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Abstract

Сontent and language integrated learning is
considered a powerful tool to promote inclusion in
educational settings of learners for whom the
language of instruction is their additional language.
Language-related difficulties of those learners
have been claimed detrimental for attaining
personal educational goals. Academic language
places increased cognitive demands on the
learning process in general due to 1) its internal
complexity; 2) L2 speakers’ lower proficiency; 3)
their disadvantage in terms of real-time processing.
Facilitators are, therefore, encouraged to integrate
interactional CLIL-elements (e.g., scaffolding)
during content instruction that provide the
necessary pedagogical support for better
understanding of disciplinary concepts and their
interrelation. In the current contribution, we
present the concept and first results of Rail.lexis, a
collaborative project of the Department of
German Studies and the Department of Railway
Engineering at TU Brauschweig. We present and
discuss several conversational arrangements (e.g.,
word guessing games, a differential task matrix)
that were designed to engage the learners of
heterogeneous linguistic backgrounds in
meaningful interactions in subject-specific classes.
Subject-specific tasks are gradient regarding their
cognitive complexity and the background
knowledge required to solve them. Therefore, the
linguistic repertoire required to negotiate different
task types is also differential to ensure the
participation of linguistically diverse students in
language-enhanced classroom interactions.

1 Introduction

A standardized language test is an essential
requirement to be admitted to foreign-language
study programs for learners whose preferred
language deviates from the language of instruction.
The language requirements for university degree
studies remain quite demanding. In German
universities, at least a B2 level of CEFR (Council
of Europe, 2020) is required for most study
programs. A B2-level language learner is
described as able to “obtain information, ideas,
and opinions from highly specialized sources
within their field. S/he can follow the essentials of
lectures, talks, and reports and other forms of
academic/professional presentation which are
propositionally and linguistically complex. S/he
can produce clear, detailed text on a variety of
subjects related to their field of interest,
synthesizing and evaluating information and
arguments from a number of sources” (Council of
Europe, 2020). While the number of foreign
applicants who fulfil the admission criteria for
German-speaking study programs has been
continuously increasing since 1980 (Statistisches
Bundesamt, 2023), around 20 to 40% of the
enrolled foreign applicants fail to attain academic
goals and quit prematurely without obtaining a
degree (Heublein et al., 2020). The construct of
academic success is highly subjective and
grounded both in individual factors and in cultural,
social, and institutional integration. Language
skills constitute an individual’s personal profile
and are subject to change over time. Wisniewski
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and colleagues (2022) point out that the actual
language proficiency level of foreign students in
German barely reached B2.2 when they were
screened at the beginning of the study programme.
With around 40% of students, the language skills
fail to progress beyond their initial level during
their degree studies. Simultaneously, language-
related difficulties have been claimed detrimental
for attaining personal educational goals. Trenkic
& Warmington (2019) studied the language skills
of Chinese students in relation to their content-
specific academic achievement in sociology. The
researchers observed that academic achievement
is strongly predicted by the higher- and the lower-
level linguistic processing alike. Both letter
naming fluency and more complex skills such as
reading comprehension accuracy were equally
prognostic of academic outcomes.

Regarding the linguistic integration of L2
students, numerous preparatory and in-study
courses are provided by language centers at
universities. They are commonly delivered as a
one-size-fit-all offer and focused on developing
general academic literacy and targeted strategies
for taking standardized language tests. Subject-
specific vocabulary comprising basic terms and
collocations for a particular field of study lies
outside the language course curriculum. At the
same time, it constitutes the basis of successful
functioning in a technical language and ensures
stable academic progress in more advanced
subject-specific modules. Therefore, it appears
critical to identify and implement pedagogical
activities to support language growth of those
learners beyond passing a standardised
admissiong test. Automated dialogue systems, or
collaborative conversational agents, might be
practical in self-directed learrning settings (de
Araujo et al., 2024). Yet the potential of
collaborative conversational agents to sustain
productive academic talk has been mostly
restricted to operationalising talk moves that
represent selected academic functions such as
recapping, rephrasing, agreeing or disagreeing
(de Araujo et al., 2024). The cognitive demands of
the subject-specific task itself have been barely
addressed to define the intervention type to be
provided. Previous studies (de Araujo et al., 2024;
Valle Torre et al., 2023) observed that authentic
dialogue patterns may provide reliable estimations
of how the learners handle the academic functions
for productive discussions. The current

contribution elaborates these findings adding a
further dimension of cognitive task complexity.
We report initial findings regarding interaction
patterns delivered by students across different
conversational arrangements. We argue that
cognitive task complexity should be factored in to
optimise the perfomance of collaborative
conversational agents.

2 Language-Enhancing Tools for
Content Instruction in Heterogeneous
Learner Groups

Supportive methodological tools are
generally beneficial to generate language-
enhanced instructional settings in content-driven
classes which become more inclusive for L2
learners. Yet, the design of appropriate study
materials remains one of the major challenges in
the implementation of content and language
integrated learning (CLIL; Bouvellan, 2014). In
selected CLIL-frameworks (the 4Cs Framework,
Coyle, 1999, the Quadrant Matrix, Cummins,
1981; the European Framework for Teacher
Education, Marsh et al., 2011; the CLIL Pyramid,
Meyer, 2010) as well as independent position
papers and practical guidelines (Mehisto, 2012;
Morton, 2013; San Isidro et al., 2020), content
represents personalized knowledge that is
constructed and re-constructed in learning
interaction. Further, knowledge accrual occurs in
resolving cognitively complex tasks which
involve higher-order cognitive processes such as
thinking and reasoning. Thus, cognitive
functioning represents a separate domain that
undergoes gradual development in a CLIL-
enhanced classroom. Importantly, it is concurrent
with specific language demands required to
verbalize one’s reasoning patterns. Thus, the
linguistic, and cognitive alignment is an important
prerequisite to instantiate language-enhanced
interactions during content instruction. Though
context-embedded interaction is fundamental for
learning to take place, researchers document low
proportions of specific academic functions (e.g.,
hypothesizing or prediction) in classroom
interactions (Dalton-Puffer, 2007).

In the current contribution, we present the
concept and first results of Rail.lexis, a
collaborative project of the Department of
German Studies and the Department of Railway
Engineering at TU Braunschweig (Germany). One
of the goals is to produce cognitively appropriate
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instructional materials to instantiate meaningful
classroom interactions that are conductive of
knowledge (re-)construction. We also probe
selected conversational arrangements as to their
didactic potential to promote peer-to-peer
interactions in linguistically diverse learner groups.
Those goals are further developed in a follow-up
project DaF-Z mit Nachhaltigkeit (Sustainability
in German as a Second and Foreign Language
Teaching) whose main aim is to make teacher
professionalization more diversity-sensitive by
providing sustainable and technology-enhanced
language learning arrangements across contexts.

In the presentation, we first survey some
linguistic and psychological preliminaries that
generate a comprehensive framework to assess the
appropriateness of classroom interactions for
targeted language-enhanced content instruction.
We present two different types of conversational
arrangements where the interactions of students of
diverse linguistic backgrounds around basic terms
were instantiated during content instruction. The
first one is a word guessing game and the second
is a differential task matrix which incorporates
activities promoting language and cognitive
growth. Based on the preliminary results which
will have been evaluated by the conference date
we will contrast the interaction patterns of the
learners in various types of word guessing games.
Finally, we discuss how the interaction patterns of
linguistically heterogeneous learners in subject-
specific tasks of varying cognitive complexity can
inform the design of collaborative conversational
agents.

3 Linguistic and Psychological
Preliminaries

The dialogue constitutes a core unit of
language use. It represents a flexible, yet
conversation-sustaining alternation between the
speaker and the hearer who are cooperating in a
goal-oriented way. Engaging in fruitful and high-
quality peer interactions is positively associated
with learning outcomes in various contexts
(Asterhan & Schwarz, 2016; Stahl et al., 2014).
Several design-based research attempts have
emerged to identify the characteristics of effective
collaborative behavior in dialogue-based activities.
Thus, academic productive talk (APT, Michaels &
O’Connor, 2015; Resnick et al., 2010) operates on
the following accountability principles:

The learners should build on and develop
one another’s ideas to sustain a goal-
oriented interaction.

The validity of the contributions should
be secured via available reference
materials or direct evidence.

The learners should logically connect
their arguments, evaluate their
cohesion, and draw inferences.

While the learners’ reasoning is prioritized over
correctness, those classroom discourse
frameworks do not give sufficient attention to
studying specific reasoning patterns as a gateway
to explicating mental models.

In Edeleva et al. (2024), we follow the
procedures of cognitive task analysis (CTA, Klein
& Militello, 2001). CTA is applied to work related
tasks (e.g., generating a weather forecast or
detecting an infection in a neonate) and represents
a collection of methods to research, identify and
represent the mental processes that evolve during
task performance. CTA tasks are grounded in an
extensive knowledge base and require complex
inferences and judgements in a complex uncertain
real-time environment. Proficiency-related
differences of task performers will be stipulated in
the strategies that they adopt to optimize their
behaviour. Those differences are grounded in
subject-related knowledge structures and mental
models that underlie decision making and might
be more elaborate in experts compared to novices.

Simultaneously, socio-cultural approaches to
language (“Five Graces Group”, 2009) stipulate
that it is grounded in a specific socio-cultural
context. Its emergence is concurrent with
knowledge accrual. As knowledge is co-
constructed, the learners’ linguistic repertoire
replenishes and becomes more diversified. They
acquire disciplinary concepts as basic terms and
negotiate the relations between them through
academic discourse functions. Explicit reasoning
in CTA-fashioned tasks will provide a window
into the mental processes of students and how
they employ language as a vehicle to re-organize
their knowledge patterns. Those processes will be
conductive of language growth proper.

4 Conversational Arrangements

4.1. Word Guessing Games

In Edeleva et al. (2024), we contrasted
scaffolding patterns of L2 German students in
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Railway Engineering in a word guessing game
and a content-specific problem-solving activity.
The word guessing game resembled the well-
known Tabu game. The participants took turns to
explain selected basic terms pertaining to the field
of railway operation, albeit some intuitive
explanation routes (the use of word parts or word
forms, abbreviations, gestures, imitations) were
eliminated by the game mechanics. The students’
guessing attempts triggered meaning negotiation
through linguistic adaptation. Yet, the types of
scaffolds that emerged in the word guessing game
differed proportionately from the strategies that
emerged in a common problem-solving task. The
students were less inclined to use functional and
relational descriptions and embed the terms into a
relevant situational context (e.g., defining initial
states for a particular signal positioning). Instead,
they resorted to more general factual
characteristics that are contained in textbook
definitions. When their initial explanation routes
failed, they made use of more available prompts
such as everyday meanings of the terms (e.g.,
Durchrutschweg// Eng. overlap and rutschen//
Eng. slip). We conclude that pedagogical
interventions should be equipped with supportive
materials to gear the students’ explanations in a
more targeted way (cf. Vollmer, 2008 for similar
findings).

In a follow-up study, we proceed by
surveying and comparing peer-to-peer interactions
in two alternative game designs. The first game is
a version of a well-known “Who is the Spy?”
game. The action takes place in a city where all
the “citizens” receive one and the same term, the
“spy” receives a related word. The “blanco”
receives a blanco card without any word. Game
players take turns to describe the target term. In
giving their hints, they should prevent the spy
from guessing the target word. After each round,
the participants vote as to who they suspect to be
the spy. A still other version of a word guessing
game is an adaptation of “What is on my head?”
where players cooperate in their word guessing
attempts. The third player in a group can provide
hints to steer the guessing attempts.

4.2.Adaptive Subject-Specific Tasks

We now present the differential task matrix
(DTM, Figure 1) as a didactic tool that aligns the
cognitive and the linguistic domain through
academic discourse functions. The matrix follows

the cognitive component of Bloom's taxonomy of
learning (Bloom, 1956) that is originally
comprised of six levels: Knowledge,
Comprehension, Application, Analysis, Synthesis,
Evaluation. Originally, Bloom’s taxonomy was
developed to rank educational objectives based on
the complexity of skills and understanding. It
builds on the idea that learning is ongoing and
builds on prior knowledge and skills. The
taxonomy ranks respective thinking skills from
least to most complex along the learning trajectory.
Accordingly, learning goals can be defined and
learning activities can be designed. A revised
taxonomy was introduced by Anderson &
Krathwohl, 2001. While the original typology
represents a hierarchy of educational goals, the
revised typology aligns instruction, testing and
assessment. It groups the cognitive operators into
four knowledge dimensions:

Knowledge of essential facts, terminology
and further details that are basic to a
particular discipline (factual
knowledge).

Knowledge of classification principles,
theories, models, or structures pertinent
to a particular discipline (conceptual
knowledge).

Knowledge of procedures and
methodologies that allows the learners
to modify something within a
particular discipline (procedural
knowledge).

Strategic or reflective knowledge as to
how to solve complex problems and
tasks (metacognitive knowledge).

Figure 1: Example of a DTM on the topic Overlap.
A photocopiable verion can be found at
https://zenodo.org/records/7689889

https://zenodo.org/records/7689889
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We re-defined the taxonomic relations
between the knowledge dimensions and the
cognitive operators to accommodate subject-
specific instructional expectations and strategies
and manipulated the level of thematic abstraction
from individual facts and terms over structures
and procedures to complex models (Greiner et al.,
2019). The adjustments yielded a three-by-three
matrix. Each cell contains individual tasks of
varying complexity from A1 to C3. The learners
have to negotiate specific problems that are
framed to trigger recognition, manipulation or
explication of disciplinary phenomena or states.

5 Initial Findings and Future Directions

The results of the first round of implementation
(16 Civil Engineering students) show that the
DTM was appraised by the students due to its
practical utility for self-assessment and tracking of
one’s learning progress. We were interested in
how the students navigate through the matrix. The
learners had not been preliminarily advised about
task-related differences in complexity. We
observed that the hierarchy of difficulty implied in
the matrix in terms of cognitive complexity and
the degree of abstraction is perceived differently.
In part, the preferred order in which the problems
were solved was determined by their knowledge
of the topic as well as subject-related competences
and experiences. More expert students followed
the reading direction from left to right to pick out
the problem that they will be solving next. By
contrast, the students with reduced subject-related
proficiency were equally challenged by every
problem regardless of its implied complexity level.
Further on, the number of terms utilised by
different learner dyads ranged from 23 to 136. The
use of terms might be regarded as an
approximation of the learners’ available
knowledge base. Thus, the DTM appears to elicit
interaction patterns that discriminate between the
students at different stages along their learning
trajectory.
The DTM could benefit from multiple test runs

and feedback loops from various learner groups to
optimize relational item difficulty and achieve
greater comprehensibility regarding the order in
which the learners progress through the matrix.
Though the primary goal of the matrix was to
enhance learner interactions in content-enriched
environments, particularly L2 learners whose
language skills were compromised failed to

engage in meaningful interactions. Those learners
could be supported by additional material
scaffolds (De Backer et al., 2016; Martin et al.,
2019) in form of task-related prefabricated chunks,
linking phrases and expressions to verbalize
specific academic discourse functions. Linguistic
scaffolds can also be integrated as part of the
conversational agents’ discourse repertoire to
enhance L2 learners’ linguistic development. Thus,
the study delivers further compelling evidence on
how technology-enhanced collaborative learning
should be designed to ensure academically
productive talk across different conversational
arrangements. Since the DTM follows the revised
taxonomy which aligns learning and assessment,
the interaction patterns can also be used to
develop technology-enhanced assessment tools
and procedures.
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