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Abstract 

The present study investigated the effects of presentation modality (reading compared to reading 

while listening – RWL), biology enjoyment and biology knowledge on the comprehension of biology texts in 

a group of 94 university students with a wide range of language experiences. Language experience was 

measured both categorically (bilinguals compared to non-bilinguals) and continuously, using a detailed 

questionnaire on bilingualism. Participants were presented with two biology texts, one written, and one 

presented in two modalities simultaneously (oral and written) and completed a comprehension task after each 

text. They also rated their knowledge and enjoyment of biology and completed the language questionnaire. 

The results highlight an advantage for bilingual students when it comes to comprehending texts, and this 

advantage is especially notable in the Reading condition. Results also highlight a positive effect of students’ 

subject enjoyment on performance, particularly in the case of bilingual students. Analyses including 

language experience as categorical or continuous showed the same results, except a lack of interaction 

between language experience and presentation modality in the analyses with language experience as 

continuous. This suggests that bilingual participants are those most likely to experience facilitation from the 

reading condition, but this facilitation might be experienced similarly by bilinguals past a certain language 

threshold. In conclusion, bilinguals had higher comprehension scores than non-bilinguals, and presentation 

modality affects bilingual and non-bilingual students differently, with bilingual university students being 

advantaged by a written presentation of the material and being more affected by their enjoyment of biology 

than their non-bilingual peers. 

  

Keywords: Reading Comprehension, Bilingualism, University Students, Presentation Modality, 
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Public significance statement: The results of the present study show an advantage for bilingual 

university students over non-bilingual students in comprehending written texts. The study also highlights that 

presentation modality (reading compared to reading while listening), as well as enjoyment of the subject of 

the text affect students’ understanding of the presented text, especially in bilingual university students. This 

presents practical implications for teaching and learning strategies in Higher Education, suggesting that 

presenting material in a written format might be particularly helpful for bilingual students. The results also 

highlight the importance of considering students’ enjoyment and suggest that activities that increase subject 

enjoyment might have the potential of increasing comprehension outcomes, especially in bilingual students. 
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Comprehension of Biology Texts in Bilingual and Monolingual University Students: Exploring the 

Effect of Presentation Modality, Previous Knowledge and Topic Enjoyment 

 

Approximately 17.4% of students in England speak more than one language, with this number 

increasing with every academic year (Clark, 2022). Given this increase, it becomes increasingly important to 

explore whether language experience (i.e., the amount and quality of exposure to different languages in their 

daily lives) might affect university students’ learning and success in Higher Education.  

We aimed to explore whether students with different language experiences differ in their ability to 

comprehend texts when they are asked to only read the text (Reading condition: unimodal condition) vs. 

when they are presented with the text in two modalities (reading while listening: bimodal RWL condition).  

This research has many practical implications, as results might indicate which presentation modality best 

supports learning in students with different language experiences, allowing educators to create teaching 

material best suited to their specific students’ population. 

The effect of language experience and bilingualism on cognition has been widely studied (e.g., 

Bialystok, 2011; 2015; Marian & Shook, 2012). Language experience has been shown to have the potential 

to influence students’ learning in different ways (e.g., Mahzoun, 2022; Ransdell, 2004). Burgoyne et al. 

(2006) found that monolingual participants outperform bilingual participants when asked to answer 

comprehension questions regarding written and oral texts. Other researchers suggest that a more varied 

language experience might positively affect comprehension in both children (Taboada Barber et al., 2021) 

and adults, including university students (Afsharrad & Sadeghi Benis, 2015; Bernhardt, 2005; 

Modirkhamene, 2006). The adoption of different definition and criteria for bilingualism, as well as 

differences in sample characteristics in other areas might explain the discrepancy in the results.  

A number of mechanisms regarding the influence of language experience on language 

comprehension have been suggested. Bialystok (2011; 2015) identifies that, with a more varied language 

experience, executive functions (EF) i.e. the regulatory system of cognitive processes which allow for goal-

orientated behaviour (Best & Miller, 2010) are strengthened over time. As EF have been shown to affect 

comprehension in both children (Nouwens et al., 2021) and adults (Follmer & Sperling, 2018; Ober et al., 

2019), a more varied language experience might positively affect comprehension via its positive effect on 
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EF. This can also be traced back to the simple view of reading, which suggests that reading comprehension is 

the product of decoding (i.e. the ability to read words and non-words) and listening comprehension (Hoover 

& Gough, 1990). This theory would suggest that the effect of language experience on reading comprehension 

would depend on its effect on decoding and listening comprehension respectively. Most research to date 

suggests that bilinguals tend to perform less well than monolinguals in oral comprehension tasks (Droop & 

Verhoeven, 2003; Jean & Geva, 2009; Melby-Lervåg & Lervåg, 2011) and this would suggest that a more 

varied language experience might have a negative effect on reading comprehension due to its negative effect 

on oral language comprehension. However, Adesope et al. (2010) suggests that participants with varied 

language experiences, especially balanced bilinguals (i.e. those equally proficient in both their languages) 

may have stronger decoding skills than their monolingual counterparts, supporting a positive effect of 

bilingualism on reading comprehension. While the effect of decoding on reading comprehension decreases 

over time (Tilstra et al., 2009), and decoding tends to be less important than oral language in adults (Landi, 

2010), research with second language learners shows that decoding continues to be an important correlate of 

reading comprehension in adulthood (Jeon & Yamashita, 2014). This suggests that the effect of bilingualism 

on reading comprehension might be mediated by language proficiency in the tested language (Jean & Geva, 

2009) and results might differ between balanced bilinguals and second language learners.  

Language experience is often described categorically by distinguishing between bilingual and 

monolingual participants (e.g. Ellis, 2008). However, this has a number of drawbacks. One source of 

difficulty arises from the chosen definition of bilingualism, with different researchers choosing different 

indicators to distinguish bilingual and non-bilingual participants. Some researchers use language proficiency 

in the second language and others use age of acquisition to distinguish between groups (Anderson et al., 

2018; Li et al., 2006). The lack of consistency regarding definitions and inclusion criteria makes research 

difficult to compare (Prior & Macwhinney, 2009). Moreover, language experience is inherently 

multidimensional (Kremin & Byers-Heinlein, 2021), with a number of dimensions (e.g. age of acquisition, 

context of acquisition, usage of each language and proficiency) affecting participants’ performance on any 

given language task (De Bruin, 2019; Marian & Hayakawa, 2020). Therefore, more recent studies suggest 

the use of a continuous scale to describe language experience (Luk & Bialystok, 2013; Kremin & Byers-

Heinlein, 2021).  In the present study, we analysed the effect of language experience on comprehension from 
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both a continuous and a categorical perspective using The Language and Social Background Questionnaire 

(LSBQ) designed by Anderson and colleagues (2018) to compare the results between the two types of 

classifications. 

Presentation Modality and Language Experience 

The mode in which information or material is presented to individuals (e.g. orally vs. written) affects 

participants’ ability to comprehend the material presented (Diao & Sweller, 2007), but results are mixed with 

regard to which modality promotes better comprehension in different participants.  

In children and adolescents results tend to highlight that bimodal presentation, i.e. presenting 

material in two modalities simultaneously (e.g. written, and oral material concurrently) improves 

comprehension compared to unimodal, i.e. single modality presentations (e.g., oral or written texts) (Verlaan 

& Ortlieb, 2012; Rahman & Hajar, 2020). Verlaan and Ortlieb (2012) asked 15 and 16 year-old students to 

read extracts from a novel, alternating between reading only and reading while listening (RWL). Students 

obtained higher comprehension scores in the RWL condition. In a few studies (Verlaan and Ortlieb, 2012; 

Steele, 1996) the positive effect of a bimodal presentation was stronger for struggling readers, suggesting 

that less able readers experience higher levels of facilitation from bimodal presentations. Research with 

adults yields more inconsistent results. Some research found that comprehension improved when university 

students simultaneously read and listened to texts compared to when they listened only (Chang, 2009; Liu, 

Cao, & Wu, 2019; Moreno & Mayer, 2002). Contrarily, Diao and Sweller (2007) found significantly better 

comprehension in the unimodal condition (reading only) compared to the bimodal condition (RWL), whilst 

Rogowsky et al. (2016) found no significant differences in comprehension between RWL and single 

presentation modality (either reading or listening only) in college educated adults. These differences in 

results could be explained by differences in sample characteristics and methodology. Most of this research 

(Diao and Sweller, 2007; Chang, 2009; Rogowsky et al., 2016) was conducted on college educated 

participants, however, participants differed in their English proficiency and on other important features (e.g. 

community language and age of L2 acquisition). Both participants in Diao and Sweller’s (2007) study and 

those in Chang’s (2009) study were studying English as a Foreign Language in their home country and had 

studied English for only 6 years, while participants in the study by Rogowsky et al. (2016) were native 

English speakers in an English speaking country. The type of texts used might also affect the results: both 
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Chang (2009) and Rogowsky et al. (2016) used narrative texts while Diao and Sweller used newspaper 

articles. Research suggests that narrative texts are easier to comprehend than expository texts (Dickens & 

Meisinger, 2017), and different cognitive skills might predict comprehension of the two types of texts (Eason 

et al., 2012).  

Results showing better comprehension from unimodal than bimodal conditions tend to support the 

cognitive load hypothesis (Mayer, 2014; Mayer et al., 1999) which hypothesizes that simultaneous inputs in 

two modalities increase cognitive load and, hence, can be detrimental to comprehension compared with 

single modality presentation. The redundancy effect further suggests that presenting the same information in 

different modalities is redundant and this is what increases cognitive load (e.g., see Kalyuga, Chandler & 

Sweller, 1998). This might particularly apply to adult readers, since, given the efficiency of their reading 

abilities, the phonological information provided by the oral presentation might be completely redundant. The 

same phonological information might not be redundant for younger or less efficient readers, potentially 

explaining difference in results between younger and older participants. These differences might be 

connected to the expertise reversal principle, which suggests that information that is non-redundant, and thus 

helpful, for novice readers might become redundant, and thus unhelpful for more skilled (expert) readers like 

university students (Kalyuga, 2007; Kalyuga, Chandler & Sweller, 1998).  

Language experience could also affect the extent of the facilitation obtained in bimodal conditions. 

Bilinguals might experience similar effects to novice learners, due to their reduced levels of experience in 

English (Bialystok et al., 2010), and therefore show higher bimodal facilitation compared to monolinguals. 

Many studies, in fact, find a facilitation for bimodal conditions in bilingual participants (Conklin et al., 2020; 

Pellicer-Sánchez et al., 2020; Tragant & Vallbona, 2018), with RWL leading to higher levels of 

comprehension performance (Chang & Millet, 2015). Bilinguals also seem to find RWL more engaging than 

other input modes (Chang, 2009; Tragant et al., 2016). Thus, bimodal presentation might have important 

learning and comprehension benefits in the bilingual population. In monolinguals research shows no 

particular benefit of bimodality on comprehension in both adults and young learners (Pellicer-Sánchez, et al., 

2020; Kalyuga & Sweller, 2014), supporting the redundancy effect.  

Despite this positive effect, some studies suggest the opposite, i.e. better comprehension from 

unimodal presentations (Diao & Sweller, 2007). This could be explained by considering that the bimodal 
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condition can be unhelpful for participants who are unable to attend to both streams of information 

simultaneously. This could be the case for participants whose listening comprehension skills are not as good 

as their reading comprehension skills: these participants might benefit from a written presentation over a 

bimodal presentation. At the same time, students with high level of English, like balanced bilinguals, might 

experience similar levels of redundancy to monolingual readers, thus obtaining higher comprehension scores 

when presented with a written text only.  Given that our measure of language experience can also capture a 

more balanced use of languages by our bilingual participants, it is possible that language experience might 

either have a positive effect on comprehension or no effect overall, but instead, interact with other variables. 

In the light of these different results, we expected an interaction between language experience and 

presentation modality. We also explored whether this effect can be replicated when measuring language 

experience on a continuous scale. A significant interaction might suggest a more subtle effect of language 

experience on the facilitation effect produced by bimodal presentation, with participants with more varied 

language experience, i.e. participants with higher levels of use of their home-language (and thus higher 

bilingualism scores), potentially experiencing stronger facilitation effects. This is especially important now, 

seeing as the amount of diversity in individuals’ language experience within schools, universities, and 

workplaces is steadily increasing (OECD Reviews of Migrant Education, 2009) and, in turn, so is the need to 

appropriately support these learners. 

 

Subject Knowledge and Enjoyment on Comprehension 

Individual differences in knowledge and enjoyment of the topic of the text can affect comprehension 

outcomes (Johnston et al., 2008). Research shows that having better subject knowledge positively predicts 

text comprehension (Best et al., 2008; Rydland et al., 2010; Tarchi, 2017). For example, Tarchi (2017) found 

that history knowledge predicted secondary school students’ comprehension of a history text. Similarly, 

when looking at subject enjoyment, researchers tend to find that topic interest and enjoyment predict higher 

comprehension scores (Babbitt Bray and Barron (2004). Given the positive effect of subject knowledge and 

enjoyment on comprehension, we explored their effect on university students’ comprehension of biology 

texts. The subject of Biology was chosen as we expected most of the participants to be Psychology students, 

familiar with scientific subjects, but with varied knowledge and enjoyment of the same. 
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We also considered that subject knowledge and enjoyment might interact with other variables to 

determine participants’ comprehension. For example, people who are more knowledgeable on a certain 

subject or enjoy it more, might experience similar effects to expert rather than novice learners and therefore 

show different effects of presentation modality than those with lower knowledge or enjoyment. Students with 

more knowledge or enjoyment might comprehend texts better when presented in one modality, as a second 

modality would be completely redundant for them, while a bimodal presentation might increase 

comprehension performance in students who know or enjoy the subject less. The interaction between subject 

enjoyment and language experience is more difficult to predict, but considering the cognitive load hypothesis 

(Mayer, 2014) we could hypothesize that subject enjoyment and knowledge might have a bigger effect on 

bilingual than monolingual students, possibly counteracting some of the difficulty arising from their 

relatively lower language experience in English. 

 

Research Questions 

In the light of the previous literature, we explored the effect of measuring language experience in different 

ways by answering all our research using two analyses: one that included language experience as a 

continuous variable and one that included language experience as a dichotomous variable. 

The main research questions we investigated are:  

1) Does presentation modality (reading compared to RWL) affect comprehension in adult university 

students differently depending on their language experience? 

We expected that students with more varied language experience might obtain lower scores in our 

comprehension task than students with more homogenous language experience (Jean & Geva, 2009). 

Specifically we expected that our measure of language experience might be correlated with variation 

in English proficiency, which is known to affect comprehension outcomes negatively (Jean and 

Geva, 2009). However, given that our measure of language experience could also capture a more 

balanced use of languages by our bilingual participants, which is known to have a positive effect on 

cognitive functions (Adesope et al., 2010), it is also possible that language experience might in fact 

have a positive effect on comprehension, or not have a direct effect, but just interact with other 

variables. We also hypothesized that presentation modality might affect students’ comprehension, 

particularly, we expected presentation modality to have a different effect on students depending on 
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their language background, with learners with higher scores on bilingualism, i.e. those who use their 

first language more often and those who had had overall more exposure to their first language, to be 

more facilitated by a bimodal RWL presentation modality (Chang & Millet, 2015), and students with 

a less varied language experience to experience the opposite effect.  

2) Do subject knowledge and subject enjoyment affect comprehension of biology texts in university 

students? We expected more knowledgeable students and those more interested in the proposed topic 

to comprehend the texts better. 

3) Do subject knowledge and subject enjoyment moderate the effect of language experience and 

presentation modality on comprehension? Based on research on novice and expert learners (Kalyuga, 

Chandler & Sweller, 1998) we expected that students with lower levels of knowledge or enjoyment 

of biology might be more facilitated by RWL presentation modality, with students with higher levels 

of knowledge or enjoyment understanding texts better in the reading modality. We also expected 

knowledge and enjoyment might interact with language experience in affecting presentation 

modality effects, with students with a more varied language experience and lower levels of 

knowledge and enjoyment, as the most “novice” learners, being the most facilitated by a bimodal 

RWL presentation modality. 

 

Method 

Design and Data Source 

Data, scripts, and supplementary materials are available at the following URL: 

https://osf.io/zgmaq/?view_only=8d6c12ffbb714d1b8c0af9b8bae9d520 

 

Participants 

After receiving ethical approval, we recruited 158 university students through a mixture of 

opportunity sampling, using the SONA online participation platform used by university students throughout 

the UK, and volunteer sampling using social media. All participants were university students in the UK. Data 

were screened for quality, and participants with high amount of missing answers were excluded. We further 

excluded participants who reported learning difficulties, as learning difficulties might influence performance 

in the two conditions differently. The final sample size comprised of 94 participants (78 female, Mage= 20.35, 

SDage = 1.66, Rangeage = 18-26). The sample size is in line or much higher than that of previous literature on 

https://osf.io/zgmaq/?view_only=8d6c12ffbb714d1b8c0af9b8bae9d520
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both the modality effect (Valentini et al. 2018) and the modality effect with bilingual participants (Liao, 

Kruger, & Doherty, 2020; Pellicer-Sánchez et al., 2020). The sample size is also in line with the estimated 

sample size of 98 for a target power of 0.8, computed through 

https://koumurayama.shinyapps.io/summary_statistics_based_power/ (Murayama, Usami, & Sakaki, 2022); 

this effect size was computed using results from Valentini et al. (2018) as these data provided all the 

necessary information for a power analysis for mixed-effects models. The power analyses considered the 

results from the comparison of unimodal and bimodal conditions from that study, as well as including 2 

cross-level interactions related to the focal level-1 predictor. 

Our participants can be categorised as: bilinguals (N = 48, 47.5%), monolinguals (N = 39, 38.6%) 

and borderline (those with ambiguous language backgrounds as classified by LSBQ) (N = 14, 18.7%) using 

the LSBQ (Anderson et al., 2018). Monolinguals and participants with ambiguous scores were grouped 

together for the analyses, forming the non-bilingual group. Participants spoke 32 different languages (14 

spoke Spanish, 5 Portuguese, 4 Arabic, 4 French, and all other languages had 3 or less speakers); 32 

participants reported speaking 1 language, 57 reported speaking 2 (3 categorical monolinguals declared a 

second language), and 8 participants reported speaking 3 languages. 

 

Procedure: 

Participants completed the research online from their own devices and on their own time. The study 

was carried out in Qualtrics, an online survey software (Qualtrics, Provo, UT, USA. 

https://www.qualtrics.com).  

After consenting to take part in the research, participants were asked to complete some demographic 

questions (age, gender, ethnicity, whether or not participants are university students, their university and 

IGCSE (or equivalent) grades, whether or not they have learning difficulties, and whether they have lived in 

countries where English is not the dominant language, and for how long). Participants were also asked to rate 

their knowledge and enjoyment of Biology on a scale from 0 to 5, before proceeding to complete the 

comprehension task. After the completion of the comprehension task, participants were asked to complete 

the language questionnaire (LSBQ) to assess their language experience. In the final page of the online survey 

participants were presented with a debrief which reiterated the purpose of the study, thanked them for their 

time, and reminded of the researchers’ contact details. 
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Materials 

 Comprehension Task. The comprehension task was designed to assess comprehension of Biology 

texts in two conditions; when reading a text (Reading, unimodal reading presentation) and when reading 

while simultaneously listening (RWL, bimodal presentation). Each participant took part in each condition, 

reading two different texts (Text A and Text B). Both texts consisted of a university-level text extract on the 

subject of biology, extracted from Open Access academic textbooks (Betts et al., 2013; PHED 301 Students, 

2018; please see Supplementary Material A). The 2 texts were similar in length and difficulty (Text A: NWords 

= 248, Flesh Reading Ease = 40.6; Text B: NWords = 266, Flesh Reading Ease = 34.8). Order of presentation 

modality (Reading vs. RWL), text (Text A vs. Text B) and text with presentation modality (Text A Reading 

and Text B RWL vs. Text B Reading and Text A RWL) were all randomised. 

Texts were copied on Microsoft PowerPoint (font – Calibri (Body) and font size – 22), and 

converted into a video. The video links were embedded into the online survey. Video controls were hidden to 

ensure that participants could not pause, rewind, or go forward on the video. 

For the Reading modality participants were presented with a video which included the written text 

without audio, for the RWL modality participants were presented with a video with a written text and the 

audio of a female British English speaker reading the same text aloud. We asked a pilot sample of 10 

university students (3 males, 7 females, ages between 21-37, 9 bilinguals) to read Text A and B silently, in 

order to match video lengths to the reading speed of university students. The two videos for the Reading 

modality were made to the length of the mean pilot participants’ reading speed (Text A = 94.71 seconds, 

Text B = 107.63 seconds), plus an additional 1.5 SDs (final video lengths: Text A = 2:53 minutes; Text B = 

3:13 minutes), while RWL videos were made to the length of the mean pilot reading speed, plus an extra 

500ms as (final video lengths: Text A = 1:44 minutes; Text B = 1:54 minutes). This ensured that, in the 

Reading modality participants had all the time to read the text at their own pace, while, in the RWL modality 

participants had to follow the reading speed of the narrator. Participants were asked to press the forward 

button once they had finished reading in the Reading modality, to try to avoid re-reading. 

Each text was followed by 6 forced-choice comprehension questions, both literal and inferential 

(Supplementary Material  A) accompanied by 4 possible answers. Questions were scored either correct 

(score of 1) or incorrect (score of 0). Score in each condition was computed as the number of correct 
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questions out of 6. Questions for each text were matched for difficulty using data from the pilot sample (Text 

A: Median of students correctly answering each question = 8.00; Text B: Median of students correctly 

answering each question = 8.00; U = 16.00, z = -0.328, p = .810). 

Language experience questionnaire. The current study adapted The Language and Social 

Background Questionnaire (LSBQ; Anderson et al., 2018) to measure participants’ language experience. The 

LSBQ was modified to allow for online self-administration via Qualtrics. The questionnaire consisted of 

three sections: Social Background, Language Background, and Community Language Use Behaviour. Social 

Background included demographic questions such as having lived abroad in countries where English is not 

the dominant language. Language Background involved questions about language proficiency and usage of 

English and additional language(s) (e.g., in speaking, listening, reading, writing). Community Language Use 

Behaviour asked questions regarding which language is predominantly used by participants in different 

social situations. Modifications were made in each section to serve the population being sampled, for 

example in the third section, ‘High School’ was changed to ‘Secondary School’, ‘Roommates’ was changed 

to ‘People you live with’ and a ‘Not Applicable’ column was added. To compute the final LSBQ score, when 

participants answered with ‘Not Applicable’, the mean from previous Anderson et al.’s (2018) results was 

applied to that specific question for that participant. Pilot study responses indicated that some participants 

might find it difficult to respond to certain fields that do not apply to their experience (e.g. questions about 

language used when participating in religious activities, or questions about language used with siblings) and 

needed a ‘non applicable’ option. Given the LSBQ necessitates complete answers in all questions to compute 

a bilingualism score, the average score for each question from Anderson et al. (2018) was used in the case of 

NA responses to specific questions. The responses from each individual were computed using the LSBQ 

Data Entry and Factor Score Calculator, which produced a singular score representing the language 

experience of each participant. These scores can be assigned to discrete categories or be kept on a continuous 

scale. Discreet categories distinguish between monolinguals (participants with a score that is less than -3.13), 

bilinguals (those with a score above 1.23) and ambiguous (scores between -3.13 and 1.23). Analyses were 

run with both continuous scores, and discreet categories in order to compare differences between the two 

types of classifications. Our participants’ LSBQ scores ranged from -7.05 to 15.11. 
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Biology knowledge and Biology enjoyment. To measure Subject Enjoyment, participants were 

asked; ‘How much do you enjoy the subject of Biology?’, to measure Subject Knowledge, they were asked; 

‘How much knowledge do you have on the subject of Biology?’. Both of these were measured on a self-rated 

scale of 0-5 (not at all – extensive knowledge / high enjoyment). 

Data analysis 

We performed three analyses in R version 4.1.1 (R Core Team, 2021). First, we explored the 

relationship between our continuous predictors using correlations.  

Second, we used a repeated measures generalized binomial model to explore the effect of language 

experience, presentation modality, subject knowledge and subject enjoyment and their interaction, in order to 

answer research questions 1, 2 and 3. We considered each question separately for each participant, as the 

dependent measure. This simultaneously allowed us to consider different intercepts for each participant and 

for each question. Language experience measured continuously as LSBQ scores, presentation modality, 

subject knowledge and subject enjoyment were entered as predictors in the model. 

Third, we ran the same analyses but included language experience as a bimodal variable, grouping 

all participants within two categories: bilinguals if their LSBQ score was higher than 1.23, non-bilingual if 

their LSBQ score was lower than 1.23. We grouped together monolinguals and participants with ambiguous 

scores as categorized by Anderson et al., (2018) to ensure groups with similar numbers. 

Specific details on the model selection procedure can be found in Supplementary Material B, and is 

available in OSF at: https://osf.io/zgmaq/?view_only=8d6c12ffbb714d1b8c0af9b8bae9d520 

 

Results 

Table 1 presents the self-rated knowledge and enjoyment of biology which significantly correlated 

with each other, while, importantly, neither measure correlated with LSBQ scores. The mean LSBQ score 

was near the identified cut-off for fully bilingual participants, in fact, 45 participants were classified as fully 

bilingual, and 49 as non-bilingual.   

 

 

 

https://osf.io/zgmaq/?view_only=8d6c12ffbb714d1b8c0af9b8bae9d520
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Table 1. Mean, standard deviations and Pearson correlations between the main continuous predictors (alpha 

= .05). 

 Mean 95% CI 1 2 3 

1 – LSBQ score 1.15 -0.20 – 2.51 - .18 .11 

2 – Biology Knowledge 2.75 2.53 – 2.96  - .64* 

3 – Biology Enjoyment 2.65 2.37   – 2.93   - 

 

Presentation time between the two conditions did not differ significantly (Reading time: M = 106.3 s, 

SD = 45.4; RWL time: M = 112.9 s, SD = 6.5; t(93) = 1.4, p = .167). When considering comprehension 

performance (Table 2), participants obtained similar scores in the two conditions. When considering 

language experience as binomial, bilinguals obtained slightly higher scores in the Reading modality, while 

non-bilingual participants obtained higher scores in the RWL modality, with scores for RWL in the two 

groups appearing very similar. 

Table 2. Mean and 95% CI for total number of correct questions answered in each condition by all 

participants (out of 6), and by participants divided in groups depending on their language experience. 

 All participants 

(N = 94) 

 Bilinguals 

(N = 45) 

 Non-bilinguals 

(N = 49) 

 Mean 95% CI  Mean 95% CI  Mean 95% CI 

Reading 3.99 3.75– 4.23  4.29 3.91– 4.67  3.71 3.41 – 4.02 

RWL 3.96 3.68 – 4.24  3.93 3.48 – 4.38  3.98 3.62 – 4.34 

 

 Table 3 reports two generalized repeated measures models: one with continuous LSBQ scores and 

the other with binomial division between bilingual and non-bilingual participants. As it is possible to see 

from the results from the two models both highlighted a main effect of Language Experience and Biology 

Enjoyment, but no main effect of Modality or Biology Knowledge. These main effects highlight that students 

with more diverse language experience and those who enjoyed biology more obtained better comprehension 

scores. Both models also highlighted a significant interaction between Language Experience (either 

dichotomous or continuous) and Biology Enjoyment. The interaction between Modality and Language 

Experience, however, was significant in the model with dichotomous language experience, but only 

approaching significance in the model with the continuous variable.  
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Table 3. Repeated measures generalized binomial models for comprehension. 

 Model 1 - LSBQ continuous model  Model 2 - Bimodal language experience model 

Factor Est. SE 
Est. odds 

ratio 

z values  
Est. SE 

Est. odds 

ratio 

z values 

z p  z p 

Intercept .83 .30 2.29 2.73 .006*  1.14 .33 3.12 3.43 .001* 

Modality -.02 .14 .98 -.13 .939  -.34 .21 .71 -1.60 .109 

Language Experience .19 .09 1.21 2.04 .041*  -.56 .23 .57 -2.41 .016* 

Biology Knowledge -.06 .12 .94 -.54 .590  -.04 .12 .96 -.37 .713 

Biology Enjoyment .30 .12 1.35 2.51 .012*  .56 .14 1.75 3.80 <.001* 

Modality*Language 

Experience 
- - - - -  .58 .29 1.79 2.04 .041* 

Biology 

Enjoyment*Language 

Experience 

.21 .10 1.24 2.13 .033*  -.57 .19 .57 -3.07 .002* 

Random effects Var SD 
Marg 

R2 GLMM 

Cond 

R2 GLMM 
 Var SD 

Marg 

R2 GLMM 

Cond 

R2 GLMM 

Subject .31 .55 
.04 .30 

 .29 .54 
.04 .31 

Question .95 .97  .95 .97 
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Figure 1. Exploration of interaction from Model 1.A – effect of LSBQ on the probability of answering 

a question correctly depending on level of Biology enjoyment; B - effect of Biology enjoyment on the 

probability of answering a question correctly depending on LSBQ scores (both Biology enjoyment 

and LSBQ scores centered around the mean). 

 

 

 
Figure 2. Exploration of interactions from Model 2. A- probability of answering the comprehension 

question correctly depending on Presentation modality and bimodal language experience; B – 

probability of answering the comprehension question correctly depending on bimodal language 

experience and Biology enjoyment scores (Biology enjoyment scores centered around the mean. Bars 

represent the score clusters.). 
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 The significant interaction between LSBQ scores and Biology enjoyment in the first model 

suggests that the effect of Biology enjoyment increases at increasing LSBQ scores (Figure 1 B), while 

the effect of LSBQ scores increased less markedly at the increase of Biology enjoyment scores 

(Figure 1 A). Similarly, the significant interaction between language experience and Biology 

enjoyment in the second model suggests that Biology enjoyment was a significant positive predictor 

for bilingual students, but not non-bilinguals (Figure 2 B). This was explored through post-hoc 

analyses using similar models as the main analyses, without interactions. When including only 

bilingual participants the effect of Biology enjoyment was significant (OR = 1.59, p = .004); the same 

effect of Biology enjoyment was not significant in the model that only included non-bilingual students 

(OR = 1.09, p = .610). When dividing data depending on Biology enjoyment, the difference between 

bilingual and non-bilingual students was not significant in a model that included students with low 

enjoyment (scores 0 to 2: OR = .99, p = .969) nor in a model that included students with high 

enjoyment (scores 3 to 5: OR = .64, p = .099). 

 As reported in Table 3, there was no significant interaction between LSBQ and modality in 

the model with continuous LSBQ scores. However, this interaction was significant in the model that 

considered language experience categorically. As suggested by Figure 2, a post-hoc analyses 

confirmed that bilingual and non-bilingual students did not differ in their comprehension scores in the 

RWL condition (OR = 0.98, p = .922), but bilinguals outperformed non-bilinguals in the Reading 

condition (OR = 1.75, p = .016), which is the opposite of what we expected from previous research 

(Chang and Millet, 2015). Differences between conditions were not significant for either participant 

group (bilinguals: OR = 0.34, p = .109; non-bilinguals: OR = -.25, p = .201). 

 

Discussion 

The present study explored the effects of presentation modality (reading compared to reading 

while listening – RWL), biology enjoyment and biology knowledge on the comprehension of biology 

texts in a group of university students with a wide range of language experiences, where language 

experience was measured both categorically (bilinguals compared to non-bilinguals) and 

continuously. 
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Firstly, when assessing the effect of language experience on comprehension, both models 

highlight an overall significant effect of language experience: participants with higher scores in our 

language experience measure obtained higher comprehension scores and, when divided in groups, 

bilingual participants outperformed non-bilingual participants on comprehension. This finding is in 

contrast to what was originally hypothesised (Jean & Geva, 2009) but similar results have been found 

in previous research (Adesope et al., 2010; Afsharrad & Sadeghi Benis, 2015). In fact, while some 

research suggests that bilingual participants might have lower oral language skills than monolinguals 

(Droop & Verhoeven, 2003), and that this can negatively affect their comprehension abilities, other 

research suggests that bilinguals might have better executive function skills (Bialystok, 2011; 2015), 

which, in turn, can positively affect comprehension. 

It is also possible that the superior performance of bilingual participants might be specific to 

our population of University students studying in an English-speaking country. Students in our sample 

likely had a high level of English, necessary to be admitted to study in the UK, thus, in their specific 

case, being bilingual could come with the benefit of improved executive functions (Bialystok et al., 

2004), but without the drawback of lower oral language abilities (Droop & Verhoeven, 2003). This 

would be in line with the results of Adesope et al. (2010) that suggested that balanced bilinguals can 

have stronger reading skills than their monolingual counterparts. Given the expected high level of 

English in the present sample, it is possible that a higher score in our language experience measure 

would in fact identify more balanced bilinguals – i.e. participants that still use their L1 (first language) 

very often, and thus maintain it, while also exhibiting good levels of L2 (English) knowledge. 

A second important result in regards to language experience was that the model that 

considered language experience as categorical highlighted a significant interaction between 

presentation modality and language experience, while in the model with continuous LSBQ scores this 

interaction was not significant. The significant interaction in one of the models suggests that bilingual 

students performed better than non-bilinguals in the Reading condition, but not in the RWL condition. 

The fact that this interaction is only significant in the model that categorises bilinguals and non-

bilingual in groups might suggest that this is a general effect found at any level of bilingualism, but 

does not increase with the increase in diversity of language experience. Again, this is contrary to our 
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initial hypothesis that bilinguals would be more facilitated by RWL than non-bilinguals (Chang & 

Millet, 2015). This result however is similar to what Diao and Sweller (2007) found in a previous 

study with bilingual students. 

It is particularly interesting that we found an effect similar to that of Diao and Sweller (2007), 

as the two bilingual samples were quite different. Our sample of university students studying at 

British Universities was composed of either monolingual students or highly proficient bilingual 

students, used to studying in English. Our bilingual students also would have had to meet the standard 

set by their British Universities in order to be admitted into their chosen course. In contrast Diao and 

Sweller (2007) tested students studying English as a Foreign Language in China and suggested that 

their relatively low reading ability would have impaired their performance in the bimodal task by 

preventing good audio-visual correspondence. In our sample, on the other hand, given the relatively 

high proficiency compared to the general bilingual population, it is possible that having a more varied 

language experience might have been an advantage for these students. For example, a more varied 

language experience might have strengthened students’ executive functions (Bialystok, 2011; 2015), 

which in turn would have had a positive effect on their comprehension abilities (Follmer & Sperling, 

2018; Ober et al., 2019). 

Bilingual students outperformed non-bilinguals in general but the fact that this positive effect 

of bilingualism was especially evident in the reading-only and not in the RWL condition might be due 

to the freedom granted by the Reading condition, where students could read the text at their own pace, 

compared to the RWL condition where students had to follow the oral narration. The oral narration in 

the RWL condition was made to match the mean reading speed of a sample of university students but 

might not have matched the reading speed of all students, thus, potentially masking any positive effect 

of bilingualism.  For example, if the students’ reading speed was slower than the oral narration, this 

may have impaired their ability to read the text while simultaneously listening, and thus their ability to 

make full use of the bimodal presentation. This may have subsequently affected their comprehension 

of the text, and potentially masked the positive effects bilingualism might have had on their 

comprehension outcomes, specifically in the RWL condition.  
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 It is also possible that, given the high language ability required of bilingual students by 

British Universities, these students were more expert comprehenders than their monolingual 

counterparts (due to the possible positive effect of bilingualism on executive functions), and thus they 

were more likely to show the more standard redundancy effect (i.e. better performance in the reading 

than RWL condition) than their monolingual peers. To explore the underlying mechanism of 

executive function being the facilitator for bilingual advantages, future studies could include a 

measure of executive function. This second interpretation, however, is tempered by the lack of 

significant difference between conditions, even in the bilingual group. Another possibility, however, 

is that there might be differences in the motivation and attention paid to the task by monolingual and 

bilingual students. This idea could be further explored by conducting the study in person rather than 

online and by including a measure of engagement with the task.  

Overall, our results suggest that the best way to promote comprehension in university 

students, especially bilingual university students, might be to provide them with written material they 

can read at their own pace, rather than oral narration. The results also suggest that bilingual students 

might be advantaged over non-bilingual students, especially when provided with written material. 

These results could be applied to recorded lectures, suggesting that providing scripts or just written 

material would be particularly beneficial for bilingual students, though further research on videos and 

videos with captions is needed to confirm this effect.  

In regard to the effect of biology knowledge, biology enjoyment, and their interaction with 

language experience, the analysis with language experience as continuous and that with language 

experience as categorical highlight similar effects. Students with higher self-reported enjoyment, but 

not those with higher self-reported knowledge had higher comprehension scores. The interaction 

between enjoyment and language experience also suggested that the positive effect of biology 

enjoyment was greater for students with more diverse language experiences. In fact, in the analysis 

with a categorical distinction between bilingual and non-bilingual students, the positive effect of 

biology enjoyment was significant only in the bilingual group. These results are in line with previous 

research on the effect of subject enjoyment on comprehension (Babbitt Bray and Barron, 2004) but 

not the research on subject knowledge (Rydland et al., 2010), suggesting that, when considering both 



 

19 

 

knowledge and enjoyment, enjoyment might have the greatest effect on comprehension. This effect 

might be explained by hypothesising that students who enjoy biology the most might be more likely 

to pay closer attention to a biology text and thus comprehend it better. Their enjoyment of the subject 

might also influence their more general reading habits, making them more familiar with biology or 

scientific texts. 

The lack of an effect of subject knowledge could be due to the relative importance of subject 

knowledge and subject enjoyment, with enjoyment having the biggest effect. Given the relatively high 

correlation of these two variables, it is also possible that part of the variability explained by subject 

enjoyment could be shared variability explained by both enjoyment and knowledge. It could also be 

possible that the relatively high academic achievement of our sample (university students) could 

explain the lack of knowledge effect, as this sample might be composed of students that are all 

relatively knowledgeable in the subject of science, despite their self-reported scores. Future research 

might disentangle these effects by including young adults with a more varied educational experience. 

It is also possible that the subjective nature of the self-rating measures used might have 

influenced the results, and including quantitative objective measures of knowledge might clarify these 

effects. In fact, previous research on self-assessment of knowledge suggest that these correlate 

moderately with more quantitative knowledge assessments, but correlate more highly with motivation 

and satisfaction measures (Sitzmann et al., 2010). 

The interaction between subject enjoyment and language experience is more difficult to 

account for, as in our knowledge this is the first study to compare the effect of subject enjoyment 

between bilingual and non-bilingual students. It is possible that subject enjoyment might have a 

bigger effect on bilingual students by accentuating the effects suggested above thus making bilingual 

students more likely to be affected by attention to the text or relative familiarity with the subject due 

to their relatively lower English language skills.  

As explored in the introduction, previous research tended to explore the effect of language 

experience categorically, comparing bilingual and non-bilingual participants (Ianco-Worrall, 1972), 

while more recent research highlights the importance of using continuous measures (Luk & Bialystok, 

2013). In the present study we found similar results when comparing bilingual and non-bilingual 
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students and when using a continuous variable to measure language experience, except in the case of 

the interaction between presentation modality and language experience, where the interaction was 

significant in the model with a categorical variable, but not significant in the model with a continuous 

variable. This suggests that bilingual participants are those most likely to experience facilitation from 

the Reading condition compared to the RWL condition, but this facilitation might be experienced 

similarly by all bilinguals past a certain language threshold. Measuring language experience 

continuously allows for a more nuanced analysis of individual differences in the bilingual population 

(Luk & Bialystok, 2013), however, a categorical distinction between bilingual and non-bilingual 

students might still be of use when exploring specific effects. To take this possibility into account 

future research on bilingualism might consider including both a categorical distinction between 

bilingual and monolingual participants, but also a continuous measure of language experience 

(Kremin & Byers-Heinlein, 2021), at least for the bilingual group, where language experience can be 

extremely varied. 

 

Limitations and Conclusions 

Some limitations are present in the current study: Firstly, this study was conducted online, 

thus we relied on participants to focus and pay attention and perform the task appropriately without 

supervision. While this allowed us to collect a larger quantity of data in a short amount of time, a 

more controlled, in person environment would have granted more control over participants’ attention 

and performance. A second limitation is linked to the specific features of the RWL condition. 

Specifically, presentation time in the RWL condition was fixed at the mean reading time of the pilot 

group while students could read at their own pace in the Reading condition, thus, presentation time 

might have differed between conditions for each individual participant and might have had an effect 

on performance. However, overall, we did not find a difference between time spent reading or RWL 

(see Results section). Our chosen presentation time matches that adopted by previous studies 

(Valentini et al., 2018), however future studies could allow for variation in presentation time in the 

RWL modality between participants to match their reading time, to explore effects of individual 

differences in reading time on presentation modality effects more thoroughly. 
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A third limitation is that we only measured biology knowledge and biology enjoyment with 

two separate questions. To explore effect of knowledge and enjoyment more fully, future research 

might use more nuanced methods to measure knowledge and enjoyment, including more subtle 

questions, or a direct assessment of subject knowledge that would not rely on self-report. The 

inclusion of a measure of reading-habits might also help clarify the source of enjoyment effects. 

Future research could also include a question to control whether participants are studying Biology at 

University level: these participants might be able to answer the comprehension questions without 

reference to the text, and their inclusion might affect the data. The present data was collected through 

Qualtrics and distributed mainly to Psychology students, but the presence of Biology students in the 

sample cannot be excluded. 

A fourth limitation of the present study is that we did not pilot comprehension questions 

separately from the texts. It is therefore possible that questions might have been too easy for the 

participants, and more difficult questions might highlight a difference between conditions or between 

monolingual and bilingual participants more clearly. While the performance of the pilot participants 

and that of our experimental sample was not at ceiling at text-level, it is still possible that some ceiling 

effects at question-level might have affected our ability to differentiate performance between 

conditions and groups. Finally, it must be noted that caution may be warranted in the interpretation of 

the interaction between language experience and modality, as this interaction was only significant 

when bilingual and non-bilingual participants were divided in two groups. Given that we did not 

measure decoding abilities or EF in these two groups, it is possible that the groups differed on more 

than one feature, and that other important individual differences, like reading skills or executive 

function abilities, might have affected the result. In fact, this applies to the main effect of language 

experience as well, as language experience might function as a proxy of other skills that were not 

measured in the present study. Future research might include measures of reading abilities and 

executive functions in order to better differentiate the role of language experience from that of other 

measures of individual differences, especially reading and cognitive skills.  

In conclusion, the present study shows a general advantage of bilingual university students 

over non-bilingual students in comprehending texts. It also highlights how presentation modality and 
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enjoyment affect bilingual and non-bilingual students differently, with bilingual university students 

being advantaged by a written presentation of the material and being more affected by subject 

enjoyment. This can have important implication for education practices: for instance, our results show 

that bilingual students might outperform non-bilingual students in text comprehension. The results 

also suggest that, when catering to university students with a varied language experience, presenting 

material in the written modality might be the best way to ensure highest levels of comprehension. It 

also highlights the importance of considering students’ interest in the subject, which might suggest 

that activities that foster students’ engagement and improve their enjoyment might be particularly 

beneficial in increasing comprehension of the material, and thus, educational attainment and success. 
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