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Abstract

The rapid trend towards globalization has led to the expansion of English as Medium of

Instruction (EMI) in tertiary education. The academic challenges faced by non-native speak-

ers have been broadly discussed in Anglophone countries, whilst those learning through

EMI in the Chinese context are still underexplored. To examine Chinese EMI university stu-

dents’ perceived language challenges in learning, as well as their language-related learning

strategies, this study investigated 73 students studying at EMI universities in Hong Kong,

taking account of their gender, EMI experience in higher education, and English exposure

prior to tertiary education. Participants completed a survey to provide self-evaluations of

their academic situation and their perceptions of their disciplinary learning. The study found

that students perceived a relatively low level of language and learning challenges, and they

showed a preference for using their second language (L2)-related learning strategies over

strategies related to their first language. Specifically, male students tended to be more

actively engaged in communication with their peers than females, and were more likely to

search for additional learning support in English. In addition, first-year undergraduates per-

ceived a greater degree of challenges in knowledge application and relied more on L2-

related learning strategies than their senior counterparts. Although the importance of

English exposure prior to higher education has been highlighted in many existing studies,

this study found that prior exposure to English was neither connected with students’ per-

ceived challenges nor their learning strategies.

Introduction

The rapid trend towards globalization has led to an educational transformation in medium of

instruction, and enabled people all over the world to share ideas and information with a com-

mon language. This phenomenon contributes to the expansion of English as Medium of

Instruction (EMI), which allows for a more widespread adoption of English when teaching

content knowledge in nations or jurisdictions where the dominant official language is not

English [1–3]. To date, there has been no restriction on the establishment of EMI; generally,

integrated EMI education is widely applied at the tertiary level around the world [1]. Univer-

sity students are expected to benefit from EMI programmes in terms of content learning as
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well as additional opportunities to learn English in their discipline [4]. From a psychological

perspective, students’ eagerness for a promising future may stimulate their motivation to learn

English through an additional language acquisition, which is important for learning subjects

that matter in the EMI context [5–7].

Stakeholders engaging with the education sector generally reflect supportive attitudes

towards EMI instruction, as it could bring potential benefits not only to students but also to

educational institutions [8–11]. For example, students’ linguistic and professional skills, which

are necessary for their future employment, can be improved through massive exposure to L2

[9]. For university administrators, EMI programmes provide an immediate path to gaining

rapid status in global rankings so that they can attract more foreign elites as faculty members

and international students [12]. However, such a win-win scenario is only likely to happen in

the context of the perfect readiness each participant, and the ambivalence of successful EMI

implementation is a theme that has been continuously discussed in recent studies [10]. Many

studies have emphasized that the success of EMI programmes can be achieved on the basis of

certain conditions: first, students’ English proficiency must have reached a certain threshold

for their comprehension of content instruction in English [13–15]; second, EMI lecturers

must be equipped with fluent English communication skills, as well as professional knowledge

in their disciplines and the pedagogical skills to provide effective scaffolding for both the con-

tent and language [16,17]; and third, only when universities provide sufficient teaching

resources can EMI lecturers receive the necessary professional development to meet students’

learning needs [18,19]. For those whose first language is not English, this set of conditions

might be harder to be fulfilled; the adoption of EMI education has therefore never been as

smooth as expected. Many studies have identified the potential problems caused by language

transitions from their first language (L1) to English [4,20]. By investigating students’ academic

challenges, as well as the strategic tactics used by students for learning, this study aims to

develop a better understanding of the effectiveness of EMI in higher education in Hong Kong.

The relation between EMI experiences and English abilities

The importance of EMI students’ English abilities has primarily been highlighted in terms of

their academic learning [17,18,21]. For example, Kirkgöz found that the majority of Turkish

university students responded to the gap between their current English level and the language

requirements of their EMI courses, such as the English used in their disciplines [22]. In a simi-

lar vein, Byun et al. indicated that English language support was needed for university students

who did not achieve the threshold level of English competency, in order to fulfil their academic

tasks in an English-only environment [23]. University students may otherwise encounter lan-

guage challenges if there is no suitable language support in place to develop English language

skills required in their discipline [19,20,24].

With the acknowledgement of the impact of English as an L2 in content learning, a growing

number of researchers in the past few years have urged more attention to be given to the lin-

guistic and learning challenges imposed by the transition in medium of instruction [4,19,25–

27]. The findings of these existing studies suggest that university students with limited compe-

tence in L2 usually encounter more language problems than their counterparts in classroom

interactions, group work, content understanding, reading learning materials and writing

assignments. Moreover, there is consistent evidence that multidimensional factors somewhat

relate to learners’ English skills. For instance, Lin and Morrison indicated that massive expo-

sure to English prior to university was essential to the transition into EMI tertiary education

[28]. In their research, university students with Chinese-medium secondary school back-

grounds were found to demonstrate a lower proportion of ‘satisfactory’ scores in receptive
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academic vocabulary than those graduating from EMI secondary schools. In their actual aca-

demic performance, the latter group of students outperformed significantly on the content-

subject exams. Hence, without extensive exposure to English, university students tended to

experience greater difficulties in coping with productive tasks such as academic writing.

Noteworthy factors that affect EMI students: Gender and discipline

Individual characteristics such as gender have been revealed as significant parameters related

to university students’ motivation with regard to language learning, even when considered

apart from the sociological perspective [29,30]. Gu concluded that amongst Chinese tertiary

students who speak English as a foreign language, female learners performed better in English

proficiency tests than their male counterparts [31]. Meanwhile, Lasagabaster stated that gender

differences in L2 learning motivation and attitudes did not exist in the university contexts

[32]. Thus, students’ mentality in using L2 for education did not appear to account for such

differentiation, and the lack of consensus in previous findings draws attention to researching

the impact of gender on EMI education. Moreover, research on EMI education has rarely

focused on gender effects in learning, and little evidence can be empirically obtained for fur-

ther details. The latest research conducted by Macaro and Akincioglu included gender as one

of the variables for exploring students’ perceptions of EMI programmes at Turkish universities

[1]. Female students were found to possess a stronger belief that EMI as a motivating factor

would bring positive benefits in language acquisition. However, in terms of the actual per-

ceived difficulties, there were no significant differences between males and females, implying

that students’ thoughts on EMI advantages do not change their self-perceptions on the difficul-

ties encountered in EMI learning.

Just as importantly, students’ degree of perceived challenges differs according to the disci-

pline that matters to their learning [33]. For example, science is an academically demanding

subject that not only requires students to develop conceptual understandings but also involves

learning processes in explaining complicated phenomena. The linguistic challenges science

students of whom are learners of English as a second language (ESL) were well illustrated in

previous research: scientific writings are “difficult to read . . . it is important to stress that it is
not only ESL students who find problems with scientific English—so also do many for whom
English is the mother tongue” [34]. Therefore, it is necessary to inclusively account for the ele-

ments mentioned above in order to examine the specific language challenges faced by students

studying in a particular social and cultural background.

L1 support as a complementary learning strategy

In the EMI context, it is believed that students’ academic benefits can accrue from the massive

English exposure. The reason why for students struggle in English-only classrooms is mainly

due to their lack of English ability. It is therefore reasonable to adopt assistance from L1 as an

additional instrument for content comprehension. A number of studies have highlighted the

importance of L1 adoption in the initial stage of EMI education, and some consider L1 to be

strategically indispensable in the EMI learning environment [35–40]. Despite the significance

of L1 support in EMI, an L2-only academic setting remains to be favoured by most stakehold-

ers, such as teachers and students [29,41]. For example, evidence from research shows that L1

information on L2 lexes could benefit vocabulary retention [42–45] and promote L2 produc-

tion [46]. Lin and Morrison [28] has confirmed the positive connection between L1 use and

L2 development in Hong Kong EMI science classrooms. In light of their research findings, L1

intervention could help science students with poor English proficiency to access more techni-

cal terms in English and understand the language style used in scientific discourse in terms of
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content comprehension [28]. For those who are deficient in English, L1 adoption could also

provide supplementary explanations of academic knowledge. Namely, students can draw from

their familiar native language to explain, translate, and elaborate the L2-mediated knowledge

taught in the classroom [47].

In a similar vein, Artieda’s findings also suggest that L1 literacy levels are fundamental for

academically disadvantaged learners who benefit little from education in L2, yet students who

have already gained intermediate L2 proficiency might have overcome the gap in making

progress in a second language [48]. Scott and De La Fuente examined how college students

used L1 and L2 to solve grammar problems [49]. Their results revealed that reading, thinking

and talking appeared in an integrated manner among students who were allowed to use L1,

whereas these processes were sequential in their counterparts, indicating that using L1 might

help to reduce cognitive overload in L2 tasks. Kim, Kweon and Kim conduct a survey at three

engineering universities to explore students’ perceptions of L1 use in EMI programmes [50].

Nine out of ten students were enthusiastic about the use of L1 over only English-mediated clas-

ses. They believed that L1 could facilitate content learning, and the strategy of L1 intervention

supported the explanation for difficult content and materials. However, the aforementioned

research was mostly conducted via a qualitative approach. To generalize our understanding of

the positive effect of L1 on students’ academic studies, it is necessary to examine whether EMI

students truly prefer to involve L1 in their learning.

Research questions

English has long been a lingua franca in Hong Kong due to its colonial history. Although more

than 80% of local people speak Cantonese for daily communication, English is one of the offi-

cial languages that is widely utilized in many social activities. Students in Hong Kong have fre-

quently been exposed to EMI before entering higher education, yet their levels of English

proficiency cannot be guaranteed to be equal due to the different language policies established

among the local secondary schools [18,51]. Hong Kong’s EMI policies greatly contributed to

the unbalanced academic achievements in local universities, where almost all of the courses

are provided in English only. Ironically, there is a large gap of research on EMI education in

tertiary level since extant studies on Hong Kong EMI education have mostly been conducted

at the secondary level [52–54]. To elicit evidence-based information on Hong Kong university

students’ academic learning, this study set out to examine Hong Kong EMI university stu-

dents’ challenges in terms of language and study, as well as their tendency to use language-

related strategies to aid their studies, with the factors of gender and EMI experience (before

and after university) taken into account. Thus, this research aims to answer the following

research questions:

1. How do university students’ perceived language and learning challenges differ by gender,

EMI experience in higher education and English exposure prior to university? And what is

the extent of these perceived challenges?

2. How do university students’ learning strategies differ by gender, EMI experience in higher

education and English exposure prior to university?

Method

This study has been approved by the authors’ institutional review board—College Human Sub-

jects Ethics Sub-Committee, College of Liberal Arts and Social Sciences at the City University

of Hong Kong.
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Participants

As mentioned above, academically demanding disciplines may lead to more challenges in the

EMI context. Content learning subjects, for example, science is especially complicated due to

the abstract concepts and technical terminologies. ESL science students are often criticised for

their low competence in scientific writing. Therefore, for this study, the researchers decided to

focus on the population of science students for investigation. This study was conducted via a

quantitative research method. Seventy-three students who were studying in science disciplines

(e.g., engineering or natural sciences) were randomly recruited for the survey from two local,

publicly-funded EMI universities. Of the participants, 23 (31.5%) are female, 50 (68.5%) are

males. 51 (69.9%) were first-year junior undergraduates while the rest (n = 22, 30.1%) are non-

freshman. Most of the students (n = 69, 93%) indicated that Cantonese is their first language,

the rest of students (n = 4, 7%) speak Mandarin as their first language.

Instruments

The questionnaire survey was adapted from existing scales, thus the validity and reliability of

which have been statistically confirmed in previous studies in students’ perceptions and strate-

gies of EMI learning [55–57]. It covers 149 items in total, with 7 questions related to demo-

graphic information, 142 items related to self-assessments of one’s situation (e.g., experience

with EMI education prior to university, the degree of English usage in current science class-

rooms, English use inside and outside of university, and the medium of instruction interac-

tions in the science classroom) and perceptions of major content-subject learning (e.g., degree

of English difficulties in speaking/writing activities, English challenges in learning science, the

importance of English in the study of science, the frequency and usefulness of strategy use

related to the study of science, etc.). The questionnaire is submitted as a supporting document

with the items that are highlighted in the analysis. Content validity was repeatedly checked by

an expert panel consisting of science lecturers and education researchers. Pilot-tests were con-

ducted on 48 volunteer undergraduates to ensure the feasibility of comprehending and com-

pleting the survey.

As shown in Table 1, the selected four scales fell into three categories: language challenges

(speaking and writing), learning challenges and learning strategies. The first scale measures

students’ difficulties in using spoken English, which consists of 7 items divided into two sub-

scales. The participants were asked to indicate on a 5-point Likert scale of the extent to which

they experienced difficulties in each case (e.g., presenting ideas/arguments/information to

peers or presenting information to scientists/technicians), with a higher score indicating

greater difficulty. The second scale was used to infer students’ degree of difficulty in logical

writing (8 items) with the same rating scale (e.g., organizing ideas clearly and logically, sum-

marizing ideas from sources, linking ideas from different sources, referring to sources cor-

rectly, and using an appropriate academic style). The third scale consisted of 12 statements

that fall into three subscales measured with another 5-point Likert scale, which was used to

rate the extent to which students faced challenges while learning scientific content knowledge

(e.g., challenges in understanding course content and discipline-specific facts, challenges in

calculating and solving problems in English, and challenges due to the teaching methods/style

of an individual science teacher). The last scale adopted in this research aimed to elicit the par-

ticipants’ tendency to choose language-related strategies to facilitate their study of science,

which consisted of 6 items (e.g., requesting additional English explanations from science

teachers, requesting additional Chinese explanations from science teachers, requesting lesson

materials printed in bilingual languages, and asking science teachers for feedback and writing

corrections in English). Two subscales were formed, and the participants are required to
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indicate the extent to which they use the learning strategies presented in each statement on a

5-point Likert scale, with a higher score indicating more frequent selection.

Data collection and analysis

All the questionnaires were paper-and-pencil based, disseminated and completed during a

scheduled appointment. There was no time limit set by the researchers, and the survey ques-

tionnaires were collected directly by the researchers upon completion by the respondents.

Students in this study were grouped according to three characteristics: gender, EMI experi-

ence in higher education, and English exposure prior to university education. The collected

data were analysed using SPSS 21.0. First, the data were computed for each subscale score by

averaging the participants’ ratings of the corresponding items. Regarding academic year, the

coding was based on students’ indicated years of experiences; students who indicated in their

first year of learning in the self-reported questionnaire were coded as freshman, and the others

were coded as non-freshman. Students were divided into two categories according to the aver-

age value of the items concerning their language use from kindergarten to senior secondary

level: low-exposure students and high-exposure students. Then, to explore whether partici-

pants of different genders (i.e., male vs. female), with different EMI experiences in higher edu-

cation (i.e., freshman vs. non-freshman), and with different levels of English exposure prior to

university (i.e., low exposure vs. high exposure) differ in their experience of challenges in lan-

guage and learning, as well as their language-related learning strategies, a series of independent

t-tests were performed to compare the means of each pair of groups. We set α (2-tailed) as 0.05

for all statistical tests.

Results

Language challenges perceived by the students

Table 2 shows the descriptive statistics of the t-test results for science students’ perceptions of

their language challenges. There was a statistically significant difference between female and

male students in terms of communication with peers, t(71) = 2.89, p = 0.005, d = 0.72. Cohen’s

d is the appropriate measure for effect size when comparing the standardized difference

between two means of groups [58]. It is generally accepted that d = 0.2 represents a small effect,

whereas d = 0.5 and d = 0.8 are considered medium and large effects, respectively. Thus, the

results show that the effect of gender on the outcome is quite large. Regardless of the relatively

lower level of challenges in speaking and writing perceived by both males and females, the

Table 1. The scale components, survey items and their internal consistency.

Scale (Number of items) Cronbach’s α Sample of item

Language challenges .84

Communication with peers (5) .82 Presenting information to peers/classmates.

Communication with professionals (2) .80 Communicating with scientists.

Logical writing (8) .89 Organizing ideas clearly & logically.

Learning challenges .86

Content comprehension (4) .77 Understanding course content and discipline-specific facts.

Knowledge application (5) .83 Calculating and solving problems in English.

Learning adaptability (3) .72 Learning from the teaching methods/style of an individual teacher.

Learning strategies .79

Searching for additional L2 support (4) .72 Requesting additional English explanations from the science teacher

Searching for additional L1 support (2) .75 Requesting lesson materials printed in bilingual languages (e.g., L1 and L2)

https://doi.org/10.1371/journal.pone.0251564.t001
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mean scores for males implies a better capability to handle English-related tasks in comparison

to females.

Table 3 presents descriptive results for the differences in perceived language challenges

between freshmen and non-freshmen. No statistically significant difference was found among

the subscales. In total, both groups of students share similar scores in all three subscales, but

the mean score for non-freshmen indicates a slightly lower degree of difficulty communicating

with professionals than freshmen experience.

In terms of science students’ English exposure prior to studying at university, as shown in

Table 4, the descriptive statistics reveal higher mean scores for the low-exposure group on all

three subscales than for the high-exposure group, which means that students who were relatively

less exposed to English-medium instruction before studying at tertiary level might encounter

more complicated problems in language-related practices than their counterparts. However, the

differences in the mean scores are not remarkable and are not statistically significant.

Learning challenges perceived by the students

Regarding students’ perceived challenges in learning science, Table 5 summarizes the descrip-

tive statistics and t-test results for the comparison between female and male students. As

Table 2. Descriptive statistics and t-test results for language challenges (female vs. male).

scales Female Male t df

M SD M SD

Communication with peers 3.14 0.51 2.73 0.59 2.89�� 71

Communication with professionals 2.89 0.52 2.86 0.73 0.16 69

Logical writing 2.98 0.46 2.89 0.74 0.55 70

1 = very easy, 2 = easy, 3 = neutral, 4 = difficult, 5 = very difficult;

� p<0.05;

�� p<0.01;

��� p<0.001.

https://doi.org/10.1371/journal.pone.0251564.t002

Table 3. Descriptive statistics and t-test results for language challenges (freshmen vs. non-freshmen).

Scales Freshman Non-freshman t df

M SD M SD

Communication with peers 2.85 0.62 2.87 0.54 -0.15 71

Communication with professionals 2.92 0.71 2.76 0.56 0.91 69

Logical writing 2.90 0.61 2.95 0.78 -0.34 70

1 = very easy, 2 = easy, 3 = neutral, 4 = difficult, 5 = very difficult; � p<0.05; �� p<0.01; ��� p<0.001.

https://doi.org/10.1371/journal.pone.0251564.t003

Table 4. Descriptive statistics and t-test results for language challenges (low exposure vs. high exposure).

Scales Low exposure High exposure t df

M SD M SD

Communication with peers 2.92 0.52 2.77 0.69 1.08 71

Communication with professionals 2.96 0.68 2.74 0.64 1.39 69

Logical writing 2.95 0.65 2.87 0.69 0.51 70

1 = very easy, 2 = easy, 3 = neutral, 4 = difficult, 5 = very difficult; � p<0.05; �� p<0.01; ��� p<0.001.

https://doi.org/10.1371/journal.pone.0251564.t004
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revealed by the mean scores, the female group had comparatively better ability to comprehend

content as well as adapting their learning to the dynamic academic environment, yet this

advantage is not visible in the knowledge application subscale. The t-test results between the

two groups revealed no statistically significant differences.

Table 6 presents the descriptive statistics for the same subscales with regard to learning

challenges perceived by freshmen and non-freshmen. There is a statistically significant differ-

ence between the two groups in knowledge application, t(70) = 2.89, p = 0.05, d = 0.50, a mod-

erate effect size, indicating that freshmen need more time and space to become comfortable

addressing learning issues in English than non-freshmen. A similar trend was also found in

content comprehension but with minimal inter-group differences. However, the mean score

for learning adaptability is greater in the freshman group, which means that freshmen may in

fact encounter fewer difficulties in adapting to the EMI context.

Table 7 shows the results of the t-tests comparisons based on science students’ English

exposure. As shown in the data, the average gap between the two groups was not significant.

The mean scores for science students with lower English exposure indicate minute deficiencies

Table 5. Descriptive statistics and t-test results for learning challenges (female vs. male).

Scales Female Male t df

M SD M SD

Content comprehension 2.72 0.70 2.74 0.59 -0.17 69

Knowledge application 2.83 0.80 2.80 0.62 0.13 70

Learning adaptability 2.74 0.85 2.92 0.68 -0.96 70

1 = not challenging, 2 = slightly challenging, 3 = challenging, 4 = very challenging, 5 = most challenging.

� p<0.05; �� p<0.01; ��� p<0.001.

https://doi.org/10.1371/journal.pone.0251564.t005

Table 6. Descriptive statistics and t-test results for learning challenges (freshman vs. non-freshman).

Scales Freshman Non-freshman t df

M SD M SD

Content comprehension 2.75 0.63 2.71 0.62 0.19 69

Knowledge application 2.91 0.69 2.58 0.59 2.08� 70

Learning adaptability 2.81 0.73 2.98 0.75 -0.94 70

1 = not challenging, 2 = slightly challenging, 3 = challenging, 4 = very challenging, 5 = most challenging.

�p<0.05;

�� p<0.01;

��� p<0.001.

https://doi.org/10.1371/journal.pone.0251564.t006

Table 7. Descriptive statistics and t-test results for learning challenges (low exposure vs. high exposure).

Scales Low exposure High exposure t df

M SD M SD

Content comprehension 2.74 0.59 2.73 0.67 0.036 69

Knowledge application 2.79 0.52 2.84 0.86 -0.31 70

Learning adaptability 2.88 0.71 2.84 0.79 0.21 70

1 = not challenging, 2 = slightly challenging, 3 = challenging, 4 = very challenging, 5 = most challenging.

�p<0.05; �� p<0.01; ��� p<0.001.

https://doi.org/10.1371/journal.pone.0251564.t007
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in content comprehension and learning adaptability rather than in knowledge application.

The t-test results reveal no significant difference between the groups on any subscales of the

learning challenges.

Learning strategies

In terms of learning strategies, Table 8 illustrates the lower mean scores for females on both

subscales than for males. A significant gap was found in searching for additional L2 support,

which means that male students search more for additional explanations for science content in

English than female students do, t(68) = -2.91, p = 0.005, d = -0.76. The value of Cohen’s d

indicates a high impact.

Table 9 presents the descriptive statistics and t-test results for the freshman and non-fresh-

man groups. The results show a statistically significant difference between the two groups in

searching for additional L2 support, which means that first-year science students devoted

more effort to learning science in L2 in the EMI context than non-first-year students, t(68) =

2.11, p = 0.39, d = 0.54; the effect size is moderate. In addition, the data show that freshmen

and non-freshmen sought L1-related assistance at similar frequencies.

As the descriptive statistics presented in Table 10 show, students with higher English expo-

sure revealed higher mean scores on both subscales for learning strategies used in science

Table 8. Descriptive statistics and t-test results for science learning strategies (female vs. male).

Scales Female Male t df

M SD M SD

Searching for additional L2 support 2.29 0.69 2.86 0.78 -2.91�� 68

Searching for additional L1 support 2.11 0.94 2.50 1.01 -1.52 68

1 = never, 2 = rarely, 3 = sometimes, 4 = usually, 5 = always;

�p<0.05;

�� p<0.01;

��� p<0.001.

https://doi.org/10.1371/journal.pone.0251564.t008

Table 9. Descriptive statistics and t-test results for science learning strategies (freshmen vs. non-freshmen).

Scales Freshman Non-freshman t df

M SD M SD

Searching for additional L2 support 2.82 0.81 2.40 0.68 2.11� 68

Searching for additional L1 support 2.38 1.00 2.39 1.01 -0.04 68

1 = never, 2 = rarely, 3 = sometimes, 4 = usually, 5 = always;

� p<0.05;

�� p<0.01;

��� p<0.001.

https://doi.org/10.1371/journal.pone.0251564.t009

Table 10. Descriptive statistics and t-test results for science learning strategies (low exposure vs. high exposure).

Scales Low exposure High exposure t df

M SD M SD

Searching for additional L2 support 2.68 0.73 2.69 0.9 -0.05 68

Searching for additional L1 support 2.36 0.99 2.41 1.02 -0.19 68

1 = never, 2 = rarely, 3 = sometimes, 4 = usually, 5 = always; � p<0.05; �� p<0.01; ��� p<0.001.

https://doi.org/10.1371/journal.pone.0251564.t010
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courses. It seems that English exposure during compulsory education does not determine stu-

dent preferences for language adoption in higher education at EMI universities. No statistically

significant difference was identified from the t-test results between the groups.

Discussion

This study has yielded insights into science students’ learning situations at Hong Kong EMI

universities based on the consideration of three main elements: gender, EMI experience in

higher education, and English exposure prior to higher education. The initial descriptive statis-

tics revealed that the mean scores for each student group were below 3, suggesting that learners

perceived moderate challenges. In addition, students are inclined to look for additional L2 sup-

port while striving to do better in their academic practice. These findings are discussed in

detail in terms of the two research questions: 1) students’ perceived challenges in language and

learning; and 2) students’ learning strategies.

First, the overall level of language challenges indicated by the students was relatively low,

suggesting that the majority of science students encountered little trouble in producing aca-

demic output using English. This finding is contrary to previous study by Evans and Morrision

[21], which suggested that university students in Hong Kong experience quite a few language

problems during their university studies, especially in their first-year learning period. In their

research, secondary school background was an important factor that determined students’

mastery of vocabularies. Namely, students from English-medium schools had typically gained

much more vocabularies than those from Chinese-medium schools. The lack of vocabulary

knowledge, particularly in students who graduated from Chinese-medium schools, could in

turn significantly impede their comprehension of lectures and learning materials, as well as

their communications in the classroom. Surprisingly, in this study, neither students’ prior

exposure to English nor EMI experience in university appears to be notably essential in science

students’ language adaptation. Our findings may therefore suggest that idea expression

through English is unlikely to be a significant burden in students’ academic life. Moreover, the

results may infer that most science student participants in this study have surpassed the thresh-

old for English proficiency required for EMI at the tertiary level and hence, they appeared to

have skipped the transition point of language adjustment [59].

From the perspective of gender differences, both female and male students indicated

experiencing difficulties to a similar extent in spoken and written English while conducting

their academic activities. However, male students presented a better pattern than female stu-

dents in peer communication, and the result is statistically significant. While the gender gap in

second language acquisition has always been controversial, existing studies have provided a

pivotal insight: we should refrain from biased views in terms of cognitive differences in gender

[60]. Our finding differs from that of Arshad, Shahbaz and Al-Bashabsheh’s research, in which

they claimed that females tend to be more stable in L2 writing [66]. Unlike the current study,

Arshad et al.’s [61] study did not identify an explicit gap in L2 use between male and female

learners. It is worth noting that communication in the ESL context contributes to the speakers’

willingness to talk to a certain extent [62]. With consideration of the linguistic, social and psy-

chological variables, McIntyre et al. introduced several factors that may affect one’s willingness

to communicate: the level of connection among the communications, the number of people

involved in communication, the requirements of the environment, the skill of the speaker, and

the communication topic [63]. In this research, the questionnaire items on communication

challenges refer to the science classroom setting, which means males might not actually be bet-

ter than females at using English, but females were likely to feel more stressed or shy when

actively presenting their opinions in front of people. In this regard, Arshad et al. mentioned
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that male students express a stronger desire to speak and share information, and tend to react

more confidently to social situations [49]. Therefore, it is necessary to encourage female stu-

dents to actively share their opinions with their peers.

Second, this study found that the participants as a whole experienced few challenges in con-

tent learning. Among the participants, first-year undergraduates reported significantly greater

challenges in terms of knowledge application than non-freshmen. As aforementioned,

although participants have mostly attained an above-threshold level of English for exchanging

ideas, as newcomers to the world of using only English as the medium of instruction, first-year

students need a buffer period to adjust to the circumstances that require knowledge transfor-

mation to occur completely in L2. A number of studies conducted in English-speaking nations

have identified negative experiences among first-year non-native students at universities

[64,65]. These studies have consistently claimed that first-year undergraduates face more

learning barriers than native counterparts in the English as a second/foreign language context

[66]. According to Evans and Morrison, freshmen in Hong Kong EMI universities encounter

many transitional challenges in understanding, comprehending, and adapting to new methods

in learning [21]. However, these challenges could be overcome by hard work and the use of

proactive learning strategies [18]. In terms of participants’ learning challenges, the findings of

the present study support the assertion that most science students with EMI background are

equipped with language ability to navigate their EMI transition in learning and eventually,

benefit from EMI instruction through their efforts. In terms of gender, no differences in learn-

ing were identified, and this finding once again suggests that gender differences are not tenably

related to cognitive issues in EMI tertiary education.

Lastly, a major finding regarding science students’ learning strategies showed that males

tend to use L1 and L2 learning strategies more frequently, and a statistically significant gen-

der difference was found in the frequency of L2-related learning strategies use in partici-

pants. In a similar vein, when asked about the frequency with which learning strategies were

applied, freshmen revealed a statistically greater adoption of L2-related strategies than non-

freshmen, which means that first-year students endeavoured to maintain English as the

medium of knowledge acquisition. This finding is not consistent with those of previous stud-

ies conducted in the Hong Kong higher education setting [20,21]. For the majority of local

students, English is rarely spoken outside of school premises or in their daily lives. It was

reported that some local undergraduates were still accustomed to using materials written in

Chinese, and listening and speaking in their L1. Meanwhile, previous literature has shown

the significance of L1 use for ESL students, in which the adoption of L1 learning strategies

potentially benefit their content comprehension [38,67–70]. An increased L1 usage can not

only encourage students to achieve their own conceptual understandings through the use of

higher-order pedagogical skills (clarification requests, confirmation checks and signals, and

comprehension checks), but may also help integrate new knowledge into their existing

knowledge in L1, thereby promoting a deeper understanding of science concepts and scien-

tific process. While learning through a familiar language may be better for cognitive content

mastery, students in this study were more prone to resolve learning issues using L2. For local

students, a significant proportion of their academic and future working lives requires the use

of English, such as in dealing with English meetings, documents, and emails. Such reality

may have motivated science students who study at EMI universities in Hong Kong to place

greater importance in L2 than L1 in their learning starting from their first year of studies.

The motivation of learning in their L2 supports the institutional goal of nurturing global

competitiveness, and facilitates the production of a massively demanded workforce in the

scientific fields.
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Implications

A few implications can be obtained from the present research findings. Despite the conserva-

tive assertion of ESL science students may experience difficulties during their content learning,

deploying full English immersion in higher education appears to be accepted and welcomed

by globalized society, in which English exposure has been officially supported since early edu-

cation. In a similar vein, our findings may infer that a majority of students who study at Hong

Kong EMI universities are equipped with a threshold-level of L2 skills for content learning.

However, since there exists a moderate gap between the perceived language and learning chal-

lenges between freshmen and non-freshmen, more instructional efforts should be made to

resolve this problem. In addition, subject content is a major challenge student face during

their learning process. Notwithstanding their prior exposure to English, the English level of

ESL students may not be sufficient for them to master the specific terms and abstract concepts

in different subjects. Using science subjects as examples, Halliday and Martin suggested that

scientific language has a specific register, discourse and lexico-grammatical features [34]. The

language demands required for understanding the abstract concepts and using specific terms

in English classrooms are distinctive to the register used in daily English [34,71]. Therefore,

teachers should incorporate more practical items to the English for Academic (EAP) courses

and English for Specific purposes (ESP) courses based on ESL students’ actual needs. Lastly,

due to the high demand of English level for teaching EMI subject-specific courses, specialized

training on the strategies to cope with language-related challenges for both teachers and stu-

dents is highly regarded [72,73]. By providing an evidence-based, pedagogically focused

analysis of students’ perceptions, this research sheds light on ways to improve the quality of

instructional practices in different EMI classrooms in Hong Kong and similar contexts around

the world. Additionally, since our research mainly focuses on students’ English exposure,

future studies could adjust different factors that are influential to not only students’ learning

outcomes, but also their learning process.

Conclusion

The current study conducted at EMI universities in Hong Kong aimed to investigate science

students’ linguistic and cognitive challenges, as well as the learning strategies they adopted in

an academic setting by comparing groups based on their gender, EMI experience in higher

education, and English exposure prior to university study. This research found that partici-

pants overall perceived few challenges in EMI science classrooms, including in spoken and

written English, and in content learning. In addition, students tended to use L2-related learn-

ing strategies more often than L1-related learning strategies. Group differences were identified

according to gender and EMI experience. Specifically, males were more comfortable commu-

nicating with peers in the classroom, and tended to use L2 learning strategies more frequently

than females. At the same time, first-year undergraduates perceived a greater degree of chal-

lenges in knowledge application, and they relied more on L2-related learning strategies than

their non-first-year students. These findings provide new insights into science students’ levels

of linguistic ability and academic adaptability in local EMI universities. However, the impact

of these research findings should be interpreted with caution due to the methodological limita-

tions. First, although the researchers were fully aware of the importance of sample size, the

number of participants was not sufficient to provide strong evidence as a large sample could

do. While the requirement of a minimum sample size for the t-test was fulfilled in each catego-

rized group, the disparities of sample size in the two gender groups and two grade-level groups

may have affected statistical accuracy of the results. This is also one of the reasons why the cur-

rent study adopted several t-tests, rather than more advanced statistical analysis approaches.
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To adopt Multivariate analysis of variance (MANOVA), for example, the minimum sample

size is required to exceed the current one. Hence, future studies could complement this limita-

tion by increasing the sample size and conducting more sophisticated analysis. Second, the

study was designed to reveal information about EMI science students. The current study, how-

ever, is not able to present broad explanations of or potential reasons for the findings. There-

fore, further methodological approaches should be established to provide more detailed

explanations. Qualitative research, such as follow-up interview studies, shall be considered in

future research to address this limitation.
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22. Kırkgöz Y. Students’ and lecturers’ perceptions of the effectiveness of foreign language instruction in an

English-medium university in Turkey. Teaching in higher education. 2009 Feb 1; 14(1):81–93.

23. Byun K, Chu H, Kim M, Park I, Kim S, Jung J. English-medium teaching in Korean higher education:

Policy debates and reality. Higher Education. 2011 Oct 1; 62(4):431–49.

24. Galloway N, Ruegg R. The provision of student support on English Medium Instruction programmes in

Japan and China. Journal of English for Academic Purposes. 2020 May 1; 45:100846.

25. Gao X. Shifting motivational discourses among mainland Chinese students in an English medium ter-

tiary institution in Hong Kong: A longitudinal inquiry. Studies in Higher Education. 2008 Oct 1; 33

(5):599–614.

26. Hu G, Lei J. English-medium instruction in Chinese higher education: A case study. Higher Education.

2014 May 1; 67(5):551–67.

27. Tsou W, Kao S. English as a medium of instruction in higher education. English Language Education.

Singapore: Springer Nature. 2017.

28. Lin LH, Morrison B. The impact of the medium of instruction in Hong Kong secondary schools on tertiary

students’ vocabulary. Journal of English for Academic Purposes. 2010 Dec 1; 9(4):255–66.

29. Dörnyei Z, Csizér K, Németh N. Motivation, language attitudes and globalisation: A Hungarian perspec-

tive. Multilingual Matters; 2006 Apr 12.

30. Sunderland J. Issues of language and gender in second and foreign language education. Cambridge

University Press; 2000 Jan 1.

31. Gu Y. Gender, academic major, and vocabulary learning strategies of Chinese EFL learners. RELC

journal. 2002 Jun; 33(1):35–54.

32. Lasagabaster D. The relationship between motivation, gender, L1 and possible selves in English-

medium instruction. International Journal of Multilingualism. 2016 Jul 2; 13(3):315–32.

33. Airey J. The content lecturer and English-medium instruction (EMI): epilogue to the special issue on

EMI in higher education. International Journal of Bilingual Education and Bilingualism. 2020 Mar 15; 23

(3):340–6.

34. Martin JR, Halliday MA. Writing science: Literacy and discursive power. Routledge; 1993 Jul 1.

35. Lin A. Beyond linguistic purism in language-in-education policy and practice: Exploring bilingual peda-

gogies in a Hong Kong science classroom. Language and Education. 2006 Jul 15; 20(4):287–305.

PLOS ONE Students’ challenges and learning strategies

PLOS ONE | https://doi.org/10.1371/journal.pone.0251564 May 7, 2021 14 / 16

https://doi.org/10.1371/journal.pone.0251564


36. Lo YY, Macaro E. The medium of instruction and classroom interaction: Evidence from Hong Kong sec-

ondary schools. International Journal of Bilingual Education and Bilingualism. 2012 Jan 1; 15(1):29–52.

37. Probyn M. Language and learning science in South Africa. Language and education. 2006 Sep 15; 20

(5):391–414.

38. Macaro E, Tian L, Chu L. First and second language use in English medium instruction contexts. Lan-

guage Teaching Research. 2020 May; 24(3):382–402.

39. Probyn M. ‘Smuggling the vernacular into the classroom’: conflicts and tensions in classroom codes-

witching in township/rural schools in South Africa. International Journal of Bilingual Education and Bilin-

gualism. 2009 Mar 1; 12(2):123–36.
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