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Abstract. 
Gathering physiological data when they are performing experiments requires a great effort from researchers. Very often, a considerable time is required to prepare the signal acquisition equipment, conduct the experiments, and properly label the data of each participant. Nevertheless this data is valuable for the analysis of personal characteristics, such as behavior, health conditions, and preferences. With the aim of assisting researchers with such tedious tasks, we have developed the DAFIESKU system. This system serves to acquire several types of physiological data. DAFIESKU facilitates the creation of new datasets with physiological data by means of mobile and wearable devices. The usability of the system was evaluated in two case studies in a two-step iterative process. Before conducting the second case study, the whole system was improved using the feedback obtained from the first case study. The results achieved show that usability was enhanced in the second version of DAFIESKU.



1. Introduction
People interact with computing systems in a way that is continuously changing: from batch communication to interactive systems and from interacting at certain times and places with desktop computers to continuous ubiquitous mobile interaction with wearables. New paradigms of human-computer interaction (HCI) have arisen, such as augmented reality, ubiquitous computing, and affective computing, and new applications have been discovered, such as eLearning, eHealth, and eGovernment [1–4].
Initially, specific equipment was used to enable these new applications, but nowadays almost any commercial equipment may serve. The use of mobile smart-phones is common, alone or in combination with other components such as smart-watches, glasses, microphones, and clothes. Most of them have integrated sensors, for example, accelerometers, gyroscopes, temperature sensors, pressure sensors, acoustic sensors, and thermography. With this equipment it is easy to record physiological data from users. These data, if adequately stored and preserved, may be used to train machine learning systems to analyze health conditions, user behavior, characteristics, and other similar topics.
There is a huge number of public online repositories storing datasets [5, 6]. Nevertheless, in some cases researchers need to create new datasets to work with, as the task of acquiring the datasets is an essential step in the research process [7].
The way data are obtained is an important issue directly relating to the validity of the data under consideration. Approaches to recording data are based either in controlled environments such as research laboratories or in uncontrolled environments such as in real life [8–10]. The first approach has the advantage of minimizing noise and recording mainly appropriate data, but its principal disadvantage is that naturalness is lost. That is, subjects may feel uncomfortable in a fairly unfamiliar place for them, probably while being observed by several people, that is, researchers. The latter approach has its advantages and disadvantages contrary to the former: subjects are in their real life contexts and therefore data is generated by more natural reactions, although environmental factors may affect the quality of the recordings. However the popularization of smart-phones and advances with wearable devices have made this option more appealing in the last decade.
In this paper, the authors review which design issues are to be taken into account and present a system named DAFIESKU aimed at acquiring physiological data in a mobile uncontrolled environment. Its main objective is to allow the design of experiments to be applied in real conditions and then to record natural data in real environments instead of recording them in laboratories. This system allows researchers to conduct experiments remotely with the collaboration of participants. The initial versions of the DAFIESKU system and the case studies employed to test them are also detailed here.
This paper is an extension of a paper presented at the UCAmI 2016 conference [11, 12]. The system proposed, aimed at remotely recording physiological data of participants without the help of research assistants, has been developed by the usual iterative development cycle proposed on User-Centered Design [13]. Reference [12] presents, schematically, the first cycle of the iterative development. This new paper extends the information given in the previous one. Moreover, this one presents the second iteration which expands the original framework, focusing on improving the guidance necessary for the user to carry on the experiments with DAFIESKU. New screens and arrangement have been added in the mobile application of DAFIESKU following the recommendations obtained in the first case study involving five participants. A new case study has been performed to test the changes and its appropriateness to meet the goals of the new approach. The results of the aforementioned case study, which involved 17 new participants, are also shown in this paper. New sections and subsections have been included and several figures and tables have been added in order to clarify explanations and to show the results achieved. Two tables outline the lessons learned during both experiments.
2. Related Work
Evaluation and testing of research questions and hypothesis are a recurring subject for human-computer interaction researchers. For this reason, it is not surprising to find an abundance of frameworks, toolkits, and platforms devoted to remote evaluation in the scientific literature [14, 15]. Most often these works are related to the web domain and the usability or accessibility of web interfaces. For instance, RemoTest [16] proposes a platform designed for the remote evaluation of usability and the study of interaction with web applications. RemoTest enables experiments to be set up and data to be collected from participants’ web browsers using plug-ins.
Over the last decade, the high popularity of smart-phones and their applications, commonly called apps, have presented an opportunity to carry out remote evaluations in mobile environments. For example, Funf [17] is an extensible framework based in Android which is able to collect and upload data from different sensors embedded in smart-phones with the aim of studying social interactions. There is a version called Funf in a Box [18] that automatically creates a phone-sensing app with the guidance of a user. Aware [19] is a framework devoted to the instrumentation of the smart-phone to understand human behavior better. The framework is oriented to context-awareness and it provides mechanisms to interact with the user while acquiring data from the sensors.
In recent years, the use of physiological signals has emerged in the computer science area due to the vast amount of wireless wearable devices that provide such signals. Hence, similar systems for the recording and storing of physiological signals can be found in the literature. Biosignal Ignitor toolkit [20] introduces a set of tools for the acquisition of different physiological signals. The toolkit provides a desktop application to visualize and record the signals and also includes its own sensor platform called BITalino [21]. Focused in the medical domain, Physiodroid [22] presents a framework for the creation of medical applications using sensors including wearable devices. This framework is oriented to developers who want to create their own application for the medical or context-aware domain rather than researchers who want to conduct experiments. These works are focused on the remote acquisition of physiological signals without taking into consideration the whole experimentation process.
There are other paradigms such as Participatory Sensing which “will task deployed mobile devices to form interactive, participatory sensor networks that enable public and professional users to gather, analyze and share local knowledge” [23] or Mobile Crowd Sensing which is “a new sensing paradigm that empowers ordinary citizens to contribute data sensed or generated from their mobile devices, aggregates and fuses the data in the cloud for crowd intelligence extraction and people-centric service delivery” [24]. These paradigms are closely related to this proposal and could be easily merged with it.
As an example of these paradigms, [25] proposes a system where crowdsourced physiological data and subjective emotions could be used for cross-validation of the emotions that people feel when visiting different urban spaces. However this mobile app is being considered for compiling subjective emotions not for collecting physiological data. This is precisely where DAFIESKU could be of help.
Another crowd-sensing platform is VITA [26], a mobile cyber-physical system for crowd-sensing applications. Similarly to DAFIESKU, VITA software architecture is divided into two parts, one for the mobile part and the other for the cloud. VITA allows human resources to be allocated and supports user participation in various mobile crowd-sensing applications through interaction with other participants. On the other hand, users with a participant role in DAFIESKU interact only with the mobile application following the tasks designed by the researcher.
The main objective of the DAFIESKU system is to provide resources and tools to researchers in order to facilitate the deployment of an experiment from its design to the analysis of the results. Experiments will be made in real or natural environments (familiar to participants) by using wearable technology and ubiquitous computing. The data obtained is expected to be more naturalistic than that obtained in controlled places, such as research laboratories (unfamiliar to participants).
Therefore, DAFIESKU can be used in research studies to acquire physiological data, including studies in medical settings in order to monitor personal health conditions and in sports settings or even when studying at home in order to measure effort and enhance efficiency. It can also be used for affective computing when detecting emotions [27].
3. Design Issues
There are different types of experiments involving physiological data in computer science research. DAFIESKU aims to collect physiological data with activity labels from the participants of the experiments. Furthermore, the system must work autonomously without the presence of research assistants when the experiments are conducted. Subsequently, the system was designed to interact directly with the experiment participants. In this section design issues on the development of the system (see Figure 1) are explained in deeper detail.




	
	
		
			
				
				
			
			
				
			
				
				
			
			
				
			
				
					
						
					
						
					
				
			
			
				
					
						
					
						
					
				
			
			
				
					
						
					
						
					
				
			
			
				
					
						
					
						
					
				
			
			
				
					
						
					
						
					
				
			
			
				
					
						
					
						
					
				
			
			
				
					
						
					
						
					
				
			
			
				
				
			
			
				
			
				
				
			
			
				
			
				
				
			
			
				
			
				
				
			
			
				
			
				
				
			
			
				
			
				
				
			
			
				
			
				
				
			
			
				
			
				
			
			
			
			
			
				
				
					
				
			
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
				
			
			
			
			
			
			
			
			
			
			
			
				
			
				
			
			
				
			
			
			
				
			
			
				
			
			
				
			
			
			
				
			
			
				
			
			
				
			
			
			
				
					
						
					
						
					
				
			
			
			
			
			
			
			
			
		
		
			
				
			
		
		
			
			
			
				
			
				
				
			
			
			
		
	


Figure 1: Design issues addressed with DAFIESKU.


3.1. Involved Roles
When developing DAFIESKU, two main user roles have been identified. The first role is the researcher or the designer of the experiments, while the second one is the experimental participant.
The role of the researcher is to think up, design, and supervise experiments in which real users are going to be involved. They usually work in a team, but they may also work alone. The researcher comes up with research questions and the way to measure responses to them. They also decide the apparatus to be used in the experiment and estimate the duration of the experimentation and the size of the population involved. The methods to obtain data (e.g., videotaping, interviewing, recording speech), where to store them, and whether to make them available or not for the community are also decisions to be taken by the researcher. It should be underlined that DAFIESKU is aimed to help in the setting up of experiments, the selection of participants, and the storing of data. Analyzing data is beyond the scope of DAFIESKU.
On the other hand, there are the experiment participants. They have to decide whether they are willing to collaborate with researchers in order to create data that will be further analyzed. They have to explicitly give their consent and, if requested, they and their data are to be deleted from the experimentation. Experiments are made individually or in groups, depending on the design made by the researchers. Participants are also known as experimental subjects.
3.2. Experimental Design
Researchers usually take several steps in order to define experiments and the experimental setups to be carried out with final users [9]. Experimental research analyzes and explains how manipulating a known variable (“independent variable”) has a direct influence on another variable (“dependent variable”). There also are other types of variables named “control variables” which are to be kept constant across the whole study in order to ensure that the achieved results are indeed caused by the independent variable.
The main types of experiments are those called “randomized experiments” and “quasi-experiments.” In randomized experiments, participants are randomly assigned to every independent variable condition while in quasi-experiments participants are manually assigned to experimental conditions.
Randomized experiments are typically between-subjects or within-subjects. In between-subject experiments, participants are assigned to a single group which is then exposed to a single condition. If the number of conditions is high, the number of required groups increases and so in turn does the number of required participants. In within-subject experiments participants are exposed to every experimental condition and it is easier to find differences caused by the treatment. The number of required participants is lower than in between-subjects experiments, but a learning effect could appear. In order to minimize these effects, conditions are usually counterbalanced (complete counterbalance and/or Latin square).
Another type of experiment is the Factorial Design, used when more than one independent variable has to be tested. Factorial experiments can be within-subject, between-subject, and mixed (the last one, for example, when testing treatments related to age and/or gender).
In DAFIESKU, we have been focusing on experiments to get data from participants, especially physiological data. Therefore, we aim to provide researchers with an application that will help them while designing their experiments to obtain physiological data.
3.3. Making Experiments Available to Participants
When experiments are to be made in controlled environments such as research laboratories in presence of researchers, these can give all the information to participants directly. However, when researchers and participants are in different locations, a protocol of collaboration needs to be established.
In DAFIESKU, there are these uncontrolled environments which form the principal focus, for example, the participant’s habitual dwelling. In this environment, participants feel more comfortable, responding as they might do in their day to day lives, and the recorded data is more realistic, reflecting user’s natural characteristics and behavior.
The experiment, its related information, and the required equipment (e.g., sensors) have to be made available for participants. This is achieved by means of their mobile phones, and the data is sent through the same phones. Therefore, when a participant is ready to perform an experiment, first they have to open the application which contains the experiment, next follow the steps detailed in the experiment, and, finally, send the data captured using sensors.
3.4. Wireless Sensors, Data Acquisition, and Transmission
Nowadays, sensors are more comfortable due to miniaturization. Normally, these sensors are integrated in all-in-one hardware platforms, such as Biosignalsplux [28] or Shimmer [29], including batteries and wireless transmission capabilities. In short, these sensor platforms are useful for experiments performed in uncontrolled environments, for instance, at the home of the participant.
Nevertheless, these platforms still have limited storage capabilities and they use Personal Area Network (PAN) connectivity, such as Bluetooth, which can not be connected directly to the Internet.
In order to overcome these limitations, a common solution is to combine sensor platforms with mobile phones carried by users. Thanks to the mobile devices, the data obtained from the sensors are transmitted first to the storage of the mobile device and finally to the system server which may be available on the cloud.
3.5. Data Storage and Analysis
Once all the ethical and privacy issues have been taken into account [30], recorded data should be processed and filtered and, in order to make further analysis easier, standards, such as HDF5, [31] should be followed.
The physiological data must be available in the system, not only for the researcher but also for the participant. Access to their own physiological data contributes to ensuring transparency in the process of data acquisition.
Of course, if the data is to be used by different research teams, various agreements have to be made between the owners or administrators of the databases, in order to ensure that researchers do not make illicit use of these data when processing them. For instance, the anonymity of users involved in the recording of data has to be preserved even when the data are made publicly available.
3.6. Technical Details
The server side of DAFIESKU was developed in a VirtualBox virtual machine with the Ubuntu 14.04 operative system. Various technologies are used to implement the different parts of the server side of the system. The server configuration is carried out with Apache 2.4.7. The web application is implemented with HTML5, PHP 5.5.9, JavaScript (jQuery 3.0.0), and CSS3. To implement the REST API, the Slim micro framework 2.6.3 is used, which provides an easy way for the Android device to access the data stored in the database. The protocol used to carry out the various requests is HTTP. The JSON format [32] is used to facilitate the communication between the server and the Android smart-phone/tablet by means of the API.
Depending on the request, different JSON objects have to be sent to the API. For example, when a participant finishes an experiment, the Android APP will send a request to the server via the API to update the information on that specific experiment in the database. Examples of the parameters needed for that given operation are the id of the experiment and the data that needs to be updated. If all the required parameters are sent by the Android device when calling the API, the operation is successfully carried out and a specific JSON response is sent to the Android device saying that it has been completed. The JSON response from the server is always formed by an HTTP status code and a message; this could be an error message, a message saying that the operation was successful, and/or a nested JSON message containing the data requested.
MySQL 5.5.47 is used for database management. All the experiment data are stored in the database, so it can be accessed by the API. We also needed a way to store the physiological data, so we opted for the HDF5 file format. When a participant finishes an experiment, the Android device automatically creates a compressed ZIP file containing the physiological data obtained (one text file per sensor used and another file for the time marks) and uploads it to the server using a specific request method developed in the REST API. The server then runs a program developed in C that uses the HDF5 1.8.16 library, which reads the ZIP file containing all the data, and converts it to an HDF5 format file. This file is then stored in the server and its directory path is linked in the database to the experiment to which it belongs, so the researcher has the file available for download.
The application for the Android client of DAFIESKU has been developed using the Android Studio IDE [33] and it can be run on Android devices up to API 14 (Android 4.0, Ice Cream Sandwich).
Most of the classes used for the project are Java and Android native, although some third-party libraries have been used, such as Butter Knife [34] for field and method binding, and GraphView [35] for plotting in Android views. Both libraries are open source and widely known by Android developers.
As mentioned, the communication between the Android smart-phone/tablet and the physiological data acquisition device will be performed through the Bluetooth protocol. Therefore, the Android library provided by the physiological data acquisition device should be added to the application project. In this particular scenario, a BITalino library for Android has been added. If the physiological data acquisition device does not have an Android compatible library the communication with the Android device can be manually performed using the Android Bluetooth class [36].
On the other hand, the Android device and server communication is performed using the HttpURLConnection [37] Java class following the JSON [32] format. Four different types of calls are used by the Android application to communicate with the server:(i)The login call: in this call credentials introduced by the user are sent to the server. If login succeeds an API key will be received as a response. This API key will be used to verify the user in further communications.(ii)Synchronization call: this call will update the Android application with the latest information relating to tasks saved in the server; for example, it will download to the app new tasks available to the user.(iii)Sending the extracted data: this HTTP POST call will be executed automatically when a task is successfully finished. It sends the data extracted from the physiological sensors to the server.(iv)Confirming call: once the data transmission (previous call) is finished an HTTP PUT call will be performed to update the task as carried out on the server side.
In future versions, for these communication purposes, it is planned to add the Retrofit library [38]. This will make the application easier to maintain and will increase stability.
The data acquired from the physiological sensors will be stored in temporary files inside the device’s internal memory, one file per sensor. Due to the computing limitations of mobile devices, generated files will not be processed in the client. Instead, all the temporary files will be compressed in ZIP format file and sent to the server to be further processed. Once transmission with the server is confirmed the data will be removed from the Android device.
4. DAFIESKU 1.0 System
The DAFIESKU system has been designed to make use of wireless devices to obtain a less intrusive environment for the participants during data acquisition. DAFIESKU consists of a set of wearable devices with physiological sensors coordinated by a server. Wearable devices with wireless connections usually offer Bluetooth based connectivity which can be used to send physiological data to any computer. For this reason, a mobile device (e.g., smart-phone or tablet) is used as an intermediary between the server and the wearable devices (see Figure 2).




	
	
		
			
		
		
			
				
					
				
					
				
				
					
				
			
		
		
			
		
			
		
			
		
		
		
		
		
		
			
				
					
				
					
				
				
					
				
			
		
		
			
				
					
				
					
				
				
					
				
			
		
		
		
		
		
		
			
				
			
			
				
				
				
				
				
				
				
				
				
				
				
			
		
		
			
				
					
				
					
				
				
					
				
			
		
		
			
				
					
				
					
				
				
					
				
			
		
		
	


Figure 2: Architecture of the DAFIESKU system.


The main advantage of this approach is the possibility it affords of configuring the data acquisition in each experiment and the possibility of guiding and supporting the participants during the experiments. It should be pointed out that both researchers and participants must register on the DAFIESKU system. Usually, the participants will be registered on DAFIESKU by the researchers.
Prior to acquiring or recording data, there are several decisions to be adopted during the configuration phase. Using a web interface the researcher prepares the experiment which the participants will be able to download to their mobile devices, thus enabling the researcher to acquire their physiological data. In this section, we present the first version of DAFIESKU, while in Section 6 we present the new version that has been developed considering the results obtained in the experimentation presented in Section 5.
4.1. Creating Experiments
With DAFIESKU, researchers may establish which data will be acquired and how and for what length of time it will be acquired in order to create databases with physiological information.
The data to be gathered depends on the scope of the studies that the researchers plan to develop in the future, the sensors that are available for acquisition, the population, and so forth.
The DAFIESKU system provides the researchers with a web client, which enables them to define how the sensors (among those available) will be used, whether they will be used together or separately, and which kind of information provided by the devices will be recorded (see Figure 3).




	
	
		
			
				
					
						
					
				
			
		
	


Figure 3: Designing an experiment with the web client of DAFIESKU 1.0 system.


Figure 3 shows a form for creating an experiment in the DAFIESKU 1.0 web application. The values requested are a name for the experiment, not necessarily unique (there can be more than one experiment with the same name, as they are identified by an id number), and a description, which should briefly and clearly explain its purpose to the participant. Next, the sensors that are going to be used to get the physiological data must be selected. Afterwards, the duration of the experiment (in hours, minutes, and seconds) and the name and surname of the associated participants have to be defined.
Finally, several time marks can be defined. These time marks represent extra information such as activities that a participant can perform during an experiment, temporary emotions, and so forth. For testing reasons, in this version of DAFIESKU 1.0, a maximum of three time marks can be defined.
4.2. Providing Guidance to the Participants
In the DAFIESKU system, participants play a key role in data acquisition. Among other things, they decide when to start the experiments and they provide feedback with which to label the physiological data.
In order to facilitate these activities, the researcher must also () specify the experiment description and define the tasks for the participants, () describe the instructions for attaching the sensors, and () set a list of predefined marks or activities related to the experiment to label the resultant data set. All these texts must be comprehensive and understandable for the participants in order to avoid problems during experimentation (see Figure 4).
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Figure 4: Mobile application screenshots. (a) shows pending tasks and (b) shows the experiment description.


4.3. Data Acquisition during the Experiments
The participants will be able to download the experiment to their Android mobile device (smart-phone or tablet), thanks to a communication that uses a web service based on a REST API. Once downloaded, they will have to set the sensors and connect them wirelessly to the mobile device, that is, via Bluetooth. Finally, they will have to start to record data and to label moments, following the instructions of each experiment. These last two will be mere push button or select from list tasks, respectively. Therefore, in the first case untagged data are recorded when the user wants to, whereas in the second case data are recorded with marks relating to the activity the user is carrying out (such as running, climbing slopes, studying, and being relaxed).
Figure 4(a) shows the main activity of the DAFIESKU Android application. The aim of this screen is to show all the tasks relating to a previously logged user. Tasks are classified as being pending or finished, depending on their status. In order to perform a task, it has to be selected from the pending tasks list. By clicking on a finished task name the participant can obtain the task feedback.
Once the user has selected a task from the pending list, the screen in Figure 4(b) is shown. This screen contains all the information regarding the selected task (description, sensors to wear, maximum time estimation, and activities to perform). In order to make correct recordings, the user can check whether sensors are correctly adjusted before performing activities related to the task. When participants complete the tasks before the finish time estimation, the back button will take the participant to the previous screen. Otherwise, when the estimated time is reached, the system will automatically go back to the previous screen.
5. Case Study to Evaluate the DAFIESKU 1.0 System on Non-Classroom Learning Experimentation
A case study was carried out to test the usability of the DAFIESKU 1.0 system. For this purpose a representative experiment in a non-classroom learning situation was designed for DAFIESKU in order to test both roles in the system: that of the researcher and that of the participant. As a researcher, the experimental subject introduces the information to set up the experiment. On the other hand, as an experiment participant, the same experimental subject performed fixed tasks such as reading texts or questions, and answering questions while their physiological data were acquired. The usability of both web and mobile applications was measured by using SUS questionnaires [39].
5.1. Method
5.1.1. Participants
5 volunteers (2 females) were recruited from the surrounding research laboratories of the Faculty of Informatics of the University of the Basque Country (UPV/EHU). This is the minimum number of participants that lets you find almost as many usability problems as you would find using many more test participants, as indicated in [40]. The experimental subjects ranged from the age of 30 to 57 years (); see Table 1. Informed consent was obtained from all individual experimental subjects included in the study. Users were computing graduates except User 05a, who had a degree in industrial engineering. Users 01a, 02a, and 05a had PhDs. All of them had previously participated in other research studies, but only Users 03a and 04a had been previously involved in physiological experimentation. Furthermore, Users 03a and 04a had previously prepared experiments with users, but no physiological data had been captured on those occasions.
Table 1: Participants related information.
	

	User	Age	Gender
	

	User 01a	50	Female
	User 02a	30	Male
	User 03a	36	Male
	User 04a	33	Male
	User 05a	57	Female
	



5.1.2. Apparatus
The web service for designing experiments runs on a virtual machine with an Ubuntu 14.04 LTS operating system. This web service was used when playing the researcher role in this experiment using a laptop. The designed apps for acquiring data run on a Samsung Galaxy Tab 2.7.0 with an Android 4.2.2 operating system (RAM: 1 GB; 1.0 GHz dual core processor; 7 screen with 1024  600 pixels). The BITalino [41] sensor platform was used to collect physiological data from the electrocardiography (ECG) and electrodermal activity (EDA) sensors. The virtual machine running on the laptop and the tablet were connected wirelessly using a WiFi router. The tablet and the BITalino were connected via Bluetooth interface.
5.1.3. Procedure and Design
After consent was obtained from the experimental subjects, their demographic data were gathered. Then, a sheet with the tasks to be completed was delivered to each experimental subject.
The first task (Task 1) to be completed was to define an experiment with certain characteristics by using the web client of DAFIESKU 1.0. This was carried out in the researcher role. Task 2 was carried out in the role of a participant. The equipment needed in the experiment was prepared (see Figure 5), it was verified that everything was working correctly, and then the activities required by the experiment defined in Task 1 were carried out. This experiment consisted of reading a text printed on paper and then reading and answering several questions relating to that text, also on paper and using a pen, as if they were doing out of classroom exercises. Participants had to indicate by using the system the time in which they were reading the text, when they were reading questions, or when they were answering questions. After the experiment was finished, they had to take off the sensors. As a researcher again, on Task 3 they verified, using the web client again, that the data of the experiment was properly stored on the server.




	
	
		
			
				
					
				
			
		
	


Figure 5: Experimental setup: the role of participant.


When finishing these three tasks, experimental subjects completed two SUS questionnaires, one as researcher and the other as participant in the physiological experiment. The time required to complete each of the tasks was measured. Finally, they were interviewed by up to two DAFIESKU 1.0 development team members in order to get more feedback, in this case qualitative feedback. The interviews were around 5 minutes long and the questions referred, in particular, to their opinion, their suggestions, the usability of the system, and any issues they had had during the process, as well as what aspects might be improved for future versions. Moreover, the interviews were voice recorded.
5.2. Results and Discussion
All the experimental subjects successfully completed the required tasks. Table 2 shows the times needed to complete the three tasks. Task 2 required the most time while Task 3 was the one requiring the least time. Minutes needed for completing the three tasks range from 25 (User 05a) to 44 (User 02a).
Table 2: Time (in minutes) needed to complete tasks.
	

	User	Task 1	Task 2	Task 3	Total
	

	User 01a	5′	21′	1′	27′
	User 02a	7′	34′	3′	44′
	User 03a	4′	21′	2′	27′
	User 04a	5′	26′	2′	33′
	User 05a	8′	16′	1′	25′
	

	Mean	5.80′	23.60′	1.80′	31.20′
	STD	1.47	6.09	0.75	6.94
	



Concerning the usability of the system (see Table 3), the SUS scores were  for the researchers web client application and  for the Android application. These scores are over 70 and therefore both applications may be considered as being good from the usability point of view [39]. Nevertheless, two of the participants marked the applications lower than 70 and one of them rated the Android application with a score of 42.5, indicating that there were usability concerns to be addressed.
Table 3: Scores achieved in SUS questionnaires.
	

	User	Researcher	Participant
	

	User 01a	77.5	80
	User 02a	65	77.5
	User 03a	67.5	42.5
	User 04a	92.5	87.5
	User 05a	90	67.5
	

	Mean	78.5	71
	STD	11.25	15.62
	



Experimental subjects also suggested several enhancements, almost all with the aim of improving participant experience with regard to data acquisition. One of them (User 03a) suggested including instructions about how to wear the physiological sensors required for the experiment app. Some other experimental subjects mention that wires hindered the completion of the experiment during Task 2. As DAFIESKU aims to create experiments and register data, including help or instructions for the correct adjustment of sensors directly in the app was considered a good idea for future versions. However, it has to be said that coping with wires depends on the sensor technology employed and it is beyond the scope of the DAFIESKU system. Nevertheless, the researcher should consider the characteristics of the technology employed when designing experiments for preventing usability issues that may influence the results.
Other comments advocated the enhancing of the DAFIESKU 1.0 implementation. For example, with relation to the mobile application, several participants suggested increasing the distance between task names when they are shown on the screen. They also suggested maintaining the vertical orientation of the screen while they were checking whether sensors were correctly working. With relation to the server-side application, how to express the duration of the experiments and how to select sensors involved in the experiment needed to be more intuitive. And in order to minimize errors when designing experiments, a confirmation option was suggested to allow the researchers to read the details and accept the experiments after checking if they were correct.
In Table 4 lessons learned in order to make new versions of the systems are highlighted, relating to both the server-side application and the mobile application.
Table 4: Lessons learned after case study 1.
	

	# 	Server-side application
	

		Make intuitive the expression of the duration of experiments.
		Make intuitive the selection of the involved sensors.
		Include a confirmation option to check whether the experiment has been correctly defined.
		Maintain the ease of use and the low complexity.
		In general, it has been found that most people would design experiments quickly with this system.
	

	#	Mobile application
	

		Include instructions about how to wear physiological sensors.
		Increase the distance between task names on the screen.
		Ensure low complexity of the app to enhance the ease of use.
	



There were also several issues which brought to light aspects in which further evaluations of DAFIESKU 1.0 could be enhanced. For example, our case study was made with five participants all of whom had technological profiles. For more complete and significant results, DAFIESKU should be evaluated with more participants with different profiles (for example, psychologists or people with medical profiles).
6. DAFIESKU 2.0 System
In this section the main changes with respect to the first version of the DAFIESKU system are explained, taking into account the results extracted from the previous experimentation.
6.1. Creating Experiments
With DAFIESKU 2.0, some improvements have been made to the web client in order to solve certain usability issues, also following the suggestions made by the participants that took part in the previous experimentation (see Section 5).
In this 2.0 version of DAFIESKU web client, the objective is maintained, which is to facilitate the process of creating experiments, but in a more intuitive way.
Figure 6 shows a form with which an experiment can be set up in the DAFIESKU 2.0 web application. The main differences are the order of the parameters required to create an experiment. As the participants need to be registered in the system by the researchers, before specifying other parameters for the experiment, it is important to check whether the participant is registered in the system or not. For this reason, in DAFIESKU 2.0, the first step is that of selecting the participants.




	
	
		
			
				
					
						
					
				
			
		
	


Figure 6: Designing an experiment with the web client of DAFIESKU 2.0 system.


Furthermore, more sensors have been added as well as the possibility of selecting a different device. As the system is generic, DAFIESKU 2.0 is prepared to work with different devices. This also facilitates the connection and use of additional devices that allow the use of different sensors for the experiments. When creating an experiment, the system will indicate to the researcher, in real time, which devices are compatible with the sensors that they have selected.
Next, the maximum duration of the experiment must be defined, in hours and minutes. This field has been also changed from the 1.0 version. In fact, the participants had issues with the time format they needed to specify, which lead to errors when creating the experiments. This field has been simplified in order to avoid this kind of error. Moreover, the field for specifying the seconds has been removed, as it makes little sense outside of testing purposes.
Finally, certain time marks can be defined which represent the different activities a participant can perform during an experiment. In DAFIESKU 2.0, it is possible to define dynamically as many time marks as needed by the researcher, unlike in version 1.0, in which only up to three time marks could be specified.
6.2. Improved Guidance for the Participants
As mentioned in previous sections, the aim of the mobile application consists in the recording of physiological data. Due to the critical nature of these data, it is advisable to give the user some feedback to make sure that they are performing the recording correctly. This is even more important if the user has no experience of mobile applications as is the case of several elderly people. For all these reasons and taking into account the case study of the previous section, in the new version of the mobile application, four different categories of assistive screens have been included to guide the user (see Figure 7):(1)Default application information: this category describes the general information about the mobile application such as how to log into the system and what a user has to do to start an experiment (see Figure 7(a) for login screen guide). These screens are accessed automatically the first time a participant opens the application and after that moment by means of a small information icon at the top of the screen (see Figure 8(a)). This button is implemented for all the screens providing in each one the appropriate information to be able to continue using the application.(2)Device functionality and sensor placement assessment: for an inexperienced user, physiological data acquisition platforms may be complicated to use for the first time. Furthermore, the placement of electrodes or the platform itself in the body requires a careful explanation to avoid errors when recording the data. A step-by-step assessment is provided for the device and all the electrodes required in the experiment (see Figure 7(b) along with a guide in Figure 7(c) for both the device and electrode placement).(3)Sensor testing screens: once the sensors are attached to the participants body, a series of tests should be performed to determine that the sensors are working as expected. The system achieves this goal showing to the participant two figures: first, the expected wavelet for a physiological signal and, then, their own signal recorded by the application in real time (see Figures 7(d) and 7(e) for electrocardiogram signal test). The system asks the participant to continue or fix the placement of the sensors if any error was found.(4)Experiment screen instructions: the system was developed to annotate various actions during the experiments using predefined markers. A brief explanation with the functionality of the annotations is provided to the participants (see Figure 7(f)).




	
	
		
			
		
	


(a) Login instructions




	
	
		
			
		
	


(b) Device and sensors information




	
	
		
			
				
			
		
	


(c) Electrode placement




	
	
		
			
				
					
				
			
		
	


(d) Sensor signal instructions




	
	
		
			
		
	


(e) Sensor test with real signal from participant




	
	
		
			
		
	


(f) Experiment screen instructions
Figure 7: Mobile application guidance screens.






	
	
		
			
				
					
						
							
						
					
				
			
		
	


(a) Login




	
	
		
			
				
					
						
					
				
			
		
	


(b) Experiment list




	
	
		
			
				
					
						
					
				
			
		
	


(c) Experiment running
Figure 8: Mobile application experiment screens.


The first category of assistance screens is accessible at any time via an icon. On the other hand, the rest of the categories are accessed sequentially when an experiment starts. This sequence must be carefully followed by the participants to prevent some common mistakes when using physiological sensors. Overall, more than 15 different screens were introduced for the 2.0 version of the mobile application.
6.3. Usability Improvements in the Mobile Application
After the first case study, we noticed that the usability of the mobile application could be enhanced. In DAFIESKU 2.0 several improvements relating to the user experience were added.
Thus, fields that do not require interaction with the user are now colored differently on the screen to those that do require interaction. Moreover, for DAFIESKU 2.0 several images were added in the fields in which the user has to interact in order to give a more graphic description, for example, an image of a key in the password field (see Figure 8(a)).
Furthermore, another significant change was added: an update button on the main screen (see Figure 8(b)). By clicking on this button the user synchronizes the status of his local tasks with those on the server. In DAFIESKU 1.0, this synchronization was only carried out at the time of setting up or finishing an experiment.
Finally, several internal improvements were implemented for the mobile application, taking into account the first experiment and the way users interacted with the mobile application. Therefore, the implementation was slightly adapted to give greater stability to issues which were noticed during the experimental phase. For example, a more efficient keyboard management was included.
7. Second Case Study: Evaluation of DAFIESKU 2.0
The newly developed version of the system includes enhancements on the server side and in the mobile application that must be evaluated again to measure if any improvement was achieved in terms of usability (i.e., personal satisfaction and efficiency). We address two different research questions in this second case study:(i)Q1: how much more usable is the second version of the web application than the previous version of the web application?(ii)Q2: how much more usable is the second version of the mobile application than the previous version of the mobile application?
The same protocol followed in the previous case study was replicated for the second case study. Therefore, the apparatus, procedure, and design subsections of the Method section remain the same as the ones described in Section 5 and they should be considered as control variables.
In order to answer research questions Q1 and Q2, the completion times for each task and the SUS scores for each role were collected. In addition to these measures, the participants were requested to fill in a Likert-scale questionnaire with values from 1 to 5 points at the end of the experiment. The questionnaire contains  8 items which are described in Table 5.
Table 5: Final questionnaire to be answered by participants.
	

	# 	Factor	Statement
	

		Satisfaction	I feel satisfied because the experiment has been easy for me
		Comfort-1	I felt comfortable using the mobile app anytime
		Autonomy	I am able to make experiments by using the DAFIESKU system without being aided by technical staff
		Comfort-2	Sensors do not cause inconvenience when doing the experiment
		Engagement	I enjoyed it and I think a system such as DAFIESKU is useful to recording physiological data easier
		Instructions usefulness-1	The instructions regarding how to wear the sensors were useful
		Instructions usefulness-2	The instructions for testing and checking sensors were useful
		Instructions usefulness-3	The instructions regarding how the application works were useful
	



Finally, they were interviewed by a DAFIESKU 2.0 development team member in order to get more feedback. The interviews were around 10–15 minutes long and the questions made were especially regarding their opinion, suggestions, usability of the system, and issues they had during the process, as well as what aspects should be improved for future versions. The interviews were voice recorded.
7.1. Method
7.1.1. Participants
17 volunteers (7 females) were recruited from the Faculty of Informatics of the University of the Basque Country (UPV/EHU) and neighboring faculties. The experimental subjects ranged from the age of 21 to 51 years (); see Table 6. Informed consent was obtained from all the individual experimental subjects included in the study. In general, users had a degree in computing, except User 06b who had a degree in mathematics, Users 07b and 17b with degrees in electronics and User 12b, who was studying psychology. Moreover, Users 01b, 09b, 15b, and 16b were Ph.D. graduates. Users 02b and 05b were left-handed while the others were right-handed. Users 01b, 03b, 09b, and 16b recounted that they had prepared experiment(s) with users in the past, and User 09b had previously prepared at least one experiment in which physiological information was acquired. Several users had had previous experience as participants in experiments (Users 01b, 03b, 05b, 06b, 09b, 10b, 12b, 13b, 14b, 15b, 16b, and 17b), and in some cases their physiological data had been acquired in at least one previous experiment (Users 06b, 09b, 12b, 13b, 14b, and 17b).
Table 6: Second validation participants related information.
	

	User 	Age	Gender
	

	User 01b	51	Female
	User 02b	25	Male
	User 03b	34	Female
	User 04b	26	Male
	User 05b	27	Female
	User 06b	23	Male
	User 07b	25	Male
	User 08b	24	Male
	User 09b	39	Male
	User 10b	28	Female
	User 11b	30	Male
	User 12b	21	Male
	User 13b	30	Male
	User 14b	29	Female
	User 15b	32	Male
	User 16b	51	Female
	User 17b	26	Female
	



7.2. Results and Discussion
All the experimental subjects successfully completed the required tasks. Table 7 shows the times needed to complete the three tasks presented. Task 2 was again the one needing more time while Task 3 was the one which required the least time. The number of minutes needed to complete the three tasks ranged from 17 (User 04b) to 38 (User 11b).
Table 7: Time (in minutes) needed to complete tasks in the second experiment.
	

	User	Task 1	Task 2	Task 3	Total
	

	User 01b	7′	26′	4′	37′
	User 02b	3′	18′	3′	24′
	User 03b	7′	24′	2′	33′
	User 04b	2′	13′	2′	17′
	User 05b	3′	18′	4′	25′
	User 06b	3′	21′	1′	25′
	User 07b	4′	20′	3′	27′
	User 08b	3′	19′	2′	24′
	User 09b	3′	18′	2′	23′
	User 10b	5′	23′	3′	31′
	User 11b	4′	32′	2′	38′
	User 12b	4′	17′	2′	23′
	User 13b	5′	18′	2′	25′
	User 14b	2′	17′	2′	21′
	User 15b	4′	20′	2′	26′
	User 16b	4′	14′	2′	20′
	User 17b	6′	16′	2′	24′
	

	Mean	4.06′	19.65′	2.35′	26.06′
	STD	1.52	4.61	0.79	5.67
	



Comparing these results with the previous evaluation (Section 5), there have been improvements in Task 1 (4.06′ on average while the previous study achieved 5.80′ on average), Task 2 (19.65′ on average while in the previous study 23.60′ was needed on average), and in Total (26.06′ on average compared to 31.20′ on average in the previous study), while Task 3 achieved poorer results (2.35′ on average while in the previous study an average of 1.80′ was achieved).
With relation to the usability of the system (see Table 8), the SUS scores were  for the researchers web client application and  for the Android application. These scores may be considered quite good, nearly excellent from the usability point of view [39]. Nevertheless, there are usability concerns to be addressed after considering the individual scores.
Table 8: Scores achieved in SUS questionnaires in the second experiment.
	

	User 	Researcher	Participant
	

	User 01b	72.5	95
	User 02b	92.5	95
	User 03b	72.5	67.5
	User 04b	77.5	52.5
	User 05b	85	80
	User 06b	85	80
	User 07b	70	75
	User 08b	87.5	75
	User 09b	85	67.5
	User 10b	82.5	90
	User 11b	70	65
	User 12b	75	85
	User 13b	82.5	90
	User 14b	92.5	95
	User 15b	87.5	85
	User 16b	100	100
	User 17b	62.5	62.5
	

	Mean	81.18	80
	STD	9.81	13.64
	



When compared to the results shown in Section 5, both components of DAFIESKU have achieved better scores. First, the researchers web client application scored 78.5 on average in the previous study, whereas the Android application achieved 71 on average. The improvement was notable in the case of the Android application.
Moreover, the time required to complete the tasks was lower and the usability results were higher. These data suggest that DAFIESKU 2.0 is more usable, more efficient, and friendlier. Therefore we can conclude that the changes introduced have had a positive effect on the system. With respect to the first research question, the SUS score slightly increased in the web application which indicates that the changes proposed had a minor effect in the usability perception. Additionally, with respect to the second research question, the novelties introduced in the mobile application increased the usability perception by almost 9 points on average. These changes mitigated the problems of the mobile application identified in the first evaluation.
In general, scores achieved in the final Likert-style questionnaire were also high (see Table 9). Several factors were measured, from general satisfaction, to the usefulness of the assistance instructions obtaining the agreement of the participants. Only statement 4 (“sensors do not cause inconvenience when doing the experiment”) had an average value lower than 4. This was mainly due to the wires of the sensors employed in the experimentation and the need to write during Task 2. Maybe using wireless sensors would enhance this value.
Table 9: Scores achieved in the final Likert-style questionnaire.
	

	 	Question  1	Question  2	Question  3	Question  4	Question  5	Question  6	Question  7	Question  8
	

	User 01b	5	5	5	4	3	5	5	5
	User 02b	4	5	5	1	5	4	5	5
	User 03b	3	4	4	3	5	4	4	3
	User 04b	3	3	4	4	5	5	5	3
	User 05b	5	4	4	2	4	5	4	5
	User 06b	4	5	5	3	4	4	4	4
	User 07b	4	4	4	2	4	3	4	4
	User 08b	4	4	5	4	5	5	4	4
	User 09b	4	4	5	2	4	5	4	3
	User 10b	5	5	5	4	5	4	3	5
	User 11b	4	4	4	4	4	5	5	4
	User 12b	4	5	4	2	4	5	5	5
	User 13b	5	4	5	2	4	5	5	5
	User 14b	5	5	 	5	5	4	5	5
	User 15b	5	5	4	3	5	5	5	4
	User 16b	5	5	5	5	5	5	5	5
	User 17b	3	3	3	3	4	5	5	3
	

	Mean	4.24	4.35	4.44	3.12	4.41	4.59	4.53	4.24
	STD	0.7	0.63	0.63	1.2	0.63	0.63	0.63	0.79
	N	17	17	16	17	17	17	17	17
	



We also have to mention that User 14b did not answer Question  3 (“I am able to make experiments by using the DAFIESKU system without being aided by technical staff”). As she mentioned during her interview, she did not think she was going to perform experiments with users during her career. Therefore, she preferred to leave that question unanswered as she could not imagine the need to use a system like DAFIESKU during her activities.
In general, during the interviews, participants declared the DAFIESKU system to be easy to use, both as a researcher and as an experimental subject. Bearing in mind they were using it without prior presentation of the system, it would appear they were able to carry out the requested activities in an intuitive manner. They also thought that if they were requested to use DAFIESKU again, they would easily remember its functionalities.
Although their first language was either Spanish or Basque, almost all of them tested the English version of the application for researchers. There was only one exception: User 12b tested the Spanish version of the application during Task 1. No problems were found and the aforementioned user tested the English version of DAFIESKU during Task 3.
During the interviews several comments arose that will guide us when making new versions of the DAFIESKU system. In what follows we will set out the most relevant of these.
For example, possible errors should be clearly explained to participants in the current tablet app. During the experimentation, in several cases (Users 06b, 09b, and 10b) the Bluetooth connection between the tablet and the BITalino was broken and the message “Unfortunately, Dafiesku has stopped” appeared on the tablet screen (see Figure 9). This message did not give any information about what had happened. The way to solve this problem was suggested by the person in charge of the experimentation and consisted in restarting the tablet. Afterwards, the participants had to start Task 2 again. The error only happened once to each of them and at the second attempt they were able to complete Task 2.




	
	
		
			
				
					
						
					
				
			
		
	


Figure 9: Error screen of the mobile application.


When using wired sensors, several participants (Users 03b, 11b, and 16b) suggested using colors to distinguish them, as they initially thought there were no differences between them. But in general, and when completing a Likert-style questionnaire, the participants thought that wireless sensors would make experimenting with physiological signals more comfortable. They also suggested including more commercial equipment in future DAFIESKU versions to get physiological information, as only BITalino and eHealth equipment were considered in the prototype.
Several participants found this system adequate for monitoring health issues (Users 03b, 10b, 11b, 12b, and 17b). In some cases, they also mentioned other applications such as sports (Users 10b and 11b).
Other enhancements suggested by several participants (Users 10b and 14b) were related to existing on/off buttons in the experiment: if at maximum one had to be active (on), activating one should deactivate the previous one. Thereby, the effort needed (measured in operations to be carried out by the users) would be lower (only one click needed instead of one click to deactivate and another one to activate the new one).
Even the Next and Back buttons were found useful to check whether participants were wearing the sensors correctly (e.g., User 14b). There was no total agreement about maintaining the current version or changing it. For example, User 05b suggested making a vertical scroll instead of Next and Back buttons. Another option was mentioned by User 13b, who suggested showing a next button instead of a back button in Figure 7(e) when a sensor was checked and no errors were found.
Other suggestions were related to including new functionalities within the DAFIESKU system. For example, Users 08b and 16b suggested including statistical information within the researcher part, maybe by also using graphics, to analyze the evolution of the participants in the experiments. User 08b also suggested including the option of taking and sending photos in order to let the participants show how they completed the tasks and allow the researchers to check the results achieved by the participants. User 16b was of the opinion that in future versions the researchers would have to design experiments by using a tablet, mobile, or similar devices, instead of personal computers. She suggested working on this idea for DAFIESKU.
In Table 10, lessons learned in order to make new versions of the systems are highlighted, relating to both the server-side application and the mobile application.
Table 10: Lessons learned after case study 2.
	

	#	Server-side application
	

		Changes made from previous version enhance usability scores.
		Changes made from previous version decrease the time needed to define an experiment.
		It is quite easy to use.
		Include statistical information to analyze participants during the experiments.
		Evaluate the need of collecting multimedia material (for example, photos, videos, and sounds).
		Migrate the system to be portable on a tablet, smart-phone, or similar devices.
	

	#	Mobile application
	

		Changes made from previous version enhance usability scores.
		Changes made from previous version decrease the time needed to complete the task related to the mobile app.
		It is quite comfortable and easy to use.
		Provide a better explanation of possible errors that may appear.
		Distinguish more clearly which sensors are to be used in experiments (for example, by using colors).
		Try other wireless sensor sets.
		Give the option to personalize the interface to each user’s preferences.
	



8. Conclusions and Future Work
In this paper, we propose a system aimed at remotely recording physiological data of participants without the help of research assistants. It has been developed by the usual iterative development cycle proposed on User-Centered Design [13]. Making prototypes helps solutions to be put into practice in a fast and economical way. Moreover, evaluating developed prototypes serves to acquire feedback from potential system users. This helps developers to think about the issues raised by users while using the system. Two iterations of the system (versions 1.0 and 2.0) are presented and evaluated in this paper. The system was developed to configure data acquisition, perform data collection, and finally store data in a friendly format for the researcher.
Two case studies were carried out to test the adequacy of the proposed approach and the usability of the software. The first evaluation with 5 participants obtained promising results and raised interesting issues, concerning, among others, the lack of support for guiding the participants. Afterwards, a new iteration of the software was developed to address these issues and include enhancements suggested by the participants. Thus, a second case study with 17 participants, including a student in psychology and other graduates apart from computing, was conducted to measure whether the usability of the system had increased or not.
The results of the second evaluation show an improvement in the mobile application usability in almost 9 points and a slight enhancement of 3 points in the web application on the SUS scale [39]. Therefore the changes made in the mobile side of DAFIESKU were useful to increase the usability perceived by the participants. New feedback and suggestions were collected. Furthermore, the interviews and questionnaires carried out with the participants pointed out that the guidance level required for physiological data acquisition was achieved by the system.
Thanks to the second evaluation, we have identified new features and the need for assistance screens to be added in future versions of DAFIESKU. The next evaluation step should be performed in the homes of a group of volunteers, thereby allowing a full deployment of the system in an uncontrolled environment through the use of participants’ personal mobile devices. We also plan to provide the researchers with more resources to customize their experiments, such as the possibility of editing the text and images that appear in the mobile application assistance screens.
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