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ABSTRACT
Although English-medium instruction (EMI) has been implemented and
developed rapidly in higher education, little is known about its learning
process and effects. This study employed a systematic approach to
explore how diverse factors affect student performance in English and
disciplinary learning. We conducted a survey to collect students’ self-
report of their learning in the EMI programmes and used partial least
square structural equation modelling in evaluation. The findings
demonstrate three personal factors (prior knowledge, effort, and
interest) and three environmental factors (course, teacher, and resource)
have effects on student performance. We find that effort has the
strongest direct impact on learning outcomes, prior knowledge the
second, while course factor the least. Interest has an indirect effect on
outcomes through the mediating effect of effort, and teacher and
resource factors have indirect effects on outcomes mediated by course.
In addition, prior knowledge has a larger impact on English
performance than on subject achievement. The present study
theoretically and methodologically contributes to the research field of
EMI by systematically examining the learning process of EMI and
constructing a structural model of complex relationships of multiple
factors affecting student performance in EMI programmes. This study
also provides implications for EMI practice.
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Introduction

English as the global lingua franca has been a medium of instruction for subjects in the school cur-
riculum among many non-English speaking countries for the purpose of integrating language
learning with subject learning (Dimova and Kling 2018; Hodara 2015; Johnson 2020; Nicholls
2020). The spread of English-medium instruction (EMI) programmes from European countries
to developing countries in Latin America and Asia, particularly in the higher education sector
(Breeze and Dafouz 2017; Byun et al. 2011; Coleman 2006; Poole 2013), has been driven by several
forces. One aim of adopting EMI in higher education is to internationalise universities, through
which more international students or teacher resources may be attracted to improve the diversity
and influence of universities (Wilkinson 2013). This approach to education promotes more and
easier access to cutting-edge knowledge in various disciplines, fields of studies, and international
academia, which is regarded by some governments as a way to further facilitate the scientific,
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economic, and social development of a country (Hu 2007). The adoption of EMI may also aim to
help create more revenue, improve university rankings, and enhance students’ overall competitive-
ness and employability in the global marketplace (Coleman 2006; Pecorari et al. 2011).

Against this backdrop, China’s higher education has aimed to enhance the quality of higher edu-
cation and cultivate high-end bilingual talent to boost China’s development and confront future
international challenges (Liu 2020). At the turn of this century, China’s Ministry of Education pro-
mulgated 12 policy initiatives as crucial steps to advance the quality and development of higher edu-
cation, among which EMI was a key component. EMI has been implemented as an effective solution
that integrates the teaching of disciplinary knowledge with enhancing English proficiency by way of
increasing exposure to English as a language of instruction. Consequently, Chinese universities
have started to follow this policy initiative and EMI has seen rapid development and wide
implementation in China over the past decade.

While the existing literature on EMI has focused on research in European contexts (Coleman
2006; Dalton-Puffer 2011), as this educational approach has been prevalent in European countries
for a relatively long time, few empirical studies have been conducted in the context of developing
countries including China which are newcomers to EMI (Hu 2008; Hu and McKay 2012; Piller and
Cho 2013). Thus, empirical studies in this respect should be conducted in non-European countries.
Indeed, despite the spread of EMI programmes in Chinese universities, there is still a paucity of
relevant research into EMI in the country (Hu, Li, and Lei 2014; Tong and Shi 2012; Yang
2015). The existing research about EMI in China’s higher education mainly focuses on theoretical
discussions, and not much appears strictly acquisition-based, lacking topics of the actual practice
and effects of EMI in China, which should be an important dimension of EMI (Hu, Li, and Lei
2014; Tong and Shi 2012).

In this sense, this study aims to address the research gap by conducting an empirical evaluation
to investigate the student learning process in EMI programmes. Specifically, the research question
to be answered is: How do diverse factors influence student performance in language and discipline
learning? A survey research was conducted to collect data in this study, and data were analysed by
using quantitative methods and multivariate analysis based on the partial least square structural
equation modelling (PLS-SEM) approach. To answer the research question, a structural model of
the effects of diverse factors on student performance was constructed.

The present study also aims to make research methodological contributions to the field of EMI
by using the PLS-SEMmethod to construct a structural model of the complex relationships of mul-
tiple factors that affect student performance in EMI programmes. As little research has previously
been conducted to systematically examine the learning process of EMI, this technique for multi-
variate analysis has rarely been employed previously to explore these issues. This statistical method
provides insights for analysing the effects of various personal and environmental variables involved
in the learning process, how they are interrelated, and which effect is stronger than others. Based on
the research results, some pedagogical implications regarding EMI practice are further discussed in
later sections.

Background and literature

English-medium instruction (EMI) generally refers to the use of English as an instructional
language for teaching disciplinary knowledge to students who either speak English as a lingua
franca or learn English as a second language. In the former situation, English mainly works as a
tool for communication, while in the latter situation it is the focus of the study, mainly focusing
on EMI as a means of learning both language and disciplinary knowledge simultaneously. In
addition to EMI, there are also many other forms of instruction with similar ideas and approaches,
such as Content and Language Integrated Learning (CLIL), and Integrating Content and Language
(ICL), which use a target language to teach the subject content (Dalton-Puffer 2011; Smit and
Dafouz 2012). In EMI, the target language is English.
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In China, EMI policy has been closely connected with the government’s objectives to internatio-
nalise the curricula and improve the quality of education in the country (Huang 2006). EMI courses
have been widely implemented at all levels of education and particularly in universities across China
for nearly two decades with a dual objective of improving students’ subject knowledge and English
proficiency (Zhang and Pladevall-Ballester 2021). The popularity of EMI in tertiary level education
has caused some researchers to examine its effectiveness in achieving the course goals (Lei and Hu
2014), questioning the quality of the faculty who are teaching academic subjects in English (Hu
2007) and investigating the actual use of English language due to different levels of English profi-
ciency of teachers and students (Pan 2007). Trans-languaging practices in EMI classrooms in Chi-
nese universities, as observed byWang and Curdt-Christiansen, indicate a special characteristic that
EMI courses in China should be ‘reconceptualised’ (Gao and Ren 2019) towards ‘transitional bilin-
gual instruction’ in which students receive English instruction in most curriculum time to achieve
‘limited biliteracy’ and ‘limited cultural enrichment’ (Hu 2008; Zhou, Li, and Gao 2021).

The existing literature shows that there are diverse and complex findings relating to learning out-
comes and effects of EMI (Costa and Coleman 2013; Tong and Shi 2012; Wilkinson 2013). As for
linguistic gains, students are expected to improve their discipline-specific language ability for better
content comprehension and general language proficiency for classroom interaction (Zhang and
Pladevall-Ballester 2021). Consequently, the variable of English competence has an influence on
classroom English use and interaction, which may either promote or inhibit English improvement
and the learning of disciplinary knowledge according to the English level of students and teachers.
In terms of EMI’s effect on language learning, many studies have reported positive results and
suggested several reasons for such beneficial effects (Hu and Wu 2020; Jiang and Zhang 2019;
Sahan and Sahan 2021; Xie and Curle 2022). One possible reason is that as EMI uses English as
the teaching language, the classroom naturally provides a favourable learning environment in
which students’ exposure to the English language increases (Pecorari et al. 2011; van der Worp
2017). Another possible reason is that students have more opportunities to apply English in natural
and academic settings with English as the tool of communication and interaction between teachers
and students. For EMI’s effect on subject learning, many studies have shown that EMI does not
lower students’ academic achievements (Dafouz and Camacho-Miñano 2016; Dafouz, Camacho,
and Urquia 2014) but instead has a positive influence on the learning of disciplinary knowledge,
and that students and teachers hold positive attitudes and perceptions of EMI (Aguilar and Rodrí-
guez 2012; Ball and Lindsay 2013; Costa and Coleman 2013).

On the other hand, negative results have also been found in empirical studies about EMI.
Although some research has shown that a great number of faculty and students regard their English
proficiency as sufficient and adequate for EMI, other studies document that inadequate English
proficiency becomes a barrier to effective teaching and learning in EMI classes. Students may
have difficulty comprehending lectures and require more time to prepare for and complete courses
and tasks. This also brings more pressure and extra work to teachers (Tong and Shi 2012; Wilkinson
2013). As a result, the use of English for interaction is reduced while the student’s first language is
used more frequently in the classroom. Meanwhile, disciplinary knowledge learning also seems to
be negatively affected when teachers adopt certain strategies to lower the level of difficulty of subject
content (Beckett and Li 2012). In contrast to the positive attitudes towards EMI in the studies men-
tioned above, other studies have found that resistance to EMI also exists among many students and
teachers (Doiz, Lasagabaster, and Sierra 2013; Tange 2012). Furthermore, some studies have even
suggested that EMI leads to educational inequalities, as it tends to benefit some institutions and elite
individuals more than others that can access better resources for becoming winners in this English
race (Costa and Coleman 2013; Piller and Cho 2013; Wilkinson 2013). This is more related to socio-
economic inequalities in terms of resources available in different types of universities and for stu-
dents with different socioeconomic statuses.

As can be seen from the above, mixed findings are reported in the existing literature, and several
factors have been identified that exert an influence on the process and outcomes of EMI. All the
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studies demonstrate that the complex process of EMI learning involves many factors, while few
studies have examined how a combination of diverse factors interplay and affect student learning
(Hu, Li, and Lei 2014). Thus, more research must be conducted to further investigate the process of
EMI, and to learn about how various factors interact to bring about its outcomes and effects.

Research question, model and conceptual framework

To better deconstruct the effects of EMI on student English and disciplinary learning outcomes, this
study empirically investigates the actual complex process of student learning in EMI programmes in
the context of Chinese higher education, by exploring how diverse factors affect student perform-
ance in these programmes. We present the research question as follows:

How do diverse factors (both personal and environmental factors) influence student perform-
ance in EMI programmes in Chinese universities?

To examine the relationships, this section firstly identifies the variables involved in the learning
process and their outcomes, including the factors that have an influence and their respective
outcomes.

This empirical study includes two categories of influencing factors, (1) personal and (2) environ-
mental (Athey 1983), and examines how these factors influence student learning in EMI and bilin-
gual programmes.

(1) Within the category of personal factors, three factors are taken into consideration to establish
the conceptual model in this study, including prior knowledge, effort, and interest. These three
factors were chosen because they are widely used in the literature on learning outcomes (Alex-
ander and Murphy 1998; Schiefele 1991). i. Prior knowledge is identified as a key acquired fac-
tor (Cummins 2008). As suggested in some previous research, prior foundation preceding later
study may exert a relatively large impact on performance and outcomes (Simonsmeier et al.
2022; Thompson and Zamboanga 2003). As an EMI programme is an integrated learning pro-
cess of English and academic subject, prior knowledge in this study contains two aspects, prior
knowledge in English, and prior knowledge in subject. ii. Effort. During the learning process,
learner effort may determine how well the learner acquires knowledge and skills and their sub-
sequent performance to a large extent. Knowledge in the Chinese EMI programmes included in
this study mainly refers to domain-specific information stored in learners’ memory, such as
concepts, relational facts and problem-solving skills. Students who attend EMI courses must
focus on learning both English and subject, so the factor of effort in the study contains
effort made for learning English, and effort made in learning subject knowledge (Doumen,
Broeckmans, and Masui 2014; Masui et al. 2014). Subjects could refer to a range of subjects
that students major in, ranging from Humanities and Social Sciences, Business and Manage-
ment, Science and Engineering, to Medicine. English serves as a carrier of the subject knowl-
edge and is used as the medium of instruction for the subject courses. iii. Interest. Apart from
making an effort, interest is usually regarded as an important factor that acts as a driving force
for learners to make continuous effort in their studies (Lee 2002; Robinson, Gerace, and Mestre
1980). When learners feel interested to learn, better results may be yielded. Interest is defined as
a personal psychological state in which an increased commitment to learning arises (Harack-
iewicz, Smith, and Priniski 2016). Similarly, the factor of interest includes interest in learning
English and interest in subject knowledge.

(2) Besides personal factors, environmental factors are also crucial, as learning does not only
involve learners, but also influences from the external environment (Gilmore et al. 2015).
Within the category of environmental factors, there are also three factors that will be included
in the model of this study, which are course, teacher and resource. i. For any educational pro-
gramme, course design and quality can be important factors that affect learning outcomes
(Darling-Hammond 2006; Ramsden 1991; Sayed and Ahmed 2015). In EMI programmes,
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course is the key component that delivers the learning content in English language for students.
Thus, whether and how effective the course design is may affect the input for students, so it is
vital to investigate this factor in two aspects in regard to subject content and English use. ii. In
addition to course design, the teacher plays a central role in delivering course content and
determining course quality, and hence teacher’s capacity and quality is another factor that
exerts an impact upon learning, specifically the level of teacher’s knowledge and their lecturing
skills. When delivering EMI courses, teachers not only need a good level of knowledge of the
academic subject, but also a good command of English, as well as a good level of lecturing skills
(Duong and Chua 2016; Hou et al. 2013). Therefore, teacher factor contains the three aspects
mentioned above. iii. Furthermore, resource is an additional factor that contributes to course
quality (Temple and Reynolds 2007). Learning resource could refer to the relevant study
materials, books, audio or video databases, and equipment for learning. If the learning resource
is richer for the course and in the institution, the course can be enriched with better content
and a more scientific and reasonable design to enhance course quality. In EMI programmes,
resources for both English learning and disciplinary learning are important and may make a
difference to the course content and the learning outcomes.

After identifying the factors affecting the learning process and outcomes, the variables of student
performance are clarified (more details on data collection are revealed in Section 4). The success of
EMI programmes is dependent upon outcomes in two main areas of student learning: acquisition of
English and acquisition of subject knowledge. (1) For English performance, three features are taken
into consideration. The first feature is English proficiency level. The second feature is confidence in
English, reflecting how well the learners perceive their English ability. The third feature is the ability
in using English, reflecting students’ ability in the general use of English not restrictive to their sub-
ject learning (Tong and Shi 2012; Wilkinson 2013). Consequently, the variable of English compe-
tence has an influence on English use and interaction in the classroom, which may either promote
or inhibit English improvement and the learning of disciplinary knowledge according to the English
level of students and teachers. (2) In terms of subject knowledge, four features are considered in this
study (Kim, Kweon, and Kim 2017; Kym and Kym 2014). The first feature is student performance in
courses of their programmes, which directly indicates their command of the subject knowledge
upon completing the courses. The second feature is their performance in academic/professional
competitions in the subject area. Student performance in competitions is singled out to examine
how well respondents command and are able to apply disciplinary knowledge in competitions in
their own study fields. As college students may not only learn disciplinary knowledge in their
courses, but also apply knowledge in various academic-related activities, student performance in
competitions could to some extent reflect how well they command and are able to apply disciplinary
knowledge. The third feature of subject knowledge is academic research ability in the subject area.
In addition to learning in the class and participating in academic activities, academic skills in
researching the subject area is another indicator that demonstrates a learner’s level of disciplinary
knowledge. The fourth feature is the ability to apply subject knowledge in practice, which is also a
key indicator of achievement in subject learning and one of the most important objectives of under-
graduate programmes.

Based on previous identification, clarification, and discussion of all variables involved in the
learning process, six factors are considered to interplay and influence student performance in
both English and subject knowledge. Table 1 lists the eight variables and their corresponding indi-
cators (with respective notations).

This study constructs an exploratory conceptual model of the learning process in EMI pro-
gramme, as shown in Figure 1. Altogether there are eight latent variables in the structural model
that establish interrelationships, including (1) prior knowledge, (2) effort, (3) interest, (4) course,
(5) teacher, (6) resource, (7) English, and (8) subject.

The hypotheses constructed in our models are as follows.
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H1a: A student’s prior knowledge would directly predict his or her performance in English.

H1b: A student’s prior knowledge would directly predict his or her performance in subject.

H2a: A student’s effort would directly predict his or her performance in English.

Table 1. Latent variables and measurement indicators in the model.

Model types Factors Latent variables Measurement indicators Notations

Formative models Personal factors Prior knowledge Prior knowledge of English A1
Prior knowledge of Subject A2

Interest Interest in learning English B1
Interest in learning Subject B2

Effort Effort of learning English C1
Effort of learning Subject C2

Environmental factors Teacher Teachers’ level of English D1
Teachers’ level of Subject knowledge D2
Teachers’ lecturing skills D3

Course Subject major courses design I1
Classroom English use I2

Resource Resources for learning Subject F1
Resources for learning English F2

Reflective models Student performance English English competency G1
Confidence about English G2
Ability to use English G3

Subject Major courses results H1
Academic competitions H2
Academic skills H3
Application of subject knowledge in practice H4

Figure 1. The exploratory conceptual model of the EMI.
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H2b: A student’s effort would directly predict his or her performance in subject.

H3: A student’s interest would directly predict his or her effort, and thus indirectly predict his or her perform-
ance in English and subject.

H4a: Course quality would directly predict student performance in English.

H4b: Course quality would directly predict student performance in subject.

H5: Teacher quality would directly predict course quality, and thus indirectly predict student performance in
English and subject.

H6: Resource would directly predict course quality, and thus indirectly predict student performance in Eng-
lish and subject.

Validating these hypotheses and obtaining the relationships among the factors could help us
understand our fundamental research question that how different factors influence the student
learning process and outcome in EMI courses, which adds new empirical evidence to the literature
on EMI.

Methodology

Survey

In this study, we used questionnaire data collected from an online survey to examine the research
question. Following the procedures of survey research (see Figure 2), the first step is to consider the
target population and sampling methods to be used. In the present study, the population is learners
who have experience with EMI programme in Chinese higher education, and sampling methods are
convenience sampling and snowball sampling through web survey and online social networking
platforms. The questionnaire is then designed and administered to the sample population. Data
was then collected, processed, analysed, and interpreted.

The structure of the survey is shown in Table 2 below (Due to the limit of space, please refer to
the Appendix for the questionnaire). At the very beginning of the web survey, the research purpose

Figure 2. Questionnaire design and data collection procedure Source: compiled by the author, reference: Bryman (2012).
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and process are explained to the participant. A question is also set in Part 0 of the questionnaire to
ask for the participant’s consent. To make sure the respondents are indeed EMI learners, a question
is set in Part 1 of the questionnaire to screen the data to identify the right respondents in this survey.

Part 2 collects data on the multiple indicators for the model to answer the research question.
The five-point Likert scale was used in the questionnaire design to collect data for the multiple
indicators. The respondents’ response to each question item was scored, varying from 1 to
5. More specifically, students were required to self-report their evaluation of the indicators. For
the variable Prior knowledge, participants were required to self-assess A1 their prior foundation
in English and A2 subject area when entering the university; B1 their interest in learning English
and B2 their interest in learning their subject, for the second latent variable Interest; C1 their time
and effort devoted to learning English and C2 their time and effort devoted to learning subject, for
the third latent factor Effort; D1 the level of English competency of the teachers teaching courses
of their programme, D2 The knowledge level in the subject area of the teachers teaching courses
of their programme, and D3 The lecturing skills of the teachers teaching courses of their pro-
gramme, for the fourth latent variable Teacher; I1 The degree of reasonable design of your courses
for subject study, and I2 The degree of reasonable English use in your class, for the fifth factor
Course; F1 their resources and environment for learning the subject and F2 their resources
and environment for learning English, for the sixth latent factor Resource; G1 their current
level of English competency, G2 their current level of confidence in English, and G3 their current
ability of using English, for the seventh latent variable of student performance in English; H1 their
performance and results of subject major courses in their programme, H2 their performance in
academic competitions in their subject area, H3. their academic ability in your subject area,
and H4 their ability of applying subject knowledge in practice, for the eighth latent variable of
student performance in Subject.

Apart from this main body of questions, participants’ demographic information is collected in
Part 3, including sex, place of birth and whether in urban or rural areas, name of institution, major
of study, and year of study. To ensure maximum variation in the sample, we tried to reach out to a
wide range of people covering a diversity of majors of study, year groups, genders, and universities,
by sending the questionnaire to diverse platforms.

The study aimed to collect at least 100 samples or at least 5 cases for each parameter, as previous
researchers have suggested for the minimum sample size for SEM studies (Bentler and Chou 1987;
Ding, Velicer, and Harlow 1995; Tabatchnick and Fidell 2001). For this study, 308 completed ques-
tionnaires were returned, with 100 percent of informed consent, as all respondents chose ‘Yes’ for
the question of Part 0 in the survey. Among 308, 180 respondents chose ‘Yes’ for the question of
Part 1 in the survey, which helped me to select and use data from the right participants who had
attended the EMI courses. Thus, the valid questionnaire return rate was 58.44%.

From the responses in Part 3, the basic sample characteristics of EMI learners in this study are as
follows. Among the EMI respondents, 30% are male (54), and 70% are female (126). They are from
141 districts in 88 cities of 25 provinces in China, covering 15% from rural areas (26), and 85% from
urban areas (154), including 39% in provincial cities (70), 32% prefecture cities (58), and 14%
county cities (26).

The respondents were frommore than 20 universities, and the majors of study cover 27%Huma-
nities and Social Sciences (48), 40% Business and Management (72), 21% Science and Engineering
(38), and 12% Medicine (22). Year groups cover 22% of graduates (39) who have already finished

Table 2. Structure of the survey.

Parts of the survey Data collected from the survey

Part 0 Informed consent
Part 1 To identify whether the participants are EMI learners
Part 2 Data to measure the indicators for the variables involved in the learning process of EMI programme
Part 3 Background information of participants
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their courses and left higher education, 34% of graduate students (61) who have completed their
EMI undergraduate programmes and now in their further education, 44% of undergraduate stu-
dents (80) who are attending EMI courses, including 12% first-year students (21), 4% second-
year students (7), 8% third-year students (15), and 20% fourth-year students (37).

The sample distribution and characteristics indicate that the participants have diverse back-
grounds, which basically satisfy the general requirement of data analysis.

Partial least squares (PLS) modelling

As the present study constructs a conceptual model of the hypothesised relationships among var-
ious factors that influence student learning in EMI programmes, complex statistical techniques are
required to test the hypotheses and the model. Structural equation modelling (SEM) is a statistical
method used in many studies that require multivariate analysis (Kim and Sohn 2009; Lin, Lam, and
Tse 2019; Musah et al. 2015; Tai and Tang 2021). For instance, Kim and Sohn (2009) and Tai and
Tang (2021) used SEM approach to study EMI in Korean universities and in a Taiwanese university
respectively. SEM, specifically partial least square (PLS or PLS-SEM), was employed in this study to
analyse the relationships among the variables, for the following reasons.

Firstly, PLS modelling is a statistical technique used for multivariate analysis in examining
relationships among multiple independent and dependent variables, especially latent variables
measured by indicators. This method has been adopted in many research fields of the social
sciences, including education, and has been proved to be efficient in producing reliable results
(Hair et al. 2016).

Secondly, PLS is appropriate and recommended for the purpose of testing and validating
exploratory models at an early stage of theory development (Gerlach, Kowalski, and Wold 1979;
Hair, Ringle, and Sarstedt 2012; Hair et al. 2019; Nitzl 2016). In the present study, the conceptual
model is more exploratory than confirmatory, so PLS was employed to test the hypothesised
relationships among the variables. PLS also has advantages such as a reduced demand on the sample
size and it allows the use of reflective and formative measures.

The PLS model contains two parts: (1) inner model and (2) outer model. Inner model rep-
resents the relationships between multiple independent and dependent variables. In this study,
the inner model is the conceptual model as previously illustrated. Outer model demonstrates
how the latent variable is measured by directly observable indicators. In PLS, outer model can
be reflective or formative. In reflective measurement model, the latent variable is reflected by
the indicators; or, put another way, indicators are the effects of the latent variable. In contrast,
in formative measurement model, the latent variable is formed by the indicators, each represent-
ing a dimension of the latent construct and together forming the overall meaning of the latent
construct; in this study, the latent variable is the effect of the indicators. In the eight latent vari-
ables in the structural model, the first six variables (prior knowledge, effort, interest, course, tea-
cher, resource) are modelled formatively, as their indicators represent different dimensions of the
constructs and together form the overall meaning, while the latter two variables (Student Perform-
ance in English and subject) are modelled reflectively, as their indicators reflect the meaning of the
constructs and are the effects of the variables. As inner model and outer model are constructed,
the overall PLS model is illustrated in Figure 3 below. Formative models can be identified as the
arrows going from the indicators to the corresponding variable, while reflective models are to the
contrary. After constructing the model and collecting data, the PLS model can be calculated, esti-
mated, and interpreted.

Analyses and results

In this study, PLS modelling was performed by employing SmartPLS to analyse the collected data.
The key reason for adopting SmartPLS is its reliability in producing results through three steps. It at
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first assesses the outer measurement model, and when the measurement fit is acceptable, it starts to
assess inner structural model before any conclusion about relationships among variables can be
drawn (Garson 2014). This study used SmartPLS 3.2.4 to analyse the data collected by following
five steps: creating a PLS project, importing data, drawing the path model, running the PLS algor-
ithm and bootstrap estimates of significance, and assessing the model. When assessing the PLS
model, two steps are required. First, assessing the outer measurement model to ensure its reliability
and validity. Only when the measurement fit is acceptable, can the inner structural model be
assessed, and the conclusions about relationships among variables could then be drawn (Garson
2014).

Assessing the outer measurement model: data reliability and validity

To test the reliability and validity of the multiple-indicator measures that represent the latent fac-
tors, several indices are provided in SmartPLS after calculation of the model to help researchers
gauge whether the measurement model is appropriately designed and able to reflect the meaning
of the construct. According to different types of measurement models, different types of model
fit should be applied.

In this study, English and subject variables are constructed as reflective measurement models
where indicators are the effects of the latent variable that they intend to measure. For a reflective
model, the following set of criteria are appropriate to use to assess the measurement model fit,
as can be seen from Table 3.

Six factors are formatively modelled in this study. For a formative measurement model, the
latent variable is the effect of its indicators, which represent different dimensions of the variable
and may not be highly correlated. Thus, measurement fit used for assessing reflective models
such as composite reliability and Cronbach’s alpha is inappropriate. For formative models, the fol-
lowing criteria are utilised to assess their model fit, as shown in Table 4.

The results above demonstrate that all the indices used to assess the data reliability and model
validity have met the assessment criteria, which suggests the good reliability and validity of indi-
cators of the latent variables, and the established models.

Figure 3. The PLS model in the study.
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Assessing the inner structural models

As an examination of goodness of fit for all outer measurement models shows good results, which
reveal the suitability and strength of the models, goodness of fit for the structural model of the
relationships of the variables can then be assessed. The following appropriate criteria are applied
to evaluate the structural model fit, as shown in Table 5. The results demonstrate that all the indices
used to assess the goodness of fit for the inner model have met the assessment criteria.

After assessing both the outer measurement model and the inner structural model, the results
indicated that the model in the study is well-fitting, and the effects of diverse factors on student
performance in EMI programmes are obtained.

The model of hypotheses established: direct, indirect, and total path coefficients

Table 6 below shows 15 total effects, including 9 direct effects and 6 indirect effects. Therefore, all
hypotheses raised are established and confirmed according to the estimation results of the structural
model of the relationships of the variables (see Table 7). Thus, the conceptual model is justified by
the empirical evidence in this study (see Figure 4).

Discussion

Apart from the finding that the relationships among variables are significant and established, the
path coefficients reveal that the strength of the relationships varied.

Firstly, prior knowledge has direct effects on student performance in both English and subject
learning. The preceding literature has shown that prior knowledge indeed has an influence on
learning English and disciplinary knowledge, such as that inadequate previous English proficiency
would impede students’ interaction in English and comprehension of subject knowledge in EMI
classes (Tong and Shi 2012; Wilkinson 2013). As an EMI programme is a form of integrated learn-
ing, prior disciplinary knowledge also plays a role in influencing student performance. What is
noticeable in this study is that the path coefficients of the effects are different, with the effect on

Table 3. Measurement fit for reflective models in this study.

Indices Assessment Criteria Results in the study

Indicator reliability > 0.7 > 0.7
Composite reliability > = 0.8 >0.8
Cronbach’s alpha > = 0.8 >0.8
Cross-loadings Lower than outer loadings Lower than outer loadings
Average variance extracted
(AVE)

> 0.5 and the cross-loadings >0.5 and the cross-loadings

The Fornell–Larcker
discriminant validity
criterion

The square root of AVE greater than
correlations with other factors of the latent
variable

The square root of AVE greater than
correlations with other factors of the latent
variable

Heterotrait-Monotrait Ratio
(HTMT)

<0.9 <0.9

Table 4. Measurement fit for formative models in this study.

Indices Assessment Criteria Results in the study

Face validity Indicators formatively present the overall
meaning of the construct of the latent
variable

Indicators formatively present the overall
meaning of the construct of the latent
variable

Path loading significance > 0.7 > 0.7
Measurement weights > 0.2 > 0.2
Cross-loadings Lower than outer loadings Lower than outer loadings
Multicollinearity of the
indicators in formative models

Variance inflation factor (VIF) < 4.0 Variance inflation factor (VIF) < 4.0
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English relatively larger than that on subject. This may suggest that English language learning is a
harder and more cumulative process than other disciplinary knowledge learning and may require a
better previous foundation to achieve a higher level of proficiency in later stages of study.

Secondly, the factor of effort also has a direct effect on both English and subject performance,
while the former is smaller than the latter, which echoes the above finding. As prior knowledge
in subject learning does not have a big impact on subject performance, the more effort made in
studying subject knowledge during the learning process, the better performance the student is
more likely to make. On the other hand, although effort has an impact on English performance,
the impact is not as strong as that on subject, as prior knowledge to some degree also plays a deter-
mining role. This may also suggest that when students put effort into learning English, both English
and subject learning may be improved, as subject knowledge is conveyed in English and a stronger
competence in English could help subject learning. However, effort made for subject learning may
have a weaker effect on performance in English.

Thirdly, the findings also indicate that interest has a strong impact on effort. Thus, interest acts
as a driving force that motivates students to make more effort in their studies and thus achieve bet-
ter results. The indirect effects of the factor of interest demonstrate its impact on English and sub-
ject through the mediating effect of effort.

Fourthly, course also has direct effects on both English and subject learning, with the former rela-
tively smaller than the latter. As EMI courses deliver the subject content in English, whether the Eng-
lish curriculum used in classrooms is suitable for students is crucial for their learning and
understanding of subject knowledge as well as for their acquisition of English as a language to interact
with their teachers and peers and comprehend subject knowledge. The design of subject content is
another important element for course quality, and exerts much influence on the amount and quality
of the subject knowledge the students receive and acquire, thus the subsequent achievement in subject
learning. Achievement in English, however, may be influenced less by content design.

Fifthly, apart from the course itself, the teacher factor is key to the delivery of the course and
course quality, and the study findings reveal that the teacher has a relatively strong influence on

Table 5. Goodness of fit for the inner structural model in this study.

Indices Assessment Criteria Results in the study

Structural path
coefficients

Significant Significant

R-square 0.67, 0.33 and 0.19 to be ‘substantial’, ‘moderate’ and ‘weak’
respectively

Moderate strength of the effect

Multicollinearity Variance inflation factor (VIF) < 4.0 Variance inflation factor (VIF) <
4.0

Indirect path coefficients Significant Significant

Table 6. Direct and indirect effects.

Hypotheses Paths Effects Coefficients P Values

H1a Prior knowledge -> English Direct effect 0.299 0.000
H1b Prior knowledge -> Subject Direct effect 0.254 0.000
H2a Effort -> English Direct effect 0.351 0.000
H2b Effort -> Subject Direct effect 0.436 0.000
H3 Interest -> Effort Direct effect 0.544 0.000

Interest -> English Indirect effect 0.191 0.000
Interest -> Subject Indirect effect 0.238 0.000

H4a Course -> English Direct effect 0.156 0.018
H4b Course -> Subject Direct effect 0.174 0.020
H5 Teacher -> Course Direct effect 0.409 0.000

Teacher -> English Indirect effect 0.064 0.017
Teacher -> Subject Indirect effect 0.071 0.024

H6 Resource -> Course Direct effect 0.393 0.000
Resource -> English Indirect effect 0.061 0.043
Resource -> Subject Indirect effect 0.068 0.041
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the course, and thus indirectly exerts an influence on student performance in English and subject
learning.

Lastly, in addition to the teacher factor, resources and environment for student learning also
contribute to course quality, as shown by the path coefficient of the direct effect of resource on
the course. Indirectly, resource influences student performance mediated through the course factor.

Table 7. Estimation results of the hypotheses in the study.

Hypothesis Content Evaluation result

H1a A student’s prior knowledge would directly predict his or her performance in English. Established/
Confirmed

H1b A student’s prior knowledge would directly predict his or her performance in subject. Established/
Confirmed

H2a A student’s effort would directly predict his or her performance in English. Established/
Confirmed

H2b A student’s effort would directly predict his or her performance in subject. Established/
Confirmed

H3 A student’s interest would directly predict his or her effort, and thus indirectly predict his or
her performance in English and subject.

Established/
Confirmed

H4a Course quality would directly predict student performance in English. Established/
Confirmed

H4b Course quality would directly predict student performance in subject. Established/
Confirmed

H5 Teacher quality would directly predict course quality, and thus indirectly predict student
performance in English and subject.

Established/
Confirmed

H6 Resource would directly predict course quality, and thus indirectly predict student
performance in English and subject.

Established/
Confirmed

Figure 4. The estimated structural model of the diverse effects.
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To summarise the above findings, six factors influence student performance in English and sub-
ject either directly or indirectly. Among them, except prior knowledge, five factors, including (1)
effort, (2) interest, (3) course, (4) teacher, and (5) resources, exert larger impacts on subject than
on English. Meanwhile, to sort the effects of these factors on both English and subject in descending
order, it is found that personal factors have a stronger impact on student learning than environ-
mental factors. Among individual factors, effort has the strongest effect (see Table 8).

From these findings, several implications can be drawn. From the perspective of personal factors,
both prior knowledge and effort have direct effects on student performance. To ensure the quality
outcomes of EMI programmes, both factors may need to be considered important elements. Prior
knowledge may be taken as one criterion when universities enrol students into EMI programmes.
For students, they may also need to consider whether their foundation is adequate and suitable to
attend EMI courses. Although EMI may be regarded as a means to improve English proficiency, the
English outcome of students in a programme is also more dependent upon their previous foun-
dation. Although prior knowledge has an effect on outcomes, effort has an even greater impact. Fur-
thermore, as a driving force, interest exerts an indirect influence on student learning. Therefore,
when students choose whether or not to attend an EMI programme, they should consider the
level of their interest in learning the subject as well as their need to improve their English. During
the study process, they must devote more time and energy to learning.

From the perspective of environmental factors, it is interesting to find that the effects of course,
teacher, and resource are smaller than those of the individual factors discussed above. Nevertheless,
course still has a direct effect on both English and subject learning outcomes. This small impact may
indicate that students are actually more dependent on self-study, and the contribution of courses is
relatively less, which may further suggest that the quality of an EMI course still must be improved in
order to play a bigger role in enhancing student learning. As teacher and resource have a strong
direct influence on the course, teacher quality and resources should be improved to refine course
design and quality, and thus enhance their indirect effect on student learning in EMI programmes.

Overall, it can be said that student effort plays the most important role in the learning process
with interest being the motivator, and the direct effect of prior knowledge ranking second. Yet, sur-
prisingly, the factor of course has the smallest direct effects on learning outcomes. Although it is
reasonable to suggest that prior knowledge would have an influence on learning, and students
should study and work hard to achieve better results, it is unexpected to find that the course
does not contribute a great deal to learning outcomes. Thus, more progress still needs to be
made in the development of EMI programmes. In addition, English achievement tends to be
more dependent upon prior knowledge, while subject achievement relates more to the student’s
effort and course quality during the learning process.

Conclusion

Drawing on our data of respondents’ views, this study has systematically analysed the learning pro-
cess and effect of EMI programmes in Chinese higher education, presented new findings, as well as
utilised advanced statistical methods to conduct multivariate analysis on the evaluation.

In this study, a structural model was constructed and examined by using the PLS-SEM method.
The results demonstrated that all six factors have direct or indirect effects on both English and

Table 8. The strength of the effects of diverse factors on student performance.

Factors English performance Subject performance Effect

Personal factors Effort 0.351 0.436 Direct
Prior knowledge 0.299 0.254 Direct
Interest 0.191 0.238 Indirect (through Effort)

Environmental factors Course 0.156 0.174 Direct
Teacher 0.064 0.071 Indirect (through Course)
Resource 0.061 0.068 Indirect (through Course)
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subject achievement. Among all the direct effects of the factors in learning outcomes, student effort
has the strongest direct impact on outcomes, prior knowledge the second, and course factor the
least. The factor of interest has a direct effect on effort, and the factors of teacher and course
have direct effects on the factor of course; these three factors exert indirect effects on both English
and subject performance through their corresponding mediating factors, i.e. effort and course. Fur-
thermore, among the six factors, prior knowledge has a larger impact on English performance than
on subject achievement.

Based on these findings, we offer the following advice for enhancing future EMI practices and
student learning outcomes. Before studying EMI, it is critical for teachers to assess prior knowledge
and interest of students since they have been discovered to be the determinant factors in EMI
thresholds (Aizawa et al. 2020). As discussed in the findings, prior knowledge directly predicts stu-
dent performance in EMI programmes and has a larger impact on English performance. Student
effort and interest also have a relatively strong impact on student achievement. Therefore, to
yield better learning outcomes, students should decide whether to attend EMI programmes accord-
ing to their prior foundation and their interests. Universities should also consider these two factors
when admitting students into EMI programmes.

During EMI programme study, it is critical to increase effort, and enhance the quality of course,
teachers, and resources. During the learning process in EMI programmes, effort plays a major role in
affecting student performance. Course, teacher, and resource factors, though with a relatively small
effect, have direct or indirect effects on student learning. Hence, to achieve better results in study, stu-
dents should be more devoted to their learning. Although it is suggested that students may be more
independent, and courses have not yet achieved the large impact as expected, students should not only
focus on self-study but also attend the courses and make better use of the teachers and resources avail-
able for the course. Meanwhile, universities that offer EMI programmes should aim to enhance course
quality, teacher quality, resources available and the environment, so as to play a more important role
in enhancing student achievements in both English and subject study, through optimising EMI’s
values and providing students with better platforms for EMI learning.

Apart from contributions, the study has its limitations and cannot cover all the research issues,
so implications for further research are also provided. First, it needs to be pointed out that the self-
report nature of the data is a limitation of the research, as self-report of knowledge is not unbiased,
even though it is argued that self-report results can ‘give a reasonably accurate representation of
real-world performance’ (Schmitter-Edgecombe, Parsey, and Cook 2011). For example, regarding
participants’ evaluation of teachers’ disciplinary knowledge, the research asks participants to evalu-
ate the knowledge of their teachers based on their experiences of being taught and supervised by
teachers. This evaluation of teachers’ disciplinary knowledge is subjective but is an important indi-
cator reflecting teachers’ disciplinary knowledge. Teachers’ disciplinary knowledge, as well as other
variables such as interest, effort and resource, is complex and hard to quantify (Even and Tirosh
1995; Zimmerman 2002). Standard methods such as tests are still not likely to produce objective
results of these variables. Therefore, the study acknowledges the limitation of subjective self-evalu-
ation of variables but deems it as important and valid indicators to reflect the reality (Steyn and
Mynhardt 2008). In future studies, other measurements or methods could be employed to further
verify these findings, such as using qualitative interviews, observations, and performance-based
measures, and even longitudinal data. In the study, we take into consideration that the majority
of the participants (over 75%) in the research already completed or near the completion of all
their EMI undergraduate programmes, and this means that when they were completing the ques-
tionnaire, they were making evaluation retrospectively, which can to some extent reflect their evalu-
ation of their ability and performance before and after the EMI courses. The study also conducts
model fit tests and the results show it is good fit, addressing the concern of the interdependence
between the variables. Nevertheless, if we had collected data in different stages of students’ learning,
the results would have been more accurate. Thus, future studies could collect longitudinal data to
enrich the research area. Future research on the development of EMI could also explore the
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questions of how different subjects studied by the learners may interact with English learning differ-
ently along the learning process, and how different institutions or other factors may result in the
heterogeneity in terms of learning outcomes of EMI learners.
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