This may account for this result.  

Laboratory tests and expert reviews give a detailed and 
rich insight in compositional, pragmatic issues such as the 
usability. Logging and sensing do not provide this 
detailed insight. Logging tools used, monitored user 
activity on the levels of UI events (e.g., shifts in input 
focus, key events) and the abstract interaction level (e.g., 
providing values in input fields). To generate information 
about usability issues, the data needs to be transformed to 
higher levels of abstraction such as domain or task related 
levels (e.g., providing address information) or to goal and 
problems related levels (e.g., placing an order) and 
compared to predefined or automatically identified 
sequences of user activity within these levels [10].  

Attractiveness scores were slightly negative on the 
Attrakdiff questionnaire in all three studies. Though the 
score was slightly negative we doubt if this is a valuable 
predictor for the (non-)usage as measured during the field 
test (it seems too bold that a slightly negative score can 
result in such overwhelming non-usage). The influence of 
attractiveness on usage might be dependent on people’s 
motivation to use a product (externally motivated or 
internally motivated product interaction). Aesthetic 
aspects are difficult to measure for interactive products. 
We found attractiveness as well as aesthetics are best 
measured through direct interaction with participants. For 
experts it’s difficult to formulate an opinion about 
attractiveness and aesthetics from a user’s viewpoint.    

FUTURE WORK 
Based on the conclusions above, we identified several 
issues for future work on improving UX measurement in 
long-term field studies:  

1. Tools or methods to raise the level of logging data 
from the UI events and the abstract interaction level 
to higher  levels such as domain and task or even goal 
and problem levels and means to analyze the data on 
these higher levels (detecting sequences and 
interpreting these sequences); 
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2. Approaches for automated gathering of data that 
provide (a) insight into reasons of (non-) usage at the 
level of products or product features, (b) insight into 
why or how the product succeeds (or not) in making the 
user attribute meaning to it; (c) rich and detailed data on 
usability issues, especially those that relate to longer 
term usage and are highly affected by the personal 
situation of the user. Especially for topic 2a more 
detailed theoretical knowledge in the area of UX would 
help to relate the various aspects in the framework to 
each other and to a product’s attractiveness and (non-) 
usage in real-life. 

3. A practical approach for assessing the aesthetic aspects 
of a product.  
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ABSTRACT 
Migratory user interfaces are user interfaces that allow the 
users to change device and  continue the task from the point 
they left off. In this paper we discuss aspects that are 
important in evaluating migratory interfaces and report on a 
usability test we carried out for this purpose.  

Author Keywords 
Migratory user interfaces, Usability, Adaptation, 
Consistency 

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

INTRODUCTION 
Migratory user interfaces provide users with the ability to 
change the interaction device and still continue their tasks 
through an interface adapted to the new platform. We use 
the concept of ‘platform’ to mean those environments that 
have similar interaction capabilities (such as the form-based 
graphical desktop, the vocal device, the digital TV). 
Migration can involve devices belonging to different 
platforms. In some cases, migration can be used to improve 
the user’s experience by switching to a better suited devices 
(bigger screen, more graphical power, …) or to a more 
efficient communication channels that can guarantee better 
QoS (shorter delays, higher bandwidth).  

The increasing availability of various types of interactive 
devices has raised interest in model-based approaches 
useful for logically specifying relevant user interface 
information in appropriate models which are often 
described by using XML-based languages. In our migration 
environment we refer to TERESA¬XML language [1]. 

 

In the paper, we first introduce some relevant design 
dimensions for migratory interfaces, and next we introduce 
the software architecture of our environment for supporting 
such interfaces. We also discuss usability aspects that 
characterise the migration and report on some user tests. 
Lastly, some concluding remarks along with indications for 
future work are provided. 

MIGRATION DIMENSIONS 
Different dimensions have been identified regarding the 
migratory user interfaces. Such dimensions can help the 
designer in understanding the characteristics of the different 
migrations and also better identify possible relevant aspects 
as far as the migration evaluation is concerned. Amongst 
them we identified the following ones:  

• Activation Type: the agent triggering the migration 
(the user or the system or a mixed initiative) is 
triggered. 

• Type of Migration: This dimension analyses the 
‘extent’ of migration, as there are cases in which 
only a portion of the interactive application should 
be migrated.  

• Number/Combinations of Migration Modalities 
This dimension analyses the modalities involved in 
the migration process. 

• Type of Interface Activated: This dimension 
specifies how the user interface is generated in 
order to be rendered on the target device(s) (pre-
computed or dynamically generated or a mix of the 
two options). 

• Granularity of Adaptation: The adaptation process 
can be affected at various levels: the entire 
application can be changed depending on the new 
context or the user interface components 
(presentation, navigation, content). 

• How the UI is Adapted: Several strategies can be 
identified regarding how to adapt user interfaces 
after a migration process occurs. 

• The Impact of Migration on Tasks: The impact of 
migration on tasks depends on how the UI is 
adapted (e.g.: the device characteristics might 
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enable reduction/increase on the range of tasks 
supported by each device). 

• Context Aspects. During adaptation of the user 
interface the migration process can consider the 
context in terms of description of device, user and 
environment. 

• Implementation Environment. The migration 
process can involve different types of applications 
(Web, Java, .NET, …).  

• Architecture of the migration infrastructure: 
client/server; and peer to peer,  

• Usability Issues: The adaptation and generation of 
user interfaces should be performed taking into 
account the main principles of usability. 

OUR ARCHITECTURE FOR MIGRATION  
Starting with a pre-existing Web version for the desktop 
platform, our environment is able to dynamically generate 
interfaces for different platforms and modalities exploiting 
semantic information, which is derived through reverse 
engineering techniques. The environment currently supports 
access to Web applications and is able to generate versions 
for PDAs, digital TV, various types of mobile phones and 
vocal devices and support migration through them. Our 
solution migrates the presentations as they are needed. 
There is no transformation of the entire application in one 
shot, which would be very expensive in terms of processing 
and time. Consequently, the migration process takes only a 
few seconds from when it is triggered to when the user 
interface appears on the target device. The application 
implementation languages currently supported include 
XHTML, XHTML Mobile Profile, VoiceXML and Java. 
The tool has been tested on a number of Web applications 
(e.g. Movie rental, Tourism in Tuscany, Restaurant 
reservations, on-line shopping…). Our environment 
assumes that the desktop Web site has been implemented 
with standard W3C languages and filters out some dynamic 
elements of the page (e.g. advertising and animations).  

Our migration platform is composed of a number of phases. 
The process starts with the environment discovering the 
various devices available in the current context, which also 
implies saving related device information, e.g. device 
interaction capabilities.  Whenever a user accesses an 
application, the proxy server included in our migration 
environment receives the Web page, and modifies it in 
order to include scripts that allow the collection of 
information about its state. Afterwards, it sends the 
modified page to the web browser of the source device. 
When the migration server receives the request for 
migration (which specifies the source device, the target 
device) from the source device, it triggers the following 
actions:  

• the migration server detects the state of the 
application modified by the user input (elements 
selected, data entered, …) and identifies the last 
element accessed in the source device. At the same 
time, the server gets information about the source 
device and, depending on such information it 
builds the corresponding logical descriptions by 
invoking a reverse engineering process. The result 
of the reverse engineering process, together with 
information about source and target platforms is 
used as input for carrying out a semantic redesign 
phase in order to produce a user interface for the 
target platform.  

• afterwards, the migration server identifies on the 
target device the logical presentation to be 
activated, and it consequently adapts the state of 
the concrete user interface with the values that 
have been saved previously.  

• Finally, the generation of the final user interface 
from such a logical description for the target 
platform is delivered, and the resulting page is sent 
to the browser of the target device in order to be 
loaded and rendered. 

It is worth pointing out that in our environment both the 
system and the user can trigger the migration process, 
depending on the surrounding context conditions. 

USABILITY EVALUATION 
The usability evaluation of migratory interfaces should 
consider their two main components: continuity and 
adaptation. In addition, it should also consider the usability 
of the migration client, which is used by the users to trigger 
migration and select the target device. 

Continuity includes the ease with which users are able to 
immediately orient themselves in the new interface and 
therefore are able to recognise and have the feeling of a 
“continuous” interaction. Indeed, it implies that users can 
easily recognise that the new user interface is the follow-up 
of previous interactions through another device while 
carrying out the same task. If users do not recognise such a 
situation, they may even be confounded by the user 
interface presented on the target device. Different factors 
can affect such recognition and they might make continuing 
the interaction in a seamless way problematic from the 
user’s point of view. For instance, factors might include i) 
whether long time has passed since the last interaction, 
which therefore might be difficult to remember, or/and ii) 
whether the adaptation process has changed the user 
interface rendered on the target device in such a way that 
the users do not recognise that it enables them to logically 
continue the performance of their tasks from the point 
where they left off in the source device. For instance, the 
new user interface should clearly highlight the elements that 
were changed during the interaction with the previous 
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device. Due to screen size limitations, such highlighting 
may not be immediately evident.  

In the first case, adequate and (adaptable) feedback 
messages should be identified in order to take into account 
the aspects related to the time passed [2]. For instance, if a 
long time has passed, the user interface activated on the 
target device could enrich the quantity of feedback 
information initially provided to the users. This should 
allow them to better contextualise the interaction and 
remember the action(s) already done on the user interface of 
the source device (e.g.: which sub-tasks they already 
accomplished on the device, and possibly which overall 
task they were about to complete, ..). Regarding time, 
another aspect that can affect the user experience is the time 
necessary for the migration to take place: a migration that 
takes a long time to complete may compromise again the 
feeling of a continuous interaction and have a negative 
impact on the user’s experience. 

In the case of the adaptation process, it should be a trade-off 
between two sometimes conflicting aspects: on the one 
hand the devices are different and thus need an interface 
adapted to the varying interaction resources, on the other 
hand users do not want to change their logical model of 
how to interact with the application at each device change. 
Therefore, suitable mechanisms should be identified in 
order to make the users easily recognise the features for 
supporting interaction continuity.   

Further aspects that should be taken into account regard the 
users’ model of the application and how to find information 
in it. In particular, the user’s familiarity in using the same 
application through different devices can affect the usability 
of migratory user interfaces. Indeed, if the users already 
have some familiarity in using the same application through 
different devices (but without having experienced the 
migration capabilities), on the one hand they might more 
easily recognise the effect of adaptation on the user 
interface of the target device and therefore they should feel 
more confident with the adapted user interface. However, 
on the other hand they are likely to notice the changes that 
have occurred on the user interface of the target device(s) as 
an effect of the migration process, which might become a 
potential source of disorientation for them because they 
might expect a different presentation and/or navigation.  

Another factor that can impact the usability of migratory 
user interfaces is the predictability of the effects of the 
migration’s trigger, namely the ability of the user to 
understand the effect of triggering a specific type of 
migration. To this regard, the migration client should be 
designed in such a way to effectively allow the users to 
understand the effects that a migration trigger will provoke 
on the target device(s). The predictability aspect is 
particularly relevant especially when different options for 
migration are offered to the users.  Therefore, it also 
depends on the number of different migration options the 

migration client can offer to them, and to what extent such 
options were designed in such a way to be able to 
effectively communicate to the user the result that will be 
achieved by activating each of them.  This might be 
especially relevant when the migration process involves 
more than two devices (and/or more than one user), 
although different options can be also available with only 
one user and two devices involved (partial/total migration). 
For example, users should be able to easily understand to 
what actual devices correspond to the list of devices that 
can be selected as migration targets. In case of partial 
migration, users should be able to easily predict what part 
of the interface will migrate and on which device the results 
of the interactions will appear. An aspect connected with 
the predictability is the learnability, which is the easiness 
with which the users become familiar to the migration 
features and therefore they are capable of controlling its 
features and related effects. If the system is easy to be 
learned, even occasional users should not have difficulties 
to use it.  

USER TESTS  
In order to understand the impact of migration on users and 
the usability of migratory user interfaces, some user tests 
were performed in order to evaluate some of the 
abovementioned usability-related aspects.  The trans-modal 
migration functionality, from graphic to vocal, has been 
tested in the first version of the migration service.   

Trans-modal Migration Test 
The first test was performed on the “Restaurant” application 
[3], which allows users to select a restaurant, accessing its 
general information and make a reservation. The interfaces 
of the test application for desktop, PDA and vocal platforms 
differ both in the number of tasks and their implementation. 
For example, the date insertion is a text field in the desktop 
version and a selection object in the PDA version, while the 
insertion of free comments was removed from the vocal 
interface. When migrating on the vocal platform, it might 
happen that there are some vocal inputs which are 
automatically disabled after migration because the user 
already provided the corresponding values through the 
graphical device.  This type of support is provided in order 
to facilitate the user in efficiently completing the 
application form. Since we were interested in considering 
multi-device environments, both a desktop PC and a PDA 
were used as graphic source platforms. The 20 users 
involved were divided into two groups. The first one started 
with migration from PDA to vocal platform and then 
repeated the experiment starting with the desktop. The 
second one started with the desktop and repeated the test 
using the PDA. The scenario proposed to the users was that 
they start booking a table at a restaurant by using their 
graphic device (the PDA is supposed to be used if they are 
on the move, the desktop if they are at home or at office) 
and load the “Restaurant” application. At some point, due to 
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some external conditions (e.g.: the low battery level of the 
PDA), they had to ask for migration towards the available 
vocal device and then complete the Restaurant Reservation 
task. After the session the users filled in the evaluation 
questionnaire.   

Users were recruited in the research institute community. 
The average user age was 33.5 years (min 23 - max 68). 
Thirty percent of them were females, 65% had at least 
undergraduate degrees and 55% had previously used a 
PDA. Users had good experience with graphic interfaces 
but far less with vocal ones: on a scale of 1 to 5, the average 
self-rating of graphic interface skill was 4.30 and 2.05 for 
vocal interfaces. For each migration experiment, users were 
asked to rate from 1 (bad) to 5 (good) the parameters shown 
in Table 1.   

Parameters Desktop to 
vocal 

PDA to 
vocal 

Migration client 
interface clearness 

3.4 3.9 

Interaction continuity 
easiness 

4.35 4.65 

Initial vocal 
feedback usefulness 

4.1 4.2 

Vocal feedback 
usefulness 

4.25 4.25 

Table 1. User rating for trans-modal migration attributes. 

Vocal feedback was provided via both the initial message, 
recalling the information inserted before migration, and a 
final message at the end of the session about the 
information inserted after migration. We chose this solution 
as the most likely to reduce user memory load but in any 
case, after the test, we asked the users if they would have 
preferred only an overall final feedback instead. Also, we 
asked whether they noticed any difference between the 
graphic and vocal interface with the aim of finding out 
whether they could perceive the different number of 
supported tasks. The numeric test results were interpreted 
taking into account the answer justifications and free 
comments left in the questionnaire and considering user 
comments while performing the test.   

The service in itself was appreciated by users. Many judged 
it interesting and stimulating. The users had never tried any 
migration service before and interacted with it more easily 
in the second experiment, thus, showing it was easy to learn 
through practise, once the concepts underlying migration 
were understood. Interaction continuity received a slightly 
higher score in the PDA-to-vocal case. 

Parameters  Desktop 
to vocal  

PDA to 
vocal 

Only final vocal feedback 
preferred  

Yes 20% 
- No 80%  

Yes 20% - 
No 80% 

Noticed different task set  Yes 25% 
- No 75%  

Yes 20% - 
No 80% 

Table 2. User preferences and salience of task differences 

This might be justified by the fact that the PDA and the 
vocal versions are more similar in terms of tasks supported 
than the desktop and the vocal ones. In any case, the 
difference in ease of continuity between the two platforms 
(desktop and PDA) is small, thus the interaction continuity 
ease is influenced, but not compromised. Both the initial 
and the overall feedback through the vocal application were 
judged positively (Table 1). The vocal feedback design was 
appreciated and 80% of the users would have not changed 
its style. One concern was the potential user disorientation 
in continuing interaction, not only due to the change of 
modality, but also due to the different range of possible 
actions to perform. Only 20-25% noticed the difference and 
it was perceived more in the desktop-to-vocal case (Table 
2). This first study provided some useful suggestions to 
bear in mind when designing user interfaces intended for  
trans-modal migration. The modality change does not cause 
disorientation but must be well supported by proper user 
feedback balancing completeness while avoiding boredom. 
The differences in interaction objects used to support the 
same task on different platforms were not noticed at all, 
while the difference in the number of tasks supported was. 
This has to be carefully designed in order to reduce as much 
as possible any sudden disruption in the user’s expectation.   

Test on the New Version of the Migration Environment.  
The first test confirmed our choices concerning the support 
for trans-modal migration and gave useful suggestions for 
improving the migration environment. The work undertaken 
after the first test resulted in the new version of the 
migration environment discussed in this article and we 
performed a new test with a different application: the 
“Virtual Tuscany Tour”. The goal was to have further 
empirical feedback on the migration concept and the new 
solution supporting it. Since very few changes concerned 
the trans-modal interface transformation while many more 
affected the unimodal (graphic) migration, the new test 
considered the (unimodal) desktop-to-PDA migration, in 
order to evaluate the new functionality.  

The test application is the Web site of a tourism agency 
specialized in trips around Tuscany, an Italian region. 
Interested users can request material and get detailed 
information about trips around the sea and the beach or 
around the countryside and the mountains; it is also 
possible to get overviews of good quality places to sleep. 
From this Web site it is also possible to get information 
about the main social events, entertainment, places to taste 
good food and wine, sports activities and other useful 
information, such as the weather forecast and public 
transportation. During the test, users could freely interact 
with the application and at a certain point they were asked 
to fill in a form requesting tourist information about 
Tuscany. The form had to be filled in partially, choosing 
some fields in any preferred order (see for example Figure 
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1). Then, users had to interact with the desktop migration 
client interface to require migration towards the PDA and 
continue the registration on the new device. They also were 
asked to check previously inserted information and perform 
some more tasks on the PDA among those supported by the 
application indicated above (e.g.: completing the form or 
going to another section of the web site). Lastly, users were 
asked to fill in an evaluation questionnaire, whose questions 
were identified in such a way to collect user comments on 
migration features .  

  
Figure 1. The Test Application 

The experiment involved 20 users whose average age was 
32 years (min 22 - max 58). Forty percent of them were 
females, 85% were graduated or had an advanced degree. 
Users were experienced accessing Web applications 
through the desktop platform and far less experienced  
through the PDA: on a scale of 1 (minimum value) to 5 
(maximum value), the average self-rating of Web access 
skill through the desktop platform was 4.35, while PDA 
usage ability was 1.95. The evaluation questionnaire was 
divided into two parts, one concerning migration and one 
related to the result of the automatic page redesign from the 
desktop to PDA platform. The migration related part asked 
for a 1 to 5 score to the characteristics shown in Table 3 
along with the average values collected.  

Migration characteristics 
 
Average 
Score  

Migration Service Usefulness  4.1  
Migration Client Interface Clearness  4.1  
Easiness in Continuing Task 
Performance After Migration  

4.4  

Easiness in Retrieving Information 
Inserted Before Migration  

4.75  

Table 3. Migration service evaluation 

Users were also asked to say if they would have changed 
anything in the way migration is performed and 45% of 
them answered positively providing useful suggestions for 
improving the migration client interface.  

 

 

 

Characteristics  Average 
Score  

Visual Impact of PDA Redesigned 
Pages  

3.9  

Functional Navigation Structure 
on PDA  

4.1  

Interaction Difficulties due to 
Redesign Result  

1.6  

Interaction Difficulties due to PDA 
device  

1.75  

Table 4. Redesign transformation evaluation 

In Table 4 we show the average scores collected for the 
redesign part (which performed the adaptation to the target 
device) of the questionnaire and the characteristics we 
asked the participants to evaluate, still on a 1 to 5 score 
scale. A final question concerning the redesign part was 
about whether participants noticed changes in the 
redesigned pages compared to the original ones. 40% of the 
participants answered positively, and in the next paragraphs 
we discuss what this means.  

It is worth noting that the evaluation questionnaire was not 
only a device for a mere collection of numeric values, 
because users were also asked to provide justifications for 
each answer and free comments were also always allowed. 

 
Figure 2. Migration evaluation results 

This gave us the ability to better understand the numeric 
results. Looking at Table 3, we can see that all the average 
scores concerning migration evaluation were fully positive; 
moreover, as you can see in Figure 2, only 10% or less of 
the participants rated any of the parameters a score of 1. 
Some of the people who did not find the migration client 
useful said that they simply do not use a PDA.  
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The migration client interface was deemed quite clear since 
it was considered basic and easy to use, some of the 
difficulty that was found was because this user interface had 
never seen before, as some users commented, at a second 
usage they would have known what to do. In addition, at a 
second usage, since the testers already have an idea of what 
would have happened, they are likely to be more focused on 
the technical evaluation of the features of the application 
and then less affected by the novelty of the prototype. The 
values about task performance continuity and access to 
information inserted before migration can be considered 
quite satisfactory.  Regarding the 45% of users who would 
have changed something in the way the migration was 
performed, this most often referred to the list of IP 
numerical addresses, which was used to indicate the 
possible target devices (instead of using logical names, with 
more significance to the user). We understand such 
criticism since the migration client interface was at 
prototype stage and it has been improved to this respect.  

  

 
Figure 3(a)- (b). Evaluation of the Redesign Transformation  

Concerning the evaluation results obtained for the redesign 
part (see Table 4 and Figure 3a), one issue about visual 
effectiveness of the redesigned page was that current 
browsers for PDAs have limitations with respect to those 
for desktop systems in terms of implementation constructs 
that are supported. While the navigation structure of the 
redesigned pages was appreciated, some difficulties were 
found while interacting with the PDA (see Table4), but it 
must be said that most users had never used one before and 
many difficulties arose simply because of the lack of 
knowledge of this platform.  

Also, users said that they noticed changes between the 
desktop and the PDA presentations. This question was 
made in order to understand if changing the specific 

interaction object implementing a given basic task (i.e. a 
desktop pull down menu with hundreds of choices 
transformed to a PDA text input field) when changing 
platform would have disturbed the users. The comments 
provided in the questionnaire outlined that the changes that 
had been noticed were the ones related to the fact that a 
single desktop page had been split into multiple PDA pages 
and images where reduced in size. They did not make any 
observation concerning the different implementations of 
some tasks, which was a signal of the fact that they did not 
notice any particular difference that disturbed them.  About 
difficulties of interacting on the PDA platform (see Figure 
3b), the numbers must be interpreted in a converse way, 
since the parameters are related to a negative feature. 
Indeed, the vast majority of users did not find any major 
difficulty or only some very small problems in interacting 
with the redesigned user interface. 

CONCLUSION 
In this paper we have discussed usability evaluation of 
migratory interfaces in multi-device environments. We also 
report on usability tests carried out to better understand the 
usability of migration and the interfaces resulting from our 
semantic redesign transformation. The results are 
encouraging and show that migration is a feature that can be 
appreciated by end users because it provides them with 
more flexibility in emerging multi-device environments.  

The test provided useful results especially regarding how 
the user experience is affected by the different adaptation 
strategies employed for supporting migratory user 
interfaces. For instance, the test showed that the users are 
more sensitive to changes affecting the set of available tasks 
when changing devices during migration, rather than to 
possible changes occurring on the implementation of 
different interaction objects supporting the same task on 
different platforms.  

In addition, the test gave us the opportunity to verify that 
the migration features are easily to be familiarised, since the 
users interacted more easily during the second experiment 
of the test. The test results have also shown that the 
proposed redesign transformations are able to automatically 
generate adapted presentations that allow users to continue 
their task performance in the target device without being 
disoriented by the platform change.  

Future work will better evaluate the issue of continuity and 
to what extent the time factor (eg: the time passed between 
the last interaction on the source device and the first 
interaction on the target device, time needed for executing 
the migration) can affect the user experience. Future work 
will be also dedicated to identifying more suitable 
evaluation methods and metrics in order to better quantify 
the benefits of the migration from the user’s perspective. 
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ABSTRACT 
This paper discusses issues in assessing the qualitative 
affective elements of human interaction with software 
products.  Evaluating qualitative responses seems inherently 
problematic due to the personal and intangible nature of 
experience.  The paper argues that the ‘soft’ discipline of 
user-experience evaluation is not significantly softer than 
more traditional ‘measurement’ of HCI phenomena.  It then 
considers the key phenomena of qualia, tacit knowledge and 
behaviour, considering what formative and comparative 
assessment needs to know and the availability of that 
information. In particular it considers the causes and effects 
of qualitative states in interaction and their significance.  
The implications for selection of evaluation approaches is 
then discussed using cameo examples of systems that have 
a key affective element in use. 

Author Keywords 
User-experience, qualia, tacit, evaluation 

INTRODUCTION 
This paper considers the nature of the relationship between 
qualitative experience, tacit causality and evaluation 
approaches for artefacts in use.  The question addressed is 
about how we can appropriately measure qualitative factors 
in interactive products. In this context we use a wide-scope 
interpretation of the term ‘measurement’. Orthodox 
measurement theory implies quantification or proof [16].  A 
more generous definition of measurement means the ability 
to assess against criteria or assess progress towards a goal 
or target.  In the first section it is argued that HCI 
evaluation is typically a soft discipline in which persuasive 
evidence is used to inform design.  This is no less true of 

user-experience enquiry than of traditional HCI.  The nature 
of qualia, or the first person experience of product use is 
then considered and its relationship to tacit factors causing 
qualia, and the consequences of qualitative reactions.  The 
argument is that whilst qualia are first person felt states and 
therefore in themselves explicitly expressible, crucial causal 
relationships involving those states are tacit, and only 
measurable in less direct ways.   

PROOF AND PERSUASION IN EMPIRICAL RESEARCH 
Compared to traditional HCI enquiry, user-experience can 
initially seem softer, less tangible and less available to 
measurement.  The best we can hope for it seems is to get 
some weak opinion or reaction data, and see if it is 
persuasive.  However, even where something more like 
‘hard science’ is brought to bear on traditional HCI 
phenomena, it is persuasion that is ultimately the test of its 
worth.  Experimental evidence may provide a proof of a 
theory pertinent to an HCI problem, but this is evidence to 
support persuasion.  The proponents must then argue for the 
significance of the experimental finding in reference to the 
target HCI phenomena.  The proof is a phase on this 
journey but it is never the entire journey, or its essence.   

Various approaches have been developed to assess 
experience.  For example, Product reaction cards [1] prompt 
users to identify ‘attributes’ present in a product, some of 
which are user experience attributes, pairing their emotional 
responses with a subset of preset terms.  The reactions 
imbue the product with descriptors reflecting the user’s 
experience of them.  Variants on that (admittedly used 
predominantly on children) allow a non-verbal expression 
of mood by selection from a range of cards bearing 
alternative facial expressions [8].   The arguable position on 
this is that verbalisation or expression of a qualitative state 
is a translation of the tacit into the explicit.   The potential 
flaws in such an exercise are similar to issues in 
requirements analysis, where expertise that is essentially 
skill-based and well practised tends to be poorly and 
inaccurately captured though direct methods and explicit 
expression.  Similarly, the concern is that a verbal 
deconstruction of felt states would be prone to the same sort 
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of negative filtering effect, potentially rendering the 
information unreliable.  The qualitative dimension does not 
easily lend itself to articulation through language, 
particularly if we are looking for trend data.  The selection 
of descriptions for one’s reaction seems to be dependent on 
shared perception of meanings for the terms used.  Where 
multiple data sets are compared with a view to analysing 
trends, the need to make assumptions about shared 
meanings could render any conclusions hazardous.  
Arguably, the greater the complexity of the elicitation (e.g. 
multiple possible reaction terms) the greater the risk of bad 
data.  In turn, the simpler and less explicit approach (the 
Smileycards used in [8]) could be criticised as not 
expressing enough, although they have the advantage of 
avoiding the linguistic filter.  

The notion of proof (over simply persuasion) does not 
appear to be significantly stronger or flimsier in user-
experience evaluation than in traditional HCI evaluation.  
This sounds an odd claim when we consider something like 
an ‘efficiency’ evaluation, for example using the Keystroke 
Level Model [2].  The targets that are set against the quality 
goal are concise and quantifiable.  The experiments are 
rigid and formal, samples carefully selected and potential 
sources of bias carefully removed.  What emerges is a 
contingent proof.   However, many things have not been 
‘proved’ in such an analysis.   The technique involves the 
assumption that the operators performing the tasks are 
consummate experts and will not make errors.  The claim 
that these contrived findings are useful in assessing their 
real use in real work situations must be put with reason and 
persuasion.  Also, it involves the assumption that the 
identified evaluation criteria (e.g. speed of expert 
performance) are indeed key to assessing the efficacy of the 
system.   Whether or not those concerned accept or reject 
the evaluation findings’ validity is dependent on persuasion 
and the balance of probability.   Similarly, evidence from 
protocol studies can be used to persuade us about causes of 
user problems and help specify suitable fixes [3].  Measures 
of performance rate are usually reliant on very strong 
assumptions about conditions, environment and operator 
skill. Equally, assessment of experience or the 
consequences of experience requires investigation, a degree 
of rigour, and ultimately persuasion.  Self reporting and 
reaction data can fairly reliably denote that a qualitative 
state change is occurring in the subject.  These, using the 
classification of Hollnagel [6] can be seen as user-
experience ‘phenotypes’ indicating a ‘surface level’ event.  
Inferences about their causality may or may not require a 
deeper level of investigation in search of ‘genotypes’, or 
distant causes and consequences of the reported event.  The 
internal states that are elicited from the user seem to be the 
key data in user-experience enquiry.   The next section 
considers issues in reliably assessing qualia, articulation of 
qualia, tacitness and causality.   

QUALIA, TACITNESS AND EVALUATION 
Qualia are key phenomena that user experience research 
inevitably deals with are, but the role of qualia in formative 
evaluation enquiry is inextricably linked to causality.  
Perhaps the goal of a design is to produce a simple non-
instrumental emotional state (joy, fun?).  Perhaps the goal is 
to produce a set of behaviours, and this is a goal that is 
shared with the user (e.g. persuasive technologies such as 
diet assistants).  Perhaps the qualitative experience of 
interaction for the user is not the goal in using the system 
linked to instrumental goals (e.g. e-banking).  Whatever the 
goal of the system is, we want to know what causes quales 
(tokens of qualia) and what effect the quales have, in order 
to engineer better products. 

Qualia are broadly referred to as an essentially individual 
first-person experience, a first person experience that is 
essentially unique.   So in this sense one can use descriptor 
terms reporting a felt state, but it is not possible to confirm 
that your experience is the same as the experience that 
others are having.   Jackson describes as "...certain features 
of the bodily sensations especially, but also of certain 
perceptual experiences, which no amount of purely physical 
information includes"[7].      

A key point about a quale is that it is experienced.   For 
something to be experienced presumably it makes little 
sense to say that it is experienced without the subject being 
aware of it.  First-person awareness of it would seem to be 
part of its essence.   This raises the question of whether 
qualia are necessarily what we are referring to when we 
consider affective aspects of system use.   If we are held to 
the claim that qualia must be experienced, and experienced 
knowingly, then qualia are non-tacit and available to self-
reporting.  But expressions of qualia do not explain key 
cause-and-effect phenomena that are critical to evaluating 
user-experience.    In a concurrent protocol session we can 
ask a subject “how do you feel now?”.  The subject can tell 
us this but not so easily tell us why.  The subject reports 
awareness of a qualitative state, but the causal reasoning 
offered has an inference gap.  In some cases (and in service 
of some evaluation objectives) the inference gap will be 
trivial.  In a game of Battleships the cathartic moment of 
victory is overwhelming likely to be linked to an explicit 
report of elation or joy.   A sense of unease during an e-
commerce encounter is rather harder to fathom.    

What is ironic in this debate is that it would at first seem 
that the quales in their unextended form are as inaccessible 
an element of mental phenomena as it is possible to 
imagine.   However, further analysis of this concept seems 
to support the argument that quales (in themselves) are 
more accessible to probing and evaluation than other HCI 
evaluation phenomena to which they are relevant.   What 
are rather more elusive are the causal relationships, the 
elements of an encounter with an artefact that critically 
effect experience.   Whereas simply reporting how one feels 
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gives an informative account of the felt state, how it was 
caused and what effect it will have on attitudes, disposition 
and behaviour may not be available to the reporting subject.  
This suggests that the essence of this is in the tacit 
dimension.  If this is the case there are implications for its 
characterisation elicitation and assessment. 

DEFINITIONS OF TACITNESS  
The most simple, traditional notion of tacitness is knowing 
that cannot be made explicit through verbalisation.  In 
Polyani’s words [10] ‘we know more than we can tell’ 
citing examples such as face recognition and bicycle riding 
where sophisticated ability to perform contrasts with a 
marked inability to explain.   We have natural aptitude for 
these things that seems to be beyond our conscious 
understanding.  Work on knowledge acquisition and 
requirements engineering in the 1980’s tended to 
characterise tacitness as problematic, a knowledge reef that 
must be overcome.   A more modern way of thinking is that 
some mental phenomena are in essence tacit and the project 
of making them explicit is fundamentally flawed [14].  
Polyani’s assertion is that knowledge is different from 
knowing, knowing being more a process than a state.  This 
seems a useful point.  We have tacit skills as described 
above.  Domain experts have knowledge much of which 
provides a great deal of skill to elicit for a variety of 
reasons.  Much of this is described as ‘semi-tacit’ by 
Maiden and Rugg [9].  Their examples of semi-tacit 
knowledge refer to communication failures such as 
withholding useful information in elicitation interviews 
because they do not sense the value in imparting it.  These 
types of elicitation problems seem to be different in nature 
from the tacitness issue in user experience evaluation.  
Whereas Maiden and Rugg describe tacit expertise, tacit 
knowing seems to be more fundamentally about human 
behaviour and self-awareness.  Humans do not track the 
causality of their mental states.  Tacit skills, tacit 
behaviours and tacit processing all seem useful descriptor 
phrases for processes that are key to understanding what is 
truly going on when we form an affective reaction to an 
artefact and the subsequent consequences of that event.   If 
tacit skills, process and dispositions are types, tokens of 
them are events.  First-person attempts to describe and 
account causally for those events are inevitably flawed and 
unreliable.   

VARIANCE IN THE ROLE AND SIGNIFICANCE OF 
QUALIA  
In this section we look at cameo examples of three 
significantly different types of system.  In each of these the 
qualitative affective dimension plays a different role.  In 
games it is the main goal of system use.  In a personal 
mentoring system it is the ‘coalface’ the problem space with 
which the system is involved for instrumental purposes.  In 
e-banking the affective dimension plays a key role in 

building and maintaining the relationship between customer 
and organisation.   

Case 1 - Games 
Games and entertainment applications could be seen as 
having the goal of a good user experience, of positive felt 
states.  Therefore the experience is the key goal, and any 
notion of the instrumental is subsumed within the affective.    
Certain measures relating to engagement, flow, and 
excitement can be brought to bear in formative assessment 
of games.   These are terms referring to desirable qualitative 
states that are caused by using a good game or fun system.  
It may be hard however to pair a measure with these 
attributes.     The cited user experiences are outcomes, and 
it is their pairing with design concepts and practice that can 
result in those that provides assessable phenomena.   
Success against the experiential outcome attributes can be 
assessed summatively, but is not helpful feedback for 
design unless it can be paired with more tangible design 
concepts, and properties of the artefact.   A sense of 
challenge in a computer-based game is an outcome, 
experienced by the game player.  But could challenge also 
be something that is identifiable in the artefact itself?  Are 
there design techniques in the games domain that support a 
sense of challenge?   

In a sense game design turns longitudinal design for 
usability on its head.  In most systems the ideal scenario is 
that access to the system metaphor is seamless, 
internalisation of system rules of operation facilitated 
optimally and expertise, once established, exploited and 
supported.  This reflects the description of knowledge-
based, rule-based, and skill-based processing using software 
packages described by Rasmussen [11,12].  Optimal 
usability may (very broadly) be seen as the facilitation of 
progress towards skill-based processing, and its support 
once arrived at.   Conversely, game design tantalisingly 
allows its user to reach a level of skill-based competence at 
a particular stage in a game.  The skill in good games that 
have progressive levels is to incrementally subvert the 
expertise of the game-player, taking them to the next level 
of difficulty.  In a sense the (simplified) progression from 
knowledge-based through rule-based to skill-based 
processing becomes more like a cycle than a simple 
progression (n.b. it is acknowledged that this ‘progression’ 
is not quite as neat as this description suggests in real 
cases).   

The designers’ manipulation of the game player’s ability to 
deploy cognitive resources seems persuasively to have a 
reasonably tangible link to the qualitative outcome of 
challenge experienced by the game player.  Contrast a well-
designed game that maintains the sense of challenge in its 
user with one that does not.  For example, a golf-playing 
game may have an ‘expertise threshold’ beyond which the 
sense of challenge is insufficient to maintain interest.  
Initially the virtual golfer is on a learning curve.  The 
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delicate skill of lining up and realising the control to play a 
shot takes time to develop.  Judgements on how to use 
controls to line up and estimate power and drift on the shot 
resemble the real game.  The level of challenge seems 
authentic, like playing an actual game of golf.  The aim 
eventually is to resemble the performance of a world-class 
golfer.  Once too great a level of expertise is reached (e.g. 
when one has failed if a chip from the fairway fails to go in) 
the sense of challenge is diminished.   

So challenge (the outcome) has a connection to some 
tangible design properties fortified by theories of user 
processing and actual design features.  So there is 
something tangible that we can ‘measure’ and evaluate 
against the quality attribute of challenge.  However, the 
apparent presence of these is not sufficient to guarantee that 
an individual game player will sense challenge, or in a 
broader sense, will be satisfied with the experience.  Other 
factors may cut across what is described.  A potential gamer 
may find the nature of challenge uninteresting, a domain 
that is not engaging or fascinating, and not feel challenge 
for this reason.   Conversely, a virtual golfer may derive 
great satisfaction from being improbably accurate with chip 
shots from off the green.  What is key is that the experience 
attribute links to design criteria.  Where a user or users 
report a lack of challenge in an evaluation exercise, there is 
an investigative ‘phenotype to genotype’ thread, criteria for 
investigating the space of possible redesigns.  However, 
there seems to be a strong connection between the 
qualitative sense of challenge and more established 
usability attributes such as complexity.   Controlled 
progressive introduction of complexity is to some extent 
measurable, or at least estimable.   

Case 2 – The diet companion; A Mobile Mentor for 
dieting 
This cameo product example would be in the spirit of 
‘Persuasive Technologies’ [4].   The concept is that the 
mobile device is there with the role of helping an individual 
resist their immediate inclination to eat in service of the 
longer term goal of for losing weight.  The idea is that the 
device informs its user of calorie targets for the day, 
provides on-the-spot estimates of the calories of certain 
items (that the user is contemplating eating).  It also keeps a 
continuous record of the accumulated calorie intake for the 
day, issuing warnings when the user is contemplating eating 
an unhealthy meal, or is in danger of exceeding a daily 
limit.   Records are kept over time for reference and 
reminder.   The goal of the user in using this system is to 
help them to keep to a diet, to lose weight and become 
healthier.  The problem addressed is that short-term urges 
or careless food choices cut across this longer term goal.  
The user wants a virtual mentor that helps them with the 
difficult task of resisting immediate urges and sticking to 
the diet.  Part of the system’s role is simply information 
provision, but its presence, its ability to affect the mental 

state of its user, persuading them to keep their discipline 
and providing encouragement in this, is central to its value.   
The assessment of the mentoring role appears difficult here.  
The affective element is to make the user self aware at key 
moments.  Also, the sense of having support, 
‘companionship’, sharing their struggle to resist temptation 
is important.   The system variously helps the user 
recognise, alter and respond to qualitative states.  So in a 
case such as this what properties or qualities give us targets 
buy which to evaluate this device?  Are design criteria 
available that can be usefully linked to experience 
outcomes?      

This example seems to contrast with games because the 
outcome is defined, longitudinal and instrumental.  The 
qualitative experience during use is subsumed within the 
instrumental goal of, say, achieving a target weight.  The 
success of this product in achieving this seems to be in its 
ability to support a complex interplay of emotions, physical 
dispositions and critical events.  Success of a dietary mentor 
is subject to the unfolding of events in key situations and 
personal factors, and factors that are often not in the user’s 
realm of control or awareness. 

Success of a product such as the Diet Companion seems to 
be in awareness rather than understanding of diversity and 
putting products out there that can cater for it.   Whilst 
evaluations can help engineer by refining components, 
improving adeptness in individual situations (perhaps 
through shadowing exercises) its effectiveness is difficult to 
unpack.  The complexity of the problem-space and its 
elusively personal nature perhaps does not need deep 
understanding, more a ‘black-box’ knowledge, and 
engineering of solutions through feedback from users.  As 
with all engineered solutions knowledge is passed on and 
feeds formatively into subsequent designs and new 
products.  How should information be presented, should 
avatars be used, what tone should be used in the alerts?  But 
predicting the overall suitability of a design for a particular 
user seems elusive. They simply offer choices and 
opportunities for candidate users to try.   

Case 3 – E-Banking 
In the case of e-banking the goals and values of participants 
are separate but linked, and issues of user experience have a 
subsumed, instrumental role in it.  The aim of the 
organisation is to establish and maintain a trading 
relationship with the customer.  In order to do this they 
need to establish and maintain a trust relationship with 
potential clients.  Previous work [5,13] demonstrates that 
tangible as well as intangible factors affect the users 
perception of whether or not an organisation is worthy of 
trust.   Therefore an ‘impenetrable’ qualitative dimension at 
least partly determines the customer’s willingness to do 
business with an organisation.  In the tangible zone, an 
audit of available features such as the Verisign seal, 
declared guarantees and declared commitments such as 
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privacy policies contributes to an evaluation of an e-
banking site’s fitness for purpose.  However, assessment of 
the affective role of factors such as visual design, 
interactivity, feature layout and clustering is essential to 
reliably assert this.  These are seen as intangible factors [5] 
and a range of personal and cultural factors may influence 
them.  Qualitatively the user has perhaps a sense of 
confidence, or a sense of unease, suspicion or resentment 
that they can report.  The reasons for that suspicion could in 
some cases be satisfactorily explained by tangible factors, 
and directly articulated.   
Whether a prototype design will positively or negatively 
reinforce trust perceptions and diagnosis of designs that are 
detected as causing negative trust propagation are key 
evaluation agenda.  But the phenomena of interest where 
intangible affective factors such as the use of colour, layout, 
style of written content are not so reliably characterised 
through direct self reporting.  As a consequence, enquiry in 
this area favours techniques such as eye-tracking [13,15] 
and the deployment of indirect probing techniques such as 
card-sorting [5].  Again an accumulated body of craft 
knowledge is emerging from evaluation and engineering of 
this type of system.   

CONCLUSION 
The cameo examples describe the key but essentially causal 
role of qualia in assessment of three different types of 
system. In the three cases qualia was variously central to the 
user’s goal, intimately bound to the user’s instrumental goal 
and an underlying factor relevant to the users goal.  In all 
cases it seems clear that causality around the qualitative 
episode (pre and post) is of key interest.   Despite the 
conscious, self-aware nature of qualia, the critical 
knowledge about causality relating to qualia is in the tacit 
dimension to a greater or lesser degree.   This suggests that 
direct approaches to assessment are limited in that they can 
only denote an agenda for diagnosis and understanding of 
user experience factors, or at least factors in the experience 
of use. 

Evaluation of qualitative user experience seems dependent 
on identifying the role of ‘qualia events’ in the use of an 
artefact, and their relationship to user goals and properties 
of the artefact.   The measurability of this is dependent on 
the tangibility of the design factors that contribute to them.  
In games it seems possible to conceive of a link between 
complexity measures and design that maintains a feeling of 
challenge.  Contrastingly, achieving a sense of trust in e-
commerce is only partly based on tangible factors.  How 
trustworthy someone finds a site in a user-trial can be 
measured, perhaps on a Likert Scale, but assessment (in 
support of formative evaluation) of how something like a 
sense of trust can be engineered is not available to such 
straightforward measurement.   
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ABSTRACT 
Measurement of usability and user experience is a method 
much sought after in order to introduce and motivate user-
centred design activities. Yet, when measurements are 
available they have little or no influence on forthcoming 
decisions or any impact on future development. What is the 
reason for this? 

In this paper we will discuss and question measurement as 
such, based on previous research and two case studies. In 
both organisations thorough methods have been deployed to 
be able to measure usability and user experiences. Data was 
gathered through an interview study in one of the 
organisations, and on conversations with two usability 
experts in the other organisation. One experience from these 
cases have been that measurements as such are desired and 
give rise to great expectations, before they have been 
conducted, but with limited or no impact once the 
measurements have been made. 

Author Keywords 
Usability, user experience, UX, case study, metrics, CIF, 
user-centred design 

ACM Classification Keywords 
H5.5. Information interfaces and presentation  

INTRODUCTION 
Measuring usability and more recently user experience 
(UX)in a meaningful and valid way has received increasing 
interest recently (Law, Roto et al. 2008). This is fair 
enough, but when discussing these issues there is a need to 
clarify what we intend to measure and how. It is pointless 
discussing and comparing different methods for 

measurement as long as there is no common agreement 
upon what we are measuring. Particularly within COST 
2949 there has been a strong focus towards arriving at a 
unified view on how to define UX (Law, Hvannberg & 
Hassenzahl, 2006), which mainly shows that there is very 
little common agreement upon what UX is and even less on 
how it should be measured. At a Special Interest Group 
(SIG) presented at the conference Human Factors in 
Computing Systems (CHI 2008) the goal was to target a 
shared definition of UX. However, this SIG mainly lead to 
a decision to further distribute surveys that had been made 
on people’s interpretation and appreciation of the concept. 

Despite this the group developing process standards for 
human-centred design considers that UX now has matured 
enough to find its way even into international standards. In 
the revision of ISO 13407 (Human-centred design processes 
for interactive systems) that in the future will be known as 
ISO 9241-210, the concept of UX have been introduced. At 
this moment ISO 9241-210 has only reached a committee 
draft (CD) level, meaning that the contents is not yet stable 
and has not undergone an international vote. However, 
extensive discussions have showed the need for including a 
definition of UX into the standard as a pleasant UX may be 
an important additional goal of a human-centred design 
process. But, when introducing such a concept into an 
international standard it is a requirement that we arrive at a 
commonly agreed upon definition. The current CD defines 
UX in the following way: 

“all aspects of the user's experience when interacting with 
the product, service, environment or facility” 

Following the SIG at CHI 2008 the definition might change 
and not include “when interacting” as the discussion 
elaborated on the opportunities of having a UX of 
something before and after the actual interaction. In 
summary, before we have a commonly agreed upon 
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definition it will be very difficult to reach any consensus on 
to how to measure it. 

Another relevant discussion is what we intend to achieve by 
measuring altogether. The focus of this paper is to discuss 
the effect of introducing measurements of usability, which 
is exemplified by two different cases in which two 
organizations have tried to arrive at usability and UX 
measurements. 

Many organizations in Sweden use measurement when 
assessing and understanding different aspects of their 
organization. These measurements are essential for 
management and include for example Customer 
Satisfaction Index, Productivity Statistics, Employee 
Satisfaction Index and Environmental Index. In this context 
a measurement of usability might be used to safeguard the 
usability of the systems used in the organization. One might 
argue that a measurement could put usability on the agenda, 
and that it fits into an organizational culture of objective 
truths through numbers and measurements. Moreover, it 
might be a way to overview the problem area like a 
helicopter scanning large areas of forests looking for fires. 
The index might locate a fire, but neither understands the 
reasons for the fire nor can it help the organization when 
trying to extinguish it.  

THEORETICAL BACKGROUND 
Measuring usability has been discussed for a long time in 
the usability engineering community. For example Nielsen 
& Levy (1994) argue that usability as such cannot be 
measured but that aspects of usability can. Particularly they 
distinguish two different types of usability metrics that is 
the subjective preference-related usability problems in 
comparison to the objective much more easily quantifiable 
performance measurements. Nielsen and Levy showed a 
positive correlation between preference and performance in 
this sense. On the other hand Frøkjær, Hertzum and 
Hornbæk (2000) contradict this in their study of to what 
extent the various components of usability (effectiveness, 
efficiency and satisfaction) are correlated. Based on their 
study they claim that there was no correlation between 
effectiveness and efficiency, but that it was difficult to 
judge the potential correlation with the more subjective 
satisfaction criteria. 

The Common Industry Format (CIF) is an international 
standard (ISO 25062, 2006) for documenting and reporting 
the results of a usability evaluation. It has been developed 
within ANSI (American National Standards Institute) and 
subsequently been proposed as and developed into an 
international standard within ISO (International 
Organization for Standardization). In addition to providing 
templates for documenting usability problems it also 
provides a procedure for quantitatively grading the severity 
of the findings based on the goals that the user intends to 
achieve. 

Sauro and Kindlund go even further and suggest a method 
for standardizing all the aspects of usability (according to 
ISO) into one single score, that they refer to as SUM 
(summarized usability metric) (Sauro & Kindlund, 2005). 
These papers, as well as most papers dealing with 
measurement, are neither critical about why measurement is 
necessary nor do they cite the major publications that 
criticize quantitative measurement. Rather the tendency is 
that if you do make claims without justifying it with 
quantitative measurements, it is not true science: 

“Without measurable usability specifications, there is no 
way to determine the usability needs of a product, or to 
measure whether or not the finished product fulfils those 
needs. If we cannot measure usability, we cannot have 
usability engineering.” (Good, Spine Whiteside & George, 
1986) 

Such a positivistic and objective view of science has been 
there for a long time and unfortunately there is a tendency 
to judge this sort of science to be more mature than 
subjective, qualitative science. This development is not 
new, it can be found even in science from more than 100 
years ago: 

“When you can measure what you are speaking about and 
express it in numbers, you know something about it. But 
when you cannot measure it, when you cannot express it in 
numbers, your knowledge is of an unsatisfactory kind: It 
may be the beginning of knowledge, but you have scarcely, 
in your thoughts, advanced to the stage of Science.”(Lord 
Kelvin, 1891) 

Another famous quote when it comes to people’s tendency 
to rely on measures and metrics is what is referred to as the 
McNamara Fallacy (for example published in Broadfoot, 
2000). It comes from the American secretary of state, 
Robert McNamara who discussed the outcomes of the 
Vietnam war based on body counts: 

“The first step is to measure whatever can easily be 
measured. This is OK as far as it goes.  

The second step is to disregard that which can't be easily 
measured or to give it an arbitrary quantitative value. This 
is artificial and misleading.  

The third step is to presume that what can't be measured 
easily really isn't important. This is blindness.  

The fourth step is to say that what can't be easily measured 
really doesn't exist. This is suicide.” 

PURPOSE AND JUSTIFICATION 
It is still difficult to incorporate the ideas of user-centred 
systems design, and usability in practice. It is a complex 
problem, and our research group has addressed it from 
many different angels to make usability a part of systems 
development. In our action research projects we aim at 
influencing systems development in practice through close 
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collaboration with different organizations. Several of the 
organizations we have cooperated with have expressed a 
need for measurements of usability. Hence, in one of the 
case studies in this paper (CSN) an IT user index was 
developed and introduced, measuring how the user 
perceives the usability of their IT systems and their work 
environment.  

The other case study (Riley10) is from a large global product 
development company that we have been remotely 
collaborating with for some years. This company have 
made a usability assessment using the CIF framework.  

This paper briefly describes these two case studies 
addressing the issue of meaningful measurement of 
usability and user experience. In the paper the cases are 
described and discussed, and finally some conclusions are 
made concerning the use and efficacy of usability 
measurements in practice.  

ORGANISATIONAL SETTING OF OUR CASE STUDIES 

CSN 
The Swedish National Board of Student Aid (CSN) handles 
financial aids for students. With offices in 13 cities in 
Sweden, CSN employs more than 1100 employees of 
whom 350 are situated in Sundsvall at headquarters. 
Officially, all IT projects are run according to methods 
provided by the development department, and the IT 
architecture department. These include methods for 
acquisition, project management and systems development. 
In short, these methods provide a common framework, with 
descriptions of milestones, decision points as well as 
templates and role descriptions.  

The organization of CSN, as many other organizations, has 
been evolving the last ten years towards an organization 
that is focused on developing work process and the IT-
systems supporting these work processes and the 
organization is structured accordingly. The system 
development begins at the development department, where 
pre-studies and the acquisition process are conducted. The 
development department initiates development projects and 
system developers from the IT-department staff the 
projects. Our research group has had a close collaboration 
with the organization in an action research project that has 
run for three years.  

Riley Systems, Inc.  
Riley Systems Inc is the global leader of product 
development of a technical device used in a wide range of 
industrial, commercial and governmental activities. The 
company also develops a series of PC software applications 
supposed to support the use of the products. With customers 
in more than 60 countries they are seen as pioneers of their 

                                                           
10 This name is an alias due to reasons of anonymity 

field, and have developed their products for more than 30 
years. The average user of their product is a technically 
skilled person who uses the device in work related 
situations. In Sweden Riley has worked with usability and 
user-centred design for a few years, and they have 
employed a few usability experts, that frequently need to be 
supported by usability consultants working with design and 
development of their products. 

METHOD 
As a part of our large action research project at CSN we 
conducted 36 semi-structured interviews based on an 
interview guide. The interview guide included many 
different topics, one of which was related to the usability 
index. The following are examples of issues dealing with 
the usability index; general opinion of work process when 
developing the usability index, expectations compared to 
results, future use, benefits for the development of usability 
in the organization, utility of the results in the organization, 
and organizational belongings. However, questions were 
adapted in accordance with the organizational role of each 
informant, and their background. The interviews were 
mostly conducted on site and each lasted for about one 
hour. Most of the interviews were conducted by two 
researchers interviewing one person. We took detailed notes 
on paper and the interviews were audio recorded. 

In the case study at Riley we have interviewed one usability 
designer working at the company, and the external usability 
expert who was the person working with the key 
performance index in all phases of the project. These 
interviews were informal and conducted by one of the 
authors. Detailed notes were taken during the interviews. 
The interviews were conducted on site and over the phone 
and lasted for about an hour, each.  

After the interviews, the data was analyzed using mind 
maps where main themes and ideas were highlighted. 
Finally, the results were discussed in relation to other 
findings from the participatory observations, and hence put 
in a wider organizational context. 

A case study is always contextual, and consequently it is 
not possible to generalize findings from case studies to 
other contexts. However, even though these studies are case 
studies, the organization and the findings are not unique, 
nor unusual, and therefore we hope that the results will 
contribute to a deepened understanding of the use of 
usability measurements in general. 

RESULTS  

CSN  
Our research group developed a web based usability index 
method at CSN that resulted in measurements of usability 
and UX on three different occasions (Kavathatzopoulos, 
2006, 2008a, 2008b). During a trial period the questionnaire 
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gradually improved in which questions were clarified and 
some even deleted. 

The main purpose of the introduction of a usability index in 
the organisation was to measure usability and find usability 
problems in their computer systems. However, it was not 
clearly stated from the beginning which department that 
should be responsible for it. Finally it was decided that the 
usability index should be incorporated into the existing 
Employee Satisfaction Index (ESI) that is distributed by the 
Human Resource department twice a year to all employees 
at CSN. This means that the usability index needed to be 
shortened into only a few questions.  

The interviews that were conducted at the end of the 
collaboration with the organization show that upper 
management highly support the usability index, both in its 
longer form and the shortened version that would be 
incorporated into the ESI. However, upper management 
states that they have no detailed knowledge about the 
questionnaire, but that they feel confident in the tool. 
Overall the interviewees who did have knowledge about the 
usability index where positive, although the expectations 
varied. Some believed that the usability index could 
measure a general level of usability in organizations; others 
believed that it could be an important tool in the systems 
development process. However, at the moment, with the 
incorporation of the short version in ESI, there is no clear 
indication on how the results could be used in the systems 
development process. The Human Resource department 
will initially interpret the results from the questionnaire, but 
those results that could be used in system development 
should be shared with the Business Development 
department. However, in the interviews, the manager for the 
Business Development department was not aware that the 
results from the questionnaire should be taken care of by 
her department. 

What is further interesting is that the part of the 
questionnaire that was mostly appreciated by the 
interviewees concerning usage in the system development 
process was the open-ended questions at the end of the 
questionnaire. These open-ended questions generated an 
enormous amount of improvement suggestions that the 
organizations were rather unprepared for at first. However, 
it is not clear whether these open-ended questions will be 
kept in the shorter version of the questionnaire, although 
these where the most appreciated by both developers and 
case handlers. 

Furthermore, the ESI is distributed twice a year, when the 
workload is at the lowest for the case handlers. This might 
influence the results of the questionnaire, since the case 
handlers are not working with all parts of the internal 
systems in slow periods. As one of the interviewees 
commented: 

“When you fill in the questionnaire, you do it from how 
things are at the moment. The workload for a case handler 
is distributed unevenly over the year, with peaks and slow 
periods. And if you fill in the questionnaire in May, [which 
a slow period], then they will get a much better result than 
if you fill in the questionnaire in January [which is a peak]. 
And the questionnaire has always been distributed in May 
or November [both slow periods] in order for the results to 
be as good as possible. At least I have felt it that way.” 

Riley Systems, Inc.  
The purpose of the case at Riley was to establish a key 
performance index for the field of usability in order to be 
able to assess the effects of usability activities. The 
organization had previously experiences with using key 
performance indexes from electronics, mechanics, project 
management and so forth and therefore wanted to treat the 
usability initiatives in the same way. The purpose was not 
to gather knowledge of the level of usability of the 
developed product, nor was it to gather information useful 
for improving the usability of the product. However, this 
should not be interpreted as if they are not interested in 
doing so, but rather seen as a positive bi-effect of the 
assessment of the performance of the organisational unit. 

A usability designer was hired as a consultant to perform 
the assessment of the key performance index for usability, 
particularly targeting a product that was just about to be 
launched onto the market. He produced a form based on the 
CIF and set levels of goal fulfilment and identified tasks the 
users were supposed to perform. Moreover, he was in 
charge of user tests and authored an evaluation report. 

The first report should be considered as a baseline, which 
means that they really cannot say much about any effects in 
the organisation until they have made a follow up study 
later. However, according to the interviewee there are 
difficulties concerning dependence associated with the 
measurement, for example the person who is measuring, 
who the users are, status of the product on the market, etc. 
This occurs despite the fact that the goal of the CIF is to 
provide a methodology that is independent of whoever is in 
charge. 

The usability designer, who is a senior expert with many 
years in the field, experienced great difficulties in finding 
appropriate tasks that expressed something about the use of 
the system, and also to define appropriate levels for each 
tasks. He confronted renowned experts on CIF about these 
issues and was told that he should be pragmatic and not be 
too rigorous when defining the tasks –“it doesn't need to be 
that thorough”. 

The usability field at Riley has experienced some problems 
lately, and it may be because of the difficulties they 
experience in showing real evidence of the benefits of their 
work. The organisation lacks the ability to see the benefits 
beyond what can be quantitatively measured. 
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DISCUSSION 
One idea is that if usability can be measured on a regular 
basis, the IT department must take usability into account in 
their development process. The underlying assumption here 
seems to be that by expressing usability in numbers, it will 
make things visible and these numbers represent some kind 
of objective truth about the IT systems. Frequent 
complaints, suggestions for improvements, reported 
problems when using the IT systems are seen as subjective 
and do not seem to represent the same kind of truth.  

Usability comprises many different aspects, some of which 
cannot be easily measured and turned into numbers. 
Specifying usability and UX as a set of well-defined 
parameters complies with the need for formal 
representations in the development projects, but obscures 
the complex aspects. The difficulties with addressing 
aspects, such as numbers, in no way make them less 
important. The question is how to deal with them in an 
organization that focuses to that extent on measurement and 
metrics.  

What conclusions can be made from the cases? 
In both cases there was an outspoken request for some form 
of metrics to be able to assess the state of the computerised 
work situation or the state of the commercial product. But, 
once the usability index was in place the organizations did 
not pay much attention to it. The reasons for this may be 
many. First of all they experienced difficulties knowing 
how to interpret the results and what conclusions to 
draw.Second, it was problematic to turn the acquired results 
into action items that could be dealt with in the upcoming 
organisational development.Third, it turned out to be 
challenging from an organisational point of view to judge 
whose responsibility it is to deal with whatever comes out 
of the study. 

What do we measure? 
It is difficult to measure since it is very difficult to come up 
with questions that really target the crucial aspects that you 
do want to highlight. It turns out that the things people tend 
to measure are those aspects that are easily measurable. But, 
do we measure a function, a unit of work or an 
organisation? Most often measurement is restricted to an 
application or even to a specific function. That means that 
the measurements do not capture and holistic view 
whatsoever. Most workers in an organisation deal with a 
large number of applications simultaneously, and the 
usability problems that people experience often occur as a 
consequence of bad synchronization between the 
applications rather than within them. Only measuring 
aspects within one application do not lead to any good tool 
for managers and/or organizations to base their decision 
making on. And vice versa, a measurement of an 
organization is also problematic since it is difficult to know 
which system or combination of systems that are 
troublesome. 

When do we measure? 
If the goal from within the organization is to show good 
results it will clearly influence the timing of the 
measurement, hence the data becomes even more 
unrealistic. In one of the cases we saw a conscious effort to 
making measurement when it was likely to receive the best 
possible results. This is clearly misleading. The workload 
will obviously influence the users’ perception of the system 
and the work situation differently if working under stress. 

Why do we want to measure? 
Measures may often be considered as eternal truths. Many 
people do not believe something until it is confirmed by 
numerical figures. Therefore numerical measures are 
attributed heavy weight in strategic argumentation. 

Decision makers often want measures to base their 
decisions upon, and figures can be the door opener to 
receiving budgets for certain activities. This seems to be the 
case regardless of weather or not the measures are realistic 
hypothetical, or even meaningful. In some situations 
measurement can even be what constitutes the basis for the 
existence of a particular line of work. And even if this is a 
great risk, it may also be a good opportunity. But it is 
important with an awareness of the limitations that the 
measurement induces. 

What are the consequences of the measures? 
Once there was a numerical assessment of some sort the 
focus of discussion tended to be on the measurement as 
such, ignoring or forgetting the complexity behind the work 
situation in which the measurement was acquired. It is 
much easier to discuss and trust a numerical value as such, 
and even more so a change in value from consecutive 
measures, compared to investigating the reason for a 
particular measure and what to do about this situation. 

CONCLUSION 
One might read this paper as arguing against any form of 
measurement, but that is not how we intended it to come 
out. Measurements may be very useful and valid in great 
many situations, but once you do measure things you need 
to be aware of the consequences these measures have. One 
thing to do then is to improve the measurement methods to 
provide a better coverage of the aspects we want to assess. 
One important part of increasing the credibility of 
measurement is to clarify what the method measures and 
how these measures should be interpreted. For example, if 
one intends to measure user experience (UX) it needs to 
have a commonly agreed upon definition. Otherwise the 
results obtained may be considered nonsensical. 

Most measurement provides far from the whole truth about 
a situation and the results must be dealt with caution. 
Usability provides so many non-measureable aspects that 
enforcing measurement upon usability in an organisation 
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may risk comparing with other disciplines that do not have 
the same reliance upon qualitative effects. 

If the goal is to manage to achieve the highest possible level 
of usability in a system in an organisation, we cannot really 
see any evidence that measurement techniques and metrics 
actually have such effects in the organisations we have 
encountered. Therefore organisations may consider weather 
it is worthwhile investing in measurement techniques over 
dedicated usability improvement efforts, such as applying a 
user-centred iterative process of contextual analysis and 
system redesign based on formative evaluations. 
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ABSTRACT 
In this paper a study on a web based tool is described that is 
used to keep track of attendance and work schedules by 
employees and managers in large companies.  Ten users 
particpated in a think aloud test measuring the usability of a 
new version of the software and the user experience was 
measured before and after each user test.  

The user experience results show that the group of 
questions that measure the personal growth of the user got 
the lowest scores for this product, but pragmatic attributes, 
hedonic identification and attraction got much higher 
scores. It is not surprising that pragmatic issues get high 
scores for a task-oriented software like this one, but it is an 
interesting result that the users value highly the attraction 
and hedonic identification. 

Author Keywords 
User experience, usability, think-aloud, user testing. 

ACM Classification Keywords 

INTRODUCTION 
In the past decade user experience has become a popular 
field of study within the field of Human Computer 
Interaction. It challenges the past notion that task related 
features are the only ones that contribute to usability. User 
experience focuses on the user entire experience when 
using a software product, not just the ISO 9241-11 factors, 
effectiveness, efficiency and satisfaction. User experience 
introduces new concepts to the quality of software like fun, 
beauty and pleasure. 

The problem with the concept of user experience is how 
vague it is and that it can be interpreted in many ways. 
More empirical results are needed to define the concept 
clearly [6] and these will only be obtained by making 
models and using them to measure user experience for 
different products [3]. There are many unanswered 
questions that need to be addressed. What is beauty? Are 

beauty and usability related? What contributes to the 
goodness and beauty of products? What effects how the 
users summarize experiences during usability evaluations? 
[5] To address some of these problems Hassenzahl [2] has 
proposed a model of user experience that divides the 
attributes of a product into pragmatic and hedonic 
attributes. Based on this model he has made the AttrakDiff 
2 [4] questionnaire that can be used to measure the user’s 
experience of these different attributes in the product. That 
questionnaire has been translated to Icelandic by Marta 
Larusdottir. 

The goal of this study is to measure the user experience of 
users participating in a typical think aloud test of a task-
oriented software by using the Icelandic version of 
AttrakDiff 2 questionnaire. Our goal was to compare the 
measurements of the expectations to the tool and the user 
experience measured just after taking part in a think aloud 
test. Secondly we wanted to analyse the Icelandic 
translation of the questionnaire. 

BACKGROUND 
In this section it is explained what is meant by User 
Experience, a clarification of the different concepts that lie 
behind the AttrakDiff 2 questionnaire is given and some of 
the studies that have used it to measure what attributes to 
attractiveness of products are described. 

User Experience 
User Experience is a relatively new field within the larger 
scope of Human Computer Interaction. It proposes a more 
holistic view of the user’s experience when using a product 
then is usually taken in the evaluation of usability [2]. Until 
now usability evaluations have primarily focused on task-
related issues such as efficiency and effectiveness. Stating 
that a product that is efficient and effective in allowing the 
user to solve the tasks needed, to fulfill the user’s goals, 
makes the user satisfied [6]. 

But is it enough to have a satisfied user? The researchers 
leaning toward UX say the answer is no [6]. The user needs 
to experience more that satisfaction with the product for it 
to be marketable. Hassenzahl [2] proposes a model for the 
different attributes a product can have and make up a 
product character. He states that a product has both 
pragmatic and hedonic attributes. The former being the task 
related attributes we are used to from the classic usability 
literature and the later emphasizing the users well being 
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while using the product. Hassenzahl also introduces in the 
same chapter three different classes of hedonic attributes; 
stimulation, identification and evocation. Later Hasssenzahl 
decided to drop the evocation class from the model and that 
is not included in AttrakDiff 2. 

AttrakDiff 2 
AttrakDiff 2 [4] is a questionnaire that measures hedonic 
stimulation and identity and pragmatic qualities of software 
products [1]. The questionnaire was originally made in 
German but has been translated to English. AttrakDiff 2 has 
four, seven anchor scales, in total 28 questions. These will 
be described in more details in the following.  

Pragmatic Manipulation 
Pragmatic attributes are the ones that are associated with 
how easy the user finds it to manipulate the environment, in 
this case the product or software. It is what makes us able to 
fulfill our goals and what we have until now talked about as 
usability. If we think pragmatically the only requirement 
from a product to squeeze juice from an orange is that it 
actually squeezes the juice from the orange and that we can 
find out how to use it on our own. There is no beauty or 
design needed to make a product pragmatic. 

Hedonic Stimulation 
The attributes connected to hedonic stimulation are the ones 
that encourage personal growth of the user. People want to 
develop their skills and knowledge further and these are the 
attributes of the product that allow for that to happen. As an 
example Hassenzahl provides unused features of a software 
[2]. Those features that the user does not yet use are not a 
part of the pragmatic experience but are rather perceived as 
hedonic as they provide stimulation for further 
development. Stimulation can also be provided by 
presenting things in a novel way or by a new interaction 
style. 

Hedonic Identification 
Attributes connected to hedonic identity are the ones that 
make us identify with the product in a social context. What 
message are we communicating to other socially by using 
this product? These attributes are connected to the fact that 
all persons communicate their identity through things they 
use and own. An example of this would be a personal 
website where you can communicate who you are to the 
outside world. If a product communicates what we think to 
be advantageous to others we might prefer that product. 
Ipods would be a good example of a product that 
communicates a strong identity. There are several other 
mp3 players on the market that work the same but the brand 
name is so strongly connected to the product and its 
coolness that everyone has to have an ipod. 

Attraction 
When we talk about something as being attractive to us, we 
are usually summarizing the whole experience of the 
product. We judge the product as a whole and use words 
like good, bad, beautiful and ugly to describe things. In 
AttrakDiff 2, attraction is used to measure the global appeal 
of a product and to see how the other attribute affect this 
global judgment [3]. 

Scale Examples 
The Pragmatic Quality (PQ) scale has seven items each 
with bipolar anchors that measure the pragmatic qualities of 
the product. This includes anchors such as Technical-
Human, Complicated-Simple, Confusing-Clear. The 
Hedonic Quality Identification (HQI) and Stimulation 
(HQS) scales also have seven anchors each. HQI has 
anchors like Isolating-Integrating, Gaudy-Classy, Cheap-
Valuable. HQS has anchors like Typical-Original, Cautious 
Courageous and Easy-Challenging. AttrakDiff 2 also has a 
seven item anchor scale for overall appeal or attraction 
(ATT) with anchors like ugly-beautiful and bad-good. The 
anchors are presented on opposite sides of a seven point 
likert scale, ranging from -3 to 3, where zero represents the 
neutral value between the two anchors of the scale. 

Related Work 
Hassenzahl used the AttrakDiff 2 questionnaire to study 
four different mp3 player skins [3]. He used the 
questionnaire to explore the effect of pragmatic and hedonic 
qualities on beauty and goodness. The four different skins 
had been pre tested and judged ugly or beautiful; two skins 
were judged beautiful and two ugly. In the first study 33 
students were asked to look at each skin and fill out an 
AttrakDiff 2 questionnaire for each of the skins without 
using them. Two 2x3 ANOVAs were performed on the 
result data, one for the beautiful skins and another for the 
ugly ones. The ANOVAs had skin and attribute group (PQ, 
HQS, HQI) as within subject factors and score as dependent 
variable. This revealed that there was one skin in each 
group that was significantly more stimulating than the other 
and the other was thought to be significantly more 
pragmatic. Other results were that the identity 
communication factors, HQI were the factors that had the 
highest correlation with the beauty rating, i.e. the HQI 
scores were significantly higher for the more beautiful 
skins. 

A study on the influence of hedonic quality on 
attractiveness was done by Schrepp, Held and Laugwitz [7]. 
They sent out e-mails to students and asked them to look at 
three different interfaces of business management software. 
Around 90 people responded and the response rate was 
34%. AttrakDiff 2 was used to measure the user experience 
after the user had looked at 11 different screenshots, with an 
explanatory text before it, of the interface executing a part 
of a business scenario. Schrepp et al. expected, since they 
were testing business software that are in their nature meant 
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to support people in their work, that pragmatic qualities 
would have greater influence on attractiveness than hedonic 
qualities. What they found on the other hand was that both 
HQI and PQ contributed evenly to the attraction and HQS 
also contributed significantly. 

They also found, as they expected, that more attractive 
interfaces were preferred over the less attractive ones. 

MATERIALS AND METHODS 
In this chapter the study using the newly translated 
AttrakDiff 2 questionnaire is described, first the tool which 
was evaluated, then the usability tests, the participants and 
the measurements in the study. 

The tool - Workhour 
Usability tests were conducted on a new version of software 
called Workhour (Vinnustund in Icelandic) [8]. It is 
designed by the Icelandic software company Skyrr, see 
figure 1. An old version had been in use for serveral years, 
but in the new version the user interface was changed 
exstensively. There are four main user groups of Workhour; 
ordinary users that work on shifts and those that work 
regular hours. The other two main user groups are managers 
that work on shifts and those that don´t.  

The main tasks for ordinary users working on shifts is to 
check there monthly plan for shifts, ask for a day off and 
check if they have fullfilled all their work obligations for 
that month. The main tasks for regular users are asking for 
holidays and check if they have been too many hours off 
work. The Workhour system is very useful to managers, 
because they can do much of their organizing work in 
Workhour like check if all timestamps for their employees 
are correct, insert information about an employee that is 
sick and get an overview of how many have been sick over 
a particular period to name a few. 

Participants 
Ten individuals participated in the study, eight women and 
two men. Five of the participants were categorized as 
managers and the other five as ordinary users. The 
participants are employees of Landspitali – University 
Hospital and Financial Management Authority in Iceland, 
and were divided into two groups but all of them use 
Workhour as a part of their workday. One of the 
participants only filled out a very small portion of the pre-
use questionnaire and none of the post-use so we did not 
use any data from him in the results. 

The usability tests 
The ten usability tests were conducted by two usability 
specialists on the new version of Workhour running on a 
test database two months before it was installed.  

Each user solved six or seven tasks in think aloud tests 
which were adjusted to their ordinary tasks. The total 
number of tasks in the study was 17. The tasks were made 

by one of the developers of the user interface that has good 
connections to the users. 

 
Figure 1. The new version of the software Workhour 
 

The user tests were conducted at their ordinary working 
place, so a lot of contextual information was also gained. 
Two usability specialists conducted the tests; one was the 
organiser and one the data recorder. Additionally 
everything that was said was recorded on tape.  

The AttrakDiff 2 questionnaire was administered before and 
after the think aloud test. First the participants were asked 
to answer the questionnaire according to their expectations 
to the new version of Workhour they would be trying in a 
minute. The users are all familiar with older versions of 
Workhour and were chosen to be in the study as typical 
users of the system. After the think aloud test was finished 
the user filled in the questionnaire again and now the 
participants were asked to base their answers on the 
experience of using Workhour to solve the given tasks. The 
reason for measuring both the expectations and the 
experience is that user experience a subjective factor that 
changes over time and we were interested to see what affect 
actually using the tool would have on the measurements of 
the user experience for the tool. 

Unlike studies done by Hassenzahl on skins for mp3 players 
[3], our study had participants that are actual users of the 
software being evaluated. The tasks they performed were 
tasks they know and perform every day. The expectation of 
the user when answering the AttrakDiff 2 questionnaire 
before use was purely based on what the user expected of 
the new version, because most users had not seen the new 
version before answering the questionnaire. 

Measurements 
The AttrakDiff 2 questionnaire was translated from English 
to Icelandic by Marta Larusdottir and this was the first time 
it was used in the Icelandic format. There was one set of 
anchors that were left out when the questionnaire was 
translated. It was the HQI item with anchors Alienating-
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Integrating. The translator was not able to find a suitable 
translation that differed from the translation of another pair 
of anchors. So the HQI only had six items. 

The internal consistency of the HQI, HQS, PQ and ATT 
scores was measured both before use and after use and 
unfortunately it was not as high as previously measured by 
Hassenzahl [3]. Cronbach’s α on the pooled values for the 
different scales before use was: PQ, α = .58; HQI, α = .57; 
HQS, α = .42; ATT, α = .43. These values for alpha are 
rather low and that indicates that there is not a high 
correlation between the answers with in each group. 
Usually the criteria of internal validity wanted from 
questionnaires is an α > .70 [3]. After use the scales internal 
validity was higher in three cases: PQ, α = .86; HQS, α = 
.55; ATT, α = .70. In the HQI, α = .46 scale the validity was 
lower than before. Both PQ and ATT were over the, α > .7 
mark when measured after use, which is good but the 
internal validity of HQS is still too low. 

RESULTS 
In the following chapter the results will be described, first 
on the user experience and then the analysis of the 
translation of AttrakDiff 2.0 to Icelandic is described.  

The user experience 
We calculated the mean score of all user answers for each 
quality scale (each scale has 7 questions).  As mentioned 
earlier each answer gets a value from -3 to 3, with zero as 
the neutral value between the anchors of the question. 

As can be seen in Figure 2 all the quality scales have means 
above zero both before and after use of Workhour. The 
post-use line is also always beneath the pre-use line. A 
paired T-test that compared the pre and post-use scores for 
each participant and each category showed that difference 
in mean scores pre and post-use was significant in 
HQS(meanDiff = .67,t = 3.56, p = .007) and in 
ATT(meanDiff = .49,t = 3.43, p = .009) but not in 
HQI(meanDiff = .35,t = 1.62, p = .115) and PQ(meanDiff = 
.34,t = 1.78, p = .145). It is also noticeable that HQS score 
means are much lower than the other means both pre- and 
post use. 

Since the internal validity of the scales was not very high 
we decided not to do any further analysis of the effects of 
the different qualities (HQI, HQS and PQ) on ATT as was 
done in other studies using AttrakDiff 2. One idea was also 
to test the correlation between different scales. At the 
AttrakDiff website there is a confidence square diagram 
made from the data which we did not attempt. There online 
experiments can be set up in German and in English [4]. 

Discussion 
It is interesting to see that the post-use line (Experience) in 
Figure 2 is below the pre-use line (Expectations) and 
consistently so. Even though the difference is not 

statistically significant (This might be due to the small 
sample we had). We still believe it is relevant because it is 
found in all categories. We think that one reason for this is  
that users are optimistic that a new version is somehow 
better than the old and therefore have high expectations to 
its hedonic and pragmatic qualities, that are lowered when 
the product is used but not considerably. Participants might 
move their scoring one point closer to the middle. 

 
Figure 2. Mean scores for each scale of AttrakDiff 2 

Moreover, even if the scores moved closer to zero they 
were over all pretty good compared with both the mp3 skin 
study and the business interface study mentioned earlier. 

In Figure 2 we can see that HQS gives the lowest score. 
That category has a mean that is 1-1.5 lower that the other 
means.  

This indicates that the software has less hedonic stimulation 
qualities than identification and pragmatic ones. This is an 
interesting result. 

We think this is very understandable since we doubt that 
stimulation was one of the design goals of Workhour. It is 
software that is used to check on work schedules and to 
punch in and out of work. We think that the stimulation 
factor is more important when designing software for 
creative work rather than support software that most user 
use only for a short period of time each day and mainly just 
have to trust that it works. 

Translation of AttrakDiff 2 
As stated before the study above was also done to test how 
the Icelandic translation of the questionnaire was working. 
In the description of the variables and measurements above 
we showed that the internal validity of the scales was rather 
poor. Since other studies have shown much better validity 
scores our first thought was to look closer at how the scores 
were for each item on the scale. We started with the HQS 
scale because that gave the lowest internal validity in both 
the pre- and post-use study and also a much lower mean 
score than the others. 

In Figure 3 we see that the third and sixth items of HQS 
give a very different mean than the others in this group. 
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This indicates that these items are not measuring effect that 
is similar to the others. The third HQS item has the word 
anchors bold - cautious where markings closer to bold give 
a higher score. The translation was ótraust - traust where 
ótraust gave a higher score. This is a somewhat misleading 
translation, that indicates that the software is not reliable 
and secure enough. A better translation would be djarft-
varfærnislegt. The only problem is that varfærnislegt is 
already used in item four in HQS and we propose that 
íhaldsamt will be used there instead. 

 
Figure 3. Scores of HQS: Pre- and post-use 

The sixth HQS item has the word anchors undemanding - 
challenging where markings closer to challenging give a 
higher score. The translation was auðvelt-krefjandi. We 
don’t think this translation can be improved and the reasons 
for the low score are most likely that users don’t want 
software of this type to be challenging.  

There was also one item missing from the translation. That 
was the fifth item in HQI that has the anchors alienating-
integrating. The Icelandic translation for integrating was in 
use in the first HQI item. 

Our suggestions are that we change item HQI1 to 
einangrandi-tengjandi and item HQI5 which was missing to 
fráhverft-sameinandi. 

The other scales did not seem to be suffering from the same 
problems as the HQS scale. It is therefore our belief that if 
those changes are made the internal consistency of the 
scales would improve. If this does not happen it would raise 
the question whether the HQS scale simply does not apply 
in the same way as the other scales when measuring the 
user experience of very practical software. This is certainly 
a point worth studying further. 

CONCLUSION 
It was very interesting to see the scores for the different 
attributes of the AttrakDiff 2 Questionnaire on Workhour. It 
seems that hedonic stimulation is the least important factor 
in such software or at least what the participants thought 
deserved the lowest score. 

It was surprising though how high the scores were in HQI 
considering that identification was probably not a part of 
the design. The good score in PQ, HQI and ATT is pleasant 
to see because that indicates that there is overall happiness 
with the software product. 

It is dangerous to draw conclusions about the relationship of 
hedonic qualities and usability and goodness from the 
studies that have been done at present. A great deal of 
software is used every day for extended periods of time and 
not recreationally. It is questionable, if that kind of software 
would follow the same patterns as the mp3 player skins in 
Hassenzahl’s study, and what about real users? Even though 
the people in his study probably use some kind of mp3 
players frequently we do not know whether they are to be 
considered “real” users. 

Further empirical studies are needed to be able to draw any 
conclusions about user experience and how it is affected. 
Hassenzahl’s model is a step in the right direction and 
hopefully we will see a great increase in studies using that 
or similar models to evaluate user experience with software 
and other products. It is also our hope that translating the 
AttrakDiff 2 questionnaire to Icelandic will inspire more 
people to use it alone or as an addition to other user testing 
to gain more knowledge about what factors contribute to 
how attractive our software is to the user. 
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