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Abstract
The QoE measurement has become a novel theme today. To achieve a quality service and minimize the negative impact that
traffic on network can cause, it’s very important to manage the devices that intervene in this service. Hence, the QoE evaluation
allows obtaining benefits both customers and service providers. The main objective of this paper is to measure QoE of a
teleconsultation application in Mental Health named Psiconnect, using an approach based on pentagram model. For the QoE
evaluation of Psiconnect application we used the pentagram model based on the measurement of 5 factors (integrality,
retainability, availability, usability, and instantaneousness). This model allows to design quantifiable metrics for quality evalu-
ations. Using the model cited the value of QoE for Psiconnect is 1.793 (between 1.6 and 1.8). Comparing with Mean Opinion
Scores (MOS) test, some users are dissatisfied with the use of the application although the result is near 1.8, so the most of users
are satisfied with the use of teleconsultation service based in Skype in the Psiconnect app. There are different models to measure
QoE having into account subjective parameters. This is important an estimation of QoE in a quantitative form. Other models can
be used to improve the quality of apps.
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Introduction

The prevalence of broadband wireless networks offering
Internet connectivity today has opened up new possibilities

for using wireless and mobile services in eHealth applications
[1].

The available bandwidth and other parameters should be
considered when transmitting multimedia signals in several
wireless telecommunications systems. Therefore, the image
and video content must be compressed to meet the bandwidth
requirements. Hence, when designing an eHealth or mHealth
service, QoEmust be taken into account since it is one of most
important factors in the implementation [2].

According to [3], QoE is Bthe degree of delight or annoy-
ance of the user of an application or service. It results from the
fulfillment of his/her expectations with respect to the utility
and/or enjoyment of the app or service in the light of the user’s
personality and current state^. To deal with user satisfaction
and acceptance, the notions of expected and perceived quality
are identified, since they influence the user’s perception [4].
Therefore QoE is a measure of users’ general perception for
the QoS [5]. Some influencing factors of QoE are: mental and
physiological state, expectation, background and experience
[6]. QoE depends on QoS parameters. In many cases QoE
factors can be evaluated through subjective surveys carried
out on users of a determinate service. In this way, it is possible
to measure their satisfaction with a service and produces a
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Mean Opinion Score (MOS) indicator [7–9]. MOS is a quan-
titative method to measure QoE. In this method, the range is
from 1 (bad) to 5 (excellent). This indicator is subjective and
every individual has his/her own set of QoE values for a same
service or application and with the same conditions. This lim-
itation can be minimized categorizing the users with similar
characteristics such as values or needs [10, 11]. There are other
methods, for example in [12], the authors propose other method
named pentagram model for measuring QoE. In [13] we pres-
ent a review of existing research works in the literature, refer-
ring to QoS and QoE in telemedicine and eHealth applications.
Some tools for measuring QoE are developed in the form of a
survey. For the development of this survey, many time is nec-
essary the help of psychologist [14–16]. In [17] discuss the
QoE multidimensionality and importance of considering all
influencing factors in QoE experiments. They describe the pop-
ular tools that can be used in subjective tests Bsurvey-based^
together with procedure for processing statistical results, pro-
viding ways to statistically evaluate and compare the perfor-
mance of objective QoE estimators, using the data obtained.

In [18] we developed a system for communication between
different agents in mental health named Psiconnect. It pro-
vides communication services, necessary for improving the
treatment of the patients, a second medical opinion and solv-
ing doubts between patients and medical staff. Moreover, it
incorporates a video conferencing service using Skype.
Psiconnect tries to bring effectiveness to its users, i.e., a sec-
ond medical opinion, remote diagnosis, etc. This application
includes discussion forum, chat, videoconference, private
messages, related news, online and printed resources [18].

In this paper we used a model-based approach [12] to mea-
sure the QoE of the teleconsultation service of Psiconnect. This
approach can be applied to other teleconsultation apps in dif-
ferent specialties. Themain aim of this work is to measureQoE
of Psiconnect using an approach based on this pentagrammod-
el. This methodology can be applied to other ehealth applica-
tions and/or systems to compare it with other models.

The remainder of this paper is as follows. In Methodology
section, the used model to measure the QoE of the
teleconsultation application is presented. Next, the results are
showed and by last, conclusion is described.

Methods

The model used in this work for QoE evaluation use the Eq.
(1). It allows to design quantifiable metrics for quality evalu-
ations. QoE is presented and measured through using a pen-
tagram diagram based on the measurement of five factors. The
measurement result of each factor is a value from 0 to 1, where
0 indicates the minimum value and 1 indicates the maximum
value. These factors are show in Table 1,where we indicated
the relation between the symbols in the equation, performance
indicators and most important measures [12].

QoE ¼ 1

2
sin 72°U ABþ BC þ CDþ DE þ EAð Þ ð1Þ

Integrality depends on factors as jitter, delay and packed
loss rate. In Eq. (2) we can see DA as the sum of the QoE of the
service integrality.

DA ¼ ∝1∙Del þ ∝2∙Jit þ ∝3∙Pl ð2Þ
Where ∝i defines the consistency ratio complied with contract.
If ∝i is bigger the QoE is better.

As retainability service, we represent the service interrup-
tion ration in Eq. (3)

DB ¼ 1−δ where δ ¼ n

∑
n

i¼1
ti

ð3Þ

The availability ratio is defined in Eq. (4)

DC ¼ 1−
m
n

ð4Þ

where m is the number of access service failure and n the total
of access services.

We consider three dimensions of usability as are effective-
ness, efficiency and satisfaction using the model defined in
[12]. The instantaneousness ratio is defined in Eq. (5).

DE ¼ m
n

ð5Þ

Table 1 Factors influencing in QoE and measures

QoE performance indicator Measures Used Symbol

Integrality Jitter (Jit), delay (Del),
packet loss ratio (Pl)

A

Retainability Service interruption ratio B

Availability Success ratio of user
access service

C

Usability Service Usability D

Instantaneousness Response Time to establish
and access service

E

Table 2 Integrality
index Weight Threshold

Delay 0.5 90 ms

Jitter 0.2 30 ms

Packet loss rate 0.14 6%

Table 3 Ratios results
DA DB DC DD DE

0,93 0,96 0,71 0,78 0,94
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where m is the number of ∂≥1; ∂ ¼ O
�
M , O represents the

target value.
The usability service contains a series of metrics such as:

task completion, error counts, task times and satisfaction,
which are responsible for quantifying the dimensions of the
service (effectiveness, efficiency and satisfaction).

Results and Discussion

In this section the results of the QoE evaluation of Psiconnect
app using a model-based approach [12] are presented. Delay,
jitter and packet loss rate are influencing in the transmission of
video and audio. In Table 2 appear the characteristics of the

Fig. 1 QoE pentagram model
[12]

Fig. 2 QoE pentagram model for
measurements of our application
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integrality measure and Table 3 shows the different ratios DA,

DB, DC, DD, DE.
The values shown in Table 3 are the results obtained by

applying eqs. (2)–(5). DA represents the sum of the QoE of

the service integrality. The different Di for i = B, C, D, E are
explained in the methods section. We calculate the final QoE
for Psiconnect as follows:

QoE ¼ 0:48* 0:93*0:96ð Þ þ 0:96*0:71ð Þ þ 0:71*0:78ð Þ þ 0:78*0:94ð Þ þ 0:94*0:93ð Þ½ � ¼ 1:793

Taking into account the pentagram model (See Fig. 1) to
measure the five QoE factors, we show in Fig. 2 the calculated
values for our application.

This model shows that few users aren’t satisfied at all with
the model-based approach because the value is between 1.6
and 1.8 [12]. The impact of poor QoE and low QoS in eHealth
can result not only in poor quality of the health care service but
can also lead to false judgments in diagnosis, data latency can
affect the accuracy and time of completion time of surgical
task, or the delay in remote surgery can significantly degrade
remote surgeon’s task performance and may result in overall
poor performance, which in turn affects their confidence level
[4, 19].

Conclusion

QoE estimation and management has become an increasingly
important element for telecommunications service providers,
since this is a reflection of acceptance or opinion that users
have about the services they consume [20].

The growth of video traffic poses new challenges for ser-
vice providers, on the one hand, they pretend to increase the
QoE perceived by end users and on the other they are im-
mersed in minimizing costs of the delivery infrastructure that
is responsible for serving to millions of concurrent viewers
[21].

QoE is closely related to QoS. The wide variety of eHealth
services imposes different QoS requirements on the underlying
networks. Aspects such as tolerance to delay are service re-
quirements ranging from strict real-time and delay intolerant
data transmission [22, 23]. Another aspect is application data
sensitivity to loss, with conversational voice based applications
that often tolerate some packet loss, while data transmission
(e.g., medical image transfer) is highly losses intolerant [24].

The model of QoE in areas such as Mental Health applying
the standards of usability, accessibility, efficiency, efficacy
and quality of clinical processes offers a integral eHealth sys-
tem that benefits both patients, physicians and specialists [25].

QoE is an important parameter to measure due to its sub-
jectivity. This paper measures the QoE of a teleconsultation
app in mental health using a model-approach [12]. The ob-
tained values cannot be considered good at all. As future
work, after comparing different QoE models we will propose

a new model to use with this application and other applica-
tions in mental health.

Acknowledgements This research has been made within the Program
BMovilidad Investigadores UVA-BANCO SANTANDER 2018^, and it
has been partially supported by European Commission and the Ministry
of Industry, Energy and Tourism under the project AAL-20125036
named BWetake Care: ICT- based Solution for (Self-) Management of
Daily Living^.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethical Approval This article does not contain any studies with human
participants or animals performed by any of the authors.

References

1. Ojanpera, T., Uitto, M., and Vehkapera, J., QoE-based management
of medical video transmission in wireless networks. Proceeding of
the IEEE Netw Oper Manag Symp.:1–6, 2014.

2. Péteri, T., Varga, N., Bokor, L., A Survey onMultimedia Quality of
Experience Assessment Approaches in Mobile Healthcare
Scenarios. In: Springer, editor. eHealth 360°. 484–491, 2016.

3. Floris, A., and Atzori, L., Quality of experience in the multimedia
internet of things : Definition and practical use- cases. Proc IEEE Int
Conf Commun Work.:1747–1752, 2015.

4. Ullah, M., Fiedler, M., andWac, K., On the ambiguity of quality of
service and quality of experience requirements for eHealth services.
Proceeding of the6th. Int Symp Med Inf Commun Technol.:1–4,
2012.

5. Li, L., Rong, M., and Zhang, G., An internet of things QoE evalu-
ation method based on multiple linear regression analysis. Proc10th
Int Conf Comput Sci Educ.:925–928, 2015.

6. Ikeda, Y., Kouno, S., Shiozu, A., and Noritake, K., A framework of
scalable QoE modeling for application explosion in the internet of
things. ProcIEEE 3rd World Forum Internet Things, WF-IoT.:425–
429, 2016.

7. Kim, H. J., and Choi, S. G., QoE assessment model for multimedia
streaming services using QoS parameters. Multimed. Tools Appl.
72(3):2163–2175, 2014.

8. Gómez, G., Hortigüela, L., Pérez, Q., Lorca, J., García, R., and
Aguayo-Torres, M. C., YouTube QoE evaluation tool for android
wireless terminals. EURASIP J. Wirel. Commun. Netw. 164, 2014.

9. Skorin-kapov, L., Varela, M. A., Multi-Dimensional View of QoE :
the ARCU Model. Proceeding of theMIPRO, 2012 Proc 35th Int
Conv. 662–666, 2012.

10. Lounis, A., Alilat, F., Agoulmine, N., Neural Network Model of
QoE for Estimation Video Streaming over 5G network. In: 2018

213 Page 4 of 5 J Med Syst (2019) 43: 213

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



International Workshop on ADVANCEs in ICT Infrastructures and
Services (ADVANCE’2018). 21, 2018.

11. Volpato, F., Da Silva,M. P., Goncalves, A. L., andDantas,M.A. R.,
An autonomic QoE-aware management architecture for software-
defined networking. Proceeding of theIEEE 26th. Int Conf
Enabling Technol Infrastruct Collab Enterp WETICE 2017:220–
225, 2017.

12. Gong, Y., Yang, F., Huang, L., and Su, S., Model-based approach to
measuring quality of experience. Proceeding of the2009 First Int
Conf Emerg Netw Intell:29–32, 2009.

13. De la Torre Díez, I., Góngora Alonso, S., Hamrioui, S., López-
Coronado, M., and Motta Cruz, E., Systematic review about QoS
and QoE in telemedicine and eHealth services and applications. J.
Med. Syst. 42(10):182, 2018.

14. Martínez-Pérez B, De La Torre-Díez I, Candelas-Plasencia S,
López-Coronado M. Development and evaluation of tools for mea-
suring the quality of experience (QoE) in mHealth applications. J.
Med. Syst. 2013;37(5):9976.

15. Jing, H., and Wendong, W., A service implementation scenario
measuring users’ QoE. J Beijing Univ Posts Telecommun. 30(2):
106–109, 2007.

16. Sauro, J., and Kindlund, E., A method to standardize usability met-
rics into a single score. Proc SIGCHI Conf Hum factors Comput
Syst.:401–409, 2005.

17. Krasula, L., and Le Callet, P., Emerging science of QoE in multi-
media applications: Concepts, experimental guidelines, and valida-
tion ofmodels. In: Academic Press Library in. Signal Process.:163–
209, 2018.

18. Velasco-Morejón, D., and Martínez-Pérez, B., de la Torre-Díez I,
López-Coronado M. PSICONNECT: A platform for communica-

tion between medical staff, caregivers and patients with psychiatric
problems. e-Society. 101, 2014.

19. Shin, D. H., Conceptualizing and measuring quality of experience
of the internet of things: Exploring how quality is perceived by
users. Inf. Manag. 54(8):998–1011, 2017.

20. Moya Neyra, J., Alonso Irizar, C., and Anías, C. C., Evaluación de
QoE en servicios IP basada en parámetros de QoS. Ing Electrónica,
Automática y Comun. 38(3):36–46, 2017.

21. De Cicco L, Mascolo S, Palmisano V. QoE-driven resource alloca-
tion for massive video distribution. Ad Hoc Netw.2019; 89:170–176.

22. Skorin-Kapov, L., and Matijasevic, M., Analysis of QoS require-
ments for e-health services and mapping to evolved packet system
QoS classes. Int. J. Telemed. Appl. 9, 2010.

23. Montero, R., Pagès, A., Agraz, F., and Spadaro, S., Supporting
QoE/QoS-aware end-to-end network slicing in future 5G-enabled
optical networks. Proc Metro and Data Center Optical Networks
and Short-Reach Links II. International Society for Optics and
Photonics.:109460F, 2019.

24. Khokhar Muhammad, J., Saber Nawfal, A., Spetebroot, T., and
Barakat, C., An intelligent sampling framework for controlled ex-
perimentation and QoE modeling. Comput. Netw. 147:246–261,
2018.

25. Cavaro-Ménard, C., Lu, Z. G., Le Callet, P.. QoE for telemedicine:
Challenges and trends. Proc Applications of Digital Image
Processing XXXVI. International Society for Optics and
Photonics. 88561A, 2013.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

J Med Syst (2019) 43: 213 Page 5 of 5 213

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not: 
 

use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access

control;

use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is

otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in

writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal

content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at 
 

onlineservice@springernature.com
 

mailto:onlineservice@springernature.com

