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ABSTRACT

In higher education, it is imperative to maintain educational quality, which requires
necessitates a thorough evaluation of teaching methods. The advent of mixed reality (MR)
technology, combined with interactive mobile capabilities, introduces innovative possibilities
for traditional educational assessment frameworks. This study is dedicated to investigating
the application of MR and interactive mobile technologies in higher education teaching eval-
uations, with a focus on assessing their effectiveness and implementation outcomes. Research
to date has explored MR’s educational applications. However, the integration of interactive
mobile technologies alongside MR in developing specific methodologies and evaluative
tools for teaching evaluations has not been fully realized. This underutilizes the combined
potential of these technologies. This paper is anchored in two principal research endeavors.
Initially, it delves into the construction of a meta-model facilitated by MR-aided and interac-
tive mobile-enhanced teacher-student interactions, utilizing a hierarchical remote interaction
pyramid model. This process involves developing extensible associative functions, determin-
ing index weights, and establishing evaluation levels, which collectively enhance the evalu-
ation’s multidimensionality, interactivity, and scientific precision. Subsequently, the analytic
hierarchy process (AHP) is employed to quantitatively assess the educational impact of MR
and interactive mobile experiences on students. This approach provides support for custom-
ized and precise teaching evaluations. The findings reveal that integrating MR technology
with interactive mobile capabilities significantly enhances the interactivity and systematic
scientific approach of teaching evaluations. This fosters a more multidimensional and inter-
active framework for educational evaluation.
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1  INTRODUCTION

In the realm of higher education, educational evaluation serves as a fundamental
component of the quality assurance system, primarily tasked with supervising and
encouraging the continuous advancement of educational and teaching methodolo-
gies [1-3]. The progression of educational technology, especially the emergence of
mixed reality (MR) technology, has positioned it as a key driver of innovation within
educational fields. The integration of MR technology, augmented with interactive
mobile technologies, not only broadens the spectrum of teaching methodologies
and content by combining virtual environments with real-life scenarios but also
introduces innovative perspectives and tools for educational evaluation [4-6]. This
amalgamation enhances the precision and interactivity of educational evaluations,
marking a novel area of research within the educational technology landscape.

The integration of MR technology with interactive mobile technologies in higher
education is widely acknowledged as crucial for improving the quality of teaching
interaction and enhancing student learning experiences [7-9]. These technologies
provide educators and learners with a collaborative virtual space, enabling teach-
ing and learning environments that are more immersive and interactive, thereby
facilitating a more engaging educational experience [10, 11]. Furthermore, the intro-
duction of MR technology has led to transformative shifts in conventional educa-
tional evaluation methods, offering a more comprehensive capture of the various
dimensions of teaching activities and resulting in more exhaustive and objective
evaluation outcomes [12, 13].

Despite the promising applications of MR technology in conjunction with interac-
tive mobile technologies in the educational sector, existing research identifies nota-
ble gaps in the methodologies and development of evaluation tools for educational
assessment [14-16]. It has been observed that prevailing educational evaluation
methods tend to oversimplify, inadequately capturing the complexities inherent in
teaching activities. Moreover, the current design of evaluation tools has not fully
exploited the potential of MR technology’s interactive and immersive features, sug-
gesting room for significant improvements in the precision and utility of the evalua-
tion process and outcomes [17, 18].

This study is dedicated to investigating the utilization and influence of MR technol-
ogy, augmented by interactive mobile technologies, in the realm of higher education
teaching evaluations. The study initially focuses on creating a meta-model rooted
in MR and mobile technology to facilitate teacher-student interactions. It utilizes a
hierarchical remote interaction pyramid model to broaden the scope of educational
evaluation. This approach aims to enhance the scientific validity and interactivity of
teaching evaluations. Building upon this foundation, the study progresses to evaluate
the educational and teaching impacts within MR-enhanced environments, employ-
ing the analytic hierarchy process (AHP) for a systematic and quantitative assess-
ment of teaching activities. The outcomes of this investigation are expected to make
a significant contribution to the enhancement of higher education evaluation theory
and practice, equipping educators with sophisticated tools for evaluating teaching.

2  META-MODEL BASED ON MR TEACHER-STUDENT INTERACTION
AND EXTENSIBLE EDUCATIONAL TEACHING EVALUATION

In the exploration of MR applications in education, a key scenario analyzed is
remote laboratory learning, where teachers and students engage collaboratively in
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virtuallaboratory operations across different physical locations using MR technology.
The hierarchical remote interaction pyramid model serves as the basis for evaluat-
ing various aspects, including the immediacy of teacher guidance, the level of stu-
dent participation, the quality of interactions, and the precision of operational tasks
within virtual experiments. During a remote chemical experiment teaching session,
students simulate experimental procedures in an MR environment. Meanwhile,
teachers monitor the processes and outcomes remotely, offering real-time feedback.
The evaluation conducted by this model is quantitative in nature, assessing both
the efficiency and effectiveness of these interactive processes to ensure high-quality
educational outcomes. This evaluation not only quantifies the efficacy of teaching
methods and the extent of student engagement but also assesses the extent to which
MR technology enhances the interactivity of educational experiences.

2.1 Meta-model and extensible evaluation process

The development of an evaluation index system to assess the impact of MR teacher-
studentinteractions adopts a hierarchical approach, encompassing a spectrum from tan-
gible operational interactions to more abstract conceptual interactions. This approach
ensures a comprehensive evaluation of the multidimensional interactive effects within
MR environments. The construction of this index system is outlined as follows:

a) Operational interaction (al):
Skill mastery (a11): The proficiency of students in performing practical skills in
virtual environments, facilitated by MR technology, is assessed.
Operational accuracy (a12): Measurements are taken of the error rate and accu-
racy of student performance during virtual experiments or simulated operations.
Response time (a13): The duration required by students to transition from task
reception to completion during interactions is computed.
System usage efficiency (a1l4): The fluency and efficiency with which students
use the MR system for operational interactions are assessed.

b) Information interaction (a2):
Information acquisition (a21): The capacity and speed at which students acquire
information from the MR environment are quantified.
Comprehension (a22): Evaluation is conducted on the depth of students’ under-
standing of information presented within the MR environment.
Information application (a23): The assessment measures students’ ability to uti-
lize gathered information for specific tasks.

¢) Affective interaction (a3):
Learning motivation (a31): The extent to which MR technology enhances stu-
dents’ motivation for learning is evaluated.
Immersion (a32): The level of student immersion and participation within the
MR environment is assessed.
Emotional engagement (a33): Quantification is undertaken of the emotional
investment of students in the learning process.

d) Conceptual interaction (a4):
Innovation ability (a41): The evaluation assesses students’ capacity to compre-
hend, analyze, and creatively solve problems within the MR environment.
Conceptual understanding (a42): The extent to which students comprehend fun-
damental teaching concepts is measured.
Critical thinking (a43): The assessment evaluates students’ ability to apply critical
thinking in analyzing and solving problems.
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Fig. 1. MR teacher-student interaction effect evaluation model

In higher education, evaluating teacher-student interaction in MR faces the chal-
lenge of combining qualitative and quantitative measures while also dealing with
the interplay and contradictions among these measures. Traditional methods often
fall short of managing these complexities simultaneously. The implementation of
the meta-model and extensible evaluation method, rooted in the theory of extensi-
ble sets, provides an effective solution to these challenges. This approach enables.
the quantification of qualitative indices and the management of relationships,
especially conflicts and contradictions, among evaluation indices. Consequently, it
facilitates the depiction of complex teaching interaction effects within a holistic eval-
uation framework. The primary objective of adopting the meta-model based on MR
teacher-student interaction is to enhance the adaptability and compatibility of the
evaluation system, ensuring a comprehensive and precise assessment of MR tech-
nology application in higher education teaching contexts. Figure 1 depicts the evalu-
ation model of the teacher-student interaction effect in mixed reality.

2.2 Calculating the extensible association function for the matter-element to
be evaluated

Figure 2 illustrates the correlation mechanism within teacher-student interac-
tions in MR. Utilizing the theory of extensible sets, the association function emerges
as a crucial mathematical tool that quantifies the degree of resemblance or proxim-
ity between a matter-element under evaluation and predefined evaluation levels.
In MR teaching evaluations, this function is adeptly crafted to measure the congru-
ence between various instructional interaction indices, encompassing aspects such
as learning outcomes, student engagement, skill proficiency, and the set standards.
The resulting degree of association, an output of the association function, represents
the extent to which a matter element aligns with the designated evaluation levels.
In practical applications of this evaluation methodology, the degree of association
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is perceived as an indicator of belongingness. This metric is instrumental in deter-
mining the placement of specific instructional interactions across a range of quality
levels, thereby assigning a score of belongingness to each level. For example, if a spe-
cific teacher-student interaction in the MR setting shows an association degree close
to 1 on the immersion index, it indicates the interaction’s outstanding performance
in promoting immersive experiences.

¥
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X . interaction
MR interaction platform |
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experience experience
Generation
Students Teachers
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Fig. 2. MR teacher-student interaction correlation mechanism

The formulation of the association function within the framework of extensible
sets is designed to provide a scientific and systematic approach for assessing and
quantifying the complexities of educational interaction effects. Particularly in the
context of MR technology’s integration into higher education teaching, the imple-
mentation of association functions facilitates detailed analyses and comparisons of
diverse teaching interaction outcomes. This process plays a critical role in identify-
ing both strengths and areas for improvement, thereby informing teachers and tech-
nology developers in their efforts to refine teaching methodologies and applications
of technology.

In this analytical model, the proximity of the u-th index value associated with MR
teacher-student interaction effects to the classical and section domains is articulated
by f(n, n,) and f (n, n,), respectively. The equations provided below elucidate the
degree of distance between the matter-element and both the classical and quan-
tum domains.

o +Ww o +Ww

f(nu,nm): nu_ ru 5 ru|_ ru 5 ru (1)
o+w | o+w,

flnn)=ln, - === - ==~ 2)
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Furthermore, the proximity of the u-th measurement index related to MR
teacher-student interaction effects to the k-th level of evaluation is represented by
In,|=|lw,-o,1,Q.(n). This representation forms the basis of the association func-
tion, as indicated in the following expression:

-f(n,,n )
—*Mnen

u ru
Tu

f(nu’nru) nen
f(nu’nju)_f(nu’nru) ‘ "

Q,(n)= 3)

2.3 Determining index weights

The process of weighting the evaluation index system for teacher-student inter-
action effects in MR employs the extensible weight method. This approach requires
a thorough analysis of educational goals and expected outcomes to identify the key
indicators within the evaluation system. The extensible weight method then pro-
ceeds to analyze the interconnectedness and mutual influence between each index
and educational effectiveness, dynamically assigning weights to each index. This
approach acknowledges the relative significance of the indices and their distinct
contributions in different teaching contexts and learning environments. It empha-
sizes the interdependence of indices rather than viewing them as isolated units. This
approach minimizes subjective judgment biases through mathematical modeling,
leading to more accurate and objective evaluations. The weight assigned to the u-th
sub-index under the r-th category of interaction effects, denoted as d , and the count
of primary and corresponding secondary indices, represented by r (r =1, 2, ..., V)
andu(u=1,m,?2, .., ), are factored into the following equation for secondary index
calculation:

e l
d=_n__ ( d :1) 4)
i

The determination of primary index weights is articulated through the follow-
ing formula:

e v l
dr: v ( ,«Zldr: 1’er:zuz1eru) (5)

2,.°
r=1 T

Additionally, the computation of index weight coefficients using the extensible
weight method is captured in the following expression:

2n -0 ) o +Ww
u ru n < Tu Tu

Wru_oru e 2
e (n,n )= (6)
e Z(Wru_ nu)n >Oru+Wru
w-o “ 2
ru ru

In instances where n, is included within n_, a condition arises where er'u (nu,nru)
equals the maximum value within the set of e’ (n ,n ). This scenario leads to the
following formula, which delineates the value of e_:
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_ K,*x+e (n,n N m,n )>-05
" )<-05

TuMAX ~ — (7)
x0.5 e;u(nu,nr

kMAX uUMAX

2.4 Evaluation level determination

In the methodology for evaluating the effects of teacher-student interaction in
MR, the process of determining evaluation levels begins with identifying the pri-
mary indices that impact these effects. Standards for evaluating levels are estab-
lished for each primary index. By using the association function, the alignment
between the actual performance of each primary index and different established
evaluation level standards is quantified. This process typically involves a compar-
ative analysis of the actual performance against the established evaluation stan-
dards. Suppose [ denotes the total number of secondary indices associated with
a specific primary index. In this context, the following equation is used to calcu-
late the degree of association of the evaluation matter element E with the evalua-
tion level k:

Q)= 4,0, ®)

Subsequently, the association degrees of primary indices, ascertained in the
preceding step, are consolidated. This integration aims to assess the overall degree
of association of the matter element being evaluated with each level of evalua-
tion. This step involves allocating weights based on the significance of different
primary indices, followed by applying these weights to adjust the summation or
mean value of the association degrees. Assuming the total number of primary
indices for the evaluation matter element is v, the association degree of the matter
element E in relation to the evaluation level k is articulated through the follow-
ing formula:

Q.(B)=>"" dQE) )

The evaluation process involves a comparative assessment of the association
degrees for each element with respect to various evaluation levels. Following the
principle of maximum association degree recognition, the evaluation level for
an element is determined by the level that corresponds to the highest association
degree. This principle facilitates the identification of the evaluation level for each
matter-element under scrutiny, as represented by the following expression:

Q,.(E) = MAXQ, (E) (10)

Upon determining the evaluation level to which a matter-element is assigned,
an aggregate or mean calculation of all feature quantity values within that level is
conducted. This computation yields a representative feature quantity value for that
specific level, as expressed in the following formula:

e 2 KO (= q,(B)-MINg(E) .
S o, | MAXq(E) - MiNg, ()
k=1 K
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3  EVALUATION OF EDUCATIONAL AND TEACHING EFFECTS
OF STUDENTS BASED ON MR EXPERIENCES

Multi-dimensional teacher-student interaction

Professional knowledge Operational interaction | Emotional interaction
database Information interaction | Conceptual interaction
~
Perceptual information Interactive information
y
MR environmental perception Evaluation model

v

4
A

Evaluation feedback
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Fig. 3. Evaluation system structure for educational and teaching effects on students in MR environments

In constructing the evaluation index system for the educational and teaching
effects of students’ experiences with MR technology, it is imperative to consider the
distinct features of MR technology and its application objectives in higher educa-
tion (see Figure 3). This index system aims to encapsulate various aspects: students’
learning experiences, knowledge acquisition, skill development, and emotional and
cognitive changes within the MR environment.

a) Learning experience
Immersion: The assessment focuses on the degree of students’ immersion in the
MR environment.
Interactivity: The evaluation focuses on students’ ability to engage with the vir-
tual environment or educational content.
User interface friendliness: The usability and intuitiveness of the MR system
interface are evaluated.

b) Knowledge acquisition
Theoretical knowledge understanding: The assessment evaluates students’ level
of comprehension and mastery of theoretical knowledge.
Practical skill application: The evaluation assesses students; ability to apply theo-
retical knowledge in practical scenarios.
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c¢) Skill development
Operational skills: The assessment of students’ proficiency in performing specific
tasks within the MR environment is conducted.
Problem-solving skills: The ability of students to solve problems in virtual envi-
ronments is assessed.
Innovation and creativity: The assessment evaluates students’ capacity to engage
in innovative thinking and creative tasks utilizing MR technology.

d) Emotional and cognitive changes
Learning motivation: The level of students’ enthusiasm for participating in
MR-based learning activities is evaluated.
Cognitive load: The cognitive load perceived by students during the learning pro-
cess is measured.
Satisfaction: The overall satisfaction of students with MR teaching methodologies
is assessed.

e) Teaching interaction
Teacher-student interaction: The level of support and guidance provided by
teachers in the MR environment is assessed.
Student interaction: The extent of collaboration and communication among stu-
dents within the MR setting is evaluated.

In employing the AHP for evaluating educational and teaching effects within MR
experiences, a structured procedure is adopted, detailed in the following steps:

Step 1: The initial phase involves establishing the criteria layer of the evaluation
system, incorporating various indices such as immersion, interactivity, and knowledge
acquisition. For each index within this criterion layer, a judgment matrix is constructed.
This process involves educational experts or evaluators who conduct pairwise com-
parisons of the indices’ importance, rating their relative significance on a scale of 1 to 9.
Each numerical value in the judgment matrix is subject to the following condition:

1

—x =1 12
xku (12)

X, >0,x, =

Step 2: The elements within each row of the judgment matrix, denoted by X, are

multiplied together. The product of each row is represented by L , and the calcula-
tion is conducted as follows:

L :Hvzlxuk,u:l,Z,B,...,v (13)

u k

The judgment matrix’s order, denoted by v, is used to calculate the v-th root of
each row’s product, in which yields an unnormalized weight vector [Q, Q, ... Q ]".
This vector is subsequently normalized by dividing it by the sum of all its elements.
The weights of the indices, represented by Q,, are ascertained, leading to the deriva-
tion of the final weight vector.

Q= —tt— (14)
u=1 'u“

Step 3: This step of the AHP involves calculating the maximum eigenvalue, 7,,, .,
of the judgment matrix X, which represents the ideal state value of a consistent
matrix. The expression for this calculation is structured as follows:

v (X-0)
U ZHTQM (15)
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Where,
n X Xy | 1@
x.0=| " Ku T Kl Qs (16)
L]
X-Q),=x,0+x,0,+...+x Q (17)

Step 4: This step in the methodology involves the consistency index, denoted as
Z,, using the following formula:

Z == V/Iv=1 (18)

Subsequently, for matrices of similar order, reference is made to the average ran-
dom consistency index, denoted as E,. The consistency ratio, denoted as Z,, is then
calculated using the formula:

Z,=(Z,/E) (19)

A judgment matrix is considered to have achieved satisfactory consistency if Z,
is equal to or less than 0.1. Should Z, exceed this threshold, an adjustment of the
judgment matrix is necessary.

4  EXPERIMENTAL RESULTS AND ANALYSIS

Table 1 in the study presents the degrees of association between primary indices
of MR teacher-student interaction effects and four evaluation levels: poor, fair, good,
and excellent. It is discerned that for index a1, the third level Q3 (good) exhibits the
highest positive association degrees (0.387 and 0.458) in two instances, suggesting a
tendency towards a positive evaluation of MR teacher-student interaction effects in
these aspects. Conversely, the second level Q2 (fair) reveals higher positive associa-
tion degrees (0.278 and 0.135) in two other instances, indicating that the interaction
effects are assessed as “fair” for these indices. The levels Q1 (poor) and Q4 (excellent)
consistently demonstrate negative association degrees across all instances, suggest-
ing a weaker correlation of these primary indices with the poor and excellent levels.
The representative feature quantity values corresponding to different levels denote
distinct measurement or evaluation standards. This implies that actual levels of
association exert a moderating effect on anticipated evaluation levels. Overall, these
findings suggest that at the primary index level, teacher-student interaction effects
in MR predominantly show positive associations with “good” and “fair” levels.

Table 1. Primary indices of MR interactions and evaluation levels

Primary Indices Q1(Wi) Q2(Wi) Q3(Wi) Q4(Wi) K K*
al —-0.534 —0.331 0.387 —0.245 3 3.12
al -0.245 0.278 -0.187 —0.458 2 2.14
al -0.289 0.135 -0.065 —0421 2 2.25
al —-0.478 —0.213 0.458 —0.256 3 2.89
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Table 2. MR interaction effects and evaluation levels

Primary Index Q1(W) Q2(W) Q3(W) Q4(W)

A —0.378 0.002 0.079 —0.356 3 249

In Table 2, the association degrees of MR teacher-student interaction effects with
various evaluation levels are illustrated for primary index A. The data reveal that
the highest positive association degree is observed at the Q3 (good) evaluation level
(0.079). Although this value is relatively small, it suggests some degree of positive
correlation between MR teacher-student interaction effects and the good evaluation
level. The association degree for Q2 (fair) is approximately zero (0.002), indicating
a neutral correlation between MR teacher-student interaction effects and the fair
evaluation level, or a minimal impact of this index at this level. Negative association
degrees are noted for Q1 (poor) and Q4 (excellent) levels, indicating weaker positive
correlations with these evaluation levels. The last two columns of the table, which
represent the feature quantity values for different levels, reflect the adjusted eval-
uation levels based on association degrees. This suggests that while the anticipated
evaluation level was 3 (good), the actual association degree data slightly lowers
the evaluation level, approaching a midpoint between fair and good. In summary, the
evaluation method proposed in this paper demonstrates its potential effectiveness,
especially in revealing a nuanced understanding of teacher-student interaction effects
in MR environments. It suggests an evaluation range between fair and good. This type
of evaluation can help educators identify strengths and areas for improvement in the
application of MR technology, guiding future pedagogical practices and technological
enhancements. However, the observed negative association degrees require further
examination to ensure the accuracy and reliability of the evaluation system.
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Fig. 4. Correlation analysis results of teacher-student interaction behaviors based on MR experiences

The correlation analysis experiment, focusing on teacher-student interaction
behaviors within MR settings, yields insightful results as depicted in Figure 4. This
analysis is essential for comprehending the dynamics of interactions in educational
settings enhanced by MR technology. The analysis shows that there is no signifi-
cant correlation between the extent of exploration within the MR environment and
both the frequency and success rate of teacher-student interactions. Equally, the
success rate of these interactions does not show a significant correlation with either
their frequency or the duration of MR experiences. However, the duration of MR
experience shows a significant positive correlation with both the frequency of inter-
actions and the extent of exploration within the MR environment. These findings
offer a nuanced understanding of the interrelationships among various aspects of
teacher-student interactions in MR contexts. In light of these results, it is pivotal to
revisit the primary research objectives of this study, which focus on assessing the
utilization and impact of MR technology in the realm of higher education teaching
evaluation.

Firstly, it has been established that there is no significant correlation between
exploratory behaviors within the MR environment and both the frequency and
effectiveness of teacher-student interactions. This finding suggests that students’
engagement with MR technology, characterized by exploratory behaviors, does
not necessarily results in an increase or enhancement of instructional interactions.
Therefore, students’ initial intrigue or interest in MR technology does not automat-
ically translate into effective learning behaviors. Secondly, the analysis reveals that
the success rate of teacher-student interactions is not significantly correlated with the
frequency of these interactions, suggesting that the effectiveness of such interactions
is not dependent on their frequency. Frequent interactions, therefore, do not inher-
ently ensure high-quality interactions. Effective teacher-student interactions are
based more on the depth and quality of the interaction rather than its frequency.
Similarly, the lack of a significant correlation between the success rate of teacher-
student interactions and the duration of MR experiences indicates that the quality of
instructional interactions depends more on the design and execution quality of these
interactions than on the duration of engagement. Lastly, a significant positive cor-
relation is observed between the duration of MR experiences and both the number
of teacher-student interactions and the extent of environmental exploration. This
indicates that longer durations of MR experience are associated with an increased
frequency of interactions and a greater inclination towards in-depth exploration.
This highlights the importance of providing students with enough time to adjust to
and explore the MR environment in order to promote effective interactions.
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In summary, these results emphasize the importance of educational and teach-
ing activities based on MR prioritizing interaction quality over quantity. Providing
students with ample time to immerse themselves in and explore MR technology is
crucial. The proposed evaluation methodology in this paper effectively highlights
the nuanced yet vital dynamics in the application of MR in educational settings.
It emphasizes the significance of interaction quality and sufficient exploration time
in enhancing teaching and learning experiences.

The analysis of variance (ANOVA) test results critically evaluate teacher-student
interaction behaviors within MR experiences. ANOVA, a statistical method, is used
to determine if the differences in mean values among three or more groups are
statistically significant. Specifically, it determines whether the differences between
groups exceed the random variances within each group. The application of ANOVA
in this context is crucial for examining the interplay between various aspects of
teacher-student interactions (such as frequency, success rate, environmental explo-
ration, and duration of experience) and their subsequent impact on educational and
teaching effectiveness. It is observed that the frequency of teacher-student interac-
tions varies significantly among different groups (F-score: 21.45; significance level:
p < 0.001). This indicates a significant difference in interaction frequencies across
various teaching scenarios. Equally notable is the success rate of these interactions,
showing a significant difference among groups (F-score: 13.28; significance level:
p < 0.001), highlighting the variability in interaction effectiveness. Furthermore,
exploratory behaviors within the MR environment reveal significant group variances
(F-score: 63.59; significance level: p < 0.001), indicating different levels of engage-
ment in exploratory activities. The duration of the MR experience, with the highest
F-score of 84.59 at a significance level of p < 0.001, indicates significant differences
in the time spent within the MR environment across various educational settings.

5 CONCLUSION

This investigation focuses on evaluating the use and impact of MR technology
in assessing teaching within higher education. The primary objective has been to
enhance the scientific accuracy and interactivity of teaching evaluations by using
quantitative evaluation methods and to validate the effectiveness of MR technol-
ogy in educational settings. The study began with the development of a meta-model
based on MR-facilitated teacher-student interactions and utilized the AHP to cre-
ate a comprehensive evaluation index system. This system spanned an array of
dimensions, encompassing operational, informational, emotional, and conceptual
interactions. Utilizing this index system, a correlation analysis was undertaken to
examine the associations between various secondary indices and distinct evaluation
levels, ranging from poor to excellent. The findings highlighted positive correlations
between specific indices and higher evaluation levels, suggesting their beneficial
impact on the assessment of teacher-student interaction effects. A sensitivity analysis
was subsequently conducted to evaluate the responsiveness of various dimensional
evaluation indices to variations. This analysis emphasized the crucial importance
of certain aspects in enhancing teaching effectiveness. Moreover, the study imple-
mented an ANOVA to ascertain the statistical significance of the correlation between
primary indices of teacher-student interaction behaviors and educational outcomes.
The outcomes indicated that the frequency of teacher-student interactions, their suc-
cess rate, the level of exploration within the MR environment, and the duration of
the MR experience each have a significant impact on the effectiveness of teaching.
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