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Abstract: The purpose of this study is to examine the impact of educational software characteristics
on software performance through the mediating role of user acceptance. Our approach allows for a
deeper understanding of the factors that contribute to the effectiveness of educational software by
bridging the fields of educational technology, psychology, and human–computer interaction, offering
a holistic perspective on software adoption and performance. This study is based on a sample
collected from public and private education institutes in Northern Greece and on data obtained from
236 users. The statistical method employed is structural equation models (SEMs), via SPSS—AMOS
estimation. The findings of this study suggest that user acceptance and performance appraisal
are exceptionally interrelated in regard to educational applications. The study argues that user
acceptance is positively related to the performance of educational software and constitutes the nested
epicenter mediating construct in the educational software characteristics. Additional findings, such
as computer-familiar users and users from the field of choral music, are positively related to the
performance of the educational software. Our conclusions help in understanding the psychological
and behavioral aspects of technology adoption in the educational setting. Findings are discussed in
terms of their practical usefulness in education and further research.

Keywords: human–computer interaction; HCI; structural equation models; SEMs; user acceptance

1. Introduction

Technological advances in the field of human–computer interaction (HCI) have been
fruitful when it comes to educational systems or educational software (Edu S/W). Among
the grand challenges listed by Stephanidis et al. [1], learning and creativity “is not a new
concept, and many types of technologies are already used in schools today”. Yet, the effectiveness
and feasibility of such systems are an issue concerning the teachers, who need to evaluate
an educational computer software product prior to its selection for the curriculum [2].
Therefore, a variety of evaluation frameworks have been developed for these purposes. The
earliest framework that is most widely accepted among both communities of researchers
and teachers is the systematic evaluation of computer-based education [3]. This framework
introduces 14 pedagogical dimensions and 10 human–computer interaction (HCI) dimen-
sions to be evaluated. Each dimension analyzes a feature of the educational technology
(e.g., goal orientation, motivation, user activity) and has its topic positioned on a spectrum
with two poles. More specifically, the motivation dimension constituted the main factor
for students to engage the technology and was situated between the poles of extrinsic and
intrinsic motivation.
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Several evaluating approaches have been based on this framework, introducing new
adaptations [4–9]. These adaptations derive from the necessities that arise from the techno-
logical advances that inevitably support novelties in education. Therefore, the evaluative
dimensions need to be regularly adjusted and enriched. Additionally, certain rubrics have
been developed aiming at the evaluation of real-time interactive systems of theoretical
knowledge [10,11]. Even if educational applications acquired a creative tool, since real-time
interactive systems are able to transmit more than mere theoretical knowledge, there have
been few dimensions or rubrics proposed that cover the acquisition of practical skills [12].
However, dimensions that focus on the evaluation of vocal skills learning are even scarcer
and have as a benchmark the early approach of Carole [13].

Taking into account this gap, the current study focuses on the assessment of a devel-
oped self-learning environment for individuals interested in learning Byzantine music. The
educational system captures multimodal data that consist of sound and gestures, and by
using ML algorithms (i.e., hidden Markov models (HMM) and dynamic time warping
(DTW) algorithms included in the “Gesture Follower” software developed at IRCAM [14],
it perceives the information included in the inputted data. The music genre on which the
interface was trained is Byzantine music, which, as a music genre, presents a peculiarity
in the fact that for each note, the absolute frequency value is not essential. Regarding
the dimensions of the assessment and their relationship, the approach was to evaluate
separately the software characteristics, performance, and user acceptance.

The rest of the paper is organized as follows. In Section 2, the necessary theoretical
background is provided along with related works, in terms of the different assessment
dimensions and the domain under study. In Section 3, we present our methodology,
whereas in Section 4, we outline the results. In Section 5, we discuss the results by providing
implications to researchers and practitioners. Finally, Section 6 reports the threats to validity,
and Section 7 concludes the paper.

2. Related Work and Literature Review

In this section, we present related and background work, which is vital for the un-
derstanding of this paper and study. First of all, we present Edu S/W specifically in the
domain of vocal music in order to provide some related work in the aspect of vocal music.
Moreover, for each of the main pillars of the study (user acceptance, software characteristics,
and software performance), we present some background information and the relationships
between them.

2.1. Edu S/W in Vocal Music

Although the work related to the use of Edu S/W or information and communications
technology (ICT) in the teaching of vocal music is limited, some publications can be found.
Tejada et al. [15] examine the use of an Edu S/W called Cantus in the teaching of vocal
music to students between 11–15 years old during the first four courses of elementary music
studies. They remarked that of the 21 music teachers that participated in the evaluation
of their software, 16 of them used technology when teaching music. In conclusion, they
found that the software was positively evaluated by the participating teachers for its
technical elements and pedagogical value. A larger scale study was conducted in Italy with
22 different Edu S/Ws, which are widely used in Europe [16]. The study was focused on
teachers and found that the majority of them were not able to evaluate the systems, but
from the rest of them, they rated the educational systems highly.

Wang [17] conducted research on an artificial intelligence-based vocal teaching system
that enables students to practice vocal music independently while simultaneously allowing
teachers to keep track of the students’ learning through reasoning and analysis. During
their research, Wang conducted a survey where 82% of the students that participated
preferred computer-based education to traditional music education. Similar approaches for
different teaching methodologies, by utilizing the newer technological advantages, have
been used in other studies as well. VR Edu S/Ws have been proposed in order to be able to
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capture the facial expressions of the students in order to help with the approaches of the
instructors [18,19]. Moreover, Jun et al. [20] created an Edu S/W based on Android in order
to help professional singers who want to improve their skills or teach others how to sing.

As these studies pave the way for further exploration and implementation of technol-
ogy in music education, it becomes evident that the fusion of Edu S/W and innovative
approaches holds great potential for shaping the future of vocal music instruction. Finally,
with the limited related work in this specific domain, we can see the value of this study in
the domain of vocal music.

2.2. User Acceptance

A user’s attitude towards a new technology significantly affects its acceptance. Any
negative perception the user has for the technology creates difficulties for its adoption [21].
User acceptance of an Edu S/W is a complicated topic that is influenced by the technol-
ogy acceptance model (TAM) and also by other social conditions [22]. The technology
acceptance model proposes that two primary factors influence a user’s intention to use a
technology, perceived usefulness and perceived ease of use [23]. Users are more likely to
accept and use a technology if they perceive it as useful and believe that it can enhance their
productivity or achieve their goals. In the context of Edu S/W, students and educators are
more likely to adopt software if they see it as beneficial for their learning process. Perceived
usefulness can be influenced by factors such as improved learning outcomes, increased
efficiency in educational tasks, etc. Furthermore, users are also more likely to accept and use
a technology if they perceive it as easy to use and user-friendly. For Edu S/W, this means
that students and educators are more inclined to use software that is intuitive, requires
minimal effort to use and navigate, and does not involve a steep learning curve. According
to Ibrahim et al. [24], a major part of the perceived ease-of-use software also has to do with
the user’s computer self-efficacy and whether they believe they are capable of using the
software. Adding to that, perceived ease-of-use significantly affects the user’s intention to
use the Edu S/W. Combining the above, we see that user acceptance is influenced by the
software itself but also by the attitude and confidence of its user. Finally, since, according
to the literature, we can see a connection between user acceptance with other aspect of the
software, this study can pave the way for the connection of the three pillars and especially
in a specific domain.

2.3. Evaluation and Characteristics

Since the early stages of Edu S/W development, numerous processes have been
proposed to evaluate Edu S/Ws. These processes were generally based on specific struc-
tures with relevant evaluative dimensions aimed at assessing the quality of instructional
applications (e.g., Jareno et al., 2016; Lee and Sloan, 2015).

Additionally, other types of evolution have been employed to evaluate instructional
applications. Lewis [25] and Vlachogianni and Tselios [26] have utilized the System Us-
ability Scale (SUS) approach, while Papadakis et al. [27] used the Evaluation Tool for
Educational Apps (E.T.E.A.), which constitutes a thirteen-item assessment instrument with
psychometric properties. Considering that, according to TAM, perceived usability is a
major construct in evaluations, Lewis [28] investigated the similarities of widely used
questionnaires like the Computer System Usability Questionnaire (CSUQ) and System
Usability Scale (SUS), designed to measure perceived usability. These questionnaires where
later extended by Alhadreti [29].

Widespread internet accessibility led to dynamic developments in e-learning plat-
forms and massive open online courses (MOOCs), leading to the proposal of several
software evaluation frameworks for these products. Aiming at evaluating university
courses using technologically enhanced education, 43 usability heuristics were categorized
into eight distinct factors based on their empirical validation. The eight identified factors
are ease of navigation, design quality, information architecture, credibility, functionality
quality, content quality, simplicity, and learnability. According to [30], these factors exhibit
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strong psychometric properties. In practice, narrowing down the aforementioned factors,
Hasan [31] concluded that in educational sites, content and navigation were the most con-
sidered evaluation criteria, while the organization or architecture was the least considered
one. Therefore, dimensions that describe user satisfaction and how the information is
provided [32] are currently considered essential for evaluating S/W applications.

In summary, most Edu S/W evaluation methods utilize a common approach that
involves the use of dimensions to measure student motivation and engagement (the latter
through user activity), the effectiveness of the application based on user experience with
the study topic, and the design, which is expected to accommodate individual preferences.
These dimensions are also used in the operational model of this study.

In this study, we argue that the quality of the software characteristics should be
evaluated according to their reflection on the acceptance of the users. In the case that
the user’s experiences are positive, such as satisfaction from the use of the software,
commitment to learning from the software, and motivation in using the software again,
then the quality of the software characteristics is acceptable. In terms of this argument,
Torkzadeh et al. [33] and Park and Lee [34] found that there is a positive relationship
between positive users’ attitudes and the acceptable quality of software characteristics, and
Huang [35] concluded that user satisfaction urges the continuation of cognitive application
usage. So, this gives evidence to the importance of the execution of our study and the
importance of it.

2.4. User Evaluation and Performance

A summative assessment is generally the most common process for student evaluation.
The student’s performance is translated into a numerical quantity, which is provided as
feedback at the end of the learning session [36].

Conole [37] proposed a 12-dimensional system to evaluate both the platform and
students in e-learning environments. The dimensions include openness, scalability, use of
multimedia, level of communication, degree of collaboration, learning pathway, quality
assurance, amount of reflection, certification, formality of learning, autonomy, and diversity.
Building upon this framework, several approaches to extending evaluation have been sug-
gested [38]. In addition, Franke et al. [39] introduced the affinity for technology interaction
(ATI) scale, which is an interaction style rooted in the need for cognition construct (NFC).
This scale has shown promise, having been studied in more than 1500 instances. Albelbisi
et al. [32] argue that user satisfaction is an essential dimension of self-learning applications.
After examining the relationship between training, user attitude, and tool self-efficacy, by
implementing an Internet self-efficacy scale and a computer user attitude, Torkzadeh and
Dyke [40] concluded that training improved the self-efficacy.

Furthermore, various evaluation approaches have targeted specific groups, including
kindergarten children [27], utilizing different structures such as usability and efficiency.
Some methodologies combine inspection techniques with evaluation patterns that describe
the activities to be performed during user testing [41]. Regarding MOOCs, Zaharias and
Poylymenakou [42] developed a questionnaire that links web and instructional design
parameters to intrinsic motivation for learning, introducing a new usability measure.
Additionally, new theories on pedagogy assessment are being developed, which need
to be implemented in practice [43]. In summary, concerning software performance, its
effectiveness, efficiency, and quality are considered important evaluative dimensions.

Regardless of the evaluation approach or the field to which the provided knowledge
belongs, the question of whether a relationship exists between user acceptance, software
(S/W) performance, and S/W characteristics emerges in several evaluation surveys. Jawa-
har et al. [44] suggest that “user performance can be significantly enhanced by shaping end
users’ acceptance or predisposition toward working with computers, teaching them to set
specific and challenging goals, and enhancing their beliefs in effectively learning and using
computing technology”. With similar reasoning, Hale [45] concluded that “acceptance to-
wards singing voice were related to singing participation and interest in singing activities”.



Information 2023, 14, 568 5 of 13

Furthermore, Huang [35] supports the idea that user satisfaction is an essential concept in
Edu S/W evaluations.

3. Case Study
3.1. Research Questions

In order to study the relationship between Edu S/W characteristics, performance,
and user acceptance of our system, we have formulated and set the following research
questions:

RQ1: Are Edu S/W Characteristics positively related to user acceptance?

RQ2: Is user acceptance positively related to Edu S/W performance?

RQ3: Are Edu S/W characteristics positively related to Edu S/W performance?

In this study, we argue that the quality of the software characteristics should be
evaluated according to their reflection on the user acceptance with RQ1. So, when the
user acceptance of the given system is positive, such as satisfaction with the use of the
software, then the quality of the software characteristics is acceptable. Moreover, with RQ2,
we plan to shed some light on the effect that user acceptance has on the performance of
the educational system. This is going to help us better understand the performance of
the educational system and know which aspects of the system should change in order to
improve it. Finally, with RQ1 and RQ2, user acceptance fully mediates the relationship
between Edu S/W characteristics and performance. However, to be able to test whether
the mediation mechanism may be of the “partial type”, RQ3 was also used.

3.2. Sample

The research was conducted in the city of Thessaloniki in Greece in April of 2021.
The sample that participated in the evaluation study consisted of 236 participants from
various Greek cities, studying at two institutes. The data were collected from the Depart-
ment of Music Science and Art of the University of Macedonia (UoM) and from “Agios
Therapontas” Orthodox Church’s art workshop, which provides Byzantine music lessons.
The entirety of the participants originated from the two organizations, where 168 of the
respondents were studying at UoM and 68 at the church’s art workshop. The participants
came from various learning grades of music, and in terms of educational level, most of
them were undergraduate or postgraduate students. After using the music learning ap-
plication for approximately 45 min, they were asked to fill in a questionnaire. A total of
260 questionnaires were distributed, of which, 236 were answered, giving us a response
rate of 90.07 percent.

The participant group consisted of 69.9 percent male and 30.1 percent female attendees.
The sample may seem to be unbalanced gender-wise in terms of percentages; however, in
reality, it reflects the actual percentage of gender participation in Orthodox Church chanting,
where female chanters are significantly less common [46]. Furthermore, 10.1 percent were
domain experts, while the rest of the participants were simple users. The participants’ age
range was between 19 to 25 years old, while their rate of familiarity with computer systems
was 74.2 percent. In general, most of the participants were choristers and cantors, with a lot
of experience in either Byzantine, choral, European music, or in all of the aforementioned
music genres.

3.3. Measures

The proposed operational model of the study is presented in Figure 1. This model
assumes that the user acceptance and predisposition of the individuals who use the Edu
S/W mediate in the relationship between the characteristics and the performance of the
Edu S/W.

The construct of Edu S/W characteristics consists of three key dimensions, adapted
from Lee and Sloan [47]. First is “Instruction” (renamed to “Information”), which is
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composed of three items: (a) rigor, (b) value of errors, and (c) level of material. Secondly,
“Design” is composed of the following: (a) screen design, (b) ease of use, (c) goal orientation,
and (d) cultural sensitivity. Finally, “Engagement” is composed of three items: (a) learner
control, (b) aesthetics, and (c) utility. All of the aforementioned items were measured using
a 5-level Likert scale (1 = completely disagree to 5 = completely agree). Sample items
include “RIGOR: The objectives of the Edu S/W are explicitly stated”; “SCREEN DESIGN:
The Edu S/W interface is well-organized”; and “LEARNER CONTROL: The Edu S/W
allows users to select the level where they will begin engaging”.
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The construct of Edu S/W performance consists of four items, reflecting the architecture
of Katou and Budhwar [48]. These items are the following: “Effectiveness”, which describes
whether the application achieves its objectives; “Efficiency”, which describes whether the
user strives to achieve the objectives of each task provided by the application; “Innovation”,
for evaluating the application as a product and the provided experience; and “Quality”
describes whether the application as a product is of high quality. These items were also
measured using a 5-level ordinal scale (1 = very bad to 5 = very good).

The construct of user acceptance consists of six key dimensions, adapted from Park [49],
from which we calculated three. These key dimensions are “Perceived usefulness”, “At-
titude”, and “User Satisfaction”. The items were measured using a 5-level Likert scale
(1 = completely disagree to 5 = completely agree).

Several additional individual variables were used for the demographics of our study in
order to rule out alternative explanations of the findings [50]. More specifically, some of the
demographic metrics implemented were the following: (a) gender (1 = male, 2 = female);
(b) age (in years); and (c) responder’s ID (1 = expert, 2 = simple user). Furthermore, for
a 5-level scale, the following were used: (a) educational level; (b) computers familiarity;
(c) roll in Byzantine music; (d) experience in Byzantine music; (e) experience in choral music;
(f) experience in European music, and (g) experience in stringed musical instruments.

3.4. Consistency of the Survey

Well-accepted and validated items that we developed in Section 2 were used. A
validation of ergonomic criteria for the evaluation of human–computer interaction to
determine content validity was also commissioned. As for the internal consistency, it
was investigated by evaluating the computed alphas by Cronbach [51]. It is visible from
Table 1 that the model is trustworthy since all Cronbach alphas are significantly higher
than 0.70 [52]. Additionally, a confirmatory factor analysis (CFA) using SPSS—AMOS
was applied to evaluate the average variance extracted (AVE) per dimension that has
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been obtained. The AVE values reported in Table 1 are significantly higher than 0.50, an
indication of an acceptable level of convergent validity [53].

Table 1. Means, Standard Deviations, Consistency and Reliability Measures, and Bivariate Correla-
tions for all Variables.

CONSTRUCTS
Means (Standard

Deviations)
Cronbach

Alphas
Correlation Coefficients

F1 F2 F3 F4 F5 F6 F7

F1. INFORMATION 3.65
(0.64) 0.827 [0.743]

F2. DESIGN 3.61
(0.63) 0.821 0.862 [0.664]

F3. ENGAGEMENT 3.60
(0.68) 0.812 0.822 0.774 [0.727]

F4. PERCEIVED USEFULNESS 3.50
(0.73) 0.802 0.687 0.658 0.698 [0.718]

F5. ATTITUDE 3.52
(0.72) 0.806 0.795 0.700 0.725 0.807 [0.724]

F6. USER SATISFACTION 3.48
(0.74) 0.800 0.544 0.544 0.560 0.770 0.737 [0.715]

F7. PERFORMANCE 3.64
(0.66) 0.870 0.737 0.736 0.696 0.677 0.720 0.592 [0.720]

Construct discriminant validity was assessed by examining two factors: firstly, if the
correlation coefficients between pairs of constructs are significantly different from unity
and, secondly, whether the square root of each factor’s AVE is larger than its correlations
with other factors. Table 1 presents the correlation coefficients of all constructs used in the
study, and it is visible that correlation coefficients differ significantly from unity, and they
are smaller than the square root of each factor’s AVE.

3.5. Statistical Analysis

The methodology of structural equation models (SEMs) or latent variable models [49]
was used, via SPSS—AMOS, to test the queries of the proposed framework. SEM can
be effective when testing models that are path analytic with mediating variables and
include latent constructs that are being measured with multiple items [54]. Moreover, this
method is regarded as the most appropriate for testing mediation. Following Bollen’s [55]
recommendation, the overall model fit was assessed to study multiple indices, since the
model can be adequate on one fit index but inadequate on many others. Finally, the chi-
square test (with critical significance level of p > 0.05) and the normed-chi-square ratio (with
critical level of no more than 3), the goodness-of-fit index (GFI; with critical level not lower
than 0.80), the normed fit index (NFI; with critical level not lower than 0.90), the comparative
fit index (CFI; with critical level not lower than 0.90), and the root-mean-squared error of
approximation (RMSEA; with critical level not more than 0.08) [56] was used.

4. Results
4.1. Data Properties

The means and the standard deviations of all the constructs used in the study are
displayed in Table 1, along with the bivariate correlation coefficients between all constructs
used in the study. It is visible that there are strong, positive, and significant correlations
between Edu S/W characteristics, Edu S/W performance, and user acceptance, which
can be used to answer the research questions of the study. However, due to interactions
among several variables, the results that are based on correlations, although interesting,
may be misleading. Thus, estimating and examining the measurement and structural
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models was essential in order to isolate the possible links between the variables involved
in the operational model.

4.2. Measurement Model

While testing the hypothesized structure, the analyses indicate an acceptable fit (chi-
square = 111.128, df = 32, p = 0.000, normed chi-square = 3.473, RMSEA = 0.103, CFI = 0.962,
NFI = 0.948, TLI = 0.947, RMR = 0.018). Furthermore, all factor loadings and their squares for
evaluating indicator reliability were examined, leading to the conclusion that all measures
are meaningfully related to their proposed latent dimensions.

Consequently, the fit of the proposed measurement model was compared to an alter-
native less restrictive model, with all items loading on a single factor. This model seems to
fit worse than the hypothesized model (chi-square = 299.502, df = 35, p = 0.000, normed
chi-square = 8.557, RMSEA = 0.179, CFI = 0.873, NFI = 0.859, TLI = 0.836, RMR = 0.032), sup-
porting the proposed factor structure of the constructs used in this study. Moreover, the com-
parison of the results of these two models (i.e., ∆chi-square = 299.502 − 111.128 = 188.374,
∆df = 35 − 32 = 3, ∆ratio = ∆chi-square/∆df = 188.374/3 = 62.791), denotes that the latent
factors represent distinct constructs and that common method bias is limited because the
∆ratio = 62.791 is much larger than the critical value of 3.84 per degree of freedom [57].

4.3. The Structural Model

Applying SEM for estimating the operational model signifies a very good fit (chi-
square = 145.299, df = 61, p = 0.000, normed chi-square = 2.382, RMSEA = 0.077, NFI = 0.934,
CFI = 0.960, TLI = 0.949, RMR = 0.023). Accordingly, the estimated operational model
displayed in Figure 2 is valid. It is notable, however, that the chi-square’s significant size
indicates that the proposed model is not an adequate presentation of the entire set of
relationships. But taking into account that the chi-square statistics may be inflated by high
sample sizes, the value of the normed chi-square (i.e., the value of chi-square/degrees of
freedom) was used instead. With this analysis, said value is less than 3, confirming the
validity of the model [58]. In Figure 2, the squares refer to the actually measured variables,
and the bold arrows denote the structural relationships between the corresponding vari-
ables. The numerical values assigned to each arrow reveal the estimated standardized
coefficients. All coefficients are significant at the 0.001 level, except for the coefficient
linking individual contingencies with gender, which is significant at the 0.10 level.
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4.4. Testing the Hypothesis

From Figure 2, we can see that the Edu S/W characteristics are positively (β = 0.84)
related to user acceptance, a fact that answers RQ1. Moreover, the user acceptance is posi-
tively (β = 0.37) related to Edu S/W performance, answering RQ2. Additionally, Edu S/W
characteristics are positively (β = 0.53) related to Edu S/W performance, answering RQ3.
Combining this information, i.e., that all the research questions are positively answered, it
is safe to conclude that user acceptance positively and partially mediates the relationship
between Edu S/W characteristics and Edu S/W performance.

Concerning the controls used in estimation, it is noteworthy that only three of the
controls produced significant results (Figure 2). In particular, considering the negative
standardized coefficient of gender (β = −0.10), it is supported that women perceive the
performance of the Edu S/W to be lower compared to men. The users of the Edu S/W
who are familiar with computers find that both the characteristics (β = 0.23) and the
performance (β = 0.08) of the Edu S/W are higher compared to users who are not so
familiar with computers. Finally, the users who have experience in choral music (β = 0.08)
perceive the performance of the Edu S/W to be higher compared to the users with lower
experience in choral music.

5. Discussion
5.1. Implications for Theory

The theoretical significance of this study is threefold. Firstly, existing empirical evi-
dence concerning the relationship between the Edu S/W characteristics, user acceptance,
and Edu S/W performance is confirmed and extended. This contribution relies on a ma-
jor finding that user acceptance, such as user satisfaction, commitment, and motivation,
constitute a partial mediating mechanism of the relationship under study.

Secondly, the introduction of the specific constructs in the study extends the relative
literature in evaluating Edu S/W in Byzantine music. In particular, the construct con-
cerning the performance of Edu S/W in Byzantine music makes a real contribution. In
particular, this contribution is based on the concepts of the dimensions used. Apart from
the innovation and quality dimensions, effectiveness emphasizes whether the Edu S/W
achieves its objectives, and efficiency considers whether these objectives are achieved with
the less possible sources of the users.

Thirdly, the mediating mechanism of user acceptance has been examined using struc-
tural equation modeling. It is supported that this constitutes a contribution, because this
estimation methodology highlights the importance of the dimensions of each construct in
tracing performance. In the current study, by considering the values of the standardized co-
efficients within each construct, it is supported that it is the information of the software that
influences the commitment of the user, which in turn indicates the quality of the software.

5.2. Implications for Practice

This study has clear implications for developers that create Edu S/W in Byzantine
music. First of all, the characteristics of the software (i.e., information, design, engagement)
have a direct impact on the performance of the software. Therefore, software develop-
ers should emphasize building software with acceptable characteristics. Secondly, the
acceptance of the users (i.e., satisfaction, commitment, motivation) highlights how users
perceive the characteristics of the software and accordingly express their opinion about the
performance of the software.

Educators should carefully consider the characteristics of educational software when
selecting tools for their classrooms. Our study finds that software features and design can
impact user acceptance and therefore performance. Educators should prioritize software
that aligns with their instructional goals and resonates with their students. Furthermore,
according to our findings, computer-familiar users tend to perform better with educational
software, thus highlighting the importance of training or support for users that may not
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have computer skills. Educators can offer workshops or resources to help students become
more comfortable with software and computers in general.

6. Threats to Validity

In this section, we present the construct, reliability, and external threats of our study
according to Runeson et al. [59].

Construct validity refers to the extent to which the phenomenon under study repre-
sents what is investigated according to the research questions. To mitigate this threat, we
established a research protocol to guide the case study, which was thoroughly reviewed by
two experienced researchers in the domain of empirical studies. Another threat is the fact
that the tool has been evaluated without long-term usage or extended training. Therefore,
the users probably faced usability issues compared to an evaluation that would have been
performed after some training. So, we believe that the presented results are in line with the
worst-case scenario of usage.

External validity deals with possible threats when generalizing the findings derived
from the sample to a broader population. Firstly, the investigated genre is Byzantine music,
and we cannot generalize the results to other music genres, given the differences that they
have. Secondly, we cannot generalize the results that user acceptance positively mediates
the relationship between Edu Software characteristics and performance in every Edu S/W.
But, given the big number of participants, we can say that for the used software, the results
are very reliable.

Finally, the reliability of the case study is related to whether the data are collected and
the analysis is conducted in a way that can be replicated. To minimize potential reliability
threats during the data collection process, we did not ask open questions, which can lead to
different interpretations, and we limited our questionnaire to a 5-level Likert scale. Finally,
to assure correct data analysis, two researchers collaborated in the analysis phase.

7. Conclusions

To summarize, this paper examines how the characteristics of educational software
impact the software’s performance and presents the evaluation results of Edu S/W charac-
teristics on Edu S/W performance through the prism of user acceptance. For this reason, a
sample from 236 users of public and private education institutes was collected, while the
statistical method employed was SEMs, via SPSS—AMOS estimation. The Edu S/W’s spe-
cialization is Byzantine music, which has a certain distinctiveness and which lacks learning
applications. Despite certain limitations of the sample, the findings of the study suggest,
through three hypotheses, that user acceptance, software characteristics, and performance
are exceptionally interrelated in educational applications. In more detail, the Edu S/W char-
acteristics are positively (β = 0.84) related to user acceptance, user acceptance is positively
(β = 0.37) related to Edu S/W performance, and Edu S/W characteristics are positively
(β = 0.53) related to Edu S/W performance. Thus, the hypothesis that user acceptance
positively mediates the relationship between Edu S/W characteristics and performance
is statistically supported. Finally, the study’s findings have practical implications for the
design and development of educational software. Understanding the factors that influence
user acceptance and performance can guide software developers and educators in creating
and choosing more effective learning tools.

Of course, there are several future works possible that could enhance this study
and provide better understanding of HCI. We could conduct further studies to validate
these findings in different educational contexts and geographical locations and with a
larger and more diverse sample. For example, we could extend the research to different
cultural and educational contexts to determine if the observed relationships vary across
regions or demographics. A step further would be to compare the findings across different
types of subject domains and investigate whether the observed relationships hold true
for various software applications beyond Byzantine music. Finally, we could consider
conducting longitudinal studies to explore how these relationships evolve over time, since
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longitudinal data would provide insights into the dynamics of user acceptance and software
performance throughout an extended period. All of the above would help confirm the
robustness of the observed relationships.
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