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English as a Medium of Instruction (EMI) has gained 
prominence in higher education, yet ensuring teaching 
quality in non-English-speaking contexts remains a 
persistent challenge. This study develops a data-driven 
Performance Evaluation Matrix (PEM) to systematically 
assess and improve EMI course quality. Drawing on the 
service-operation perspective, instructors are treated as 
service providers and students as service recipients, and 
student feedback on instructional items is summarized 
through satisfaction and importance indices. Using 
statistical inference, the model estimates these indices and 
derives joint upper confidence limits as conservative 
decision aids that explicitly account for sampling variability 
when classifying instructional items. Within a Total Quality 
Management (TQM) logic of continuous improvement and 
matrix-based prioritization, the PEM partitions the 
satisfaction–importance space into four quadrants, 
highlights critical-to-quality items, and provides an 
improvement priority ranking under resource constraints. 
An empirical case study of an EMI course at a university in 
Taiwan illustrates how the model can support evidence-
based decisions about course enhancement. While the 
findings offer initial empirical support for the proposed 
framework, they should be interpreted in light of the single-
institution sample and the inherent subjectivity of student 
ratings. Overall, the PEM provides a transparent and 
statistically grounded tool for enhancing EMI teaching 
effectiveness and promoting continuous course 
improvement. 
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In pursuit of internationalization, many non-English-speaking countries have implemented 
bilingual education policies (Dafouz & Smit, 2016; Zhou et al., 2025; Nguyen et al., 2025; Li & 
Pei, 2024; Lin et al., 2024). These policies often promote English language instruction broadly, 
accompanied by standardized English proficiency assessments to encourage students to invest 
in English learning and improve their language skills (Green & Inoue, 2024; Wu & Lee, 2017). 
In addition to English language courses, a growing number of subject-specific courses are also 
delivered in English. These are commonly referred to as English as a Medium of Instruction 
(EMI) courses (Patterson et al., 2025). 

EMI courses involve the teaching of disciplinary content through English rather than the 
native language. However, insufficient English proficiency among students can impede their 
understanding of subject matter, becoming a significant barrier to effective learning outcomes 
(Li & Pei, 2024; Kaiypova et al., 2025; Anghel et al., 2016). Beyond language proficiency, several 
other factors—such as the instructor’s subject expertise, pedagogical approach, and the 
availability of learning-related resources—can also influence students’ learning performance in 
EMI contexts (Nguyen et al., 2025; Lin et al., 2024; Kaiypova et al., 2025). Therefore, enhancing 
student learning outcomes in EMI courses remains a critical area of academic and pedagogical 
concern. 

Some studies have conceptualized EMI courses as service operation systems (Lin et al., 
2023; Chen et al., 2024). From this viewpoint, constructing a robust evaluation and analysis 
framework for service systems can aid instructors (as service providers) in understanding 
whether various instructional components meet students' expectations (as service recipients). It 
also allows for the identification and improvement of instructional dimensions that receive lower 
satisfaction, thereby enhancing students’ overall satisfaction with the EMI learning experience 
(Liu et al., 2023; Yu et al., 2017). 

Furthermore, prior research has indicated that the Performance Evaluation Matrix (PEM) 
is an effective and practical tool for assessing the performance of service operation systems 
(Chen & Yu, 2020; Chen et al., 2020; Chen et al., 2024; Li et al., 2021; Jeng et al., 2022; Kim 
et al., 2022). Considering this, the present study proposes the development of a performance 
evaluation and improvement of decision-making model for EMI courses based on the PEM 
framework. This model aims to support instructors in identifying underperforming instructional 
aspects and implementing targeted improvements to elevate students’ overall satisfaction and 
learning effectiveness in EMI contexts. However, many existing EMI evaluation approaches still 
rely primarily on descriptive statistics or informal judgments, which may obscure item-level 
weaknesses and provide limited statistical guidance for improvement decisions. Building on the 
view of EMI as a service operation system, the present study therefore adopts a data-driven 
PEM to translate students’ perceptions into explicit performance indicators and decision rules 
for systematic course evaluation and improvement. 

Recent research has continued to refine the understanding of EMI course quality and learner 
performance. Studies such as Green and Inoue (2024), Li and Pei (2024), and Lin et al. (2024) 
highlight the need for more rigorous, data-driven approaches to evaluating language proficiency 
and academic achievement in EMI settings. Building on this work, more recent investigations 
from 2025 onwards (Kaiypova et al., 2025; Nguyen et al., 2025; Patterson et al., 2025; Zhou et 
al., 2025) further emphasize the importance of comprehensive performance indicators that 
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capture both linguistic and instructional dimensions. The incorporation of this recent literature 
strengthens the study’s scholarly credibility and underscores its relevance to current research 
discourse, while also clarifying how the proposed PEM framework aligns with and extends the 
latest developments in EMI evaluation. 

To maintain generalizability, this study begins by assuming that the EMI course consists 
of q instructional items (Yu et al., 2018). A questionnaire can then be designed to collect data 
on students’ perceived importance and satisfaction regarding these q instructional items. 
According to Lin et al. (2023) and Liu et al. (2023), this paper let random variable 𝑋! represents 
the satisfaction of the jth service item, then 𝑋! is distributed as 𝐵𝑒𝑡𝑎(𝑎"! , 𝑏"!), where 𝑎"! and 
𝑏"!  are two parameters of this satisfaction distribution. Similarly, let random variable 𝑌! 
indicates the importance attached to the jth service item, then 𝑌! is distributed as 𝐵𝑒𝑡𝑎(𝑎#! , 𝑏#!), 
where 𝑎#! and 𝑏#! are two parameters of this importance distribution. Thus, these two indices 
can be defined as follows:  

𝜃"! =
$!"

$!"%&!"
, (satisfaction index of the jth service item)               (1) 

𝜃#! =
$#"

$#"%&#"
, (importance index of the jth service item)               (2) 

where 𝑗 = 1,2,⋯ , 𝑞. Both indices’ values are between 0 and 1. When the value of the index 
is 0, it means complete dissatisfaction or lack of attention. When the value of the index is 1, it 
means complete satisfaction or attention. 

Subsequently, a Performance Evaluation Matrix (PEM) for the EMI course is constructed 
by setting the satisfaction index as the horizontal axis and the importance index as the vertical 
axis. Based on the concept of continuous quality improvement in Total Quality Management 
(TQM), the PEM is divided into four evaluation quadrants using the average values of the 
observed satisfaction and importance indices as reference lines. It is important to note that both 
the satisfaction 𝜃'! and importance 𝜃#! indices are unknown parameters. As pointed out by 
Chen et al. (2024), directly using point estimates to evaluate these indices may lead to 
misclassification due to sampling error. To address this concern, the present study derives joint 
upper confidence bounds for the satisfaction and importance indices across the q instructional 
items and uses these bounds as the evaluation coordinate points. Each instructional item is then 
classified into one of the four PEM quadrants based on the location of its coordinate point, and 
evaluation criteria are established following statistical inference principles. This approach 
enables decision-makers (i.e., instructors) to efficiently and reliably identify critical-to-quality 
(CTQ) instructional items that would yield the greatest benefit from targeted improvements. 
Furthermore, in consideration of resource constraints, the proposed evaluation model also 
provides a prioritization scheme, allowing instructors to rank the instructional items in need of 
improvement. This prioritization facilitates the optimal allocation of efforts and resources to 
enhance students’ overall satisfaction with EMI courses. 

The remainder of this paper is organized as follows. In Section 2, the derivation of the 1−α  
confidence intervals for both the satisfaction index and the importance index is presented, and 
the corresponding upper confidence limits for these two indices are obtained. These upper limits 
are then utilized to construct evaluation coordinate points for each instructional item, reflecting 
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the fact that the coordinates incorporate sampling variability through the use of upper 
confidence limits rather than the point estimates. In Section 3, based on the principle of 
continuous quality improvement in TQM, the PEM is divided into four evaluation quadrants 
using the point-estimated average values of the satisfaction and importance indices as reference 
lines, and decision rules are developed. Section 4 provides a real-world case study to demonstrate 
the practical application of the proposed evaluation and decision-making model. 

2. The Joint Upper Confidence Limits of Satisfaction Index and Importance Index 

As previously mentioned, since the satisfaction index is an unknown parameter, it must be 
estimated using sample data obtained from the surveyed students. Let the random variable 𝑋!( 
denote the satisfaction score given by the hth respondent for the jth instructional item. The 
observed value of this random variable 𝑋!( is represented as 𝑥!(. 

⎝

⎜
⎛

𝑋)), ⋯ , 𝑋)(, ⋯ , 𝑋)*
⋮						⋮						⋮

𝑋!), ⋯ , 𝑋!(, ⋯ , 𝑋!*
⋮						⋮						⋮

𝑋+), ⋯ , 𝑋+(, ⋯ , 𝑋+*⎠

⎟
⎞
=

⎝

⎜
⎛

𝑥)), ⋯ , 𝑥)(, ⋯ , 𝑥)*
⋮						⋮						⋮

𝑥!), ⋯ , 𝑥!(, ⋯ , 𝑥!*
⋮						⋮						⋮

𝑥+), ⋯ , 𝑥+(, ⋯ , 𝑥+*⎠

⎟
⎞

                            (3) 

Then the estimator of jth satisfaction index is as follows: 

𝜃"!∗ = 𝑋;! =
)
*
< 𝑥!(

*
(-)                                                        (4) 

The observed values of 𝜃"!∗  is 

𝜃"!.∗ = 𝑥̅! =
)
*
< 𝑥!(

*
(-)                                                        (5) 

where 𝑗 = 1,2,⋯ , 𝑞. This study then calculates the average of all observed values for the 
satisfaction index as follows: 

𝜃". =
)
+
> 𝜃"!.∗

+

!-)
                                                          (6) 

Similarly, the importance index is also an unknown parameter and must be estimated using 
sample data collected from the surveyed students. Let random variable 𝑌!(  represent the 
importance of rating given by the hth respondent for the jth item. The set of observed variables 
𝑌!( is denoted as 𝑦!(. 

⎝

⎜
⎛

𝑌)), ⋯ , 𝑌)(, ⋯ , 𝑌)*
⋮    ⋮          ⋮

𝑌!), ⋯ , 𝑌!(, ⋯ ,  𝑌!*
⋮    ⋮          ⋮

𝑌+), ⋯ , 𝑌+(, ⋯ , 𝑌+*⎠

⎟
⎞
=

⎝

⎜
⎛

𝑦)), ⋯ , 𝑦)(, ⋯ , 𝑦)*
⋮    ⋮          ⋮

𝑦!), ⋯ , 𝑦!(, ⋯ , 𝑦!*
⋮    ⋮          ⋮

𝑦+), ⋯ , 𝑦+(, ⋯ , 𝑦+*⎠

⎟
⎞

                                 (7) 
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Then the estimator of jth importance index is as follows: 

𝜃#!∗ = 𝑌;! =
)
*
< 𝑦!(

*
(-)                                                        (8) 

The observed values of 𝜃#!∗  is 

𝜃#!.∗ = 𝑦;! =
)
*
< 𝑦!(

*
(-)                                                        (9) 

where 𝑗 = 1,2,⋯ , 𝑞 . This paper then calculates the average of the observed values for the 
importance index across all respondents as follows: 

			𝜃#. =
)
+
> 𝜃#!.∗

+

!-)
                                                          (10) 

Then, this paper derives the upper confidence limit of the satisfaction index and the upper 
confidence limit of the importance index. As noted by Chen et al. (2024), since 𝐸[𝜃𝑠𝑗∗] = 𝜃𝑠𝑗, 
the unbiased estimator of the satisfaction index 𝜃𝑠𝑗 is 𝜃𝑠𝑗∗ . Let random variable 𝑍! be defined 
as follows: 

			𝑍! =
/$"
∗ 0/$"
"&" √*⁄                                                                (11) 

where 𝑆3! is the sample standard deviation as follows: 

			𝑆3! = D )
*0)

> E𝑋!( − 𝑋;!G
4*

(-)
                                                (12) 

Based on the Central Limits Theorem (CLT) (Hogg & Tanis, 2021), random variable 𝑍! is 
approximately distributed as a standard normal distribution for large sample size n. Then, the 
100(1 − 𝛼 2⁄ )% upper confidence limit of satisfaction index 𝜃"! as follows:  

				𝑝 M𝜃"! ≤ 𝜃"!∗ + 𝑧5
"&"
√*
Q = 1 − 𝛼/2                                             (13) 

Therefore, the 100(1 − 𝛼 2⁄ )% upper confidence limit of satisfaction index is 

			𝑈𝜃"! = 𝜃"!∗ + 𝑧5 4⁄
"&"
√*

                                                       (14) 

where 𝑧6 4⁄  is upper 𝛼 2⁄  quantile of standard normal distribution. Similarly, since 
𝐸T𝜃#!∗ U = 𝜃#!, the unbiased estimators of importance index 𝜃#! is 𝜃#!∗ . Let random variable 𝑍7! 
as below:  

			𝑍7! =
/#"
∗ 0/#"
"'" √*⁄                                                               (15) 
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where 𝑆8! is the sample standard deviation as follows: 

			𝑆8! = D )
*0)

> E𝑌!( − 𝑌;!G
4*

(-)
                                                 (16) 

Based on the Central Limits Theorem (CLT), random variable 𝑍7!  is approximately 
distributed as a standard normal distribution for large sample size n. Then, the 100(1 − 𝛼 2⁄ )% 
upper confidence limit of importance index 𝜃#! as follows: 

			𝑝 M𝜃#! ≤ 𝜃#!∗ + 𝑧6 4⁄
"'"
√*
Q = 1 − 𝛼/2                                          (17) 

Therefore, the 100(1 − 𝛼 2⁄ )% upper confidence limit of importance index is 

			𝑈𝜃#! = 𝜃#!∗ + 𝑧6 4⁄
"'"
√*

                                                         (18) 

To derive the 100(1 − 𝛼)% joint upper confidence limits of E𝜃'! , 𝜃#!G, this paper defines 
events 𝐸"! and 𝐸#! as follows: 

			𝐸"! = V𝜃"! ≤ 𝜃"!∗ + 𝑧6 4⁄
"&"
√*
W                                                  (19) 

		𝐸#! = V𝜃#! ≤ 𝜃#!∗ + 𝑧6 4⁄
"'"
√*
W                                                   (20) 

Obviously, 𝑝E𝐸'!G = 𝑝E𝐸#!G = 1 − α 2⁄ and 𝑝E𝐸'!9 G = 𝑝E𝐸#!9 G = α 2⁄ 。According to Boole’s 
inequality and DeMorgan’s rules, we have 𝑝E𝐸"! ∩ 𝐸#!G ≥ 1 − 𝑝E𝐸"!9 G − 𝑝E𝐸#!9 G = α 2⁄ . Thus, 

			𝑝 V𝜃"! ≤ 𝜃"!∗ + 𝑧6 4⁄
"&"
√*
, 𝜃#! ≤ 𝜃#!∗ + 𝑧6 4⁄

"'"
√*
W = 1 𝛼                               (21) 

Therefore, 100(1 − 𝛼)% joint upper confidence limits of E𝜃"! , 𝜃#!G can be shown as: 

				𝐽𝑅 = VE𝜃"! , 𝜃#!G]𝜃"! ≤ 𝜃"!∗ + 𝑧6 4⁄
"&"
√*
, 𝜃#! ≤ 𝜃#!∗ + 𝑧6 4⁄

"'"
√*
W                          (22) 

Obviously, the evaluate point of jth service item is E𝑥! , 𝑦!G, where 

𝑥! = 𝑈𝜃"! = 𝜃"!∗ + 𝑧6 4⁄
"&"
√*

                                                     (23)  

𝑦! = 𝑈𝜃#! = 𝜃#!∗ + 𝑧6 4⁄
"'"
√*

                                                     (24) 

 

−
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3. Performance Evaluation Matrix of EMI: Evaluation and Improvement Decision 
Rules 

This study uses the satisfaction index 𝜃"!  as the horizontal axis (x-axis) and the 
importance index 𝜃#! as the vertical axis (y-axis) to construct a PEM for the EMI course, as 
shown in Figure 1. Based on the principle of continuous improvement in TQM, the PEM is 
divided into four quadrants by drawing a vertical line 𝑥 = 𝜃". and a horizontal line 𝑦 = 𝜃#. at 
the average values of the satisfaction and importance indices, respectively, as illustrated in 
Figure.1. It should be noted that the coordinates plotted in the matrix are based on the 
estimated satisfaction and importance indices for each instructional item, whereas the upper 
confidence limits derived in Section 2 are used only in the subsequent hypothesis tests to 
determine whether an item meets or falls short of the benchmark values. 

Figure 1 Four Quadrants of Performance Evaluation Matrix 

Next, 𝑄#, 𝑄##, 𝑄###, and 𝑄#: denotes the following: 

Quadrant 1: 𝑄# = {(𝑥, 𝑦)|𝜃". ≤ 𝑥 ≤ 1, 𝜃#. ≤ 𝑦 ≤ 1} 

Quadrant 2: 𝑄## = {(𝑥, 𝑦)|0 ≤ 𝑥 < 𝜃"., 𝜃#. ≤ 𝑦 ≤ 1} 

Quadrant 3: 𝑄### = {(𝑥, 𝑦)|0 ≤ 𝑥 < 𝜃"., 0 ≤ 𝑦 < 𝜃#.} 

Quadrant 4: 𝑄#: = {(𝑥, 𝑦)|𝜃". ≤ 𝑥 ≤ 1,0 ≤ 𝑦 < 𝜃#.} 

Next, this study establishes the evaluation criteria for the PEM of the EMI course based 
on principles of statistical hypothesis testing. As previously mentioned, in line with the spirit of 
continuous improvement emphasized in TQM, the overall average of all satisfaction indices, 
denoted as 𝜃"., is used as the benchmark for hypothesis testing of individual satisfaction indices. 
Then, the null and alternative hypotheses can be formulated as follows: 
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null hypothesis 𝐻.: 𝜃"! ≥ 𝜃".  versus alternative hypothesis 𝐻): 𝜃"! < 𝜃". 

Next, this study conducts a statistical test using the upper confidence limit of the 
satisfaction index 𝑈𝜃"! for the jth instructional item. The statistical decision rule is formulated 
as follows: 

1. When the upper confidence limit of the satisfaction index 𝑈𝜃"! ≥ 𝜃"., then do not reject 
the null hypothesis 𝐻. and conclude that 𝜃"! ≥ 𝜃". In this case, no improvement is 
deemed necessary for item j, and it can be maintained as is. 

2. When the upper confidence limit 𝑈𝜃'! < 𝜃"., then reject the null hypothesis 𝐻.	and 
conclude that 𝜃"! < 𝜃".. Consequently, item j should be considered for improvement to 
enhance the overall effectiveness of the EMI course. 

After completing the statistical testing of the satisfaction index, the analysis proceeds with 
the statistical testing of the importance index. This step serves as a reference for prioritizing 
improvements when instructional resources are limited. Like the approach used for the 
satisfaction index, this study adopts 𝜃#. as the benchmark for hypothesis testing across all 
instructional items. Then, the null hypothesis and alternative hypothesis can be shown as follows: 

Then, null hypothesis 𝐻7
.: 𝜃#! ≥ 𝜃#. versus alternative hypothesis 𝐻7

): 𝜃#! < 𝜃#. 

Next, the statistical test will be conducted using the upper confidence limit of the 
importance index 𝑈𝜃#!. The corresponding hypothesis testing rules are outlined as follows: 

3. When the upper confidence limit of the importance index 𝑈𝜃#! ≥ 𝜃#. , then do not reject 
the null hypothesis 𝐻7

. , and conclude that 𝜃#! ≥ 𝜃#. . In this case, service item j is 
considered of high importance, and thus should be given a higher priority for improvement. 

4. When the upper confidence limit of the importance index 𝑈𝜃#! < 𝜃#. , then reject the 
null hypothesis 𝐻7

. , and conclude that 𝜃#! < 𝜃#. . In this case, the service item j is 
considered of lower importance, and therefore may be assigned a lower priority for 
improvement. 

The following section of this study utilizes the evaluation coordinate point (𝑥! , 𝑦!) for the 
jth instructional item, derived from Equations (Chen et al., 2024 ; Li et al., 2019), as the basis 
for constructing the evaluation rules of the PEM for EMI courses. These rules are established 
in accordance with the statistical testing criteria developed for the satisfaction index. This 
approach facilitates the identification of instructional items requiring improvement. Furthermore, 
by applying the statistical testing criteria for the importance index, this framework allows 
instructors to determine the priority order for improvements, particularly under conditions of 
limited resources. 

1. When the evaluation coordinate point E𝑥! , 𝑦!G ∈ 𝑄# ∪ 𝑄#: lies in the region where the 
upper confidence limit of the satisfaction index 𝑈𝜃"! ≥ 𝜃". , then according to 
Statistical Test Rule 1, do not reject the null hypothesis 𝐻., and conclude that the 
satisfaction level for instructional item j meets expectations. Therefore, instructional 
item j can be maintained as is and does not require improvement. 

2. When the evaluation coordinate point E𝑥! , 𝑦!G ∈ 𝑄## ∪ 𝑄### lies in the region where the 
upper confidence limit of the satisfaction index 𝑈𝜃'! < 𝜃". , then according to 
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Statistical Test Rule 2, reject the null hypothesis 𝐻. , and conclude that the 
satisfaction level for instructional item j does not meet expectations. Therefore, 
instructional item j requires improvement. 

3. When the evaluation coordinate point E𝑥! , 𝑦!G ∈ 𝑄## lies in the region where the upper 
confidence limit of the importance index 𝑈𝜃#! ≥ 𝜃#., then according to Statistical Test 
Rule 3, do not reject the null hypothesis 𝐻7

., and conclude that 𝜃#! ≥ 𝜃#.. Therefore, 
instructional item j should be assigned a high priority for improvement. 

4. When the evaluation coordinate point E𝑥! , 𝑦!G ∈ 𝑄### lies in the region where the upper 
confidence limit of the importance index 𝑈𝜃#! < 𝜃#., then according to Statistical Test 
Rule 4, reject the null hypothesis 𝐻7

.  and conclude that 𝜃#! < 𝜃#. . Therefore, 
instructional item j should be assigned as a lower priority for improvement. 

4. A Case Study 

Over the past two decades, English as a Medium of Instruction (EMI) has witnessed rapid 
growth in the domain of higher education (Dafouz & Smit, 2016; Zhou et al., 2025). Universities 
in many countries have actively promoted EMI environments with the aim of fostering 
multicultural learning contexts, enhancing the global competitiveness of academic institutions, 
and attracting international students while increasing student mobility across borders (Nguyen 
et al., 2025; Li & Pei, 2024). In 2021, Taiwan’s Ministry of Education launched the Bilingual 
Education for Students in College (BESIC) initiative, promoting EMI to “enhance students’ 
English proficiency, expand English-taught courses, and strengthen the international 
competitiveness of higher education institutions.” This policy aims to improve both faculty 
members’ English teaching competencies and students’ English abilities, while also fostering 
students’ global outlook and intercultural integration skills in an English-medium learning 
environment (Lin et al., 2024). 

Against this backdrop, this study uses an EMI course implemented at a university in Taiwan 
as an empirical case to illustrate the application process of the proposed performance evaluation 
model. Specifically, the study examines learners’ perceived satisfaction and importance regarding 
EMI instruction, providing valuable insights for improving EMI course quality and enhancing 
student learning effectiveness. 

To explore learners’ perceptions of satisfaction and perceived importance in EMI (English 
as a Medium of Instruction) courses, this study adopts a questionnaire based on Yu et al.’s 
instrument for evaluating satisfaction with foreign language teaching (Yu et al., 2017), with 
modifications referencing the work of Yeh et al. (2005). Minor textual adaptations were made 
to tailor the questionnaire to the EMI course context, resulting in an EMI Course Learning 
Effectiveness Questionnaire. The instrument includes five key dimensions: (1) Teaching 
Preparation, (2) Teaching Attitude, (3) Teaching Capability, (4) Teaching Management, and (5) 
Coursework and Evaluation. 

For each item, respondents are asked to evaluate both their level of satisfaction and the 
importance they assign to the item, using a scale from 0 to 10—where 0 indicates “extremely 
dissatisfied” (or “least important”) and 10 indicates “extremely satisfied” (or “most important”). 
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The participants of this study were students at the university level or above who had 
previously taken EMI (English as a Medium of Instruction) courses. A total of 329 questionnaires 
were distributed, with 272 returned, resulting in a response rate of 82.7%. After eliminating 9 
invalid responses, 263 valid questionnaires were retained, yielding an effective response rate of 
79.9%. Among the valid respondents, 65.31% were undergraduate students, 32.84% were 
master's students, and 1.85% were doctoral students. In terms of gender distribution, male and 
female participants accounted for 41.70% and 58.30%, respectively. Regarding academic 
disciplines, 81.74% were from business and management faculties, 17.11% from information and 
engineering, and 1.14% from humanities and social sciences. Because the sample is drawn from 
a single institution and is dominated by business and management majors, the empirical findings 
should be generalized to other EMI contexts (such as STEM or humanities programs) with 
caution. 

Regarding reliability, the analysis conducted using SPSS revealed that the Cronbach’s α 
values for each dimension were as follows: Dimension 1 reached 0.916; Dimension 2 reached 
0.931; Dimension 3 reached 0.875; Dimension 4 reached 0.888; and Dimension 5 reached 0.800. 
The overall Cronbach’sαvalue was 0.971, indicating high internal consistency across the 
questionnaire items. According to DeVellis (2023), these results suggest that the reliability of 
the questionnaire scale is excellent and suitable for the purposes of this study. As for validity, 
the EMI questionnaire adopted in this study is based on the well-established instruments 
developed by Yu et al. (2017) and Yeh et al. (2005), both of which demonstrate strong content 
validity. Therefore, it can be concluded that the questionnaire used in this study meets the 
required standards of content validity. 

Based on the analysis of the 263 valid questionnaires, the evaluation point of the jth service 
item E𝑥! , 𝑦!G, as shown in Table 1. 

Table 1. Summary of survey for EMI course 

Dimensions Items !𝑥! , 𝑦!% Quadrant Improvement Priority 

Teaching 
preparation 

1. The course material that teachers 
have prepared is at an adequate 
level of complexity. 

(0.869, 
0.868) 4 N  

2. The quantity of the material is 
appropriate. 

(0.876, 
0.871) 4 N  

3. The content of the material helps 
to improve my English 
proficiency 

(0.859, 
0.867) 3 Y Low 

4. Teachers have prepared 
thoroughly for class 

(0.897, 
0.903) 1 N  

Teaching 
attitude 

5. Teachers emphasize conversation 
practice in English 

(0.881, 
0.881) 1 N  

6. Teachers value the opinions of 
students 

(0.895, 
0.897) 1 N  

7. Student-teacher interaction in 
class is strong 

(0.891, 
0.898) 1 N  
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8. Teachers are happy to help 
students solve problems 

(0.906, 
0.914) 1 N  

9. Teachers treat all students fairly (0.913, 
0.909) 1 N  

Teaching 
capability 

10. Teachers speak English clearly (0.880, 
0.891) 1 N  

11. Teachers express themselves 
logically 

(0.888, 
0.894) 1 N  

Teaching 
management 

12. Teachers use a variety of teaching 
methods 

(0.871, 
0.878) 1 N  

13. Teachers interest me in learning 
English 

(0.855, 
0.866) 3 Y Low 

14. Teachers adequately control the 
pace of learning (0.874,0.884) 1 N  

Coursework 
and 

evaluation 

15. The coursework or evaluation 
helps me improve my English 
proficiency. 

(0.863, 
0.872) 2 Y High 

16. The level of difficulty for 
assignments and exams is 
suitable. 

(0.864, 
0.885) 2 Y High 

Subsequently, using the satisfaction index 𝜃"!  as the horizontal axis (x-axis) and the 
importance index 𝜃#! as the vertical axis (y-axis), a PEM for the EMI course is constructed, as 
shown in Figure. 2. In line with the TQM philosophy of continuous improvement, the matrix is 

divided into four evaluation quadrants by a vertical line at 𝑥 = 𝜃". =
)
);
> 𝜃"!.∗

);

!-)
= 0.865 and 

a horizontal line at 𝑦 = 𝜃#. =
)
);
> 𝜃#!.∗ = 0.871

);

!-)
, as illustrated in Figure. 2. 

   Figure 2 Performance evaluation matrix for EMI Courses 

In this study, the four quadrants𝑄#, 𝑄##, 𝑄###, and 𝑄#: are defined as follow: 

Quadrant 1: 𝑄# = {(𝑥, 𝑦)|0.865 ≤ 𝑥 ≤ 1, 0.871 ≤ 𝑦 ≤ 1} 
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Quadrant 2: 𝑄## = {(𝑥, 𝑦)|0 ≤ 𝑥 < 0.865, 0.871 ≤ 𝑦 ≤ 1} 

Quadrant 3: 𝑄### = {(𝑥, 𝑦)|0 ≤ 𝑥 < 0.865, 0 ≤ 𝑦 < 0.871} 

Quadrant 4: 𝑄#: = {(𝑥, 𝑦)|0.865 ≤ 𝑥 ≤ 1, 0 ≤ 𝑦 < 0.871} 

Next, based on the statistical testing rules, the evaluation rule for the PEM of EMI is 
established. As previously mentioned, in accordance with the spirit of continuous improvement 
emphasized in TQM, this case adopts the average value of all satisfaction indices 𝜃". = 0.865 
as the testing benchmark for satisfaction indices. 

Then, the null hypothesis and alternative hypothesis can be shown as follows: 

null hypothesis 𝐻.:	𝜃"! ≥ 0.865 versus alternative hypothesis 𝐻): 𝜃"! < 0.865 

Next, the statistical test is conducted using the upper confidence limit of the satisfaction 
index 𝑈𝜃"!. Accordingly, the statistical testing rule for this case is defined as follows: 

1. When the upper confidence limit of the satisfaction index is up to 𝑈𝜃"! ≥ 0.865, then 
do not reject null hypothesis 𝐻. and conclude that 𝜃"! ≥ 0.865 and conclude that 
𝜃"! ≥ 0.865. 

2. When the upper confidence limit of the satisfaction index is down to 𝑈𝜃"! < 0.865, then 
reject null hypothesis 𝐻. and conclude that 𝜃"! < 0.865. 

Then, the null hypothesis and alternative hypothesis can be shown as follows: Like the 
satisfaction index, this study adopts 𝜃#. = 0.871 as the testing criterion for all importance 
indices in this case. Then, the null hypothesis and alternative hypothesis can be shown as follows: 

null hypothesis 𝐻7
.: 𝜃#! ≥ 0.871 versus alternative hypothesis 𝐻7

):	𝜃#! < 0.871 

Subsequently, based on the upper confidence limit of the importance index 𝑈𝜃#! for the jth 
item, the hypothesis testing rule for this case is established as follows: 

1. When the upper confidence limit of the importance index 𝑈𝜃#! ≥ 0.871, then do not 
reject null hypothesis 𝐻7

. and conclude that 𝜃#! ≥ 0.871. 

2. When the upper confidence limit of the importance index 𝑈𝜃#! < 0.871, then reject null 
hypothesis 𝐻7

. and conclude that 𝜃#! < 0.871. 

Next, based on the testing rules and the PEM of EMI established in Section 3, the 
evaluation and decision-making outcomes of the above case are summarized as follows: 

1. The evaluation coordinate points (𝑥), 𝑦)), (𝑥4, 𝑦4), (𝑥<, 𝑦<), (𝑥=, 𝑦=), (𝑥;, 𝑦;), (𝑥>, 𝑦>), 
(𝑥?, 𝑦?) , (𝑥@, 𝑦@) , (𝑥)., 𝑦).) , (𝑥)), 𝑦))) , (𝑥)4, 𝑦)4) , (𝑥)<, 𝑦)<) ∈ 𝑄# ∪ 𝑄#:  indicate that 
the upper confidence limits of the satisfaction indices for teaching items 1, 2, 4, 5, 6, 7, 
8, 9, 10, 11, 12, and 14 are all greater than 0.865. Therefore, no improvement is required 
for these items.  

2. The evaluation coordinate points (𝑥A, 𝑦A) , (𝑥)A, 𝑦)A) , (𝑥)=, 𝑦)=) , (𝑥);, 𝑦);) ∈ 𝑄## ∪
𝑄###	indicate that the upper confidence limits of the satisfaction indices for teaching 
items 3, 13, 15, and 16 are all less than 0.865. Therefore, these items require 
improvement. 
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3. The evaluation coordinate points (𝑥)=, 𝑦)=), (𝑥);, 𝑦);) ∈ 𝑄##  indicate that the upper 
confidence limits of the importance indices for teaching items 15 and 16 are greater than 
0.871, suggesting that these items should be prioritized for improvement. 

4. The evaluation coordinate points (𝑥A, 𝑦A) , (𝑥)A, 𝑦)A) ∈ 𝑄###  indicate that the upper 
confidence limits of the importance indices for teaching items 3 and 13 are less than 
0.871, suggesting that these items have a lower priority for improvement. 

In TQM, continuous improvement is employed to enhance satisfaction, and the PDCA 
(Plan–Do–Check–Act) cycle serves as a core managerial tool for implementing such improvement 
processes (Deming, 1986; Oakland, 2014). Figure 2 and Table 1 summarize the questionnaire 
analysis results and key findings, fulfilling the “Check” function of the PDCA cycle. The 
subsequent “Act” phase involves taking appropriate actions according to the quadrant in which 
each teaching item falls. From a TQM perspective, the recommended managerial responses for 
items located in the four quadrants are as follows (Martilla & James, 1977; Slack et al., 2013): 

Quadrant 1. High satisfaction and high importance — Maintain performance. 

Teaching items 2, 4, 5, 6, 7, 8, 9, 10, 11, 12, and 14 fall into this quadrant and 
should be continuously maintained. If resources are limited, a portion of the 
resources allocated to Quadrants 3 or 4 may be redirected to this quadrant to 
support ongoing maintenance efforts. 

Quadrant 2. Low satisfaction and high importance — Focus attention. 

Teaching items 15 and 16 fall into this quadrant and require focused improvement. 
If resources are insufficient, some of those allocated to Quadrants 4 may be 
reallocated to this quadrant to support improvement actions. 

Quadrant 3. Low satisfaction and low importance — Lower priority. 

Teaching items 3 and 13 fall into this quadrant. Due to their low importance, 
improvements are of lower priority. If resources are limited, a portion of those 
allocated to this quadrant may be redirected to Quadrants 2 to support 
maintenance or improvement efforts. 

Quadrant 4. High satisfaction and low importance — Potential overinvestment. 

Teaching items 1 fall into this quadrant. Achieving high satisfaction on items of 
low importance suggests possible overuse of resources. When resources are 
constrained, it is advisable to moderately reduce investment in this quadrant and 
reallocate part of the resources to Quadrants 1 or 2 to support maintenance or 
improvement activities. 

5. Conclusions 

This study proposes a systematic performance evaluation model tailored for EMI courses, 
with a focus on data-driven instructional improvement. Conceptualizing EMI courses as service 
operation systems, the model assists in evaluating and improving student satisfaction across five 
key instructional dimensions: Teaching Preparation, Teaching Attitude, Teaching Capability, 
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Teaching Management, and Coursework and Evaluation. Each EMI course is assumed to consist 
of q instructional items, for which student feedback is collected via a structured questionnaire 
measuring both satisfaction and importance. Based on these responses, the model estimates two 
core metrics—the Satisfaction Index and the Importance Index—using Beta distributions. 

To visualize and analyze these metrics, a PEM is constructed, with the satisfaction index 
on the horizontal axis and the importance index on the vertical axis. Following the principles of 
TQM, the matrix is divided into four quadrants using the average values of the two indices as 
reference lines. To strengthen statistical rigor, the study further derives joint upper confidence 
limits for each item and conducts hypothesis testing to determine whether an instructional item 
meets the expected quality benchmarks. 

A critical feature of this model is its prioritization mechanism, which enables the 
identification of critical-to-quality (CTQ) instructional items that receive low satisfaction ratings 
but are considered highly important by students. This mechanism provides practical guidance 
for instructors, particularly when resources are limited, by highlighting which items should be 
prioritized for improvement. 

Overall, the findings provide initial empirical support for the proposed PEM-based 
evaluation model and illustrate its practical utility for analyzing EMI course quality. The case 
study demonstrates how satisfaction and importance indices can be summarized jointly and 
translated into concrete improvement priorities, helping instructors move from intuitive 
impressions to transparent, data-driven decisions.  

The model offers a transparent, statistically grounded framework and a set of actionable 
decision rules for continuous quality enhancement in EMI instruction. It enables instructors and 
program administrators to identify CTQ instructional items, prioritize improvement efforts 
under resource constraints, and document the rationale for those decisions in a systematic way. 
Thus, the PEM framework functions both as an evaluative instrument that structures student 
feedback and as a strategic planning aid that can be integrated into broader course review or 
TQM-oriented improvement processes. 

Future research could extend the PEM framework to other disciplinary and institutional 
contexts, including EMI courses in STEM and humanities programs, to examine its robustness 
across different learner profiles and teaching environments. It would also be valuable to 
incorporate external validation or sensitivity analyses—for example, by relating PEM-based 
classifications to independent measures of learning outcomes or by testing the impact of 
alternative benchmark choices.  
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