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Abstract 
 

Digital media can provide an essential contribution to the development of local communities by creating 
digital environments that facilitate the sharing of information, dissemination of knowledge, and 
construction of organizational learning. Digital media can also promote interaction and collaboration 
processes among different regional agents, fostering a continuous flow of territorial-based innovation. 
The study reported in this paper was carried out within the research activities of the CeNTER project, 
aiming to deepen the knowledge about the conditions that influence the dynamics of community-led 
territorial-based innovation in the Centro Region of Portugal, focusing on the areas of Tourism, Health, 
and Wellbeing. As part of this project, a mobile application is being designed, aiming to strengthen the 
relationship among agents of local communities/entities and to promote mediation mechanisms among 
all stakeholders in the process of territorial-based innovation. This paper presents the main concepts 
underlying the development of the CeNTER application and the outcomes from a usability evaluation of 
the mobile app prototype. The first section discusses the most relevant topics that this paper covers. 
In the second section, an overview of the theoretical background in digital media used to promote 
territory-based innovation is presented. The third section describes the concept of the CeNTER 
application and the main features of the prototype/mobile app. The fourth section addresses the 
methodology adopted for evaluating the prototype and the fifth presents the main outcomes of this 
process. Finally, the sixth and final section presents the main conclusions about the potential of the 
CeNTER application, and current and future research activities. 
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Introduction 
 
Community-led initiatives have great potential in developing cultural, tourism, and environmental projects, 
making it possible to value endogenous resources and promote innovation in the territory. Digital 
technologies can be especially useful in community-led initiatives, allowing them to establish a "virtual 
proximity" between the different actors involved in the territory's development process (Saint-Onge & 
Wallace, 2012).  
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To create a digital solution for the promotion of community-led innovation in the Centro Region of Portugal, 
a research was carried out which included several steps: a systematic literature review (Silva et al. 2020) of 
the Centro Region's innovative initiatives; a benchmarking of websites and social networks ( Tymoshchuk 
et al. 2019a; Martínez-Rolán et al. 2019); interviews with leaders of community initiatives (Renó et al., 
2019;  Silva et al. 2018; Tymoshchuk et al. 2019b), as well as two focus groups attended by representatives 
of initiatives that stand out from their dynamism in the Centro Region (Silva et al. 2019). 
Based on these surveys, a reference framework for digital mediation strategies was developed, presenting 
a modular structure based on local development agents and innovation-promoting initiatives, interconnected 
by hypermediation dynamics (Tymoshchuk et al. 2019c). The synthesis of all the information obtained in 
this process allowed us to define three main topics that hypermediation can assume in the process of 
promoting territorial based innovation: i) information distribution, which facilitates the recording and sharing 
of data between participants, partners, and the general public, enabling the visibility of initiatives and 
activities to be enhanced and the building of their “brand”; ii) communication, which promotes processes of 
interaction and collaboration, allowing each initiative to guide its activities towards the execution of its 
objectives and the growth of the entities/initiatives itself; iii) hypermediation of the innovation processes, 
which encourages the creation, evolution, and implementation of innovative ideas and the promotion of 
networks that benefit the civic involvement of populations in processes of territorial development 
(Tymoshchuk et al. 2019c, p.1014).  
The concept of the CeNTER mobile application was also defined, which consists in bridging communication 
and feeding interaction gaps identified by the agents of the communities, to make the initiatives more open 
and to stimulate the citizen's involvement and participation in the activities that promote the territory 
development (Renó et al. 2019a). 
Considering the preceding information, the main objectives of the CeNTER application under development 
are defined as follows: i) to promote mutual knowledge among territorial agents (initiatives, entities, citizens, 
etc.); ii) to foster interaction and collaboration between initiatives/volunteers/entities/local populations; iii) 
to facilitate the sharing of information among users; iv) to favor the articulation and hypermediation of 
activities of the different initiatives; vi) to encourage capacity-building actions in the context of community-
based initiatives (Renó et al. 2019a). Further, the CeNTER mobile application aims to promote new planning 
and management mechanisms for a sustainable future of the territory, based on the potential of the local 
community and the enhancement of local resources (Renó et al. 2019a). 
This paper aims to present the main concepts underlying the CeNTER digital application, and the main 
outcomes from a usability evaluation of the mobile app prototype made by invited experts. The results 
encompass qualitative and quantitative data, which helped refine the prototype under evaluation and gather 
relevant suggestions concerning usability and design issues. 
 
 
Conceptual background 
 
According to Oliveira & Campolargo (2015), regarding the use of digital platforms, the citizens can co-create 
solutions for their wishes, interests, and needs. Digital technologies are a key piece of the innovation 
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ecosystem in which user-driven innovation, participation, collaboration, co-design of services, and gamified 
processes are expected to lead to sustainable and scalable solutions for a city and community. 
Community-led initiatives can benefit from digital solutions, being essential to understand the community 
for the design process. Van Zuthem (2014) defines a community as “a group of two or more mutually 
connected people, having a common characteristic and collective purpose that requires collective action” 
(p.2). The basic principles for a group of people to be recognized as a community are related to the number 
of members, a mutual structure, and a collective purpose. For the CeNTER project, a glossary was prepared, 
being community defined as “(...) a group of people who share affinities and, voluntarily, develop joint 
actions, in a physical and/or virtual environment, in the context of a territory and produce, repurpose and 
share information relevant to the development of that territory” (Renó et al., 2019a, p.1). 
An approach that maximizes the success of a digital solution is the “User-Centered Design” (UCD) method, 
since it is wholly centered on peoples' needs and desires (Hartson & Pyla, 2012). In this sense, as the UCD 
defines the process necessary to develop products that better fulfill the objectives related to usability 
(Fonseca et al., 2012). Therefore, UCD is highly recommended for the designing processes in the 
community since it seeks to understand the citizens' needs and feelings.  
Also, Rosenzweig (2015) affirms that a participatory design constitutes a benefit to the community, since 
it provides hints and the understanding of the common problems to be solved. One of  the  biggest  
challenges  of  participatory design  and  the  development  of  new  technologies  is  the understanding 
of user participation in the design process. According to Markel et al. (2004), the participatory design 
includes "partnering with community groups as they pursue their goals and, in some cases, suggesting 
ways that a group might redirect their efforts to achieve more favorable outcomes." (p. 8). Through 
participatory design it is possible to support sustainability in community organizations, since the 
participation of the citizens occurs throughout the design process (Markel et al., 2004). According to Wanick 
(2020), the involvement of all stakeholders in developing new technologies is crucial for participatory 
activities to occur. The techniques used in the design process should be aligned with the stakeholder’s 
perspective, for example, through establishing a shared vocabulary and recognizing the stakeholder as a 
specialist of the community's environment. 
Mirafshar (2019) points out the existence of two major principles in design thinking, which are achieving 
an empathetic connection with the audience and applying an iterative mindset (test solutions, gather 
evidence, and iterate). The author highlights that using these principles can enrich an understanding of 
the user’s needs, as well as better disclose what factors influence the success of a mobile application. 
According to Hartson & Pyla (2012), the user experience is composed of usability, usefulness, and 
emotional impact, generating memory after the interaction. Usability is the practical component of user 
experience, being constituted by “[...] effectiveness, efficiency, productivity, ease-of-use, learnability, 
retainability, and the pragmatic aspects of user satisfaction” (p.163). Usefulness focuses on the use of a 
system as a means to achieve objectives. Emotional impact is the affective component of the user 
experience, focusing on the user's feelings.  
Nielsen's (1994b) heuristics is a systematic evaluation method based on a set of usability principles that 
allows identifying problems in user interface design and involves interface analysis. This method is based on 
a 10 “heuristic” checklist, which can be used in interface specifications, prototypes, or complete systems. 
Nielsen's ten heuristics include the following guidelines: i) visibility of system status, ii) match between 
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system and the real world, iii) user control and freedom, iv) consistency and standards, v) error prevention, 
vi) recognition rather than recall, vii) flexibility and efficiency of use, viii) aesthetic and minimalist design, 
ix) help users recognize, diagnose, and recover from errors, and x) help and documentation (Nielsen, 
1994b). 
In accordance with Nielsen & Landauer (1993), three to five evaluators are recommended to perform a 
heuristic evaluation, which can identify around 75% to 95% of the problems. Originally, Nielsen's heuristics 
were designed for desktop environments, therefore it didn't consider specific features and limitations of 
mobile devices, such as the small screen, storage capacity, and power consumption. In 2020, the Nielsen 
heuristics were updated to add current features and examples, keeping the core intact, as ten heuristics 
have been an essential tool in developing user interfaces since 1994 (Nielsen, 2020). 
Evaluating the usability of a mobile application is of great importance to ensure its good usability and 
acceptance. Mobile applications must meet several essential requirements, such as being easy to use, 
flexible, simple and intuitive to the interface, and allowing the user to easily adapt to the environment of 
use (Feijó et al., 2013). In this context, several studies have been developed aiming to adapt heuristics to 
the specific characteristics and limitations of mobile devices, establishing a set of heuristics for smartphones 
(D'Carlo et al., 2017; Feijó et al., 2013; Krone, 2013; Silva Junior et al., 2019, Wangenheim et al., 2017).  
The MATCH scale was developed to address this issue aiming to use heuristics to evaluate a smartphone 
system’s usability. This scale was based on Nielsen's generic heuristics with the addition of three mobile 
device heuristics (Lacerda et al., 2016; Salazar et al., 2012): i) minimize human-computer interaction - 
considering that typing on mobile touchscreen keyboards is more error-prone than on conventional 
keyboards, it is important to minimize user interaction with the app; ii) physical interaction and ergonomics 
- given the limited screen size, it is considered necessary that the action controls are adequately sized and 
at a distance from each other so that the user does not press the button by mistake; iii) readability and 
quick view - considering that the mobile app user is generally interacting with the app in dynamic contexts, 
it is important to ensure that the user can get crucial system information quickly (e.g. at a glance) (Machado, 
2017). The scale features a checklist that serves as a reference for evaluating the usability of mobile apps 
(Von Wangenheim et al., 2017). 
 

Methodology  

 
The CeNTER Prototype development 
 
The development of the application prototype used the co-creation approach and had the involvement of 
ten local community initiatives. In this context, the organization of two focus groups comprising various local 
stakeholders allowed the definition of the main functionalities of the application under development CeNTER. 
Furthermore, a brainstorming technique, which involved the entire project team, was employed to identify 
the main features that should exist in the prototype and the more suitable device to be used, being the 
smartphone the chosen one. 
The choice of the mobile format took into account the success of smartphones in terms of widespread use 
in all social strata, demonstrating the significant democratization in the use of these digital devices 
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worldwide. A user flow was created, allowing to identify the main interactions and the necessary screens for 
the elaboration of the prototype. Subsequently, low-fidelity mockups were created, tested, and discussed 
among the team members. 
The prototype’s sketches were converted to wireframes on the "Sketch" application. At this stage, 
improvements were also made with the team and later applied to the wireframes and screens that resemble 
the look and feel of the mobile application, being later used to create a medium-fidelity prototype. The 
project used the "Principle" software1, which allows the development of a prototype capable of realizing 
complex interactions, such as dragging on a map, swiping on a carousel menu, or tapping to collapse visible 
content. 
 
Evaluation methodology 
 
The user evaluation process of the CeNTER app relies on a spiral model of iterative design, including early 
testing of the low fidelity mockups with the team members, medium-fidelity prototype evaluation by experts, 
and laboratory tests with end-users.  
Two evaluation panels, each one constituted by five experts, were organized according to the evaluators’ 
expertise to validate the CeNTER application prototype. As previously said, three to five evaluators are able 
to identify between 75 to 90% of the usability problems, making the chosen sample (10 experts in total) 
suitable for the test's purpose (Nielsen & Landauer, 1993).  
In this sense, the first panel consisted of five experts in the digital technology’s field, who have the 
knowledge and experience in developing interfaces. The second panel consisted of three experts in the field 
of Tourism, and two in the field of Health and Wellbeing, who have knowledge of the domain and are 
involved in different community projects. The two panels did not test the same app, since the main 
improvements were made before the evaluation by the second panel. Therefore, the methodology consists 
of two different stages, considering the iteration made, being the first stage the tests with digital 
technologies experts, and the second, the evaluation by Tourism, Health and Wellbeing specialists. 
Since the tests with experts were essentially aimed at analysing the main functions of the prototype's 
screens, guiding the next phases of the development, the goals of the experts’ evaluation were: i) validate 
the CeNTER prototype concept; ii) verify the acceptance of the interactions within the prototype (Drag and 
drop interaction mode, for example); iii) evaluate the user interfaces’ aesthetic; iv) evaluate the usability of 
the prototype; v) collect technical and fundamental issues for further on improvements; vi) collect 
suggestions for improvements and prototyping errors. 
In order to achieve the goals of the test and maximize the identification of usability problems, two techniques 
were used: i) the inspection technique (Heuristic Evaluation), based on checklist and verification items, 
which allow the evaluators to identify usability problems; and ii) the observation technique, in which an 
exploratory overview of the prototype using a think-aloud protocol was encouraged (Cho et al., 2019). 
Additionally, the interactions and comments of the evaluators while performing the test were recorded in 
video. 

 
1 https://principleformac.com 
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The heuristic evaluation process took place in three stages, according to the proposal of Nielsen (1994a): i) 
Preparation phase in which the prototype screens for evaluation and the list of heuristics to be used were 
defined and organized; ii) Evaluation phase, to collect evaluation data from each evaluator, individually, that 
tested the prototype by identifying the guidelines that were not followed and the degree of severity of the 
problems iii) Results consolidation phase and results report at the end of the tests, during which the data 
collected from the two panels of evaluators was analyzed and compared. During this process, the evaluations 
were made in person and under equal conditions. Assessment data were collected using the same heuristic 
checklist and observation record. 
For this study, a heuristic checklist was adapted from the ten Nielsen heuristics (1994b); three heuristics 
were added from the MATCH scale (Salazar et al., 2012). A total of 44 items were present in the checklist 
to evaluate the prototype usability. 
The tests took place at the facilities of the University of Aveiro, with the first panel on October 28-31 and 
with the second panel on November 11-29, 2019. The evaluation was organized in two phases. The first 
phase included the expert’s free exploration of the prototype, their comments, and the answering of their 
doubts. The second phase included filling in a table of design-oriented heuristics for mobile phone 
applications by the experts. 
 
 
Results  
 
 
The results will be presented in two parts. The first will present the prototype after the modifications made 
subsequently to the two stages of evaluation. The second part presents the test results with the expert 
panels.  
 

The CeNTER Prototype 
 
This study intends to develop the CeNTER mobile application (Carvalho et al., 2020) with an interface that 
allows both a pleasant user experience and intuitive and fast navigation. A consistent layout was delineated 
transversely to the screens, with coherent and easily identifiable graphical elements that allow effective 
interaction on any page. In this sense, the application’s first screen consists of the main menu with an 
interface for communities (see the second image from the left of Figure 1. The user has access to tabs that 
collapse or expand when the respective button is tapped. In each of those tabs, a carousel with cards of 
different initiatives, events, entities, volunteers, resources and highlights is presented. It is possible to drag 

and drop the card vertically to save it to the favorites list in each tab. This drag and drop function is also 

used to remove cards from favorites.  
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Figure 1: Sample of screens from the CeNTER application (from left to right): Tutorial, main menu, map 
and details of an event selected by the user. 

 

 
 
The map (see the third image from the left of Figure 1), despite having a carousel, similar to the main 
screen, also has a layout and interactions similar to the Google Maps mobile application. From this screen, 
the user can drag his finger on the screen to explore the map, pinch with two fingers to zoom in and zoom 
out and tap on a pinpoint to see more details about it, which will appear at the bottom of the screen. The 
content on the cards allows the user to view brief information on the small card which, after being tapped, 
expands to show more details (see first image from the right of Figure 1). 
The prototypes’ header presents, in addition to the project name and the CeNTER logo, calendar features, 
general search across the application, and access to settings. The footer is made up of other functionality 
options, such as accessing the profile and ideas, visiting saved items, viewing notifications and general 
exploration on the map. The user has access to features, like: i) the calendar of events shared by the 
communities; ii) tools for searching initiatives, events, entities, volunteers, resources and highlights; iii) the 
map that allows locating its contents; iv) access to ideas shared by the community; v) access to notifications 
to understand any news or changes to existing content in the application; vi) proactive actions such as 
creating and sharing ideas and other content; vii) save content the user likes in a list; viii) access to settings 
to customize the users content viewing preferences. The interaction is made from the input of hand gestures 
on a touch screen, and the interface consists of tangible graphic elements. In most tangible content, 
interaction is performed via tap.  
In conjunction with the main screens presented above, a tutorial was also developed (first image from the 
left of Figure 1). It is shown to the user for the first time he opens the application. The tutorial consists on 
an animation, explaining the different contents organized/hierarchized in the application, which are: i) the 
creation and sharing of ideas, initiatives and events; ii) the demand of resources, volunteers and 
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partnerships; iii) explanation of possible interactions within the application, such as creating a favorite list 
of content or even exploring the location of specific content on a map.  
After presenting the developmental phases of the CeNTER mobile application prototype, the following 
sections will present the most relevant results achieved by the evaluations from experts.   
 
Results Obtained Through the Think-aloud Protocol 
 
Considering the main goals of the performed tests, the expert's recommendations proved that an application 
to promote territorial based innovation is a sustainable and timely proposal, although there are still some 
issues to be reviewed. The following results are presented according to the assessment technique used, i.e., 
observation & report, and heuristic evaluation. By reporting the interactions and comments of the experts 
through the think-aloud protocol, it was possible to extract both qualitative and quantitative outcomes, while 
the heuristic evaluation provided valuable quantitative data. To define the main improvements to be 
accomplished at the prototype, the registered inputs were separated into two tables, according to the 
corresponding panel of the test. Subsequently, each input was measured according to the level of 
modification priority of the item, and to the level of effort that the task requires. The results are described 
below. 
One hundred and twenty-one (121) inputs were reported during the free exploration by the digital 
technology experts, 83 of which were considered as suggestions for application improvements, 30 as 
prototyping errors and eight were interpreted as suggestions for improvement and prototyping errors. 
Prototyping errors correspond to inconsistencies in the use of the prototype and the user interface, such as 
different icons representing the same function or lack of an icon that should be present by default (e.g., the 
absence of the return icon on some screens, with consequent impossibility to perform this action through 
the mode considered as standard in the prototype). An example of a suggestion that enabled the 
identification of a prototyping error is: “Standardize the ‘save’ icons on the right side of the ideas screen 
with the rest of the application.” (Panel 1 – Expert 1). An example of a suggestion for improvement is: "In 
'Ideas', add year information and not just day and time." (Panel 2 – Expert 2).   
Regarding the inputs collected from the Tourism, Health and Wellbeing specialists' assessment, a total of 53 
inputs were obtained during the free exploration of the prototype by the experts, 41 considered by the 
CeNTER team as suggestions for application improvements, 11 as prototyping errors and one as 
improvement suggestion and prototyping error. In this case, the prototyping errors were considered screens 
with too much information, interactions that conveyed a sense of lack of control of the prototype contents, 
and inconsistency in icons. Lexical inaccuracies mainly represented improvements suggestions, due to lack 
of expertise in the specific areas of expert knowledge. An example of a prototyping error is: “A person can 
get lost while switching between tabs, and not be sure on how to go back when opening one tab and how 
to minimize another.”. (Panel 2 – Expert 3). An example of suggestions for improvement is: “Change ‘sport’ 
by ‘physical and sport activity’. Sport is interpreted as a competitive action”. (Panel 2 – Expert 4). Table 1 
shows the number of inputs registered by the CeNTER team on both set evaluations.   
It is important to note the considerable difference in the numbers of inputs registered between the two 
panels. Panel 1 (P1) consisted of digital technology specialists who, in addition to personal considerations 
about the concept, functionality, innovation and other principles, closely observed the technical aspects of 
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the prototype. In contrast, specialists of Panel 2 (P2) mainly commented about the concept of the CeNTER 
prototype, functionality and effectiveness for the end-user, while technical factors were not so mentioned. 
One example is that only the experts of the digital technology area were able to explore the Drag and Drop 
interaction without help from the CeNTER team.   
 

Table 1: Expert’s inputs 
 

Inputs P1 P2 Total 

Total of inputs 121 53 174 

Suggestions for improvement 83 41 124 

Prototyping errors 30 11 41 

Errors and suggestions 8 1 9 

 
The data extracted in the evaluations were also analyzed according to the priority of each item to correct. 
In the first Panel of testing, 22 inputs were considered as high priority by the team, since they were problems 
that affected the usability of the prototype, influencing the high quality of the user experience. Forty-one 
were considered as medium priority, or issues that altered the usability of the system but did not impair the 
quality of the user experience, and 58 were considered as low priority, as they did not affect the quality of 
the user experience. Of the specialists’ inputs, 14 were considered as high priority by the team; 12 were 
considered as a medium priority, and 27 were considered as low correction priority (Table 2). 
 

Table 2: Level of priority for the correction of the prototype 
 

Level of priority No. of inputs P1 No. of inputs P2 

High priority  22 14 

Medium priority  41 12 

Low priority  58 27 

 
In addition, the effort level for the improvement of the prototype was evaluated (Table 3). Thus, in the first 
Panel of testing, 57 inputs present a low level of effort as they require a short time to solve the 
error/problem. Forty-two data were considered as holding an average effort level since they required some 
time for error/problem resolution, and 22 were considered as a high effort level, i.e., they required a long 
time for error/problem resolution. In the specialists’ case (Panel 2), the number of items that represent a 
low level of effort is nine, while 13 were interpreted as being average effort level, and 31 were considered 
as a high effort level.  
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Table 3: Level of effort for the improvement of the prototype 
 

Level of effort No. of inputs P1 No. of inputs P2 

Low level of effort 57 9 

Medium level of effort 42 13 

High level of effort 22 31 

 
Lastly, the inputs were divided according to each correspondent screen. Table 4 shows the number of inputs 
related to the main screens tested.  
As previously said, aiming to determine the main modifications for the prototype’s improvement, all the 
above information was separated into two different tables, according to the corresponding panel of the test. 
To choose the modifications to be made at the prototype by the CeNTER team, the key factors taken into 
account were the level of priority of each item registered and the level of effort for the improvement at the 
prototype. Thus, the expert’s inputs were measured by the level of priority and level of effort of the 
respective modification outlined. The items with a high level of priority and low level of effort had the most 
chance to be taken for adjustment. Thus, although all results are shown together in this paper, this is done 
for comparison purposes only, as they were analyzed separately. Each phase gave rise to modifications that 
reflect the inputs of each expert set. 
After analyzing the tables, the first panel of tests gave rise to fourteen items to be modified at the prototype, 
all demanding a low level of effort to be made. Six items presented a high level of priority, seven had a 
medium level of priority, and one presented a low level of priority. From the table of the second panel of 
tests, 20 items were selected to be modified at the application prototype. Thirteen items had a high level of 
priority, six had a medium level of priority, and one got a low level of priority. Regarding the required effort, 
seven demand a low level of effort, while 7 and 6 demand an average and high level of effort, respectively. 
Examples of the selected improvements from the first panel of tests were: “It should be able to return to a 
previous screen in the tutorial.” (Panel 1 – Expert 1), “The search function on the screen 'ideas' should be 
consistent with the rest of the app.” (Panel 1 – Expert 3 and 4), “The ‘search’ and ‘settings’ icons have the 
order changed on the ‘notifications’ screen, taking into account what you see on the home screen or map.” 
(Panel 1 – Expert 5) and “Standardize the ‘saved’ icons, on the right side of the screed ideas, with the rest 
of the app.” (Panel 1 – Expert 5). 
Examples of the selected improvements from the second panel of tests were: “Should be better hierarchized 
/ explained to understand the contents present in the platform (initiatives, activities, volunteers, resources, 
etc).” (Panel 2 – Expert 4), “It is suggested to find another nomenclature for initiatives, as they are confused 
with activities” (Panel 2 – Expert 1, 2, 3 and 4), “Drag and drop gesture is very fast. It seems to have no 
control over the interaction elements” (Panel 2 – Expert 1 and 4) and “On the ‘share’ screen: what is the 
difference between SMS and Phone icons?” (Panel 2 – Expert 1, 2, 3 and 4).  
Although the contrast in the number of inputs described between the two panels (with panel 1 presenting 
a significantly larger amount), some inputs are worth highlighting since both panels pointed them out. 
Overall, it was a consensus that the Drag and Drop interaction system is a challenge regarding usability. 
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Only the experts of the digital technology area were able to explore this interaction mode without any clue 
from the CeNTER team. However, considering that this kind of interaction is not common and has been 
successfully used by other applications, such as Tinder, the users may become familiar with this interaction 
after the first use. In terms of interaction, the swipe between the cards had good acceptability among the 
evaluators. Still, according to most of them, it won’t be possible to use the carrousel with a high amount of 
information in the application's database. According to some experts, an alternative could be using a list 
format instead of cards.  
 

Table 4: Inputs according to the prototype interface 
 

Interfaces No. of inputs P1 No. of inputs P2 

Tutorial 11 2 

Main screen 21 19 

Profile 10 3 

Register of an initiative or activity 16 4 

Ideas 16 2 

Maps 7 3 

Agenda 8 1 

Saved 5 1 

Notifications 6 2 

Details of an activity / initiative / entity 16 9 

Others 5 7 

Total 121 53 

 
Another significant input is concerned with the blurring between "Activity" and "Initiative" definitions. For 
the majority of the experts, those two titles are equal and correspond to the same idea. The team agreed 
to change the name “Activity” to “Event” since, in the context of the CeNTER application prototype, the 
activity is related to any action or event which happens in a specific place and date, or period. Additionally, 
overall, the interface was well evaluated and received a lot of praise, mainly the color palette used on the 
idealization and development of the prototype. The size and font used were also appreciated by the experts 
of both panels. 
Finally, it is important to emphasize that the concept of the CeNTER application prototype has been well 
evaluated among the experts of both panels. In this aspect, the “Resources” and “Volunteer” components 
were highlighted as being the most innovative features of the application: “Resources and volunteers are 
the differentiating elements of the platform.” (Panel 2 – Expert 5). Since the specialists of the second panel 
are more familiarized with the existing available territorial innovation services, this panel of evaluators 
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proved to be a valuable choice for the prototype assessment, as they were able to provide significant 
contributions for the success of the application: “It is suggested to convert the app into a website to be 
accessible to more people in Portugal. Make it a more universal alternative because it is an innovative tool, 
and it can be complex and demanding for the average user.” (Panel 2 – Experts 1, 5).  
In contrast, Panel 1 provides essential technical inputs, which directly impact the prototype usability: “Drag 
and drop visual feedback is required: card absorption animation on save / delete balls. Swipe diagonally can 
lead to the mistake of dragging the recommendation.” (Panel 1 – Experts 2, 3, 4). 
 
Heuristic Evaluation 
 
After performing the heuristic evaluation and completing the checklist, the general opinion about the 
prototype was characterized as quite positive. Overall the prototype was considered to have a simple 
interface: the page layout was appropriate, easy to use, and did not require much effort on the part of the 
user; no incongruities were detected in the form of presentation, although some errors were indicated in 
the passage of links and in the use of some specific terminology in the area of Health and Welfare. 
The heuristic evaluation of the prototype was performed through a comparative analysis between the 
evaluation results of two expert panels. A grid was created that gathered all the results to consolidate the 
heuristic validation results performed by both panels. Next, the grids were analyzed and compared. Table 5 
shows the number of problems identified by each panel of evaluators, the severity of problems, and the 
average of severity. 
 

Table 5: Number of Problems and Average Severities identified by each panel of evaluators 
 

Panel  
Experts 

Total 
problems 

Severity of 
problems 

Severity 
Average 

1 2 3 4 

1 Technology Experts 109 46 39 21 2 1,78 

2 Tourism, Health and Wellbeing 
Experts 

46 14 26 6 0 1,53 

 
As we can see in Table 1, the panel of technology experts identified a higher number of usability problems 
(109) than the other panel (46). Regarding the severity of problems, it is essential to note that Panel 1 
identified: 46 problems with score 1 (visual problem only), 39 problems with score 2 (small usability 
problem), 21 problems with score 3 (main usability problem) and two problems with score 4 (usability 
catastrophe). Two problems with score 4 were identified by the same evaluator from Panel 1. These 
problems refer to the heuristic “Correspondence between the system and the real world” and are related to 
the items “The proposed interactions in the application are similar to real actions” and “Information appears 
in a logical and natural order”. No violations with score 4 were reported per the second panel. 
With the highest Mean Severity, panel 1 identified the heuristics: Help and Documentation (2.75), 
Recognition rather than Reminder (2.5), and Interaction between person and application (2.33). Panel 2 
reported the highest Mean of Heuristic Severities: Flexibility and Efficiency (2.25), Help and Documentation 
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(2.2) Recognition rather than Reminder (2) and Interaction between person and application (2). Therefore, 
both panels were quite consistent in assessing the severity of the heuristic violation. The Mean Severity in 
the two panels was low, with a score close to 1.78 (P1) and 1.53 (P2). 
The difference in results between panels also occurred in the type of problems identified. The problems 
identified by Panel 1 were more focused on prototype design, robustness, and accessibility (Table 6). The 
problems identified by Panel 2 were more related to the suitability of the prototype for each application 
domain, as well as the efficiency and type of functionality available to users. 
 

Table 6: Type of violated heuristics and Average Severities identified by each panel of evaluators 
 

Nº Heuristic P1- Technology Experts P2 - Tourism, Health and 
Wellbeing Experts 

Number of 
Problems 

Average of 
Severities 

Number of 
Problems 

Average of 
Severities 

1 Visibility of system status 11 2.18 1 1 

2 Match between system and the 
real world 

11 2.27 6 1.5 

3 User control and freedom 13 1.54 11 1.45 

4 Consistency and standards 7 1,57 3 1,66 

5 Error prevention 5 1,6 7 1.86 

6 Recognition rather than recall 4 2,5 1 2 

7 Flexibility and efficiency of use 7 1,85 4 2.25 

8 Aesthetic and minimalist design 12 1.66 1 1 

9 Help users recognize, diagnose, 
and recover from errors 

10 1,1 4 1,9 

10 Help and documentation 4 2,75 5 2.2 

11 Interaction between person and 
application 

3 2.33 1 2 

12 Physical interaction and 
ergonomics 

8 1,75 0 0 

13 Readability and layout 14 1,5 2 1 

 Total 109 1,78 46 1,53 

 
As it is possible to see in Table 2, the maximum number of heuristic non-observations, identified by Panel 
1, included: Readability and layout (14, mean severity 1.5), followed by User controls and free will (13, 
mean severity 1, 54) and Aesthetics and minimalist design (12, medium severity 1.66). Panel 2 identified 
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the maximum number of heuristics non observations: User controls and exercises free will (11, mean severity 
1.45), Avoid errors (7, mean severity 1.86), and matching the system to the real world (6, mean severity 
1.5). Identifying these heuristic non-observations will make it easier to identify and prioritize issues that 
need urgent attention before the final deployment of the application. 
 

Discussion and Conclusion 
 
As the development of the CeNTER prototype requires an iterative design process, performing early tests is 
a crucial part of the system design to detect usability issues and identify important improvements to be 
made. Through the techniques used at the presented evaluation, it was possible to collect valuable data, 
inquiring experts from different areas of knowledge. In this regard, the nature of the experts’ area oriented 
the character of suggestions (Almeida et al., 2017), with the most technical issues naturally being pointed 
out by the professionals of the technologic area.  
Usability tests proved to be an effective way to acquire information that contributes to significantly improving 
the interface of a future mobile application, favoring the user experience, as evidenced by other studies 
(Lacerda et al., 2016; Salazar et al., 2012). The user-centered design approach, used in all stages of the 
CeNTER prototype development, contributed strongly to the understanding of the users' needs.  
Moreover, the methods and techniques of production of the application were supported by methodologies 
oriented to the needs and requirements of users, while being anchored in a continuous spiral of evaluation-
correction of the prototype, resulting in improved versions of the pilot application. Such developmental 
characteristics make it possible to build highly usable applications. At the same time, the spiral evaluation-
correction model will make it possible to listen to users' opinions and, consequently, to develop an application 
with a more attractive look & feel. 
In this context, it is important to highlight the aggregation of the participatory component in the CeNTER 
mobile application. The platform intends to promote new ideas, which aim to leverage regional potential 
built through discourses arising from personal interests in social spaces. This characteristic consolidates the 
participatory culture, which raises the articulation between community members while elevating the user to 
the role of creator and producer of texts and artefacts, which are shared or distributed in social environments 
(Ritzer & Jurgenson, 2010).  
Through the conducted tests, the development of a community-based territorial innovation application 
proved to be a sustainable and timely proposal, as the “ CeNTER” prototype concept was properly approved. 
Additionally, the prototype seems to be a remarkable novelty, since it brings up new features, such as the 
“Resources” and “Volunteers” and comes up with unconventional interaction paradigms. The results also 
provide the means to verify the decrease in the heuristic values concerning usability issues between the two 
panels, giving a stamp of approval that the changes made after the first round of tests improved the 
prototype. 
Regarding sustainability, the CeNTER mobile application is expected to be self-powered by local initiatives, 
which share events, ideas, resources, and volunteers with the community. Additionally, it will be a tool that 
can be adapted and supported by public entities in the Centro Region of Portugal, as it can provide relevant 
data about innovative projects that arise in the community. As Srnicek (2017) states, the more people 
interact, the more information can be collected and used. Digital platforms produce and depend on “network 
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effects”, that is, the greater the number of users the more valuable a platform becomes. Therefore, the 
implementation and sustainability of the CeNTER platform will involve the elaboration of strategies to attract 
a significant number of users. 
This collaborative process turned possible to learn many lessons that can be useful for other researchers 
developing digital solutions in the same subject area, like including community initiatives in the entire design 
process to better tailor the solution to their needs; being flexible to meet the preferences of the community 
and stakeholders; incorporating mixed methods in design and assessment tests that provide valuable 
information to produce an acceptable and well-designed solution. 
Future work includes performing laboratory tests with end-users. Before further tests, the final experts’ 
suggestions for improvements need to be considered. The CeNTER team believes that the intrinsic 
conceptual idea of the project can make an essential contribution to the future of territorial innovation, 
showing the potential of digital media to improve community engagement in their territorial matters. 
Finally, through the current and future evolutions of the CeNTER prototype, mainly after the changes made 
from the user tests, it is hoped that it makes a difference in the everyday life of the territory agents since it 
becomes possible to contribute actively using a hypermediated application for their engagement. The 
platform will make it possible to create content and disseminate information, facilitating communication 
between the respective agents in the territory, and citizens' access to a set of initiatives. The prototype app 
intends to encourage their involvement. Such involvement can generate proactive behaviors, contributing 
to the promotion of activities and the development of the territory, so the citizens become actors-agents 
that consolidate networks of cooperation in the territory 
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