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Abstract. This paper focuses on a multidimensional approach for evaluating 
multimodal UI based upon a set of well known techniques for usability evalua-
tion. Each technique evaluates the problem from a different perspective which 
combines user opinion, standard conformity assessment, and user performance 
measurement. The method’s presentation and the evaluation analysis will be 
supported by a discussion of the results obtained from the method’s application 
to a case study involving a Smartphone. The main objective of the study was to 
investigate the need for adapting a multidimensional evaluation approach for 
desktop applications to the context of multimodal devices and applications. 
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1   Introduction 

During the past two decades, a plethora of UI usability evaluation methods have been 
conceived. In consequence, the importance of focussing on HCI usability assessment 
is recognized today by academia, industry, and governments around the world. For 
years, users have utilized keyboards and/or mices as HCI input devices. In more re-
cent years, a number of applications have been changing the interaction focus to 
multi-modal navigational cues, e.g. text + graphical/visual highlight + auditory in-
structions + gesture, which support a more natural interaction. Such systems whose 
interfaces support more than one input modality (e.g., via speech input, handwriting, 
gesture input, facial expressions) are known as multimodal dialogue systems (MDS). 

In the context of such variety of I/O channels, efforts have been focused on propos-
ing new techniques for multimodal user interface (MUI) usability evaluation. How-
ever the more evolved is the computing market toward MDS, the harder becomes for 
HCI evaluators to choose among the plethora of approaches for MUI usability evalua-
tion recently proposed in the literature. It has to be taken into account that it is not a 
trivial task to compare between different studies, based on a number of claims made 
without solid statistical results. Face to these new UI features, such as dynamic  
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contexts of use, mobility, and accessibility, HCI practitioners ask how effective meth-
ods, techniques and settings well known to them from previous experiences can be. 
And the consequent important question is if it could be possible to adapt them to 
MDS, by considering their distinctive features. Another question is related to whether 
to adopt a field or a lab approach. Although many of these issues are known to many 
practitioners, very little discussion is found in literature of which technique or combi-
nation of them is best suited for a specific modality and its context of use. Beyond this 
level of detail and for a successful choice of a methodological approach, it seems 
essential to know about its effectiveness, in what ways and for what purposes as well. 
Otherwise, he/she will expend significant effort with little payoff result. 

2   Usability Assessment of MUI 

It is a fact that UI are a determining factor for acceptance of interactive products. As a 
quality attribute, usability ables one to assess how easy UI are to use, and it can de-
termine the difference between success and failure [1]. According to [2], usability 
dimensions are taken to include effectiveness (accuracy and completeness with which 
users achieve specified goals in particular environments), efficiency (accuracy and 
completeness goals achieved in relation to resources expanded); and subjective satis-
faction (comfort and acceptability of using a system).  

Despite discussing frequently to whether to adopt a field or a lab approach, it is of-
ten neglected in HCI literature effectively talking about which techniques are best 
suited for specific evaluation targets and their contexts of use. In order to exercise a 
choice of approach, this polemic subject may represents to the HCI community an 
equally important concern, since the efforts carried on the evaluation may not payoff 
if a method, technique and/or setting is not well chosen or well employed [3]. 

The majority of the usability studies for MUI focus on some user testing, in which 
user activity is monitored and/or recorded, while users perform predefined tasks. This 
allows the evaluator to gather quantitative data regarding how users interact with 
multimodal technology, which provides valuable information about usability and user 
experience as well. A number of types of user testing have been conducted, both in 
lab and in field environments, revealing user preferences for interaction modalities 
based on factors such as acceptance in different social contexts, e.g., noisy and mobile 
environments [4]. 

Inspection methods have also been extensively adopted, in which HCI experts rely 
on ergonomic knowledge to identify usability problems while inspecting the user 
interface. Well-known methods belonging to this category include cognitive walk-
throughs (e.g., [5]), formative evaluation/ heuristic evaluation (e.g., [6]), and bench-
marking approaches involving ISO 9241 usability recommendations or conformance 
to guidelines (e.g., [7]). 

Questionnaires have been extensively administered to gather qualitative informa-
tion from users, such as subjective satisfaction, perceived utility of the system, and 
user preferences for modality (e.g., [8]) and cognitive workload (e.g., [9]). Quite of-
ten, questionnaire use has been combined with user-testing techniques [4]. 

Simulation and model-based checking of system specifications have been recently 
used to predict usability problems, e.g. unreachable states of the systems or conflict 
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detection of events required for fusion. A combination of task models based on con-
cur task tree (CTT) notation with multiple data sources, such as eye-tracking data and 
video records has been used to better understand the user interaction [10]. 

A plethora of empirical studies have been carried out to determine the contribution 
of modalities to the user interaction, in terms of (i) understanding how usability and 
user acceptance is influenced by new devices and novel interaction techniques (e.g., 
[11][12]); (ii) showing that the perceived usability is impacted according to the kind 
of tasks performed (e.g., [4][13]), and according to the context of use - indoor versus 
outdoor conditions, mobile applications (e.g., [14]); or (iii) trying to assess the accu-
racy of multimodal interaction for given tasks (e.g., [15][16]). 

3   The Multidimensional Evaluation Approach 

The original version of the present approach was conceived for evaluating desktop 
application UI [17], and further adapted to evaluate the usability of mobile application 
UI [18]. With the aim of providing complementary results and more integrated usabil-
ity information, it is based upon the premises that (i) each evaluation technique  
provides a different level of information, which will help the evaluator to identify 
usability problems from a specific point of view; and (ii) data triangulation can be 
used to review information obtained from multiple data sources and techniques. This 
resulted in a hybrid strategy which encompasses the best aspects of (i) standards 
inspection; (ii) user performance measurement; and (iii) user inquiry. 

According to [2] conformity assessment means checking whether products, ser-
vices, materials, processes, systems, and personnel measure up to the requirements of 
standards. For conformity assessment, the desktop version of the multidimensional 
approach adopts the standard ISO 9241 (Ergonomic Requirements for Office Work 
with Visual Display Terminals). In its multimodal version, and more specifically for 
the Smartphone case study it was found that only some parts of ISO 9241 could be 
applied - 14 [19], 16 [20], and 17 [21]. There are also some other standards that apply 
to this kind of device such as the ISO/IEC 14754 (Pen-based Interfaces—Common 
gestures for text editing with pen-based systems) [22]; ISO 9241-171 (Ergonomics of 
human-system interaction — Guidance on software accessibility) [23]; ISO/IEC 
24755 (Information technology — Screen icons and symbols for personal mobile 
communication devices) [24]; ISO/IEC 18021 (User interfaces for mobile tools for 
management of database communications in a client-server model) [25]; and ITU-
TE.161 (Arrangement of digits, letters, and symbols on telephones and other devices 
that can be used for gaining access to a telephone network, also known as ANSI 
T1.703-1995/1999); and ISO/IEC 9995-8:1994) [26]. 

In general, user performance measurement aims to enable real time monitoring of 
user activities, providing data on the effectiveness and efficiency of his/her interaction 
with a product. It also enables comparisons with similar products, or with previous 
versions of the same product along its development lifecycle, highlighting areas 
where the product usability can be improved. When combined with the other meth-
ods, it can provide a more comprehensive view of the usability of a system. The major 
change introduced in the original evaluation approach concerns the introduction of 
field tests as a complement to the original lab tests. 
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User subjective satisfaction measurement has been widely adopted as an IS 
success indicator, and has been the subject of a number of researches since the 
1980s (e.g., [27][28]). User satisfaction diagnosis provides an insight into the 
level of user satisfaction with the product, highlighting the relevance of the prob-
lems found and their impact on the product acceptance. In this approach, user 
subjective satisfaction data are gathered from three methods: (i) automated ques-
tionnaires administered before and after test sessions; (ii) informal think-aloud 
trials performed during test sessions; and (iii) unstructured interviews conducted 
at the end of test sessions. 

Going beyond the definition of usability in function of effectiveness, efficiency 
and satisfaction [7], ISO also defines that at least one indicator in each of these 
aspects should be measured to determine the level of usability achieved. As 
briefly exposed in this section, the multidimensional approach presented here 
meets the requirements set by ISO 9241-11 because it is used: (i) the task execu-
tion time as an efficiency indicator; (ii) the number of incorrect actions, the num-
ber of incorrect choices, the number of repeated errors, and the number of 
 accesses to the online/ printed help as effectiveness indicators; and (iii) the 
think-aloud comments, the unstructured interview responses, and the question-
naire scores as subjective satisfaction indicators. 

4   The Experiment: Use of Smartphone 

The main objective of the study was to investigate the need for adapting a multidi-
mensional evaluation approach for desktop applications to the context of multimodal 
devices and applications. Thus, the influence of (i) the context (field, mobility use), 
(ii) the interaction modality, and (iii) the user experience on the evaluation of multi-
modal devices and applications was investigated.  

Mobile devices, e.g. smartphones and PDAs, can be used to implement efficient 
speech-based and multimodal interfaces. With the aim of investigate the influence of 
the context of use on usability with regard to environmental noise, three experiments 
were carried out in the field, for three realistic environments - quiet, normal and 
noisy. Thirty-six subjects took part in the experiment. The subjects were divided into 
three groups of twelve. The multimodal device chosen as the target for this study was 
the Smartphone HP iPAQ 910c Bussiness Messenger and some of its native applica-
tions. 

Experiment Design  
An experimental plan was drawn from the objectives of the study, and three inde-
pendent variables were chosen – (i) task context, (ii) user mobility, and (iii) user ex-
perience level - which are not influenced by the context, the test facilitator or external 
factors, such as lighting, activity flow and interruptions of people. Eight dependent 
variables were chosen: (i) task time, (ii) number of incorrect choices, (iii) number of 
incorrect actions (incorrect decisions excluding the number of incorrect choices while 
performing a task), (iv) number of repeated errors, (v) number of incorrect voice 
recognition, (vi) number of accesses to the help (online help and printed one), (vii) 
perceived usefulness, and (viii) perceived ease of use. 
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Test Environment, Materials and Participants 
In all test environments, all the elements (e.g., tasks, informal think aloud, unstruc-
tured interviews) were identical, only the test environment was different with regard 
to background noise. To minimize moderator bias, the tests were conducted with three 
experienced usability practitioners with 3 to 12 years of experience in usability test-
ing. The instructions given to participants were predefined. All moderators partici-
pated in data gathering and data analysis. Statistical analysis was performed by one 
moderator, and revised by another one. The multimodal device used in this  
experiment was the HP iPAQ 910c Bussiness Messenger and some of its native appli-
cations. A micro-camera connected to a transmitter was coupled to the device to re-
motely record and transmit user-device interaction data to the lab through a wireless 
connection (see Fig. 1). 

A remote screen capture software (VNC) was also used to take 
test session screenshots, and a web tool named WebQuest [29] 
was used as well for supporting the user subjective satisfaction 
measurement. WebQuest supports the specialist during data 
collection, automatic score computation, performs statistical 
analysis, and generates graphical results. Currently WebQuest 
supports two questionnaires: (i) a pre test questionnaire, the 
USer (User Sketcher), conceived to raise the profile of the sys-
tem users; and (ii) a post test questionnaire, the USE (User 
Satisfaction Enquirer), conceived to raise the user degree of 
satisfaction with the system. The experiment setting required a 
wireless network. The experiments in silent and normal envi-
ronments were carried out in an uncontrolled space (a typical 
work room).  The experiment in noisy environment was carried 

out in an open place, characterized by the constant flow of people (a mall). In both 
cases, the session moderators remained with the participants, in case any explanation 
on the test procedure was required. Participants were selected on the basis of having 
previous experience with mobile devices (such as mobile phones), computers, and the 
Internet. They were also required to have some familiarity with the English language, 
since this is the language adopted in the device’s user interface and in its documenta-
tion. The recruited users were divided into two groups of 12 for the tests in the quiet, 
normal and noisy environments (sensitive, normal and accurate sensitivities). Accord-
ing to their experience levels, each group was then subdivided into two subgroups. A 
ratio of 6 beginners to 6 intermediates was adopted.  

Experimental Procedure 
Observation and retrospective audio/video analysis for quantitative and qualitative 
data were employed. Participants were required to provide written consent to be 
filmed prior to, during and immediately after the test sessions, and to permit the use of 
their images/sound for research purposes without limitation or additional compensa-
tion. On the other hand, the evaluation team was committed to do not disclose the user 
performance or other personal information. According to the approach basis, the first 
step consisted in defining the evaluation scope for the product as well as in designing 
a test task scenario, in which the target problems addressed were related to the: (i) 
usage and interpretation of modalities; (ii) mechanisms for information input/output; 

Fig. 1. Kit to 
support video 
camera during 
experiment 
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(iii) processing power; (iv) navigation between functions; and (v) information legibil-
ity. Since the test objectives focused on (i) investigating the target problems; and (ii) 
detecting other problems which affect usability, a basic but representative set of test 
tasks was selected and implemented. The test tasks consisted of (i) initializing the 
device; (ii) consulting and scheduling appointments; (iii) entering textual information; 
(iv) using the e-mail; (v) making a phone call; e (vi) using the audio player. After 
planning, 3 pilot field tests (quiet, normal and noisy environments) were conducted to 
verify the adequacy of the experimental procedure, materials, and environments. Aim-
ing to prevent user tiredness, the session time was limited to 60 minutes, and the test 
scenario was dimensioned to 6 tasks. Thus, each test session consisted of (i) introduc-
ing the user to the test environment by explaining the test purpose and procedure; (ii) 
applying the pre-test questionnaire (USer); (iii) performing the six-task script; (iv) 
applying the post-test questionnaire (USE); and (v) performing a non-structured inter-
view. For the participants who declared not having had any previous contact with the 
smartphone device, a brief explanation of the device I/O modes and its main resources 
was given, considering that it was not yet widely spread in Brazil at the time of the 
experiment.  

5   Results 

For summarizing conformity assessment results (see Table 1), it was computed Ad-
herence Ratings (AR), which are the percentages of the Applicable recommendations 
(Ar) that were Successfully adhered to (Sar) [19]. All the ARs, excluding that one 
related to ISO 14745, are higher than 75%, which means successful results. As for 
ISO 14745, the result indicates the need to improve the input text via write recogni-
tion. Those results corroborate with the idea that the efficacy of standards inspection 
can be considerably improved if it is based upon standards conceived specifically for 
mobile devices, which could evidence more usability problems. 

As for the user subjective satisfaction measurement, both questions and answers of 
the post test questionnaire (USE) were previously configured. The questionnaire was 
applied soon after the usability test and answered using the mobile device itself, with 
the purpose to collect information on the user degree of satisfaction with the device 
by means of 38 questions about menu items, navigation cues, understandability of the 
messages, ease of use functions, I/O mechanisms, online help and printed manuals,  
 

Table 1. HP iPAQ 910c conformity with standards 

Standard #Sar #Ar AR(%) 
ISO 9241 Part 14 66,0 72,0 91,67 
ISO 9241 Part 16 31,0 34,0 91,18 
ISO 9241 Part 17 54,0 57,0 94,74 

ISO 14754 7,0* 11,0 63,64 
ISO 24755 10,0** 17,0 58,82 

* Not adhered recommendations in full, made small changes consistently in 4/7 points (Transcriber), 1/3 
points (Letter recognizer) and 2/4 points (Block recognizer). 

** Not adhered recommendations in full, made small changes consistently in 6 points. 
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Table 2. Overlay of results obtained from different techniques described above 

PROBLEM CATEGORY SI PM SM 
Location and sequence of menu options  (2)   (2) 
Menu navigation   (1)  
Presentation of menu options  (1)   (1) 
Information feedback   (3)  (3) 
Object manipulation  (4)   
Form filling dialogues  (3)   
Symbols and icons  (7)   (3) 
Text entry via keyboard   (1)  (1) 
Text entry via virtual keyboard   (1)  (1) 
Text entry via stylus (Transcriber)  (4)  (1)  (5) 
Text entry via stylus (Letter recognizer)  (8)   (8) 
Text entry via stylus (Block recognizer)  (7)   (7) 
Voice recognizer  (2)  (1)  (3) 
Processing power   (1)  (1) 
Hardware issues   (3)  (3) 
Fluent tasks execution   (5)  (5) 
Online and offline help   (2)  (2) 
Legend: 
SI – Standards Inspection. 
PM – Performance Measurement. 
SM – Satisfaction Measurement. 

 
 Consistent findings. 
 Contradictory findings. 

 

 
users’ impression, and product acceptance level. With the support of the pre test ques-
tionnaire (USer), the user sample profile was drawn. It was composed of 20 male and 
16 female users, of which 12 were undergraduate students, 12 post-graduate stu-
dents, five graduate level, and seven post-graduate level. The ages varied between 18 
and 55 years. They were all right handed and mostly (18) used some sort of reading 
aid (glasses or contact lenses). They also had familiarity with the English language. 
All of them had at least one year of previous experience of computer systems, and 
were currently using computers on a daily basis. 

The ranges for USE normalized user satisfaction are 0.67 to 1.00 (Extremely  
Satisfied), 0.33 to 0.66 (Very satisfied), 0.01 to 0.32 (Fairly satisfied), 0.00 (Neither 
satisfied nor unsatisfied), 0.01 to -0.32 (Fairly dissatisfied), -0.33 to -0.66 (Very dis-
satisfied), and -0.67 to -1.00 (Extremely dissatisfied) [27]. The normalized user satis-
faction levels achieved were 0.25 (Fairly satisfied), 0.32 (Fairly satisfied), and 0.21 
(Fairly satisfied) for the quiet, normal, and noisy environments, respectively. 

Since the multidimensional approach is based upon the triangulation of results, Ta-
ble 2 summarizes the usability problem categories which were identified during the 
evaluation process. For each category, the number of problems identified by each 
technique is given. As can be seen, some of the usability problem categories were 
more associated to the performance measurement (e.g. hardware aspects, help mecha-
nisms) whereas others (e.g. menu navigation, presentation of menu options) were 
identified by the conformity assessment.  

It was possible to identify 67.6% of the problems found by other methods when 
combining the results from the post-test questionnaire to the comments made during 
the test sessions. In addition, the non-structured interviews at the end of each  
experiment session showed that the user opinion was in agreement (e.g., location and 
sequence of menu options) or disagreement (e.g., menu navigation) with the results 
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obtained from the other two evaluation techniques. This discrepancy can originate 
from the users’ perception of product quality, and from the perception of their own 
skills to perform the task. 

The statistic analysis consisted of: (1) building a report with univariate statistics; 
(2) generating the covariance matrices for the predefined objective and subjective 
indicators; (3) applying the one-way F ANOVA test to the data obtained from the 
previous step in order to investigate possible differences; and (4) applying the Tukey-
Kramer process to the one-way F ANOVA results aiming to investigate if the found 
differences were statistically significant to support inferences from the selected sample. 

According to the results (see Table 3), the series of one-factor ANOVA showed 
that exists significant differences between the session’s test results realized in the 
silent, normal and noisy environments. The Tukey-Kramer process (see Table 4) 
shows that the main differences are found in the comparison between the normal and 
noisy environments and quiet and noisy environments. 

Table 3. Quiet x Normal x Noisy experiment results 

p-Value (α=0.05) Variable Pair 
Quiet Normal Noisy 

Experience x Task Time 0.226 0.007 0.146 
Experience x Incorrect Actions 0.078 0.124 0.040 
Experience x Incorrect Choices 0.191 0.121 0.080 
Experience x Repeated Errors 0.640 0.515 0.078 
Experience x Help Accesses 0.016 0.282 0.059 

 
 

The results obtained from the experiment in which the multidimensional approach 
was applied support the original assumption that, in spite of the distinctive features of 
this class of devices, it is possible to adapt from the evaluation experience with con-
ventional and multimodal devices. 

Table 4. Tukey-Kramer experiment results 

Variable Pair Quiet x Normal Quiet x Noisy Normal x Noisy 
Experience x Task Time Not different Not different Different 
Experience x Incorrect Actions Different Not different Different 
Experience x Incorrect Choices Not different Not different Different 
Experience x Repeated Errors Not different Not different Not different 
Experience x Help Accesses Not different Different Not different 
Experience x Incorrect Voice Recognition Not different Different Different 

6   Final Considerations 

From the data analysis it became evident that certain problem categories are better found 
by specific techniques, as shown in Table 2. The analysis of the pre-test and post-test 
questionnaires and the informal interviews showed that familiarity with the English lan-
guage, domain knowledge and computer literacy, which characterize the user experience 
level, have significant influence on the user performance with multimodal devices and 
applications. Physical characteristics of the device affected the user performance and the 
data gathering during the experiment. Outdoors, in ambient light and higher noise level 
conditions, the screen’s legibility was reduced as well as the accuracy level of the voice 
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recognizer was affected. According to the user’s opinion stated during the informal inter-
view, the kit to support video camera did not interfere with the task execution, but the 
majority decided to lay the device down during task execution. As for the entry of text 
information, the users showed a preference for the on-screen keyboard instead of virtual 
keyboard and handwriting recognition feature such as Block Recognizer, Letter Recog-
nizer, or Transcriber to enter text. Based on their comments, as well as on the informal 
interview, it was concluded that writing long messages is very cumbersome both using 
the virtual keyboard and using the handwriting recognition application. 

The individual user preference was for the modality touchscreen combined with 
graphical interaction, aided by the use of the stylus. Handwriting recognition and 
voice recognition features had influence in the test results, especially regarding to the 
time of completion of the task. 

From the application of the multi-layered approach, the data gathered and analyzed 
support the initial assumption that minor adaptations in the traditional evaluation 
techniques and respective settings are adequate to accommodate the evaluation of the 
category of multimodal devices and application targeted by this study. 
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