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Introduction

Ubiquitous computing is a new paradigm that makes technological devices that interact with users in the environment invisible to them, shifting their attention from the software/hardware to everyday tasks [START_REF] Maia | LOCCAM-loosely coupled context acquisition middleware[END_REF]. Ubiquitous systems have features of distributed, heterogeneous and user-centered systems. A challenge for these systems is thus to design, implement and test these features as well as to attend issues related to user satisfaction [START_REF] Lee | Usability assessment for ubiquitous services: Quantification of the interactivity in inter-personal services[END_REF].

According to Nielsen [START_REF] Nielsen | Usability Engineering[END_REF], usability describes the ease in which users interact with a given interface correctly using system features. Usability testing is observation method that aims to evaluate interactive systems from the observation of the use of the systems by users [START_REF] Rubin | Handbook of usability testing: howto plan, design, and conduct effective tests[END_REF]. It is then explicitly devoted to analyze in details how users interact with the application for accomplishing well-defined tasks. Typical data collected during user testing are user execution time, number of errors, and user satisfaction. After the test completion, the collected data are then interpreted and used to improve the level of the application usability [START_REF] Fiotakis | Considering Cost in Usability Evaluation of Mobile Applications: Who, Where and When[END_REF].

Nelly et al. [START_REF] Neely | Evaluating pervasive and ubiquitous systems[END_REF] state that the evaluation in ubiquitous systems from the viewpoint of Human-Computer Interaction (HCI) could be difficult, since the evaluation of HCI approaches tend to be subjective and/or fragmented. From the viewpoint of HCI, one of the best and most used methods for evaluating ubiquitous systems is usability testing (e.g., see [START_REF] Riihiaho | User testing when test tasks are not appropriate[END_REF][START_REF] Kim | Usability evaluation framework for ubiquitous computing device[END_REF][START_REF] Silveira | A query language for data access in ubiquitous environments[END_REF]).

After a literature review, we have observed the implementation of usability testing in ubiquitous systems is generally performed in the same manner as in traditional systems. However, we have also identified several gaps and challenges of applying usability testing in ubiquitous systems that need more investigation and we gather them to present in this paper based on this review and on our own experience.

Besides that, we present our ongoing research to deal with some of these gaps and challenges.

Literature Review

We have performed a non-systematic review of the literature to identify different studies in the literature that proposed evaluation of ubiquitous systems. In this review, 20 papers were analyzed taken into account the following criteria: application domain, measures of usability testing, usability testing approaches in ubiquitous systems, and environment to performing of usability testing (controlled or real).

Regarding the domain of the evaluated ubiquitous applications, they have been diversified. However, most papers performed usability evaluation in Smart Homes [START_REF] Lee | Usability assessment for ubiquitous services: Quantification of the interactivity in inter-personal services[END_REF][START_REF] Kim | Usability challenges in ubicomp environment[END_REF][START_REF] Lee | A user-centered approach for ubiquitous service evaluation: an evaluation metrics focused on humansystem interaction capability[END_REF][START_REF] Acampora | Using ANFIS and FML for deploying transparent services in smart environments[END_REF][START_REF] Song | Bayesian and behavior networks for context-adaptive user interface in a ubiquitous home environment[END_REF] and Navigating System [START_REF] Ross | Evaluating the humanmachine interface to vehicle navigation systems as an example of ubiquitous computing[END_REF][START_REF] Poláček | Towards a navigation system for blind people: a wizard of oz study[END_REF][START_REF] Noguera | A scalable architecture for 3D map navigation on mobile devices[END_REF][START_REF] Maly | An evaluation tool for research of user behavior in a realistic mobile environment[END_REF][START_REF] Rodriguez-Sanchez | Accessible smartphones for blind users: A case study for a wayfinding system[END_REF]. Other work performed usability evaluation in other domains [START_REF] Riihiaho | User testing when test tasks are not appropriate[END_REF][START_REF] Silveira | A query language for data access in ubiquitous environments[END_REF][START_REF] Scholtz | Toward a framework for evaluating ubiquitous computing applications[END_REF][START_REF] Mcglinn | A Tool to Support Rapid Evaluation of Smart Building Application Design using Context Simulation and Virtual Reality[END_REF][START_REF] Gavalas | A web-based pervasive system for mobile tourist guides[END_REF][START_REF] Gavalas | Evaluation of a web recommender system in electronic and mobile tourism[END_REF] or not really performed any evaluation [START_REF] Kim | Usability evaluation framework for ubiquitous computing device[END_REF][START_REF] Ranganathan | Towards a pervasive computing benchmark[END_REF][START_REF] Rubio | Approach to a Quality Process for the Ubiquitous Software Development[END_REF][START_REF] Tang | Supporting rapid design and evaluation of pervasive applications: challenges and solutions[END_REF].

In the literature review, several measures were identified to assess the usability of the applications. However, we found out that no paper identifies measures for usability testing that consider the characteristics of ubiquitous applications such as context information. Most of the identified measures are the same used in traditional usability testing systems, for example: List of Tasks Performed [START_REF] Silveira | A query language for data access in ubiquitous environments[END_REF][START_REF] Song | Bayesian and behavior networks for context-adaptive user interface in a ubiquitous home environment[END_REF][START_REF] Ross | Evaluating the humanmachine interface to vehicle navigation systems as an example of ubiquitous computing[END_REF][START_REF] Poláček | Towards a navigation system for blind people: a wizard of oz study[END_REF][START_REF] Rodriguez-Sanchez | Accessible smartphones for blind users: A case study for a wayfinding system[END_REF][START_REF] Mcglinn | A Tool to Support Rapid Evaluation of Smart Building Application Design using Context Simulation and Virtual Reality[END_REF], Learnability [START_REF] Poláček | Towards a navigation system for blind people: a wizard of oz study[END_REF][START_REF] Mcglinn | A Tool to Support Rapid Evaluation of Smart Building Application Design using Context Simulation and Virtual Reality[END_REF][START_REF] Gavalas | Evaluation of a web recommender system in electronic and mobile tourism[END_REF][START_REF] Tang | Supporting rapid design and evaluation of pervasive applications: challenges and solutions[END_REF]; Response time [START_REF] Lee | Usability assessment for ubiquitous services: Quantification of the interactivity in inter-personal services[END_REF][START_REF] Ross | Evaluating the humanmachine interface to vehicle navigation systems as an example of ubiquitous computing[END_REF][START_REF] Noguera | A scalable architecture for 3D map navigation on mobile devices[END_REF][START_REF] Tang | Supporting rapid design and evaluation of pervasive applications: challenges and solutions[END_REF] and User Satisfaction [START_REF] Riihiaho | User testing when test tasks are not appropriate[END_REF][START_REF] Lee | A user-centered approach for ubiquitous service evaluation: an evaluation metrics focused on humansystem interaction capability[END_REF][START_REF] Song | Bayesian and behavior networks for context-adaptive user interface in a ubiquitous home environment[END_REF][START_REF] Ross | Evaluating the humanmachine interface to vehicle navigation systems as an example of ubiquitous computing[END_REF]. Only three papers [START_REF] Kim | Usability evaluation framework for ubiquitous computing device[END_REF][START_REF] Scholtz | Toward a framework for evaluating ubiquitous computing applications[END_REF][START_REF] Rubio | Approach to a Quality Process for the Ubiquitous Software Development[END_REF] have identified measures that consider the characteristics of ubiquitous systems. Other papers did not provide measures for usability testing [START_REF] Riihiaho | User testing when test tasks are not appropriate[END_REF][START_REF] Kim | Usability challenges in ubicomp environment[END_REF][START_REF] Rodriguez-Sanchez | Accessible smartphones for blind users: A case study for a wayfinding system[END_REF].

Most papers [START_REF] Lee | Usability assessment for ubiquitous services: Quantification of the interactivity in inter-personal services[END_REF][START_REF] Riihiaho | User testing when test tasks are not appropriate[END_REF][START_REF] Silveira | A query language for data access in ubiquitous environments[END_REF][START_REF] Kim | Usability challenges in ubicomp environment[END_REF][START_REF] Acampora | Using ANFIS and FML for deploying transparent services in smart environments[END_REF][START_REF] Song | Bayesian and behavior networks for context-adaptive user interface in a ubiquitous home environment[END_REF][START_REF] Ross | Evaluating the humanmachine interface to vehicle navigation systems as an example of ubiquitous computing[END_REF][START_REF] Poláček | Towards a navigation system for blind people: a wizard of oz study[END_REF][START_REF] Noguera | A scalable architecture for 3D map navigation on mobile devices[END_REF][START_REF] Maly | An evaluation tool for research of user behavior in a realistic mobile environment[END_REF][START_REF] Mcglinn | A Tool to Support Rapid Evaluation of Smart Building Application Design using Context Simulation and Virtual Reality[END_REF][START_REF] Gavalas | A web-based pervasive system for mobile tourist guides[END_REF][START_REF] Gavalas | Evaluation of a web recommender system in electronic and mobile tourism[END_REF] performed usability testing in controlled environments, not in real environments. Moreover, few papers presented specific approaches to usability evaluation for ubiquitous applications and, these approaches that have been identified are not specific to usability tests. In fact, we just found out evaluation frameworks [START_REF] Kim | Usability evaluation framework for ubiquitous computing device[END_REF][START_REF] Kim | Usability challenges in ubicomp environment[END_REF], usability evaluation processes [START_REF] Lee | A user-centered approach for ubiquitous service evaluation: an evaluation metrics focused on humansystem interaction capability[END_REF] and measures of usability evaluation in ubiquitous systems [START_REF] Lee | Usability assessment for ubiquitous services: Quantification of the interactivity in inter-personal services[END_REF][START_REF] Scholtz | Toward a framework for evaluating ubiquitous computing applications[END_REF].

Experience Report

We have been working with HCI evaluations in ubiquitous systems using software quality measurement. To do that, we have first defined which HCI quality characteristics of ubiquitous systems should be measured. Using a literature systematic mapping, we have identified the following five characteristics specific for evaluating HCI in ubiquitous systems: Context-Awareness (corresponds to the ability to collect contextual information and use them to make adaptations), Transparency (system proactivity, so the user is minimally distracted), Attention (refers to continuous or uninterrupted use of the systems as the user moves through several devices), Mobility (represents an increase of the attention's focus of the user in their everyday activities) and Calmness (prevents humans from feeling overwhelmed by technology). For these characteristics, a set of software measures were defined to evaluate the HCI quality. Examples of such measures are to context-awareness: Adaptation Correctness, Context Correctness and Adaptation Time [START_REF] Santos | A Quality Model for Human-Computer Interaction Evaluation in Ubiquitous Systems[END_REF].

The defined measures were collected in evaluations of three ubiquitous applications to mobile devices. The first application is called UbiPrinter, which aims to support the printing of documents by finding the user nearest printer. The second one is called UbiMute that monitor the user calendar looking for events in which the user cannot answer calls, for example: "meeting". Then, this application switched to the "silent" mode of the user's mobile phone. The last application is called GREat Tour, which is a tour guide for the GREat1 laboratory. It provides information about the environments of the laboratory that the user is visiting.

To execute the measure collection, we use different methods to collect all necessary data to calculate the defined measures: (i) generation of user interaction logs with the application by the code instrumentation; (ii) application of questionnaires to the final user as well as to the application developer; and (iii) observation form to the evaluator who makes notes while the user is using the application.

We faced some difficulties along the preparation and execution of these tests:

•

Each application requires a specific implementation code to collect the necessary data for the evaluation. For instance, to evaluate Adaptation Correctness, different context information had to be collected for each application: in UbiPrinter, we should automatically collect the Wi-Fi; and in UbiMute, the calendar.

• Each application requires different test procedures.

For instance, to observe the behavior of the UbiMute in the real environment, it is required that the application should be used during at least some days in the own users mobile phones. As a consequence, the participation of an observer during the test was not possible. On the other hand, we could assess UbiPrinter and Great Tour with an observer watching users of these applications.

• And, evaluating context-awareness requires the execution of several tests with a detailed planning of all tasks to be followed and the setting of different context information. For instance, to test the context-awareness of Great Tour, three mobile devices were necessary, each one with different level of battery, because this application has a battery level based adaptation.

Challenges

Based on the literature review about usability testing and in our own experience in HCI quality evaluation of ubiquitous systems, challenges in performing usability testing of these systems have been identified.

An identified key challenge is related to the environment of usability testing. Most usability testing is performed in the laboratory. However, according to Kim et al. [START_REF] Kim | Usability evaluation framework for ubiquitous computing device[END_REF], the traditional controlled laboratory tests are not suitable for ubiquitous applications. This is due to the large number of resources demanded to the environment required by ubiquitous systems, which must be the same used in real environment [START_REF] Acampora | Using ANFIS and FML for deploying transparent services in smart environments[END_REF]. So, usability testing in ubiquitous systems should be suitable for running in real environments.

Another challenge identified is that ubiquitous environments have more usability factors that should be used, such as contextual variables [START_REF] Kim | Usability challenges in ubicomp environment[END_REF]. A context-aware application has part of its particular behavior dependent of the context [START_REF] Tse | Testing Context-Sensitive Middleware-Software Applications[END_REF]; therefore, it is necessary to predict all relevant changes in context and analyze when those changes can impact the behavior of the system application [START_REF] Wang | Automated Generation of Context-Aware Tests[END_REF]. Usability testing should be mobile, modular and contextual to meet the ubiquitous systems features, and should also employ user-driven tasks to be accurate and relevant [START_REF] Riihiaho | User testing when test tasks are not appropriate[END_REF]. Test cases should be designed considering the context that the user can have in the environments in which the application will run. It is also important to consider the calm interaction related to the user's attention factor. This is a feature that shows the transparency of ubiquitous application in relation to user interaction.

For measures used in usability testing, we found out that most of these measures does not consider the factors of ubiquitous applications. It is a challenge to make the evaluation of the usability of these systems more reliable, and identify measures that consider the ubiquitous features in usability tests [START_REF] Scholtz | Toward a framework for evaluating ubiquitous computing applications[END_REF].

Finally, another challenge is in relation to the implementation of usability testing in ubiquitous systems, because currently they follow the same activities performed in traditional systems. There were not identified in our review one specific approach for usability testing of ubiquitous systems. Thus, research can be conducted to elaborate an approach for usability testing with specific tasks and specific measures to evaluate ubiquitous systems.

Future Work

Based on the challenges identified in usability testing for evaluating ubiquitous systems, we are working on a research project to try to solve them. The project objective is to define a strategy for planning and executing context-aware testing for ubiquitous systems, considering the context, and using measurements.

To that end, we should evolve usability testing to evaluate the complete ubiquitous system. We advocate that the interaction issues in ubiquitous systems go beyond the human-computer relationship, encompassing the interaction between different devices and systems, which we call in this project actorcomputer interaction, in which the actor can be not only the user, but also, another computer, device or software system in order to better answer the need of invisibility required.

Based on this project, we intend to build a specific approach to usability testing for ubiquitous systems. To reach this objective, this project includes: (i) Establish a software process for context-awareness testing based on evidence; (ii) Define measures to evaluate the interoperability of ubiquitous systems; (iii) Design context-awareness test cases based on measurements; and (iv) Develop and experimentally evaluate support tools for collecting measures.
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