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Abstract 

One of the most important aspects that contribute to the 

competitiveness of applications in the market is usability. 

Usability can be used in the software development process, 

both in the design phase and in the evaluation phase, where one 

of the most widespread methods to evaluate the usability of a 

software product are usability inspections. In order to specify 

the results obtained in a usability inspection and to determine 

the quantitative and qualitative level of compliance with the 

usability heuristics, it is necessary to specify the criteria 

associated with the different heuristics to be considered in an 

inspection. In this paper we propose as a contribution both the 

definition of a set of evaluation criteria associated with the 

Nielsen heuristics, and the development of a tool to automate 

the process of conducting usability inspections based on the 

defined criteria. The criteria and the proposed tool are intended 

to serve as a reference for conducting inspections on 

applications in different application contexts. 

Keywords: Heuristic principles, inspection, Nielsen's 

heuristics, usability. 

 

I. INTRODUCTION  

With the increase in both the number of applications deployed 

in software repositories and the number of users who download 

and consume them, one of the key aspects to make applications 

competitive in the market is usability [1]–[3]. Usability is an 

attribute that defines software quality [4], [5] and according to 

ISO 9241 can be defined as the extent to which a software 

product can be used by specific users to achieve its objectives 

effectively, efficiently and with satisfaction in a specific 

context of use [6]–[9]. Similarly, according to ISO 9126, 

usability can be defined as the ability of a software product to 

be understood, learned, used and attractive to the user [5], [10]. 

One of the most widespread methods to evaluate the usability 

of a software product is the usability inspection, in which a 

group of evaluators verify compliance with a set of heuristics, 

so that as a result of this evaluation a set of usability problems 

associated with the heuristics considered are obtained [11]–[13]. 
In this sense, in a usability inspection, different types of 

heuristics can be taken into account depending on the context 

of the evaluated software, where the Nielsen heuristics are the 

most widespread [14]. In order to specify the results obtained 

in a usability inspection and to determine quantitatively and 

qualitatively the compliance with the usability heuristics, it is 

necessary to specify the criteria associated with the different 

heuristics considered in an inspection [2], [15]. In this sense, 

there is no evidence of the existence of specific evaluation 

criteria associated with the 10 usability heuristics proposed by 

Nielsen.   

In this paper we proposed as a contribution, the definition of a 

set of evaluation criteria associated with the 10 Nielsen 

heuristics, as well as an automated tool for conducting usability 

inspections, based on the Nielsen heuristic principles and their 

associated criteria. The proposed tool allows the evaluators to 

rate the compliance with the criteria of each principle, as well 

as to perform an automatic statistical and graphic analysis of 

the evaluation results. The tool built was developed in Java 

language and has the advantage of being able to load the 

heuristics and usability criteria from a configuration file, thus 

enabling the scalability of the application in terms of the use of 

heuristics and usability criteria different from those of Nielsen. 
Both the criteria and the proposed tool are intended to serve as 

a contribution to the design and evaluation of general-purpose 

software from a usability perspective. Likewise, the defined 

criteria can be extrapolated or specified to a specific application 

context (web applications, mobile applications, video games, 

among others). 

The rest of the paper is organized as follows: Section 2 presents 

the methodology considered for the development of this work. 

Section 3 shows the results obtained from the present research, 

which includes the definition of a set of evaluation criteria for 

each of the Nielsen heuristics, as well as the design and 

implementation of the proposed inspection tool. This section 

also presents the development of a case study based on the use 

of the proposed inspection tool. Finally, Section 4 presents the 

conclusions and future work derived from this research. 

 

II. METHODOLOGY 

For the development of this research, 4 methodological phases 

were defined: characterization of the Nielsen heuristics, 

definition of the usability criteria associated with each heuristic, 
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design and implementation of the automated tool and finally 

case study (see Figure 1). 

 

 

Fig. 1. Methodology considered 

 

In phase 1 of the methodology, the 10 usability principles 

proposed by Nielsen were explored, in order to identify the 

objective and scope of each of these principles. Based on the 

exploration carried out in phase 1, within phase 2, a set of 

criteria were specified in terms of questions, which will be rated 

in the inspection by the evaluators on a scale of 1 to 5. Taking 

into account the defined criteria and the structure of a usability 

inspection, in phase 3 a tool was designed and implemented for 

conducting usability inspections based on Nielsen's heuristic 

principles, which allows the evaluation of the criteria defined 

for each heuristic, as well as the statistical and graphic analysis 

of compliance with Nielsen's usability principles. The proposed 

tool was developed in Java language and allows loading from a 

configuration file both the Nielsen heuristics and the criteria 

associated with each one of them. Finally, in phase 4 a case 

study was developed using the proposed tool, in which the 

usability of the tool for the creation of algorithms by means of 

flowcharts: DFD was evaluated. 

 

III. RESULTS AND DISCUSSION 

This section presents the results obtained in the development of 

this research, which includes the definition of a set of criteria 

associated with the 10 usability heuristics, as well as the design 

and implementation of the proposed tool and the development 

of a case study based on the use of the constructed tool. Thus, 

in the first instance, Table 1 presents a subset of the 55 usability 

criteria defined for the 10 Nielsen heuristics, which were 

expressed in terms of questions and seek to contribute to the 

determination of the scope of each of these heuristics. It is also 

worth mentioning that these criteria can be rated by the 

evaluators through the tool on a scale of 0 to 5, where 0 

represents non-compliance with the criterion and 5 represents 

full compliance with the criterion. 

 

Table 1. Example of defined criteria 

Heuristic Criteria 

H1.Visibility of system 

status 

To what degree does the system indicate the section where the user is located? 

To what degree does the system report on the current status of a process or task? 

To what extent are system response times reasonable and adequate? 

H2. Match between 

system and the real world 

To what extent does the system use words, phrases and concepts that are familiar to the user? 

To what extent are the different options included in the system presented in a simple, natural and 

intuitive manner? 

To what degree does the system use easy-to-understand icons that correspond to the user's reality? 

H3. User control and 

freedom 

To what extent does the system allow undoing the different actions performed by the user? 

To what extent when performing a task or process, is there a cancel option? 

To what extent does the system prevent automatic execution of actions that have not been initiated 

by the user? 

H4. Consistency and 

standards 

To what extent are the icons used similar in the system? 

To what extent is information structured and presented in the same way throughout the system? 

To what extent do the system controls and icons follow the established common standards? 

H5.Error prevention To what extent does the system ask for confirmation from the user before performing a critical action 

(cancel, delete, accept)? 

To what extent does the system make use of easy-to-understand messages that prevent possible 

errors? 

To what extent does the system use option lists or comboboxes as alternatives to manual data entry? 

H6. Recognition rather 

than recall 

To what extent are the main options and/or functions easy to find or always visible? 

To what extent do pre-filled data entry fields keep the information always remembered? 
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H7. Flexibility and 

efficiency of use 

To what extent does the system have shortcuts to perform frequent tasks? 

To what extent does the system avoid requesting information from the user that has been previously 

provided? 

To what extent does the user perform tasks within the system in an adequate amount of time? 

H8. Aesthetic and 

minimalist design 

To what extent is the system interface simple and minimalistic? 

To what extent is the system not overloaded with information, options or other elements that distract 

the user? 

To what extent do the colors used in the system provide adequate contrast? 

H9.  Help users 

recognize, diagnose, and 

recover from errors 

To what extent are the error messages understandable to the user and free of technical language? 

To what extent do the error messages guide the user to solve the problem? 

To what extent are error messages written without using hostile words? 

H10. Help and 

documentation 

To what extent does the system provide simple and clear help? 

To what extent does the help available in the system have a distinguishable structure? 

To what extent is the help available in the system contextual? 

Once the criteria for each of the Nielsen heuristics were defined, 

the automated inspection tool was designed, taking into account 

the structure of a conventional usability inspection. Thus, 

Figure 2 shows a flow chart that includes the different processes 

that the proposed tool executes in the development of a 

usability inspection. 

As shown in Figure 2, the tool first loads the Nielsen heuristics 

and the criteria associated to each one of them from a 

configuration file into the graphical interface, after which the 

evaluator proceeds to perform the inspection, rating the 

compliance of each one of these criteria in the software to be 

evaluated. Once the evaluation process of the heuristics has 

been completed, the tool automatically calculates the average 

of each heuristic based on the evaluator's ratings for each 

criterion and obtains the general average of the Nielsen 

heuristics. Likewise, the tool generates a set of charts that allow 

comparing the ratings assigned to each criterion and visualizing 

the percentage of compliance with the different heuristics in the 

software evaluated through the proposed inspection tool. 

 

Fig. 2. Tool flow diagram 

Taking into account the different processes presented in Figure 

2, an inspection tool was implemented in Java language, which 

consists of 14 tabs, as shown in Figure 3. 

 

Fig. 3. Interface of the proposed tool 

 

The first 10 tabs of the tool include the criteria associated with 

the 10 Nielsen heuristics, which are loaded from a 

configuration file and allow the evaluator to rate these criteria 

on a scale of 0 to 5. Through tab 11 or the "Results" tab, it is 

possible to visualize the average obtained in each of the Nielsen 

heuristics, as well as the total average of the heuristics, as 

shown in Figure 4. Thus, as an example, from the hypothetical 

data filled in the first 10 tabs, it can be observed that the 

heuristic principle H1: "Visibility of system status" obtained an 

average of 2.0, while the heuristic principle H4: "Consistency 

and standards" obtained an average of 2.429. Similarly, in the 

"Results" tab, by clicking on the "Report" button, it is possible 

to generate a report in a .CSV file with the average of the 

criteria associated with each of the Nielsen heuristics. 
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Fig. 4.  “Results” tab of the proposed tool 

 

On the other hand, in tabs 12, 13 and 14 it is possible to 

visualize respectively: a bar chart with the percentage of 

compliance of the different heuristics (tab "Percentage Chart"), 

a radial chart showing the average value obtained in each of the 

heuristics evaluated (tab "Radial Chart") and finally an area 

chart showing for each heuristic the rating assigned to each 

criterion by the evaluator (tab "Criteria Chart"), as shown in 

Figure 5. Thus, as an example, Figure 5 shows in a radial chart 

the average ratings obtained for the different heuristics, based 

on the hypothetical data filled in the first 10 tabs. 

 

 

Fig. 5.  “Radial Chart" tab of the proposed tool 

 

Similarly, Figure 6 shows, through an area chart, the 

hypothetical ratings assigned to the 6 criteria defined and 

corresponding to heuristic H1: "Visibility of system status". 

 

Fig. 6.  “Criteria Chart" tab of the proposed tool 

 

Taking into account the tool built and presented in Figures 3,4,5 

and 6, a case study was developed on the flowchart algorithm 

generation tool: DFD (see Figure 7), in order to verify the 

usefulness of the proposed tool.   

 

Fig. 7.  DFD Tool 

Once the usability inspection of the DFD tool was carried out 

by the researchers of this work through the use of the proposed 

tool, the results presented in Table 2 were obtained, which 

shows the average rating of the criteria associated with the 10 

Nielsen heuristics. 
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Table 2. Results of the case study inspection 

Heuristic Average 

H1.Visibility of system status 4.667 

H2. Match between system and the real world 3.333 

H3. User control and freedom 0.667 

H4. Consistency and standards 3.429 

H5.Error prevention 2.667 

H6. Recognition rather than recall 3 

H7. Flexibility and efficiency of use 3.667 

H8. Aesthetic and minimalist design 4.143 

H9.  Help users recognize, diagnose, and 

recover from errors 

4.2 

H10. Help and documentation 0.250 

Total Average 3.002 

 

From the results presented in Table 2, it can be seen how the 

tool obtained the best averages in the heuristics: H1: "Visibility 

of system status" and H8: "Aesthetic and minimalist design", 

considering that the DFD tool offers feedback to the different 

actions performed by the user and has a simple and minimalist 

interface. Similarly, it is possible to see how the tool obtained 

the worst averages in the heuristics: H10: "Help and 

documentation" and H3: "User control and freedom", 

considering that the tool does not include a help option to guide 

the user in the creation of flowcharts and does not have an 

option that allows the user to undo the actions performed in the 

process of creating the algorithms. On the other hand, it is 

possible to observe from Table 1, how the total average of the 

heuristics in the evaluated tool is 3.002, which corresponds to 

an acceptable level, so taking into account the criteria that 

obtained a low score in the inspection, it is possible to increase 

the usability of the tool to a good or excellent level. The results 

presented in Table 1 can be seen more clearly in the percentage 

graph generated by the inspection tool (see Figure 8), which 

shows the percentage of compliance associated with each of the 

10 Nielsen heuristic principles. Figure 8 shows how 6 of the 

heuristics (H1, H2, H4, H7, H8, H9) have a percentage of 

compliance greater than or equal to 60%, 2 of the heuristics (H5, 

H6) have a percentage of compliance between 50% and 60%, 

while the remaining 2 heuristics (H3, H10) have a percentage 

of compliance lower than 20%. Finally, if the compliance 

percentages of the 10 heuristics are averaged, an overall 

compliance percentage of 60% is obtained for the DFD tool, 

which corresponds to an acceptable level of usability. 

 

Fig. 8.  Percentage of compliance with heuristics 

 

Finally, Table 3 presents a set of recommendations that can be 

included in the DFD tool, which were extracted from the lowest 

rated criteria. 

Table 3. Recommendations obtained 

Heuristic Recommendation 

H2 It is recommended to use conventional icons 

for the creation of flowcharts, since these 

icons do not correspond to the symbols 

established to represent a flowchart. 

H3 It is recommended to improve the 

understanding of the menu icons by 

incorporating the conventional symbols used 

in the structuring of a flowchart.   

H4 Se recomienda mejorar la comprensión de los 

iconos del menú, a partir de la incorporación 

de los símbolos convencionales usados en la 

estructuración de un diagrama de flujo.  

H5 Although the error messages are free of 

technicalities, the accuracy of the messages 

used in the tool's dialog boxes can be 

improved. 

It is recommended that the fields used in the 

structuring of a flowchart include default 

values to improve the understanding of the 

tool. 

H7 It is recommended to give the user the 

possibility to customize the tool interface 

(colors, font size, etc.). 

H8 It is recommended to avoid the use of abstract 

icons and replace them with the conventional 

icons used in the creation of flowcharts. 

H9 It is recommended to present more precise 

error messages to guide the user in 

troubleshooting. 

H10 It is recommended to include help within the 

tool and to include context-sensitive help 

functionality. 
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VI. CONCLUSIONS 

In this paper we proposed as a contribution the specification of 

a set of usability criteria, associated to Nielsen's 10 heuristics, 

which can be used both in the design and evaluation of 

interactive applications. Similarly, we proposed as a 

contribution the development of an automated tool for 

conducting usability inspections based on the defined criteria. 

The tool proposed in this paper has the advantage of allowing 

the evaluators to rate the criteria associated with the Nielsen 

heuristics, as well as to obtain statistical and graphic analysis 

of the results obtained in the evaluation. Similarly, the tool 

allows loading heuristics and criteria from a configuration file, 

so it can be adapted to work with usability principles different 

from those of Nielsen. 

The case study developed allowed to demonstrate the 

usefulness of the inspection tool, in order to determine the 

usability aspects to be improved in the DFD tool. In this sense, 

the inspection based on the defined criteria made it possible to 

determine more precisely the different elements of the DFD 

tool interface that should be prioritized to improve its usability. 

As a future work derived from the present research, it is 

intended to include in the inspection tool the functionality to 

generate automatic recommendations based on the criteria that 

obtained a worse rating by the evaluators. 
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