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Abstract 
STEM-education through a foreign language (FL) is gaining popularity as classrooms around the world 
are striving to prepare today’s students for tomorrow’s globalized workforce.  Besides diplomas 
demonstrating disciplinary and professional competence, potential employees must also demonstrate 
mastery of one or more FLs.  At the same time, we cannot sacrifice content-knowledge for the sake of 
learning a foreign language: on the surgical table, it matters little if the surgeon, with whom we share a 
common language, speaks a foreign language. At the level of upper secondary and tertiary education, 
FL-STEM must face the most basic undeniable fact that Content at this level is already complex and 
difficult in the mother tongue (L1). For FL-STEM to succeed and properly prepare its graduates with 
sound disciplinary knowledge plus a decent mastery of foreign language, we must delineate strategies 
whereby the use of a FL does not hinder the comprehension of content but actually helps students 
better understand complex disciplinary concepts.  The first part of this paper and virtual presentation 
discusses a few basic considerations facing FL-STEM at upper secondary. Since content is already 
difficult in L1, the use of a FL clearly calls for a series of changes in methodology. The second part 
illustrates how the free Google platform was optimized to design learning-progressions in which 
students had to actively and interactively co-construct Content knowledge whilst using different 
linguistic registers in both the FL and L1. Results attained from e-FL-STEM instruction are presented 
to demonstrate how a FL can be strategized to facilitate content-instruction.  

Keywords: STEM, CLIL (Content and Language Integrated Learning), translanguaging, foreign 
language for content learning, pluriliteracies, academic language, IGCSE Science education, the 
language dimension of learning.  

1 INTRODUCTION 
To prepare graduates for increasingly more internationalized professional realities, STEM-education 
through a foreign language (FL: FL-STEM) is gaining popularity as classrooms around the world strive 
to prepare today’s students for tomorrow’s globalized workforce. It would actually be “immoral” to 
ignore the fact that our students must be able to use foreign languages in professionally appropriate 
ways. It would would also be immoral if instruction through a foreign language fails to provide students 
the depth of disciplinary knowledge needed to enter their chosen professional communities: we cannot 
sacrifice content-learning for the sake of learning foreign languages. However, if the learning of STEM 
content at upper secondary and tertiary is already challenging in the mother tongue (L1), would a 
foreign language not make what is already difficult, impossible? In fact, FL-STEM initiatives are 
becoming popular in contexts where the language of instruction is a foreign language for both the 
teacher and the students.  How then, can we successfully complete the challenging upper secondary 
curriculum if it is already difficult to do so when teachers and students are using a shared mother 
tongue?  This paper discusses the importance of making explicit “the language dimension of upper 
secondary STEM-education” and how this then opens a toolbox of “linguistic codes” which we can use 
to develop translanguaging tasks that help students develop content literacies as well as academic 
language literacies in both the L1 and the FL. 

It should be noted that, in Europe, the use of a FL to teach Content has been called CLIL – Content 
and Language Integrated Learning – emerging as “a European solution” to the European challenge 
whereby EU citizens must speak not one but two foreign languages.  While much research has 
reported positive CLIL learning outcomes in pre-secondary education or in the instruction of non-
STEM subjects, or where the focus is on language-learning [1] [2], only few have demonstrated how a 
FL helps the learning of complex STEM concepts at upper secondary and beyond [3]. This, and the 
fact that the definition of CLIL is still under debate [4] and appears to be applicable to any context 
where the instructional language is a FL for any amount of time and for the learning of any depth of 
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content or complexity of language, here I would like to use the term FL-STEM to make explicit that the 
language of STEM instruction is a FL for both the teacher and the learners. This can therefore benefit 
from research in STEM education, which is well-established, as also that in FL-instruction.  For 
example STEM education expects students to learn disciplinary concepts to the grade-appropriate 
depth defined by the STEM curriculum and attain a level of disciplinary literacy that enables students 
in upper secondary to continue into higher education and/or progress into their chosen professions. In 
this report, I use “FL-STEM” to refer to upper secondary FL-STEM and, although the considerations 
and strategies would apply to the use of any FL used in content-instruction, the FL used here is 
English. 

1.1 The (invisible) language dimension of Content-education  
Few would argue that, even in the mother tongue, as students get older, the content that they must 
learn becomes increasingly more complex: photosynthesis at primary school is much more tangible 
than when presented at middle school and, at high school, calls for an understanding of complex and 
oftentimes invisible processes.  Not only. Since complex disciplinary concepts represent the 
intellectual product of a given disciplinary community of practice, disciplinary experts use 
conventionalized language to codify these shared disciplinary-understandings. This shared “linguistic 
code” is called disciplinary discourse, which represents the most precise and proper way to speak 
about disciplinary knowledge. This is therefore the language used in content education at upper 
secondary. “The language dimension of content education” recognizes that content-instruction at 
upper secondary involves the learning of both complex concepts as well as this complex academic 
disciplinary discourse that codify these concepts.  In fact, if we want our students to correctly and 
properly codify their understandings of disciplinary concepts, they need the proper coding tool – the 
language of the discipline, i.e. disciplinary discourse. 

Unfortunately, although such disciplinary discourse is the proper way to codify and conceptualize 
disciplinary knowledge, students who are not (yet) experts of a given disciplinary community find the 
discourse used by textbooks and teachers difficult to easily understand. In fact, when chemists, 
economists or historians, etc., speak amongst themselves, for those of us who are outside those 
disciplinary communities, the discourse is not easy to follow. That disciplinary academic language 
seems like a foreign language, even in our mother tongue, was capture effectively by Bourdieu and 
Passeron when they say “academic language is no one’s mother tongue” [5].  That being the case, at 
upper secondary, students must not only understand complex and often unknown concepts, they must 
also comprehend the complex and unfamiliar discourse within which those abstract concepts are 
embedded [6].  Fig. 1 schematizes the cognitive demand imposed by both the Content and Language 
of upper secondary STEM education, a demand that must be equilibrated so to not cause cognitive 
overload.  

 
Figure 1. STEM education at upper secondary involves the learning of both abstract and complex concepts 

and the language in which these concepts are embedded [6]. 

Experts applying the cognitive load theory to education [7] remind us that no more than four “units” of 
new information can be held in working memory for no more than 20 seconds while it is being 
processed. Since working memory must constantly monitor and attend to all incoming information, the 
meager amount of information that is being processed is also easily “lost”.  The cognitive resource 
available to working memory for processing and understanding new information is therefore of limited 
capacity, limited duration, and volatile. Imagine then an instructional utterance such as “calcium, 
having two outer-shell electrons, belongs to Group II and would therefore easily interact with…” To 
follow what calcium would easily interact with, one would have to already know that 1) electrons 
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occupy orbitals; 2) orbitals represent shells of discrete energy levels 3) how the Periodic Table 
organizes elements into Periods and Groups and 4) why elements would “want to” interact in the first 
place.  If these concepts are already well-consolidated and stored as learnt information in long-term 
memory, then this 15-word utterance does not require much of the limited cognitive resources of 
working memory.  If the listener is only slightly familiar with one of these concepts, working memory 
resources would be needed to, in less than 20 seconds, recall, process and comprehend the language 
of the not-so-familiar concept before moving on to follow the discourse of what calcium would interact 
with.  Unfortunately, by the time the not-so-familiar has been processed, the teacher would probably 
have already moved forward a great deal.  Cognitive load theory helps us see that “information-
overflow” may not only be a figure of speech. 

Although good teachers make great efforts to render instructional language as comprehensible as 
possible, there are three challenges.  Firstly, they must guarantee comprehensibility for the entire 
duration of the lesson, all lessons, all year, always. Secondly, instruction of any sort, cartoons, songs, 
learning games and gimmicks, must nonetheless return to disciplinary academic language since, for 
students to formulate accurate understandings about disciplinary concepts, we must provide them the 
precise discourse with which to formulate their thoughts. In fact, and finally, even if we have used an 
array of well-chosen videos to flip, or cartoons to fascinate, when we evaluate how well our students 
have learnt, we expect them to use correct and proper disciplinary discourse to talk about their newly 
learnt disciplinary knowledge.  This leads us to what we might call “a dilemma of education”.  By 
making explicit “the language-dimension of education” we realize that, even in the mother tongue 
there is a circularity that leads to a dilemma: the language we expect students to produce at output, so 
to show what they have learnt, is not suitable as input for students to learn with (Fig. 2). 

 
Figure 2. The Dilemma of Education: The language we expect students to use at output to make-meaning 

and communicate their knowledge cannot be the language we use to provide input [8]. 

Although “comprehensible language” is so obviously the sin qua non of effective input and although 
the quality of students’ use of disciplinary discourse is often how we gauge content learning, research 
has shown that while teachers at pre-secondary attend to how their learners are using language, at 
upper secondary, when presented with poor text, content experts believe that “the inability to use 
language effectively is the problem of the language teacher” [9].  Unfortunately, at upper secondary, 
the depth and complexity of content is often beyond the expertise and comfort zone of the language 
expert.  In fact, the error behind the incorrect chemistry phrases “electron’s proton” or “neutron’s 
electron” does not relate to whether the genitive is used properly but reflects a total misunderstanding 
of content since these ways of languaging about chemistry would be equivalent to “the heart’s toe” or 
“the lung’s teeth” when languaging about human anatomy. Therefore, content instruction is only 
complete and successful if the students can use language well to speak and write about their content 
understanding intelligently and intelligibly.  And if a chemist does not help her students to also learn to 
use the language of chemistry properly to language about chemistry, who will?  This alone is already 
difficult in L1-STEM at upper secondary. 
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1.2 How can the use of a FL help?  
Disciplinary discourse, the language used to mediate disciplinary concepts, has been called “the 
invisible curriculum”. However, when STEM-education is offered through a foreign language this 
medium needed for communicating concepts becomes very visible.  To start with, FL-STEM teachers 
realize that their learners may not have the linguistic resources to understand extensive “explanations” 
in the FL: listening passively and reading that involves only ocular muscles cannot work.  FL-STEM 
teachers therefore modulate and repackage instruction into learning-tasks that students must 
complete. Since FL-STEM aspires to contribute to students’ learning of a FL, these tasks are designed 
so that students must actively and interactively use the FL to negotiate meaning, discuss and debate 
understanding and thus co-construct knowledge.  In this way, the focus is on both the content-
dimension of STEM-education – e.g. science literacy – as well as the language-dimension of STEM-
education.  In fact, since FL-STEM is such an effortful process, we expect that one final outcome is 
high levels of language performance.  For example, we would expect students to be able to use the FL 
well to speak and write about content in academically appropriate ways, otherwise, why not just teach 
through the mother tongue?  FL-STEM thus expects productive literacy.  Although we should also 
expect such productive academic literacy from instruction through the mother tongue, FL-STEM 
makes explicit this language-dimension of content knowledge as a factor that shapes input and as a 
requisite of output [10].  

1.2.1 A two-dimensional language map for FL-STEM instruction 

Cummins [11], studying FL learning in immigrants in a Canada immersion context, found that it took 
two years for newcomers to learn a social form of discourse that he called BICS – Basic Interpersonal 
Communication Skills. However, for academic success, it was necessary to master CALP – Cognitive 
Academic Language proficiency.  Cummins found that this “language of schooling” takes upwards of 
five to seven years to learn.  Fig. 3 illustrates how Cummins’ nomenclature has been used to develop 
a “two-dimensional language map”.  By acknowledging the fact that academic language is different 
from social language and already challenges learning even in L1, we can consider “the language 
dimension of learning” as a continuum that ranges from this academic L1-CALP at one end of the 
language continuum, and familiar L1-BICS at the other end.  This L1-language continuum is indicated 
on the horizontal axis.  Regular instruction through L1 would move through the language options 
available along this one-dimensional language continuum.  However, the addition of a FL adds a 
second language continuum along the vertical axis, with familiar and social foreign language – FL-
BICS – at one end of this “foreign-language continuum” and academic foreign language – FL-CALP – 
on the other end.  As such, the presence of a FL expands our language options into a two-dimensional 
language “arena”.  The language dimension of learning in only L1 is uni-dimensional while that in FL-
STEM becomes two-dimensional. On this two-dimensional language map, we can discern four 
quadrants of interaction between L1 and the FL and between BICS and CALP. Quadrant A is clearly 
the most comfortable for learners and quadrant D the most cognitively challenging while quadrants B1 

and B2 offer an intermediate level of challenge.  However, as discussed above, quadrant D is the 
objective of education, even in L1 and especially in a FL. 

 
Figure 3.  A “two-dimensional language map” delineates the language-options  

that are available within the FL-STEM learning environment [8]. 

9112



By making visible the different linguistic codes available for supporting content comprehension and 
literacy development, it is then possible to develop translanguaging strategies to help students use 
these codes to access and process complex STEM content and develop literacy skills.  For example, 
by realizing that academic language in L1 is not at all easy (L1-CALP), we may ask students to use a 
familiar form of the foreign language, FL-BICS, as a way to engage with otherwise complex text 
written in L1-CALP.  In this way, the FL becomes a way for engaging students with their L1-textbooks. 
Subsequently, once students have comprehended the complex content, which would no longer 
impose a heavy cognitive load, it becomes possible to help students master CALP in the foreign 
language. In the Methods section, I briefly illustrate the training materials that helped FL-STEM 
teachers design translanguaging learning materials for their learners.  The data reported in the Results 
section are from students who had then learnt through trainees’ materials. 

2 METHODOLOGY 
Here, I briefly discuss how FL-STEM teachers were trained to produce FL-STEM translanguaging 
materials that prompted and guided students through deep-level reading of their L1-textbooks. 

2.1 Sensitizing teachers to the language dimension of content knowledge 
Before one can develop effective translanguaging tasks for FL-STEM, it is essential to appreciate the 
challenge posed by “the language dimension of content learning”.  To exemplify the lexical density 
students find in L1-textbooks, a text from Wikipedia (Fig. 4) was used to simulate how the topic of 
photosynthesis would be presented in an L1-textbook.  Teachers were asked to first highlight three 
categories of language:  

1 words and phrases that would only appear in texts that regards the STEM topic.  In this case 
the very word photosynthesis would be such a word, as would chlorophyll (clorofilla). 

2 Words and phrases that mean something in everyday language, but in this STEM topic, have 
another meaning.  In this case reaction (reazione). 

3 Phrases and expressions that are academic, not language that students would use with their 
peers. 

 

  

Figure 4.  LEFT: Text from Wikipedia used in teacher-training to exemplify L1-textbook discourse; RIGHT: 
Links to a file illustrating teachers’ text-analyses of “the language dimension” disciplinary discourse 

regarding topics for which they would design translanguaging tasks. 

By training teachers to systematically analyze the language of their disciplinary discourse even in L1 
(see Fig. 4 right for link to analyses), teachers became aware of the heavy cognitive load imposed by 
such complex discourse. This language-awareness raising was the starting point of the FL-STEM 
teacher training. STEM teachers realize that, to comprehend already complex content concepts, they 
must equilibrate between the cognitive demands of content and the language.  This is true even in L1 

http://bit.ly/Ting_ED
ULEARN_2017_1 
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and even more so if instruction is through a FL. From here, it was then possible to help teachers 
appreciate how the different language codes could be strategized to support content learning. 

2.2 Applying the two-dimensional language map 
When students are learning through a FL, it is evident that we must constantly evaluate how well they 
are learning.  Formative assessment must be frequently incorporated into the FL-STEM learning 
progression. The free Google platform was used to organize and present FL-STEM learning tasks in a 
way that allowed teachers to immediately evaluate how well students were comprehending content as 
they were working through each task. Fig. 5 illustrates the translanguaging task related to the text on 
photosynthesis which was used in teacher-training.  Through the links, it is possible to see how the 
task was set up through Google Form.  In addition, at the conclusion of a Google-Form task, it was 
possible to provide further links, thereby setting up a learning progression.  Here, for the purpose of 
teacher-training, the link leads to students’ writings produced from similar translanguaging learning 
tasks regarding another STEM topic and in which grade-level English textbooks for the Cambridge 
IGCSE exams were used. 

 

  

 

 

 

 

 

 

 

Figure 5.  LEFT: Translanguaging task-1 in which familiar FL, FL-BICS, was used to prompt students to 
engage with complex L1-CALP. RIGHT: Links to these tasks as organized through Google Form. 

2.2.1 Analysis of the translanguaging process  
To complete the task shown in Fig. 5, students would have to read and re-read the L1-CALP text 
numerous times. This alone increases the amount of time-on-task during which students process and 
think about the concepts expressed in these phrases, thus increasing students’ understanding of the 
content and even appreciation of it. For example, while facts related to how much CO2 plants 
transform into biomass every year is rather amazing, when students are simply listening to or 
“passively” reading through such information, there is not enough time to process, comprehend and 
become amazed.  This simple translanguaging activity gives students time to pause on important 
content concepts as well as fascinating information, increasingly the likelihood that they are motivated 
to learn about the content. It should be noted that the English phrases are short and, although the 
words are academic, these are actually L1-cognates for Italian learners (e.g. a chemical process un 
processo chimico; the necessary energy l’energia necessaria).  Therefore, by using L1-cognates in the 
FL-BICS, we reduce the cognitive load required for processing these FL-BICS phrases, freeing most 
of the cognitive resources for comprehending complex L1-CALP.  Relating this to the two-dimensional 
language map in Fig. 3, we are therefore moving from quadrant A towards quadrant B2. 

http://bit.ly/TL_Task1
A_photosynthesis 
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A B C 
Figure 6. (A) When content concepts are unfamiliar, the Content-Cognitive-Demand (CCD) is high (big-C): 

at this moment, the Language-Cognitive-Demand (LCD) must be low (small Ls).  (B) Once content has 
become familiar (small-Cs) can we focus on helping students acquire complex and unfamiliar academic 

language, a process that is cognitively demanding (large-Ls). (C) Links to example of task for developing 
FL-CALP. [10] [12] 

Fig. 6 illustrates how the translanguaging process relates to the cognitive load model illustrated in Fig. 
1. As shown in image A since students must understand complex content, the Content-Cognitive-
Demand (CCD) is high, as represented by the big-C.  At a moment such as this, the Language-
Cognitive-Demand (LCD) must be low, as illustrated by the small-Ls [12].  However, to help students 
then acquire competency with a foreign academic language, is a cognitively demanding task, it is 
necessary to use content that is already familiar, as illustrated in image B of Fig. 6.  Such a task is 
found at the indicated link and illustrates a translanguaging strategy that helps student cultivate 
academic language competency in both L1 and the FL, thus moving them into quadrant D of the two-
dimensional language map illustrated in Fig. 1. 

3 RESULTS 

3.1 Monitoring students’ learning in real time 
Texts written by students during a translanguaging task regarding the topic of “Seven Characteristics 
of Living Organisms” are illustrated in Fig. 7. Here, the input was from a grade-level English textbook 
designed for EFL learners preparing for the Cambridge IGCSE Coordinate Science Certificate.  The 
academic English was therefore comprehensible for the students with an average EFL competence of 
B1-upper.  Since students were writing online, the teacher could monitor students' understanding in 
real time and correct small imprecisions in understandings. In addition, it was also possible to provide 
feedback regarding students’ writing without revealing the author of the writings.  As such, common 
content-misunderstandings in students’ texts became learning-moments that benefitted the whole 
class.  Likewise, the teacher could also make suggestions regarding the quality of language and 
efficacy of communication without embarrassing the authors of the text.  Such anonymity is extremely 
important in lowering the affective barrier that could stall students’ willingness to “speak up” in a FL 
about unfamiliar content.  In addition, more detailed feedback was also given asynchronously as 
“homework” so that students were able to check how well they did immediately after the lesson.  

http://bit.ly/TL_Task
1B_photosynthesis 
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Figure 7. LEFT: Example of students’ writing which, being online, made it possible for the teacher to monitor 
students’ understanding in real time so to provide feedback that was, however, anonymous.  RIGHT: Links 

to an example of the online learning task related to this written sample. 

3.2 Translanguaging strategies make FL-STEM an inclusive process 
While the above translanguaging research was undertaken with students at a scientific lyceum who 
were strong in both science and English, below I would like to present results obtained through 
translanguaging tasks that were developed by a chemistry teacher for 17-year old students attending 
a technical institute in Southern Italy.  Since few industries exist in this part of Italy, technical institutes 
are not considered the road to a bright future for professionally minded youth but serve as the “holding 
place” for weak students who are unemployed and who would not do well in lyceums that attract those 
who intend to pursue tertiary education. The translanguaging FL-chemistry module was about 
industrial-scale cheese-making.  Prior to this module, students had learnt about the characteristics of 
milk through traditional teacher-fronted explanations in L1, i.e. Italian.  It should be noted that many 
students attending technical institutes come from blue-collar families and therefore already struggled 
with scholastic Italian since the family language is a local dialect.  For learners whose first language is 
theoretically the official school language of Italian, Italian-CALP is not only unfamiliar and alienating, 
the inability to understand what should be a student’s “official mother tongue” is undoubtedly also very 
demotivating. 

To normalize the quality of learning attained through the FL-STEM translanguaging materials, the 
following parameters were used to evaluate the quality of written essays: discourse length (i.e. total 
number of words written); conceptual mastery index (i.e. the number of concepts mentioned as a 
function of the number of concepts taught through the FL-STEM materials); the number of content-
specific and content-related terms used correctly.  Written essays were obtained prior to, during and at 
the conclusion of the FL-STEM translanguaging module.  Of particular interest are results form weaker 
students who had a grade-point average ranging from of C- to B-. 

As illustrated in Fig. 7A, students’ Italian essays regarding milk composition, learnt prior to the FL-
STEM module, did not exceed ca. 30 words.  At about a third of the way through the FL-STEM 
learning progression (Intermediate FL-STEM), students were already writing much longer essays and 
at the final STEM-evaluation in English, all students produced essays which ranged in length from ca. 
120 to even more than 300 words (Final FL-STEM).  This increase in discourse length was also 
evident in students’ essays in L1, written during the regular end-of-module evaluation, with all four 
students producing essays of at least 200 words (Final L1-evaluation).  The reason the Italian essays 

http://bit.ly/TL_Task2
_ExampleforResults 
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were shorter than the English essays deserves further investigation but may be attributed to the 
simple fact that, since English had been the linguistic “code of entry” into the content of cheese-
making, students felt more comfortable using English to communicate their knowledge about this 
topic.  

 

 

 

Figure 7. 

A. The number of words in the essays attained prior 
to the FL-STEM module and at different times 
throughout the FL-STEM learning process. 

B. The percentage of concepts mentioned in the 
essays as a function of the number of concepts 
taught. 

C. Total number of content-specific or content-
related terms mentioned in the essays. 

See text for details of the indicated times. 

Besides writing longer essays, FL-STEM appears to facilitate students’ acquisition of content-related 
concepts, as shown in Fig. 7B.  Likewise, the use of FL-STEM translanguaging materials also greatly 
enhanced students’ familiarity with, and subsequent use of, content-specific or content-related 
terminology (Fig. 7C).  Students therefore not only gained content knowledge, they had also attained 
literacy skills and gained confidence as “users of language”.   

4 CONCLUSIONS 
What is interesting is not whether new approaches or methods work for strong students as most good 
students will learn regardless of how input has been provided.  What is interesting is whether and how 
weak students benefit from alternative forms of instruction.  These results demonstrate that, by making 
the language-dimension of content-learning explicit, teachers see that learning upper secondary 
STEM content is not only about comprehending unfamiliar and abstract concepts, but also 
comprehending the alienating academic language in which these concepts are embedded (Fig. 1).  
Not only does FL-STEM make explicit this language-dimension of learning, it also presents an array of 
linguistic codes (Fig. 3) which teacher can use to strategically equilibrate the cognitive demands 
needed for understanding content with that needed for understanding language (Fig. 6). FL-STEM 
therefore prompts teachers to design learning materials that enable students to not only learn content 
but also develop literacy in both the L1 and the FL, thus overcoming “the dilemma of education” as 
illustrated in Fig. 2. Although the language surrounding STEM topics at upper secondary is already 
challenging in the mother tongue, teachers, being experts of the discipline, are either unaware of the 
language-challenge of learning or, even if they are, struggle to maintain comprehensibility at all times.  
Here, I have illustrated how the use of a FL actually helps, rather than hinders, the learning of 
otherwise complex STEM-content that is embedded in complex academic language. By presenting 
FL-STEM tasks through a digital learning platform such as Google, teachers can ensure that language 
is comprehensible at all times and that content has been tarred into digestible aliquots.  The digital 
learning platform also helps teachers present input in a gradual and step-by-step manner. As such, e-
FL-STEM becomes in inclusive instructional paradigm. 

A B 

C 
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