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Abstract

Background Recently, our research team developed an open source and free website called the MEPP website (for
the Mirror Effect Plus Protocol) to efficiently provide mirror therapy for patients with facial palsy. Previous studies
demonstrated that the first version of the MEPP website improved user experience and likely optimized patients’
performance during facial therapy. Nevertheless, compliance was found to be low despite a generally positive
opinion of the website, and in light of our earlier findings, MEPP 2.0—a revised and enhanced version of the MEPP
0.1—was created. The purpose of this study was to examine and contrast various factors that help or impede
institutional partners of the Quebec health care system from using the MEPP 2.0 website in comparison to its initial
version.

Methods Forty-one patients with facial palsy and nineteen clinicians working with this population were enrolled in a
within-subject crossover study. For both the MEPP 1.0 and MEPP 2.0, user experience was assessed for all participants.
Embodiment was assessed in patients, and factors influencing clinical use were assessed by clinicians. Qualitative
comments about their experiences were also gathered. Descriptive statistics and reliability measures were calculated.
Differences between the two MEPP versions were assessed using the linear mixed model.

Results Overall, patients appreciated more the MEPP 2.0 (OR=4.57; p<0.001), and all clinicians preferred the

MEPP 2.0 over the MEPP 1.0. For patients, it seems that facial ownership, as well as possession and control of facial
movements, was significantly better with the MEPP 2.0. For clinicians, the MEPP 2.0 specifically allowed them to self-
evaluate their intervention and follow up with more objectivity. The use of the MEPP 2.0 was also modulated by what
their patients reported. Qualitatively, options to access an Android app and needs for improving the exercises bank
were mentioned as hindering factors.

Conclusions The updated version of the MEPP website, the MEPP 2.0, was preferred by our different partners.

Trial registration https.//www.isrctn.com/ISRCTN10885397. The trial was registered before the start of the study on
the 1°' December 2023
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Background

In recent years, the use of technology has shown great
potential in health and rehabilitation services. Specifi-
cally, the use of new technologies has demonstrated many
advantages, such as improved accessibility and efficient
and effective care for patients, thereby enhancing reha-
bilitation [22, 25]. However, technology resistance and
abandonment have also been reported with both users
and health service providers in the rehabilitation realm
[15]. The literature indicates that technological chal-
lenges stem from stakeholder mismatches: users (people
with disabilities) and their priorities, health service pro-
viders and their preferences, and technology designers/
manufacturers and their realities [15, 25]. Therefore, a
more user-centered approach is recommended for the
development of this technology, especially by considering
the perspectives of users and health service providers in
real-world settings to address these barriers [15].

Development of MEPP technology for facial rehabilitation

To address the absence of tailored facial rehabilitation
services for patients in Quebec, the MEPP 1.0, a web-
based facial rehabilitation tool, was created in 2020 [10].
This web-based technology was designed considering
that the use of digital technology has been proven to
be effective in treating facial palsy [22, 23]. Moreover,
MEPP 1.0 has been demonstrated to possess intrin-
sic characteristics that encourage the use of technology
in rehabilitation, such as being a readily available and
usable technology, demonstrating favorable functional
outcomes, and being a reliable and credible technology
[11, 15, 25]. MEPP 1.0 is based on the principle of mir-
ror therapy [20], meaning that it employs modified visual
feedback during facial retraining to create the illusion
that the face is moving symmetrically. This is achieved
by mirroring the healthy side onto the paralyzed side,
thus promoting normalized motor execution [9]. How-
ever, despite a generally high appreciation of the website,
compliance with therapy was found to be relatively low.
Based on these results, a new and improved version of
the MEPP was developed [10]. Like the first version, the
MEPP 2.0 is available freely. However, it uses augmented
reality for better facial rendering during mirror therapy
(see Fig. 1). Moreover, enhanced security, compartmen-
talization of the patients’ and clinicians’ information, and
the possibility of providing an overview of the patients’
profile from the clinician’s account constitute the main
improvements of the second version. It is also available
through an app for Apple mobile devices, which was not
the case for the MEPP 1.0. Since no other tool is available
in French or English, it has gained appreciation locally

and internationally, with more than 350 users already
using it. However, the factors modulating the use of this
tool in clinical settings are still relatively unknown and
must be studied empirically to enhance rehabilitation and
avoid abandonment.

Factors hindering or facilitating technology usage in
rehabilitation

Different factors seem to support the future use of reha-
bilitation technologies. Among them, assessing the user
experience during the use of a new technology is an
important factor [6, 13, 24]. Moreover, in the context of
mirror therapy for facial palsy rehabilitation, assessing
factors that potentially affect self-identification with the
facial image, such as the mirroring effect in the self or the
patient’s appreciation of embodiment, is essential [3, 12,
21]. Finally, considering all stakeholders using the tech-
nological tool during its development, including clini-
cians, is also imperative [15, 16, 25].

User experience

User experience is a concept that allows assessing the
interactions between a user and its technological tool.
Thiiring and Mahlke [24] developed a user experience
analytical model that assesses different components:
the perception of instrumental qualities (such as utility
and usability) and non instrumental qualities (such as
aesthetics) of the technology, the influence of the user’s
emotions regarding the tool, the consequences of the
components of loyalty and intent toward the tool and the
global assessment of the tool [14]. The assessment of user
experience allows us to consider users’ opinions on tech-
nology quality and performance while preventing tech-
nology abandonment.

Augmented reality and embodiment

A frequent complaint of the MEPP 1.0 was the instability
of the mirroring effect by the central axis. This instabil-
ity of the mirroring effect can make the face appear less
natural, which affects embodiment [3]. The embodiment
concept is described by the capacity to identify an image
of ourselves and associate it with our proprioception [12].
Therefore, to remedy the problem of instability of the
mirroring effect in the MEPP 1.0, the MEPP 2.0 uses aug-
mented reality technology for the mirroring effect. This
technology enables a more realistic and stable image,
which has also been confirmed in similar studies [3, 4].
Moreover, augmented reality also reduces the interrup-
tions and extrinsic complexity of therapy linked with the
face’s position, which in turn reduces the task’s cognitive
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A) Patient with facial palsy at rest
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B) Patient’s face at restthrough MEPP 1.0 C) Patient’s face at rest through MEPP 2.0

Fig. 1 Patient’s face at rest (A) with Comparisons of facial mirroring between (B) the MEPP-1.0 and (C) the MEPP-2.0

load, assuring a better user experience and motor learn-
ing [5, 17].

Clinical factors influencing practice
As mentioned previously, when analyzing the use of a
rehabilitation technology, it is important to consider all
stakeholders using the technological tool [15]. Clinicians
are important stakeholders as they play a significant role
in using and adapting the MEPP to patients’ specific con-
text and situation. The clinician, therefore, also repre-
sents a user of the technological tool but with a clinical
perspective. Factors modulating the use of the MEPP by
clinicians not only include their user experience but also
their clinical practice [15, 16]. Thus, characterizing the
clinical factors influencing their practice is important.
Moreover, self-assessment is an essential aspect of
clinical practice, as it enables clinicians to assess their
own skills and determine their strengths and weaknesses
to develop and maintain competence [7, 16]. It ensures
quality care and clinical excellence. Employing clinician
self-assessment allowed us to consider the clinical factors
affecting the use of the MEPP tool.

Objectives

The aim of this study was to measure and compare dif-
ferent factors that could facilitate or hinder the use of
the MEPP 2.0 website compared to its first version.
More specifically, we aimed to compare the experiences
of patients and clinicians, the virtual facial embodiment
of patients and factors influencing the clinical practice
of clinicians. We hypothesised that the MEPP 2.0 would
allow all stakeholders to benefit from a better user expe-
rience, that the facial embodiment would be better with

the MEPP 2.0 but that clinical factors influencing practise
wouldn’t differ in both tools.

Methods

This prospective, multicentric randomized control trial
was approved by the Ethics Committee of the Centre
de Recherche du Centre intégré universitaire de Santé et
Services Sociaux de UEst-de-lile-de-Montréal (MP-12-
2023-3218). The data analyzed in this study were gath-
ered following the CONSORT guidelines for transparent
controlled trials (registered on the 1st December 2023 at
ISRCTN10885397). Written, free, and informed consent
to participate was obtained from every participant prior
to study enrollment.

Participants

Patients

Fifthy-one patients with facial palsy who came from vari-
ous health establishments in Quebec were assessed for
eligibilty, and forty-one (41) (CIUSSS de I'Est-de-ITle-
de-Montréal, CIUSSS Centre-Sud-de-I'lle-de-Montréal,
CHUM, CIUSSS de la Capitale Nationale, CISSS de la
Cote-Nord, and CISSS de la Montérégie-Ouest) partici-
pated in this study. Patients for whom a MEPP username
was registered were preselected and contacted by their
treating clinicians to obtain pre-consent to be contacted
by the research team. Patients who pre-consented were
then contacted by a research team member to ensure
that they met the inclusion criteria, and provided written
consent. Patients were recruited according to the follow-
ing inclusion criteria: (1) were aged 18 years or older, (2)
had peripheral facial paralysis, (3) had used or agreed to
use the MEPP 1.0 and the MEPP 2.0, and (4) spoke and
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read French and/or English sufficiently to be able to com-
plete an oral interview and standardized questionnaires.
The exclusion criteria were (1) having a major cognitive
disorder hindering the ability to answer questionnaires
and interview questions for this project. All patients were
randomized before starting any study procedure (see
below).

Clinicians

Twenty-eight (28) clinicians working with clients suffer-
ing from facial paralysis were assessed for eligibility, and
nineteen (19) of them, who came from various health
establishments in Quebec (CIUSSS de I'Est-de-I'Tle-de-
Montréal, CIUSSS Centre-Sud-de-I'lle-de-Montréal,
CIUSSS de la Capitale Nationale, CISSS de Chaudiere-
Appalaches, CISSS de Laval, and CISSS de la Montérégie-
Ouest) participated in this study. They were contacted by
the research team via email or telephone to probe interest
in their participation in the study because they were users
of the MEPP website. After initial interest was confirmed,
the clinicians were recruited according to the following
inclusion criteria: (1) aged 18 years or older, (2) used or
agreed to use the MEPP 1.0 and MEPP 2.0 in the clinic
or during a standardized trial allowing informed com-
parative impressions to be obtained on both tools, and
(3) spoke and read French and/or English sufficiently to
be able to complete an interview and standardized ques-
tionnaires. There were no exclusion criteria for clinician
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participation in this study. All clinicians were random-
ized before starting any study procedure (see below).

Study design

Figure 2 shows the study flowchart. There were two
groups for each sequence, one for patients and one for
clinicians. Participants were assigned to one of the fol-
lowing groups via computerized block randomization:
group AB started with the MEPP 1.0, and group BA
started with the MEPP 2.0. Throughout this study, when
talking with all participants, we used the terms “green
MEPP” for the MEPP 1.0 and “blue MEPP” for the MEPP
2.0. These terms were chosen according to the visual
aspects of each tool to avoid bias. Each participant took
part in a standardized trial lasting a minimum of two
weeks. Patients were advised to carry out the interven-
tion plan programmed for their personal needs, accord-
ing to the facial impairments to address, as assessed by
the clinicians, at a minimum of one to two sessions per
day. The intervention plans generally lasted five to fif-
teen minutes per session (10 to 30 min of practice dis-
tributed throughout the day). Clinicians were asked to
explore each website (green and blue MEPP) using train-
ing material designed for it. They were asked to set up an
intervention plan, explain the functioning of the website,
and adjust the plan to the patient. If no patient was read-
ily available at the time of the study, clinicians manipu-
lated the web tools with a fictitious patient. At the end of
each standardized trial (one for the green MEPP-1.0 and
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Fig. 2 CONSORT Study Flowchart. Legend: BA=MEPP 2.0 (Blue presented first and MEPP 1.0 (Green) presented second
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one for the blue MEPP 2.0), each participant was met by
a member of the research team to carry out a telephone
or virtual interview, during which standardized question-
naires were completed to assess user experience, virtual
embodiment and self-assessed internal/external fac-
tors influencing clinical use of the websites depending
on what was relevant. Qualitative impressions and open
comments were also collected during those interviews.

Outcome measures

MeCUE questionnaire The MeCUE 2.0 (Modular Eval-
uation of Components of User Experience; http://mecue.
de/) is a standardized questionnaire aimed at measuring
the concept of user experience. This questionnaire, which
was translated into French by Lallemand and Koenig [6],
is adaptable, complete and valid [13, 14]. It is composed of
4 key components: perception of the product, emotions,
consequences of use and overall evaluation. MeCUE
scores are calculated through 10 subsectional scales: use-
fulness, usability, loyalty, aesthetics, status, commitment,
negative emotions, positive emotions, usage intention and
overall evaluation. The MeCUE [13] can be found in the
supplementary material 1.

VEQ The Virtual Embodiment Questionnaire (VEQ
-Roth & Latoschik [21], is a questionnaire specific to vir-
tual body identification in augmented reality. Since the
blue MEPP 2.0 uses augmented reality for facial mirror-
ing, which involves a new technology for virtual body
identification, the VEQ was used to assess this aspect.
The questionnaire has 3 components, each composed of
4 questions: body ownership (corresponds to “posses-
sion of the virtual body”), agency (or “control of one’s own
movements”) and change in perceived body scheme (or
“perceived changes”) [21]. In the present study, the sec-
ond component of the VEQ is especially relevant because
it is specific to changes in the virtual face’s appearance
and measurements based on the subject’s movements. It
should be noted that this scale shows great sensitivity to
the control of one’s own movements. Finally, each compo-
nent is scored individually, which makes the questionnaire
very adaptable [21]. The VEQ (VEQ -Roth & Latoschik
[21]), can be found in the supplementary material 2.

Clinical factors

The clinical factors influencing the practices of clinicians
were assessed using a questionnaire based on Orest work,
which includes a self-assessment perspective of clinical
practice. Two main process categories are emphasized in
this questionnaire: the internal processes of the clinician
and the external processes of the clinician. In addition,
the structure of the interviews allowed us to categorize
internal processes in terms of motivators for use or barri-
ers to use, and to compare the differences between these
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processes for the two applications, namely, green MEPP
1.0 and blue MEPP 2.0 [16]. The structure of the inter-
view based on Orest [16] can be found in the supplemen-
tary material 3.

Overall preference The question “Which of the MEPP
versions did you prefer?” was asked once at the end of both
trials, and patients had to respond with blue or green.

Qualitative impressions Subjective impressions were
gathered informally from both patients and clinicians at
the end of their respective standardized trials for each
website. They were asked to provide suggestions for
improvements, discuss factors that influenced the use of a
software platform over the other and express their prefer-
ence for a website as well as reasons why.

Data analysis

All the statistical analyses were performed using R ver-
sion 4.1.2 Team Core [1]. Descriptive data were gener-
ated and verified for normality with the Shapiro-Wilk
test. The reliability of the measures was calculated for the
MeCUE with Cronbach’s alpha. Linear mixed-effect (Ime)
models were adjusted to test for differences in the two
versions of the different variables (user experience, vir-
tual embodiment and clinical factors) while checking for
a crossover effect. The fixed effects are the version (green
MEPP 1.0 vs. blue MEPP 2.0), the order of the presented
version (AB vs. BA, meaning respectively, MEPP 1.0 pre-
sented first vs. MEPP 2.0 presented first) and, finally, the
crossover effect (version order interaction). Relevant post
hoc contrasts were calculated depending on the situation
(order was taken into account when it had an effect or
not when no effect was detected). For overall preference,
odd ratios and chi-square tests were performed. All tests
were conducted with ap value of 0.05.

Results

Participants’ demographics

Participants’ demographic information is reported in
Table 1. Among patients, two had not completed both
questionnaires for the website versions and were con-
sequently excluded from the analyses. Thus, 39 patients
[females, 22; mean (sd) age: 49.5 (14.5) y.o.; schooling<12
years: n (%) 24 (61.5%); French language 31 (79.5%); left-
sided facial palsy 17 (43.6%); diagnosis of Bell’s palsy 20
(52.6%)] and 19 clinicians [females, 18; mean (sd) age,
33.8 (8.9); years of experience in field 9.1 (9.3); training in
FP, 9 (47.4%)] were enrolled.

User experience

Descriptive statistics are presented in supplementary
material 4. In patients, as shown in Table 2, the variables
usefulness (F=10.37; p=0.003), status (F=4.6; p=0.040),


http://mecue.de/
http://mecue.de/

Martineau et al. BMC Health Services Research (2024) 24:1256 Page 6 of 13
Table 1 Demographic information of the patients and clinicians
Patients (n =41) Clinicians (n=19)
Females n=22 Males n=19 Females n=18 Males n=1
Variables N (%) / Mean (sd) Variables N (%) / Mean (sd)
Age 495 (14.5) Age 338(8.9)
Schooling Language

<12 years 24 (61.5%) French 19 (100%)

> 12 years 15 (38.5%) Years of practise 9.1(9.3)
Language

French 31 (79.5%)

English 4(10.3%)

Spanish 1 (2.6%)

Other 3(7.7%)
Side of FP

Left 17 (43.6%)

Right 22 (56.4%)
Diagnostic

Bell’s Palsy 20 (52.6%)

Ramsay-Hunt 5(13.2%)

Acoustic neurinoma 5(13.2%)

Traumatic injury 3 (7.9%)

Other 5(13.2%)

positive (F=7.3; p=0.010) and negative (F=4.6; p=0.038)
emotions, intention to use (F=6.0; p=0.020), and overall
(F=5.5; p=0.025) demonstrated a crossover effect. This
means that the differences between the preferred ver-
sions depended on the order of presentation. Therefore,
post hoc contrasts between versions were performed by
taking the order into account (see Table 3). Overall, ver-
sion 2 was much more appreciated, but for all subscales
with crossover effects, version 2 was mostly preferred
when it was presented first.

Table 4 shows that for clinicians, the variables use-
fulness (F=7.2; p=0.016), negative emotions (F=6.0;
p=0.026), and overall appreciation (F=9.5; p=0.007)
demonstrated a crossover effect. This means that the
differences between the versions for these concepts
depended on the order of presentation. Therefore, post
hoc contrasts for differences between preferred versions
were performed by taking the order into account. This is
shown in Table 5. Overall, the blue MEPP 2.0, was much
more appreciated. There were significantly more negative
emotions associated with green MEPP 1.0, when the blue
MEPP-2.0 was presented first. Users had significantly
greater intentions to use the blue MEPP 2.0 when it was
presented first. There are no differences in commitment,
and for all other variables, version 2.0 is preferred in both
order.

Virtual embodiment

In module 1 (acceptance/body ownership), all items
had a statistically significant version, but there was a
small crossover effect, so post hoc tests were performed

according to the order of presentation. Table 6 shows that
blue MEPP 2.0 is preferred, but it is statistically signifi-
cant only when presented first, except for item 4, which
is statistically significant in both presentations (t=2.13;
p=0.040 & t=4.66; p=<0.001). In module 2 (control/
agency), all items had a version effect that was statistically
significant or marginally significant without any cross-
over effect. Consequently, post hoc tests were performed
to compare the versions only. The blue MEPP 2.0 was
preferred, but it was statistically significant only for the
following items: item 1 (possession of the movements:
t=2.70, p=0.010); item 4 (synchronized movements:
t=2.21, p=0.033); and total score ( t=2.69, p=0.011). In
module 3 (perceived changes), all items had a version
effect that was statistically significant or marginally sig-
nificant without any crossover effect. Consequently, post
hoc tests were performed comparing versions only, and
it could be seen that the second version demonstrated
fewer changes in the face and that it was statistically sig-
nificant for all items except for item 1 (t= -1.44; p=0.16).
This means that blue MEPP 2.0 facilitates embodiment.

Clinical factors

As shown in Table 7, regarding module 1 of the ques-
tionnaire (internal processes), the blue MEPP 2.0 was
preferred for items 6 (allows me to intervene with more
objectivity), 7 (allows me to objectively assess progress)
and 8 (allows me to gain experience). Consequently,
the mean score of module 1 was also higher for blue
MEPP 2.0. Since there was no crossover effect, the con-
trasts were conducted on the variable “version” only.
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Table 2 Anova measuring Impact of Version (MEPP 1.0 vs
MEPP 2.0) while checking for Crossover Effect (Version Order) in
Patients

| - Usefulness

df1 df2 F p-value
Version 1 37 12.3 0.0012
Order 1 37 0.85 036
VersionOrder 1 37 10.37 0.003

| - Usability

df1 df2 F p-value
Version 1 37 529 <0.001
Order 1 39 0.1 0.77
Version Order 1 37 12 0.28

Il - Visual Aesthetic

df1 df2 F p-value
Version 1 37 29.4 <0.001
Order 1 39 04 0.51
Version Order 1 37 0.0 0.95

Il - Status

df1 df2 F p-value
Version 1 32 4.2 0.049
Order 1 36 03 0.62
Version Order 1 32 4.6 0.040

I - Commitment

df1 df2 F p-value
Version 1 37 10.9 0.002
Order 1 39 2.1 0.15
Version Order 1 37 29 0.10

Il - Positive emotions

df1 df2 F p-value
Version 1 37 12.6 0.001
Order 1 39 0.1 0.71
Version Order 1 37 73 0.010

Il - Negative emotions

df1 df2 F p-value
Version 1 37 23.8 <0.001
Order 1 39 0.1 0.73
Version Order 1 37 4.6 0.038

IV - Intention to use

df1 df2 F p-value
Version 1 36 9.0 0.005
Order 1 39 03 0.57
Version Order 1 36 6.0 0.020

IV - Loyalty

df1 df2 F p-value
Version 1 35 37.6 <0.001
Order 1 39 14 0.25
Version Order 1 35 7.8 0.008

V- Overall

df1 df2 F p-value
Version 1 36 23.6 <0.001
Order 1 39 0.1 0.80
Version Order 1 36 5.5 0.025

Legend: bold = statistically significant results; df = degrees of freedom; F =
ANOVA
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The contrast between both versions was only statisti-
cally significant for items 6 (t=3.58; p=0.003), 7 (t=2.22;
p=0.046) and 8 (t=2.98; p=0.008), and marginally sig-
nificant for the total score. Regarding module 2 (external
processes), the blue MEPP 2.0 was preferred for items 5
(continuing education) and 8 (information reported by
my patient). Consequently, the mean score of module 2
was also higher for this version. Since there was no cross-
over effect, the contrast was performed on the variable
“version” only, and the results revealed that differences
between green MEPP 1.0 and blue MEPP 2.0 were only
statistically significant for items 5 (continuing education;
t=2.48; p=0.025) and 8 (information reported by my
patient; t=2.49; p=0.024).

Overall preference

Most patients preferred the and blue MEPP 2.0
(OR=4.57; p<0.001). A chi-square test showed that the
preference did not vary according to the order of presen-
tation (x2=0.58, df=1, p=0.44). All clinicians preferred
the second version. No statistical analyses can be per-
formed because there are no variances, but the effect is
very clear regardless of the order of presentation.

Qualitative impressions
At the end of each interview, participants were asked
about their qualitative impressions of their experiences.
For the green MEPP 1.0, the patients generally offered
suggestions for improvements primarily related to tech-
nology (enhanced facial imaging), restrictive use (require-
ment to remain centered on the screen) and accessibility
(limited to computer use only). Many of these concerns
were addressed in the blue MEPP 2.0. Patients often
reported the MEPPb2.0 was easier to use, with bet-
ter image rendering and greater practicality (available
on tablets and phones). However, a recurrent comment
for the blue MEPP 2.0 was the need for availability on
Android devices. Other suggestions varied, with some
patients suggesting features such as session recording
for future clinician feedback, enhanced exercise support
(e.g., demonstration videos), and improved tracking of
progress (for instance, before-and-after photos, progress
bars during sessions or weekly progress tracking).
Clinicians’ suggestions for improvements in both ver-
sions of the MEPP varied and were specifically targeted
for better and broader clinical use of the tool. Feedback
for the green MEPP 1.0 generally focused on improving
information organization (for patients and exercises),
ensuring confidentiality (e.g., preventing all clinicians
from seeing every patient using the tool) and addressing
restrictions on patient usage (limited mobility permitted/
having to remain still). Most of these were addressed in
the second version and justified the clinicians’ prefer-
ence for this version. However, further suggestions for
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Table 3 Marginal expected means and post-hoc contrasts for the Linear mixed-effect models on MeCUE subscales in patients

MeCUE subscales Order Mean (SE) Version Green-V1.0 Mean (SE) Version Blue-V2.0 t p-value
| - Usefulness AB 5.10(0.30) 5.18(0.29) 0.26 0.80
BA 4.64 (0.30) 6.23(0.29) 4.75 <0.001
| - Usability AB 4.85(0.27) 6.44 (0.26) 4.45 <0.001
BA 4.65 (0.27) 6.80 (0.26) 5.86 <0.001
Il - Visual Aesthetic AB 4.48 (0.27) 5.79(0.27) 3.93 <0.001
BA 4.30(0.27) 5.57(0.27) 3.74 <0.001
Il - Status AB 3.88(0.32) 3.86(0.29) -0.05 0.96
BA 3.08 (0.32) 4.23 (0.29) 295 0.006
II - Commitment AB 257(032) 3.00(0.32) 117 0.25
BA 2.66 (0.32) 3.97 (0.32) 3.52 0.001
Il - Positive Emotions AB 3.78(0.27) 3.98 (0.27) 0.65 0.52
BA 3.05(0.27) 4.44 (0.27) 4.42 <0.001
Il - Negative Emotions AB 2.81(0.25) 2.28(0.24) -1.99 0.05
BA 3.34(0.25) 1.98 (0.24) -4.94 <0.001
IV - Intention to use AB 3.77 (0.31) 3.94(0.30) 047 0.64
BA 3.32(0.31) 4.73 (0.30) 3.83 <0.001
IV - Loyalty AB 3.74(0.32) 4.83(0.31) 244 0.020
BA 2.43(0.32) 5.29 (0.31) 6.29 <0.001
V- Overall AB 1.69 (0.50) 2.98 (0.49) 1.88 0.07
BA 0.36 (0.50) 3.95(0.49) 5.06 <0.001

Legend: bold =statistically significant results; SE standard error, AB green MEPP 1.0 presented first and blue MEPP 2.0 presented second; BA =blue MEPP 2.0 presented

first and green MEPP Green 1.0 presented second

improvements included improved exercise categorization
or tool personalization (such as exercise banks, favorites,
and checkbox options), broader accessibility (e.g., offline
use, patient transfer between clinicians), translation of
exercises in various languages and the inclusion of a clini-
cian-sharing forum within the application.

Discussion

The present study aimed to compare the use of the green
MEPP 1.0 and blue MEPP 2.0 regarding user experience
and patient embodiment as well as to to measure clinical
factors affecting their use. Indeed, to avoid the abandon-
ment of rehabilitation technologies, it is crucial to con-
sider users’ opinions on the quality and performance of
these technologies [19]. Thus, the use of a user-centered
approach aimed at evaluating the usability of the technol-
ogy by users as well as their perception of the technol-
ogy’s quality is recommended [8].

Perhaps unsurprisingly, we observed in this study that
blue MEPP 2.0 was widely preferred by all users, both cli-
nicians and patients, in terms of user experience. Indeed,
all values of the analytical model of user experience devel-
oped by Thiiring and Mahlke [24] were higher for blue
MEPP 2.0. This included the perception of instrumen-
tal qualities (usability and utility) and non instrumental
qualities (aesthetics, etc.) of the technology, the influ-
ence of user emotions on the product, the consequences
of these components on loyalty and intention to use the
product, and the overall evaluation of the product by the
user [14]. These results are promising for the integration

and adoption of the tool in clinical settings at large. How-
ever, our analysis demonstrated that despite higher val-
ues obtained for blue MEPP 2.0, only some showed a
statistically significant difference compared to the green
MEPP 1.0. This was mostly due to the order of presen-
tation of the two tools. Indeed, when experienced first,
the green MEPP 1.0 tended to be better evaluated and
gathered more positive feedback than when it was pre-
sented after blue MEPP 2.0. These findings are evidenced
by statistically non-significant differences between both
tools for patients regarding usefulness (“with this prod-
uct, I achieve my goals”), status (“by using this product, I
will be perceived differently”), commitment (“I would not
swap this product for another one”), negative emotions
toward the green version (“this product bothers me”) or
positive emotions toward the blue version (“this product
makes me happy”), intention to use (“I cannot hardly wait
to use the product again”), and overall evaluation. For cli-
nicians, similar findings were observed with statistically
non- significant differences between the tools for nega-
tive emotions and intention to use. We hypothesize that
when the green MEPP 1.0 is presented first, the absence
of experience with a comparable product gives it greater
appreciation than when it can be compared to the second
version. Furthermore, we believe that users may become
accustomed to the initial version used, having a lower
propensity to change it, and being less inclined to devi-
ate from it. Indeed, among the factors influencing tech-
nology use, researchers have shown that a lack of time to
learn [15] or a lack of interest in adopting a new product
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Table 4 Anova Measuring Impact of Version while checking for
crossover effect (Version X Order) in clinicians

I - Usefulness

df1 df2 F p-value
Version 1 17 36.8 <0.001
Order 1 17 2.1 017
Version X Order 1 17 7.2 0.016

| - Usability

df1 df2 F p-value
Version 1 17 14.5 0.001
Order 1 17 0.7 042
Version X Order 1 17 0.7 040

Il - Visual Aesthetic

df1 df2 F p-value
Version 1 17 41.1 <0.001
Order 1 17 54 0.033
Version X Order 1 17 03 0.59

Il - Status

df1 df2 F p-value
Version 1 17 43.2 <0.001
Order 1 17 19 0.18
Version X Order 1 17 43 0.05

Il - Commitment

df1 df2 F p-value
Version 1 17 43 0.05
Order 1 17 39 0.07
Version X Order 1 17 03 0.56

Il - Positive emotions

df1 df2 F p-value
Version 1 17 18.7 <0.001
Order 1 17 0.5 0.50
Version X Order 1 17 30 0.10

Il - Negative emotions

df1 df2 F p-value
Version 1 17 12.6 0.002
Order 1 17 13 027
Version X Order 1 17 6.0 0.026

IV - Intention to use

df1 df2 F p-value
Version 1 17 12.2 0.003
Order 1 17 27 0.12
Version X Order 1 17 1.5 0.23

IV - Loyalty

df1 df2 F p-value
Version 1 17 91.9 <0.001
Order 1 17 11.8 0.003
Version X Order 1 17 1.2 0.29

V- Overall

df1 df2 F p-value
Version 1 17 44.7 <0.001
Order 1 17 8.8 0.009
Version X Order 1 17 9.5 0.007

Legend: bold = statistically significant results; df = degrees of freedom; F =
ANOVA
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[25] are significant parameters of influence. Subjective
factors of a user, such as personal motivation, percep-
tions of the product, and emotions, influence the likeli-
hood of using a system and integrating it into everyday
life [13].

Regarding virtual embodiment factors, in line with our
hypothesis, our results demonstrated that compared with
the first version, the blue MEPP 2.0 significantly improved
the appropriateness of virtual faces. As highlighted in our
previous studies [10], patients and clinicians frequently
reported being bothered by the instability of facial mir-
roring by the central axis. The instability of the mirror
effect with this technology results in a less natural face,
leading us to hypothesize that this could hinder patients’
ability to appropriate the image reflected by the site. The
concept that describes the ability to integrate an image of
ourselves as our own body is called embodiment [12]. To
remedy the embodiment problem with the central axis,
we used augmented reality technology to produce a mir-
ror effect, which allowed for a more realistic and stable
rendering of the patients’ faces. Our current results sug-
gest that it promoted embodiment during the rehabili-
tation process, as reported in previous studies [3, 5, 17].
Importantly, for patients, the visual feedback modified in
the blue MEPP 2.0 provides information that is discor-
dant with the intrinsic muscular proprioceptive feedback,
which is generally weak due to the absence of neuro-
muscular bundles in the facial muscles [2]. However,
the desired effect is precisely a different and normalized
feedback, as it will not only promote the achievement of
a more precise and unforced movement but also offer the
patient a pleasant-looking image [11]. This observation
is motivating, and the result corresponds to the achieve-
ment of the desired goals, namely, the realization of sym-
metrical movements [18]. All these aspects (unforced
movement, pleasant image, visual recording of sym-
metrical movements, achievement of the desired goal)
should be taken into consideration in the appreciation of
the blue MEPP 2.0. These effects are specifically related
to the mirror effect component and point to the added
value of the mirror effect as a unique tool for facial reha-
bilitation. Moreover, for patients with facial paralysis,
being visually confronted with facial paralysis through a
mirror, for example, during facial exercises, can have det-
rimental effects on their motivation and self-esteem [23].
Not only has this fact been studied, but it has also been
observed within our study through frequent patient com-
ments on this matter. For example, they appreciate work-
ing with the mirror effect because they feel like they are
returning to how they were before, or they mention that
working in front of the mirror gives them real-time and
tangible insight into the goals they would like to achieve.
It would be interesting to concretely measure this moti-
vational aspect in a comparative manner.



Martineau et al. BMC Health Services Research

(2024) 24:1256

Page 10 of 13

Table 5 Marginal expected means and post-hoc contrasts for the Linear mixed-effect models on MeCUE subscales in clinicians

MeCUE subscales Order Mean (SE) Version Green-1.0 Mean (SE) Version Blue-2.0 t p-value
I - Usefulness AB 5.39(0.31) 6.18 (0.31) 2.88 0.010
BA 4.21(0.31) 6.12(0.31) 5.97 <0.001
| - Usability AB 4.52 (0.44) 5.85 (0.44) 235 0.031
BA 3.71(0.44) 5.79 (0.44) 3.13 0.006
Il - Visual aesthetic AB 4.39(0.32) 6.18 (0.32) 5.23 <0.001
BA 3.58(0.32) 5.08 (0.32) 3.74 0.002
Il - Status AB 4.21(0.30) 5.21(0.30) 3.66 0.002
BA 3.21(0.30) 5.08 (0.30) 5.85 <0.001
I - Commitment AB 3.00(0.32) 3.55(0.32) 1.95 0.07
BA 2.25(0.32) 2.54(0.32) 0.89 0.39
Il - Positive emotions AB 3.62(0.28) 4.17 (0.28) 2.18 0.044
BA 3.02(0.28) 4.23 (0.28) 4.12 <0.001
Il — Negative emotions AB 2.15(0.29) 1.76 (0.29) -1.11 0.28
BA 3.23(0.29) 1.50 (0.29) -4.16 <0.001
IV - Intention to use AB 3.88(0.30) 4.52(0.30) 1.86 0.08
BA 2.92(0.30) 4.21(0.30) 3.21 0.005
IV - Loyalty AB 3.52(0.28) 5.76 (0.28) 6.59 <0.001
BA 2.04 (0.28) 4.85 (0.28) 7.05 <0.001
V - Overall AB 2.18(0.49) 3.95 (0.49) 3.09 0.007
BA -1.00 (0.49) 3.50(0.49) 6.68 <0.001

Legend: bold=statistically significant results; SE=standard error; AB=MEPP Green 1.0 presented first and MEPP Blue 2.0 presented second; BA=MEPP Blue 2.0
presented first and MEPP Green 1.0 presented second

Table 6 Marginal expected means and post-hoc contrasts for the Linear mixed-effect models on virtual embodiment questionnaire

(VEQ) by Version and Order of Presentation

VEQ Order Mean (SE) Green-V1.0 Mean (SE) Blue-V2.0 t p-value
Module 1 - [tem 1: my Body AB 3.89(042) 4.70 (0.40) 1.39 0.17
Acceptance/Body Ownership BA 2.58(0.42) 5.48 (0.40) 505  <0.001
[tem 2 : my Body Parts AB 4.17(041) 4.75 (0.40) 1.09 0.28
BA 3.09(0.41) 5.71(0.40) 4,95 <0.001
Iltem 3 : Humanness AB 411 (0.39) 5.10(0.38) 1.92 0.06
BA 3.69(0.39) 6.10 (0.38) 4.72 <0.001
Item 4: Belongs to me AB 3.95(0.42) 5.15(0.41) 2.13 0.040
BA 3.27 (0.42) 5.86 (0.41) 4.66 <0.001
Total AB 4.03(0.38) 4.92(0.37) 1.76 0.09
BA 3.15(0.38) 5.79 (0.37) 5.23 <0.001
Module 2 - Item 1:Mine 4.74 (0.27) 5.65 (0.26) 2.70 0.010
Agency/control of movements  |tem 2 : Control 498(0.28) 548(0.28) 166 011
Item 3: Cause 5.31(0.24) 5.76 (0.24) 1.74 0.09
Item 4 : Synchrony 5.25(0.25) 5.92(0.24) 2.21 0.033
Total 5.07 (0.22) 5.70(0.22) 2.69 0.011
Module 3— [tem 1: My Body changes 5.04(0.32) 446 (0.32) -144 0.16
Perceived changes Item 2: Heavy Light 4.82(0.31) 3.26 (0.30) -3.86 <0.001
[tem 3:Tall Small 3.54(0.26) 2.23(0.25) -4.09 <0.001
[tem 4: Large Thin 4.87 (0.32) 3.30(0.31) -3.75 <0.001
Total 4.57 (0.25) 3.32(0.24) -3.91 <0.001

Legend: bold =statistically significant results; SE standard error, ABMEPP Green 1.0 presented firstand MEPP Blue 2.0 presented second; BA=MEPP Blue 2.0 presented
first and MEPP Green 1.0 presented second

In terms of clinical factors, we expected compara-
ble results for both tools since our participants worked
in similar clinical contexts, using two versions of the
same therapeutic tool having the same clinical goals.
Thus, we thought that the intrinsic characteristics of the

technology itself would be more likely to influence the
preference for one version over the other, not clinical fac-
tors related to the use of the tools. However, our results
showed a significant difference in certain factors among
clinicians, without an order effect, prompting preference
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Table 7 Marginal expected means and post-hoc contrasts for
the Linear mixed Effect models of Internal and external clinical
factors influencing practice questionnaire by version and order of
presentations for clinicians

Clinical factors Mean (SE) Mean (SE) t p-
green MEPP  blue MEPP value
1.0 2.0
Module 1 - Item 1 6.52 (0.14) 6.63 (0.14) 061 0.55
Internal [tem 2 3.61(0.36) 3.06 (0.36) -1.80  0.09
Processes  jtem 3 228(0.39) 229(039) 005 096
Item 4 4.05 (042) 4.68 (042) 1.56 0.14
ltem 5 4.76 (0.47) 5.58 (0.46) 1.75 0.10
Item 6 4.48 (0.29) 5.62(0.30) 3.58 0.003
Item 7 4,05 (0.43) 5.01(0.45) 2.22 0.046
Item 8 4.91(0.28) 5.79(0.28) 2.98 0.008
Item 9 3,64 (0.45) 3.60 (0.45) -0.10 092
[tem 10 2.92(0.34) 2.82(0.34) -037 072
Item 11 349 (0.45) 3.68 (0.45) 0.34 0.74
Item 12 140 (0.18) 1.34(0.18) -031 076
[tem 13 2.88(0.44) 2.22(0.44) -1.31 021
Item 14 1.79(0.21) 144 (0.21) -1.36 019
Item 15 1.59(0.29) 1.53(0.29) -0.50 062
Total 347 (0.16) 3.67(0.16) 2.03 0.06
Module 2 - Item 1 3.56 (0.54) 3.64 (0.54) 016 088
External [tem 2 4.39(0.50) 3.84(0.50) -1.36 0.9
Processes— jem3  5.12(038) 41(038) 146 016
Item 4 3.99(0.49) 0(0.49) 028 079
Item 5 3.91(0.52) 4.87(0.52) 2.48 0.025
Item 6 4.62 (0.50) 4.87 (0.49) 0.81 043
[tem 7 3.89(0.53) 4.27 (0.53) 092 037
Item 8 2.26 (0.45) 3.31(0.46) 2.49 0.024
Total 3.97(0.25) 4.28(0.25) 169 011

Legend: bold=significant results; for details about the item nomenclature,
please see supplementary material

for second version regardless of whether it was used first
or second. Clinicians felt that they could gain experience
with facial paralysis using the blue MEPP 2.0 and could
intervene and assess patient progress with more objectiv-
ity. It seems that some improvements made in the blue
MEPP 2.0 allowed clinicians to follow patient progress
throughout therapy with more accuracy and specific-
ity compared to the previous version. For example, a
clinician can see through a visual graph on his or her
homepage the number of sessions completed by a patient
and even compare the completion of exercise sessions
between patients in his or her caseload. Easier follow-up
of a patient’s progress and frequency of therapies may
facilitate self-assessment in clinical practice, an impor-
tant aspect in clinical practice to ensure quality care and
clinical excellence [7, 16]. Moreover, the preference for
blue MEPP 2.0 was also influenced by continuing edu-
cation, as reported by clinicians. This may be because a
video tutorial was available to guide clinicians using the
blue MEPP 2.0 and therefore facilitated its use. Finally,
the use of the second version was also influenced by
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information reported by patients. We hypothesize that
the use of augmented reality achieves several objectives
in patients, including reducing interruptions and extrin-
sic complexity to therapy related to face positioning and
consequently reducing the cognitive load required for the
task. Thus, since some patients reported positive feed-
back to their clinicians concerning the blue MEPP 2.0,
clinicians may have been more inclined to prefer it. We
also think that the influence of patients’ opinions is par-
ticularly interesting because it corroborates the results
related to improvements in embodiment among patients.
These conclusions are promising for future use since it
is suggested that one factor contributing to long-term
adoption of a technology is user enjoyment, which sup-
plies motivation to use said technology [15].

Study limitations

The study is not without limitations. It is important to
report that facial paralysis readaptation is an emergent
practice in Quebec for speech-language pathologists.
Therefore, clinical expertise is limited, and thus, this
technology has not been applied only in therapeutic con-
text, but in the context of a research setting. Time con-
straints also affect technology education and training,
especially for clinicians, who are considered important
contributors to technology use [15, 25]. Some clini-
cians using the websites for the first time and for whom
technology education was difficult to give had a limited
understanding of certain characteristics of the technolo-
gies after the given 2-week period. This limitation can
therefore affect their appreciation of the two versions of
the MEPP and their answers during the interviews. Nota-
bly, both questionnaires used in this study (the MeCUE
and VEQ) were originally developed in English. Given
that Quebec is predominantly French-speaking, both
questionnaires had to be freely translated in French by
the study team, as there were no validated translations
readily available. Finally, we gathered qualitative impres-
sions about the tools, but we did not use any formal qual-
itative analyses to explore these data.

Conclusion

In conclusion, the updated version of the website, the
blue MEPP 2.0, was more appreciated by both clini-
cians and patients. The findings suggested that the use
of augmented reality technology in the blue MEPP 2.0
was greatly appreciated by patients because it helped
them achieve facial stability. Concerning user experi-
ence, despite the impact of habit of use, overall, the
results showed that blue MEPP 2.0 was a more useful
and aesthetic tool and provided more positive emotions
to its users. Finally, clinical factors showed the clinician’s
preference for the blue MEPP 2.0 on certain aspects of
progress assessment, objectivity, experience gain and
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continuous training. The great appreciation of the blue-
MEPP 2.0 by clinicians and patients is very promising for
the integration and adoption of this technological tool
in a clinical setting at large, therefore enhancing facial
paralysis rehabilitation in Quebec.

For future directions and studies, we will keep collect-
ing data on the clinical utility of the mirror therapy, to
support its use in facial paralysis rehabilitation. More-
over, Focus Group Interviews could be added in future
user experience studies, adding to the qualitative aspects
of the research.
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