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Abstract. In this study, qualitatively-oriented content of research studies pertaining in-class usage of
teacher discursive moves (TDMs) was examined in a fine-grained sense in the context of teaching
science. For this purpose, within the scope of the present systematic review, 31 research studies
available in the related literature were explored by means of various theoretical perspectives (e.g.,
communicative approaches, Vygotskian perspective, learning demand, etc.). TDMs practised on various
studies had both dialogic and monologic tendency. In addition, the thematic representations extracted
at the end of coding and categorisation processes showed that the TDMs incorporate a hierarchy
regarding supporting teaching. In addition, most studies did not address the TDMs that could help
learners to internalise science phenomena. Recommendations were offered to teacher educators and
teachers in the junction of professional pedagogical development and the TDMs.
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INTRODUCTION

This study aimed at attaining a critical review of teacher discursive moves (TDMs) for science
teaching and learning in the context of Vygotskian perspective. The review was framed by two
fundamental concepts: (science) learning and teaching in Vygotskian manner. In a Vygotskian
sense, learning denotes the acquisition of an alternative (social) language incorporating specific
thinking and talking styles (Vygotsky, 1978). In science classrooms, meaning making of a concept
can be achieved in two planes: intermental (social plane) and intramental (cognitive plane). On
the intermental plane, members of a specified community perform various social languages
(Bakhtin, 1986) and other semiotic mechanisms (such as symbols, diagrams, graphics, gestures,
intonations, and mimicking) as in the forms of speech genres (Wertsch, 1991) to produce a
situated meaning (Rogoff, 1990; Vygotsky, 1981; Vygotsky, 1978). Then, following the
internalisation of the reproduced phenomena among group members, individual thinking is
played out on the intramental plane (Vygotsky, 1981; Vygotsky, 1978). In this context, learning
phenomena is thought to be actualized from social cognitive systems, for instance, from learning
communities as classrooms to individual cognition of a member of that community (Lemke, 1990;
Mercer & Dawes, 2014).

For the intermental plane, Vygotsky (1987) proposed two terms: spontaneous and
scientific concepts. The former ones “are developed through everyday experience and
communication and are formed aside from any process aimed specifically at mastering them”
(Scott 1997, p. 16). Vygotsky (1987) clarified that scientific concepts can be formed through
formal instruction as “the birth of the scientific concept begins not with an immediate encounter
with things but with a mediated relationship to the object” (p. 219). The existence of the
spontaneous and scientific concepts confirms that there can be different thinking and talking
approaches to a phenomenon for different groups. In an instructional context, learners may hold
and apply their spontaneous concepts in meaning making a phenomenon, while scientists
consider and operate a more distinctive jargon specifying their alternative thinking. Bakhtin
(1986) explicated a social language as “a discourse peculiar to a specific stratum of society
(professional, age group, etc.) within a given system at a given time” (Holquist and Emerson 1981,
p. 430). Aforesaid distinctiveness between the social languages is also valid for science
instruction (Leach and Scott 2002, Scott 1998). Students may come to classrooms with their
spontaneous concepts (“Plants feed on the earth” or “I've consumed my energy today”) that can be
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different from or alternative to the thinking and talking of experts (“Plants produce their nutrients
through photosynthesis” or “Energy can only be transformed into other forms of energies”).

Obviously, there are two (distinctive) social languages that must be taken into
consideration by science teachers: everyday social languages of learners and social languages of
scientists (Leach and Scott 2002, Scott 1998). When the existences of these two distinctive social
languages are infused into the instructional contexts, there will be inevitable instructional tension
for science teachers. To manage this discursive tension, science teachers’ pedagogical decisions
and accompanied actions as TDMs attach importance. A science teacher should consider the social
languages that learners bring to the class and, for the curricular reality, s/he has to convey a
specific content to students and the curricular contents are inherently closer to the social
languages of scientists as in the form of social languages of the school science (Leach and Scott
2002, Scott 1998). Science learning therefore means learning an alternative thinking and talking
system that can be distinctive from the learners’ everyday social languages.

In the sense of this review, science teaching is explicitly related to Zone of the Proximal
Development (ZPD) as a Vygotskian concept. The ZPD denotes a consciousness and control of a
higher mental process such as science concept learning. This control and holding consciousness
are seen at a later stage of development of any mental function (Vygotsky, 1934, p. 90). According
to Bruner (1985), a more knowledgeable other who “serves the learner as a vicarious form of
consciousness until such a time as the learner is able to master his own action through his own
consciousness and control.” (p. 24). Over the course of time, learner attains required
consciousness and control over the new mental function or conceptualization. Learners can use
the new thinking tool that was gained by the true scaffolding of teachers within their ZPD. The
author considered aforesaid concepts of Vygostkian learning-teaching as a critical lens to explore
and analyse the current research on the TDMs.

Justification of the review

There are two justifications for this review. The first is the vital place of TDMs for facilitating the
processes of teaching and learning science concepts. Second is about a teacher’s awareness
regarding the expected or emergent influences of the enacted TDMs on the quantities and
qualities of student-led cognitive contributions to classroom discourse. There is a substantial
body of evidence supporting that students’ acquisitions of scientific concepts can be enhanced by
means of research-based teaching sequences (e.g., McDermott & Somers, 1991; Millar, Marechal
& Tiberghien, 1999). A teaching sequence incorporates multifaceted aspects of a classroom
activity. It may be characterised by estimating student-led cognitive contributions, teaching
activity’s streaming, facilitating instructional materials and teacher’s scene staging as introducing
a scientific story (Leach and Scott 2002). A crucial point regarding establishing teaching
sequences can be that how a teacher would consider and put into practice the above-stated
aspects of a teaching sequence in a harmonical manner for the sake of the augmentation of the
student-led voices.

The first and the most crucial aspect of studies dealing with teaching sequences is that
they have been conducted within a process-product paradigm particularly in an experimental
sense (e.g., Brown & Clement, 1991; Viennot & Rainson, 1999), in which contextual issues
associated with teacher-talk and student-talk are often overlooked (Carlsen, 1991; Chin, 2006,
2007; Leach & Scott, 2002; Scott, 1997). In other words, teaching sequences have been introduced
with no reference to TDMs (Westgate & Hughes, 1997) that encloses any meaningful sequence of
teaching (Leach & Scott, 2002; Scott, 1998). In addition, student-talk together with TDMs have
come to prominence since meaning-making is only possible under the circumstances in which
teacher and students collectively bring the talk into existence in classrooms to reproduce shared
and common knowledge (Mortimer & Scott, 2003; Ogborn, Kress, Martins, & McGillicuddy, 1996).

In response, Carlsen (1991) developed a sociolinguistic framework for research into
teacher questioning which incorporates three features of questions: the context, content and the
responses and reactions. It is possible to accept any evidence-based identification of teaching
sequences as illustrative of teacher talk; however, teachers’ expertise in their TDMs has more
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importance in this issue in terms of staging those activities for the benefit of the learners (e.g.,
Leach & Scott, 2000; Mortimer & Scott, 2003). Therefore, this extended critical review aims to
make the point that research into teaching sequences has been undertaken in an isolated manner
ignoring the centrality of TDMs that are indisputably necessary in any teaching sequence.

In Vygostkian sense, it can be asserted that an inanimate teaching sequence can be
resurrected by virtue of the relevant enactments of specific TDMs. Moreover, another teaching
sequence that is profoundly planned and designed may not be implemented splendidly in the
absence of the essential enactments of some specific TDMs. To clarify, scaffolding purposes of a
teacher during discursive exchanges that is central to Vygotskian teaching (Driver, Asoko, Leach,
Scott, & Mortimer, 1994) are more possible through displaying appropriate TDMs (Pimentel &
McNeill 2013). To advocate, particularly in science classrooms, it has been widely accepted that
teacher and students should be in cooperation with each other to attain meaning making
(Crawford, 2000; Driver et al., 1994; Pimentel & McNeill, 2013; van Zee & Minstrell, 1997b). The
collaboration through intellectual interactions and exchanges may be more instrumental when a
teacher arranges his or her discursive moves with a more progressing (van Zee & Minstrell,
1997b), thought-provoking and challenging (Simon, Erduran & Osborne, 2006) manner
purposing supporting student-led utterances in reaching a consensus during negotiating a
scientific concept (Cavagnetto, 2010; Cavagnetto & Hand, 2012).

A discursive move therefore is a teacher’s verbalizations, gestures, intonations, mimics,
or positioning in classroom (Chin, 2006, 2007) for the proliferation of the student-led utterances
about science phenomenon. Indeed, TDMs can be portrayed as the holistic actions and behaviours
of teachers during triggering, maintaining, and finalising a teaching sequence. Actually, by means
of specific TDMs, a teacher may invite students to contribute to classroom discourse whereas
student-led utterances can also be strictly interrupted in the presence of some other TDMs.

TDMs may therefore involve monologic and dialogic instructional (discursive) purposes.
Teachers may not permit students to contribute to classroom conversations while they
intensively perform sole monologic TDMs (Mameli & Molinari, 2013; Lefstein, 2008; Lin, 2007).
Monologic TDMs may become invisible when teachers supply information and evaluate students’
ideas against the canonical knowledge of science (Chin, 2007; McMahon, 2012). In addition,
teachers may pool, summarize, and consolidate the ideas that were previously negotiated during
classroom discourse (van Booven, 2015; Oh & Campbell, 2013). Dialogic TDMs may aim at
facilitating students’ verbal interactions and intellectual contributions to the classroom
conversations (Burns & Myhill, 2004; Mercer, 2010; Mortimer & Scott, 2003) Dialogic TDMs can
be exemplified as:

o clarifying, elaborating, and probing learners’ ideas (Pimentel & McNeill, 2013),

e focusing learners on focal aspects of activity and encourage them to monitor the
classroom events (Christodoulou & Osborne, 2014; van Zee & Minstrell, 1997a),

e enacting reflective discourse by throwing the responsibility of thinking back to the

students (van Zee & Minstrell, 1997b; Crawford, 2000; Pimentel & McNeill, 2013)

e engaging students to put the legitimizations of the evaluation of other’s conceptual or
procedural discourse (e.g., Christodoulou & Osborne, 2014; van Zee & Minstrell, 1997a),
e acting as challenger and seeking for justified reasoning (e.g., Chin, 2006; Christodoulou &

Osborne, 2014; Jadallah et al., 2011; McMahon, 2012; Simon, Erduran & Osborne, 2006).
In the last analysis, if the learning is derived from intermental plane to intramental plane, and in
science education literature, if a teacher has accountabilities for both putting student-led
utterances forward and highlighting the concepts or languages of school science (atoms,
electrons, molecules, ecology, particles, or acceleration), substantially specific combinations of
the TDMs should be considered and enacted by teachers. To support, particularly for the social
plane of the classroom, TDMs can be considered as among the most important components in
appreciating teachers’ instructional attempts to guide learners for authentic meaning making for
their further internalisations (Lemke, 1990; Mortimer & Scott, 2003). Thus, there may be a
principal tension for teachers in performing TDMs during managing the streaming of classroom
discourse. Thus, in addition to planning and designing sole materialistic teaching sequences,
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critical analysis of TDMs should be conceived as a fundamental factor for the current aims of
science education.

Secondly, teachers may not have a comprehension or awareness of, for instance, the
structural components (expected discursive streaming) and emergent qualities (unexpected
discursive streaming due to social languages of learners) of classroom discourse (Alexander,
2001, 2006; Candela, 2005; Hardman, 2011). In other words, teachers might not possess a
pedagogical toolkit that could be used to enhance the productive discursive interactions among
student groups to achieve authentic learning experiences (e.g., Wertsch, 1991). However, at least,
teachers reading the current research will be familiar with their essential and routine discursive
moves. Furthermore, by not ignoring their pedagogical competencies, teachers may also achieve
a superficial but a life-sustaining starting point by taking TDMS into consideration when
developing teaching sequences (Leach & Scott, 2000, 2002; Scott, 1997, 1998).Thus, outcomes of
this review can be informative for teachers in terms of gaining awareness regarding their
essential TDMs in planning, designing and implementing an open-ended science inquiry.

METHODS

Systematic selection and analysis of the related studies

This review involves 31 studies examining TDMs in an explicit or direct manner. Selected studies
were carried out between 1987 to 2019 and they mostly comprised a fine-grained analysis of
TDMs. In this study, considerably strict selection criteria were developed and truly applied.
Consequently, limited number of studies were selected to be involved in the analysis procedures.
Specific procedures were operated for obtaining the most relevant studies. In searching of related
studies, computerized data bases and functional digital operators (e.g., ERIC; Boolean Operator)
were used to filter out the related studies that were published after 1985.
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FIGURE 1. Distribution of the selected studies in terms of the source types*

The search was conducted in 2019 through considering specific keywords: “classroom discourse”,
“teacher discursive moves”, “teacher discursive roles”, “science education”, “teacher talk”, “science
classroom discourse”, “discursive mode”, “discursive action”, “classroom exchanges”, “classroom
interactions” or other synonyms or related terms. Primary and secondary references were limited
to “Academic Journals” and “Books & Book Chapters”. Principally, studies within Academic
Journals (e.g., International Journal of Science Education; Journal of Research in Science Teaching;
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Studies in Science Education) were selected according to their current (higher) impact factors or
reputations in the field. Figure 1 displays the relative percentages of the selected studies from
Academic Journals of science education. As seen, most of the selected studies were published in
International Journal of Science Education that has been acknowledged as a specific journal and
promoted by science teachers and scholars in the field. Moreover, the author considered diversity
pertaining types of the determined Journals to grasp the different scholar-led voices. Figure 2
shows another aspect of the selection procedures. As mentioned, in the pool, there were studies
of nearly 32 years. As shown in Figure 2, the trend-line confirms an incremental tendency from
the early years of researching into the TDMs to the recent efforts of the scholars.

For a systematic sampling of the current research on the TDMs, the author strictly took
several the aspects of the selected studies into account. At first, selected studies were devoted to
improvement the theory of science education. Secondly, the studies were particularly selected by
checking a criterion whether they explored any sets of TDMs in an explicit manner. Thirdly, there
was a diversification regarding the instructional approaches (implementations of in-class
activities) of the selected studies. Some studies conducted both teacher-centred and student-
centred modes of teaching (e.g., Chin, 2006, 2007), and several studies’ implementations were the
examples of learner-centred teaching (e.g., Christodoulou & Osborne, 2014; Kawalkar &
Vijapurkar, 2013; Mortimer & Scott, 2003; Pimentel & McNeill, 2013).
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FIGURE 2. Quantitative changes in the selected studies between 1987-2019

Fourthly, it was also a matter of selection whether the pooled studies incorporated diversifying
participants as students varying in terms of academic grades such as secondary science
classrooms (e.g., Mortimer & Scott, 2003) or middle school level (e.g., Bansal, 2018; Simon et al.
2006; Soysal, 2018; 2019; Tytler & Aranda, 2015). Finally, techniques of analysis of the TDMs
taken by the pooled studies were another criterion. To explicate, some studies extracted TDMs
by analysing episodes in an interpretivist sense (e.g., Chin, 2006, 2007; Mortimer and Scott,
2003), and other studies operated (lag) sequential analysis techniques to attain a systematic
observation through coding and counting (e.g., Jadallah et al. 2011).

The systematic determination of the studies serviced two purposes. Firstly, there was a
better sampling of the related studies that were considerably representative as the selected
works reflected both past and current streaming of the research on the TDMs. Secondly, the
systematic approach was useful in re-categorising the detected TDMs around newly invited
theoretical frames, thus, incorporated a pragmatist approach in determining and analysing an
intensifying research area.
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The development of analysis procedures
The analysis of the extracted TDMs in the determined studies incorporated three stages.

Stage-1: Establishing the pool of the TDMs

POOLS OF THE STATED TEACHER DISCURSIVE MOVES
0: NON-INTERACTIVE / AUTHORITATIVE; 1: INTERACTIVE / AUTHORITATIVE: 2:
NON-INTERACTIVE / DIAL.OGIC;
3: INTERACTIVE / DIAT. OGIC
Defined or suggested TDMs

Study 0 1 2 3

Elicitation of pupils’ contributions X
Marking the knowledge as significant and joint
Cued elicitation of pupils’ contribution

Paraphrasing pupils’ contributions X
Offering reconstructive recaps
Direct lecturing X
Cued elicitation

Selection and modification of pupils” responses
2. Lemke Pregenting logical expositions X
(1990) Teacher-led narrations X

Selective summary X
Foregrounding and backgrounding X

1. Edwards &
Mercer
(1987)

A

L

| A

FIGURE 3. A coding sample representing identifying communicative approaches

A piece of the list or pool of the selected TDMs can be seen in Figure 3. The author first perused
the selected studies and clearly dissected stated TDMs. Thus, it became possible to establish an
enlarged list of the TDMs to provide a panoramic exploration of the several TDMs by comparing
them each other during coding.

Stage-2: Determining the tendency of the TDMs for re-categorisation

To attain a re-categorisation of the stated TDMs, a widely acknowledged framework developed
by Mortimer and Scott (2003) was used to characterize and analyse the TDMs. The framework
was structured through a longitudinal research program (e.g., Mortimer, 1998; Mortimer & Scott,
2000; Scott, 1998) and incorporates five distinctive and inter-related aspects:

e Teaching purposes - discussing, negotiating, exploring, working on and reviewing
regarding the ideas of the students,

e (Content - a specific knowledge field in which discursive events occur,

Communicative approaches - identifying teaching episode in terms of whether it is
dialogically or monologically oriented and placed at the heart of the framework,

e Patterns of interactions - Initiate-Response-Evaluate (IRE) triadic pattern or I-R-P-R-P-R-
as a chain of interaction that remains open without a final evaluation; [-Rs1-Rs2-Rs3: an
example of a student-initiated sequence that starts with a question, or when different
students respond to the same question from the teacher (P: prompt; R: response; Rsn:
students' response),

o Teacher interventions - the teacher’s discursive moves in meaning making in classrooms.

The centralized aspect of the framework Communicative Approach was taken into account in
categorizing the TDMs. In addition, the Teaching Purposes and Content aspects of the framework
were also considered to interpret the TDMs. The communicative approach consists of two basic
dimensions; non-interactive/interactive and dialogic/authoritative (see also Table 1) which are
briefly described below.
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Table 1. Four Classes of Communicative Approaches

INTERACTIVE NONINTERACTIVE
DIALOGIC Interactive-dialogic Noninteractive-dialogic
AUTHORITATIVE Interactive/authoritative Noninteractive/authoritative

(Modified from Scott, Mortimer, & Aguiar, 2006)

A. Interactive/dialogic: The teacher and students consider a range of ideas. If the level of
interanimation (i.e., in-depth negotiation of ideas) is high, they pose genuine questions as they
explore and work on different points of view. If the level of interanimation is low, different ideas
are simply presented.

B. Non-interactive/dialogic: The teacher revisits and summarizes different points of view, either
by simply listing them (low interanimation) or exploring similarities and differences (high
interanimation).

C. Interactive/authoritative: The teacher focuses on one specific point of view and leads
students through a question and answer routine with the aim of establishing and consolidating
that point of view.

D. Non-interactive/authoritative: The teacher presents a specific point of view (Scott, Mortimer
& Aguiar, 2006, p. 611).

Dimensions of the communicative approach can be used to characterise classroom
discourse into dialogic or monologic or whether the discursive interactions are actualised on a
teacher-student or student-student basis (Mortimer & Scott, 2003). Furthermore, types of
communicative approach can be used to determine whether discursive events among the
learning group pass through knowledge-transmission or knowledge co-construction modes of
teaching (e.g. McMahon, 2012). Additionally, the interanimation of ideas is emphasized in the
communicative approach particularly for the dialogic dimensions. The interanimation of ideas
represents, at one extreme, low interanimation, in which the teacher may gather students’ ideas
and pool them, for instance, presenting them on the board; however, the teacher makes no
attempt to elaborate, compare, contrast or challenge any of the ideas. At the other extreme, in
high interanimation, “the teacher might adopt an approach which involves trying to establish how
the ideas relate to one another” (Scott et al.,, 2006, p. 610).

In Figure 3, a sample analysis is displayed. As seen in Figure 3, there are two sample
studies. The listed TDMs were re-categorised according to the communicative approach
dimensions. For instance, Edwards and Mercer (1987) proposed elicitation of students’
contributions discursive move. This discursive move was coded as interactive/dialogic in terms
of communicative approach. To explain, as Edwards and Mercer (1987) indicated, a teacher may
enact elicitation move to clarify, probe and discern the background reasoning, meaning or
intention embedded in student-led utterance(s). For elicitation move, there would be an
interaction between teacher and students. In addition, while a teacher tries to capture the
background meaning of the student-led responses, the exchanges would be dialogic. To explicate,
the discursive intention of an elicitation will be servicing probing the scope of the provided
response. In other words, there are no intentions for implying evaluating a proposed response,
ignoring a student-led viewpoint, or selecting an assertion over another on the side of the teacher,
when s/he tries to elicit the student-led responses. In this sense, the teacher only collects and
pools the student-led utterances by means of low interanimation to clarify the scope of the
student-led ideas. Beyond, a teacher enacting elicitation move only tries to understand and
comprehend what his or her students had previously tried to mention about.

For another discursive move, marking the knowledge as significant and joint, a teacher
may hold a different discursive intention compare to the former one. Once a teacher marks the
knowledge as significant and joint, s/he gives a meta-message to students that they provided a
response that was closer to point the teacher has tried to reach. Thus, by marking the knowledge
as significant and joint, a teacher is liable to select or make prominent a particular response over
another since that is more associated with the social languages of school science. In conclusion,
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even though there is an interaction between teacher and students, there is an explicit selection of
some specific utterances and an implicit elimination of some specific student-led responses. Thus,
marking the knowledge as significant and joint move was coded as interactive/authoritative. In
Figure 3, there are other TDMs that were coded according to the four aspects of the
communicative approach.

Two methodological precautions were considered for an internally consistent coding
procedure. First, to discern a stated discursive move from others, a back-and-forth (zig-zag)
process was undertaken. To explicate, in comparing each TDMs with others, the author returned
to a study (main text) to comprehend whether a discursive move was conceived in a different way
from lens of the author(s) of the study. Then, the author utilised the authors’ visions and
considered these visions for the discernment processes. For instance, as seen in Figure 3, there
are common and separated codes (types of communicative approach) for the two different
studies. However, there would be contextual or study-based differences between the TDMs coded
in the same way. Thus, to detect the study-based influences in terms of separating a discursive
move from another or homologising two or more TDMs, a comparative analysis was continuously
and rigorously maintained until ensuring that all analytical codes (TDMs) were compared and
contrasted each other to detect tiniest nuances or resemblances. In the last analysis, the author’s
vision was framed by the data pool and assigned TDMs were evaluated against other assigned
codes to detect possible study-based differences or resemblances.

Secondly, as cautiously signalled by Scott et al. (2006) and Mortimer and Scott (2003), an
utterance of a teacher may not be simply categorised as dialogic or authoritative. However, in a
study by van Booven (2015), itis accepted that “[A]n isolated teacher move cannot be considered
definitively dialogic or authoritative independent of the student response, | propose that certain
teacher questions, by virtue of their structure and inferred purpose, can display an orientation to
either dialogicity or authoritativeness, which the student(s) may either ratify or resist with their
responses.” (p. 1187, original emphases) and similar orientations were also acknowledged in the
current review. To ensure this, sample excerpts inserted in the studies (e.g. Mortimer & Scott,
2003) were also paid attention to determine the communicative orientations of the explored
discursive moves.

Stage-3: Comprising categories of the TDMs within the aspects of the communicative approach

It was the final round of the analysis process in which previously coded discursive moves around
each dimension of the communicative approach were collapsed into the relevant higher-order
categories for a broader representation of the explored TDMs. As mentioned, in the first two
stages, whole subordinate or analytically-oriented codes were categorized into the following four
aspects of the communicative approach; non-interactive authoritative (NA), interactive-
authoritative (IA), non-interactive dialogic (ND) and interactive-dialogic (ID). In the third round
of the analysis, several codes that were gathered under four aspects of communicative approach
were also collapsed into broader categories to redefine the TDMs in a wider sense. In this context,
indications of major discursive moves (e.g., Shaping Ideas) and subordinate roles (e.g.,
paraphrasing a student’s response) that had previously been explored by other researchers (e.g.,
Mortimer & Scott, 2003) were beneficial in denominating higher-order categories. Less than 10%
(n=19) of all the codes (the TDMs) were specified as outliers and could not be categorized since
there were contextual and content-related differences among the studies involved. A detailed
demonstration of the sample codes and higher-order categories can be seen in Table 3.

RESULTS
Initial Findings for the TDMs
After a closerlook at the reviewed studies, several codes (n = 240) were constituted. 21 categories

were determined, most of which concerned the interactive-dialogic communicative approach (n
= 11, see Table 2). Fewer categories of TDMs were found to consist of non-interactive
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communicative approaches. In accordance with these findings, genuine discursive interactions
among teachers may allow for more varied discursive events independent from whether they are
either dialogically- or authoritatively-oriented. In other words, augmentation in interactive
discursive events requires teachers to have more diversified TDMs.

Furthermore, the studies reported a large number of TDMs within the interactive-dialogic
communicative approach. The reviewed studies showed that over the course of the teacher’s in-
class implementations, learners were involved in either doing-science or doing-mathematics
processes. The in-class activities presented in the studies were depicted as authentically open-
ended. There were no recipe-type, step-by-step procedures and the students conducted their own
research (e.g., Crawford, 2000; Roychoudhury & Roth, 1996).

Table 2. Frequencies of Teacher Discursive Utterances

Communicative approach Codes (f) % Categories (f) %
NA 19 8 2 9
1A 51 20 5 25
ND 20 9 2 9
ID 131 55 11 52
Others 19 8 1 5
Totals 240 100 21 100

Additionally, there are classroom discursive events that may not suit the teachers’ previously
determined teaching agenda (van Zee & Minstrell, 1997a; 1997b). In an open-inquiry session,
teachers should embrace diverse voices (whether scientific or not) from learners (Leach & Scott,
1995, 2002) that may be substantially distinct from the conceptualizations of school science. As
shown in the initial frequencies, teachers therefore can undertake a wide variety of TDMs in
response to numerous, on-moment fluctuant discursive utterances of learners observed in whole
classrooms when the multivocality is assimilated as a teaching mode by teachers (Bansal, 2018;
Lefstein, 2008; Roth, 1996; Roychoudhury & Roth, 1996).

Categorisations of TDMs regarding communicative approaches

A potential correspondence between communicative approaches and categories of the TDMs is
given in Table 3. At first glance, it seems to affirm a well-supported matching between
communicative approaches (teaching modes’ orientation) and related TDMs. Furthermore, there
also seems to be a hierarchy among the TDMs from more monologic moves to more dialogic ones.
For example, it is conceivable that giving information directly to students (e.g., Chin, 2007;
Edwards & Mercer, 1987; Lemke, 1990) is discursively simpler and attainable for a teacher
compared to acting as challenger, discussant and negotiator (e.g., Chin, 2006; McMahon, 2012;
Simon, Erduran & Osborne, 2006). This action may be regarded as taking the easy way out
compared to encouraging students to monitor whole classroom events (e.g., Bansal, 2018; Tabach
etal,, 2019; van Zee & Minstrell, 1997a). Therefore, it is rational to recognize the gradual qualities
of the TDMs in the above-mentioned sense. However, by critically considering the reviewed
studies, another noteworthy hierarchy can be extracted by characterising incremental qualities
of the TDMs.

A newer lens: “Gradual qualities” of the TDMs

With reference to an orthodox view, more monologic TDMs are associated with the knowledge-
transmission modes of teaching whereas the more dialogic TDMs are linked to the co-
construction of knowledge (e.g., Crawford, 2000; NRC, 1996). It is also estimated that there may
be a graduation of qualities or a hierarchy in TDMs because in responding to unforeseen instances
in the classroom in the presence of deviations from the teachers’ prescriptive agenda (social
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languages of school science or social languages of scientists/experts), dialogic discursive
exchanges and interactions may be required as rather complex TDMs (e.g. van Zee & Minstrell,
19973, 1997b). However, the critical review of many studies culminated in another instance that
characterises the gradual qualities of the TDMs. In this context, a discursive thinking tool
comprising four graduations of the qualities of the TDMs has been developed. These graduations
range from Level 0 to Level 3 as described below and were derived from the reviewed studies.

Level 0 TDMs

In this initial and naive level, teachers may prepare strategies comprising modest monologic
sequences favouring a knowledge-transmission teaching style. The examples of Level 0 moves
are well defined in the literature as teachers directly give information as a knowledge supplier,
(e.g., Chin, 2007; Edwards & Mercer, 1987; Lemke, 1990; McMahon, 2012) or teachers make
evaluations of the responses of students based on the canonical knowledge of science (e.g., Chin,
2006; Oliveira, 2010; Pimentel & McNeill, 2013; Soysal, 2018; 2019; van Booven, 2015). As a
rationale, more monologic teacher discursive roles are associated with the knowledge
transmission modes of teaching.

Level 1 TDMs

At this level most of the time, teachers perform more dialogic discursive utterances in an
intentional sense. From the literature review in the current study, more than half the TDMs were
appraised within the frame of the interactive/dialogic communicative approach. Within this level,
there were only dialogic TDMs and even though classroom discourse is interactive in nature;
there is no deliberate teacher attempts to develop student-generated ideas. However, in a
dialectical sense, the existence of true dialogism considerably depends upon the presence of more
monologic discursive interactions in addition to those of a dialogic nature (Engle & Conant, 2002;
Leach & Scott, 2000; Mortimer & Machado, 2000). As mentioned, in any classroom context, there
may be distinctive social languages (Bakhtin, 1986; Wertsch, 1991). The actualisations of the
everyday social languages of learners require more dialogic interactions. However, in grasping
the discourses of school science, teachers also must undertake more monologic moves (e.g.,
Aguiar, etal,, 2010; Mortimer & Scott, 2003). Thus, meaning making is mostly literal if the learning
processes are initiated by considering students who are expected to generate their own meaning
by appropriating and applying alternative social languages (Bruner, 1985; Kress et al., 1998;
Ogborn et al,, 1996; Scott, 1997; Sutton, 1996). Following student-led initiations and on-going
negotiations of the learned phenomena, social languages of school science would be spoken in a
more monologic manner (e.g., Aguiar, et al,, 2010; Mortimer & Scott, 2003; Scott, 1997, 1998).

Moreover, plain dialogic interactions do not promote the genuine co-construction of
knowledge among learners since according to Molinari, Mameli and Gnisci (2013);

“[C]o-constructive sequences, characterized by requests of clarification, use of examples, and
solicitation of reformulations or reflections, are a different way, as compared to dialogic
sequences, to foster dialogue and participation in class: while dialogic sequences unfold in a
free and open interaction, co-constructive ones are more structured and controlled by the
teacher who, nevertheless, does not ‘abuse’ her role as primary knower and makes the effort
to guide the children’s development of deduction skills, reasoning, and thinking. These
sequences are, therefore, fruitful occasions for constructing knowledge and encouraging the
children’s active participation in the discourse.” (p. 425).

As inferred from the interpretation of Molinari et al. (2013), pervasive dialogic TDMs may
not produce a true co-construction of knowledge in the absence of more monologic TDMs. This
means that when teachers initiate a sequence from the everyday social languages of learners and
continue with school science social languages, the acquisition of scientific concepts is more viable
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with the support of more monologic TDMs (Mortimer, 1998; Scott, 1997). If this is the case, there
should be a blurred genre accounting for the TDMs in the co-construction of knowledge and this
means that both more monologic and more dialogic TDMs should be appropriately and
simultaneously managed by the teachers in making meaning (Mortimer, 1998; Mortimer & Scott,
2003; Scott, 1997; Scott & Mortimer, 2002). In other words, when more monologic and more
dialogic TDMs are isolated and their dialectical interactions are disclaimed, they become

simplified.

Table 3. Categorizations of Teacher Discursive Moves

Communicative

Categories of teacher

. . Some examples codes Sample studies
approach discursive moves
More monologically oriented discursive moves
Edwards & Mercer (1987);
1.Teacher gives Direct lecturing, logical Lemke (1990); Chin (2007);
information expositions, verbal cloze McMahon (2012); Soysal
Noninteractive (2018; 2019)
o 2.Teacher evaluates .
authoritative , Comprehension checks, . .
students’ responses ) . Oliveira (2010); Chin
cutoff, affirmation-cum-
based on the direct instruction (2006); van Booven (2015);
canonical knowledge Pimentel & McNeill (2013)
of science
. o Kawalkar & Vijapurkar
- Elicitation of pupils (2013); van Booven (2015);
3.Eliciting contributions, ‘cued )
elicitation Lemke (1990); Soysal
(2018; 2019); Grinath &
Southerland (2019)
. van Zee & Minstrell
Focus attention on a
. , . (1997a); Kawalkar &
4.Focusing students particular student ”
. . Vijapurkar (2013); Oh
attention on focal response, Introducing the
. . e : (2010); Leach & Scott
Interactive aspects of the activity  scientific story by selecting (2002)
authoritative children to rehearse it
5.Consolidation of The-teacher cl.arlfles. the van Booven (2015); Oh &
. topic under discussion,
canonical knowledge recans and summaries of Campbell (2013); Louca,
of science by teacher P Zacharia, & Tzialli (2012)
conceptual knowledge
6.Teacher activates Reformulating, expandin
and expands students’ Cating, exp ' Oh (2010); Oh & Campbell
and activating students
background (2013)
background knowledge
knowledge
More dialogically oriented discursive moves
7.Modelling and Directing students and McMahon (2012); Crawford
rehearsing aspects of helping them develop (2000); Oh (2010); Soysal
processes of science experimental strategies (2018; 2019)
8.Summaries the Summarize the findings
previously occurred from a particular & Leach & Scott (2002);
discursive events by ex erimentp recan on the Mortimer & Scott (2003);
. . considering multiple perir . pon Edwards & Mercer (1987);
Noninteractive . - activities of the previous .
dialogic views obtained from lesson Chin (2007)
students
9.Teacher se!ects and . Leach & Scott (2002);
contextualize the Selective summary, .
. . e Mortimer & Scott (2003);
prominent student selection and modification )
ideas from previously of pupils’ responses McMahon (2012); Soysal
occurred discursive (2018; 2019); Grinath &
Southerland (2018)
events
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Table 3 continued...

10.Teacher pools the

student ideas
(conceptual and

procedural) with the
low-interanimation of

them

Pooling ideas (conceptual

and procedural)

McMahon (2012); Chin
(2007)

11.Teacher engages

students in clarifying

their ideas or
arguments

Asking for clarification,
bring student knowledge
into public view

Pimentel & McNeill (2013);
Ogborn et al. (1996); Leach
& Scott (2002)

12.Teacher engages
students in enlarging
their ideas or
arguments

Pumping, expanding
contexts of understanding

van Zee & Minstrell
(1997b); Chin (2007);
Tytler & Aranda (2015)

13.Teacher throws

van Zee & Minstrell

. Reflective toss, toss-back, (1997b); Crawford (2000);
the responsibility of . . : . .
. invoking reflective Pimentel & McNeill (2013);
learning back to the thinking Soysal (2018; 2019)
students ’
14.Teacher prompts . o
for and link students’ T%achei‘.r kl){glldsl?.?dcmlg s Brown & Kennedy (2011);
ideas to build on the tdea, finking chiidren's Oh & Campbell (2013)
shared Inputs
15.Engage students to
put the Eneace students i Christodoulou & Osborne
. legitimizations of the 5age STUCEIS I (2014); van Zee & Minstrell
Interactive , , evaluating a proposed ] .
dialogic evaluation of other’s method for themselves (1997a); Soysal (2018;
conceptual and 2019)
procedural discourse
Chin (2006); McMahon
16.Teacher acts as Constructive challenge, (2012); Simon, Erduran &
challenger, discussant debating and applying Osborne (2006); Soysal
and negotiator ideas (2018; 2019); Bansal
(2019)
17.Teacher Simon, Erduran & Osborne
encourages and . (2006); Jadallah et al.
prompts for justified Checks. ev1-d¢.3nC(.e prompts (2011); Christodoulou &
and evidence-based justification Osborne (2014); Soysal
reasoning (2018; 2019)
18.Teacher
encourages new ways .
of thinking and Aiding in visualization Oh (.?010)’ Kawalkar &
. Vijapurkar (2013)
talking as speech
genres
19.Encourage Encourage students to Van Zee & Minstrell
students to monitor monitor what is (1997a); Simon, Erduran &
about classroom happening, asks about Osborne (2006)
discursive events mind-change
20.Teacher creates an
intellectually Keeping neutrality, foster
comfortable and respectful environment for  van Zee & Minstrell (19973,
flexible classroom statements of changes in 1997b); van Booven (2015)
atmosphere for beliefs
students
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Accomplishing a balanced design that combines more monologic and more dialogic TDMs
provides teachers with a mind-stretching pedagogical demand, however (e.g., Zohar, 2006). On
one hand, teachers should be able to more closely follow-up learners’ everyday thinking and
talking (van Zee & Minstrell, 1997; Mortimer & Scott, 2003). On the other hand, they should not
ignore the orientation of the teaching sequence or the big idea of the lesson that is more related
to school science social language (Candela, 2005; Engle & Conant, 2002; Mameli & Molinari, 2013;
Scott et al,, 2006).

Level 2 TDMs

At this level, teachers can substitute their discursively insufficient aspects of Level 1 TDMs with
more monologic and more dialogic discursive moves. This allows the teacher to attain a perfect
discursive balance involving the rhythm of classroom discourse by taking learners’ learning
demand into account (Aguiar, Mortimer, & Scott, 2010; Leach & Scott, 2000, 2002; Scott, 1997,
1998). The elements of this balanced approach are interpreted below in the sense of relevant
theoretical frames.

The teaching purpose is to explore or discuss: Teachers in a teaching sequence may begin
by gathering students’ ideas regarding the content under discussion through low-interanimation
of ideas as in the form of cumulative talk (Mercer, 2000). This indicates that there are no deeper
negotiations concerning the ideas generated by students (e.g., Scott et al., 2006). In this context,
a teacher may only collect and list the student-led ideas. In this review, a prominent discursive
move representing cumulative talk is that the teacher pools the student ideas (e.g., McMahon,
2012; see also Table 3). In this situation, there is a gradual decontextualisation as the teacher
guides student talk away from the descriptions of scientific events or rules (Mortimer & Scott,
2003). Rather, the teacher starts with students’ ideas (social languages) and tends to guide them
to a transformation in which the learned phenomena from the here-and-know of everyday views
is relocated to the generalizable statements of science (Scott, 1998). When this is the case, teacher
should implement TDMs which are embedded in interactive/dialogic communicative approach
(Table 3) in order to explore or discuss students’ raw interpretations, for instance, by engaging
students in clarifying (e.g., van Zee & Minstrell, 1997a) and enlarging (e.g., Chin, 2006, 2007) their
ideas or arguments, throwing the responsibility of thinking and learning back to students
(Crawford, 2000; van Zee & Minstrell, 1997b), acting as challenger, discussant and negotiator
(e.g., McMahon, 2012; Simon et al., 2006), or encouraging and prompting students for justified
and evidence-based reasoning (Christodoulou & Osborne, 2014; Jadallah et al., 2011; see also
Table 3 for detailed ones).

The teaching purpose is to work with learners’ ideas: After the initial negotiations
concerning learners’ ideas, the teacher engages in a process referred to as one of
recontextualisation, in the sense of moving from everyday language to that of the scientific world.
In this case, the teacher does not implement explorative interactive/dialogic TDMs (see also Table
3); rather, she may choose to undertake interactive/authoritative discursive strategies in order
to work with students’ ideas (Mortimer & Scott, 2003). In this manner, teachers may offer cued
elicitations in order to deliver the message to students that “you argued something neater and
closer to the content in my lesson plan” that is matched with the social languages of school science
(e.g., Grinath & Southerland, 2019; Kawalkar & Vijapurkar, 2013; Soysal, 2018; 2019; van Booven,
2015). Moreover, teachers may focus students’ attention on main aspects of the activity (e.g.,
Kawalkar & Vijapurkar, 2013; Oh, 2010) by modelling and rehearsing aspects of processes of
science (e.g., McMahon, 2012) in order to consolidate the canonical knowledge of science
(Crawford, 2000; McMahon, 2012; Oh, 2010, see also Table 3). To sum up, it is the essence of
science teaching and the unique job of science teachers to introduce and recognize new ideas, and
to handle the scientific story. Authoritative or more monologic TDMs are, therefore, equally
important and fundamental discursive moves for effective discursive interactions (Aguiar,
Mortimer, & Scott, 2010; Leach & Scott, 2000, 2002).

The teaching purpose is to wrap-up the previously created discourse: At the end of the
staging the scientific story with students, teachers may also apply TDMs framed in a non-
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interactive/authoritative communicative approach (see also Table 3) to wrap-up the previously
negotiated ideas (Mortimer & Scott, 2003). In this review, two categories of the TDMs were
redefined. Under the heading “teacher gives information” were included the following moves;
directlecturing (e.g., Edwards & Mercer, 1987), presenting logical expositions (e.g., Lemke, 1990),
providing narratives (e.g., Scott, 1998), and posing verbal cloze (e.g., Chin, 2007). For the second
category, the teacher makes assessments of student-led utterances based on the canonical
knowledge of science through comprehension checks (e.g., Oliveira, 2012), direct affirmation
(e.g., van Booven, 2015) or assessing and advising students (Oh, 2005; also see Table 3). At this
point in a teaching sequence, since the students had already argued the content and supplied
ideas using their everyday social languages, they then move on to the worlds of scientific thinking
and talking. It may be more appropriate to enact the TDMs within the non-
interactive/authoritative approach in reviewing or wrapping-up previously created discourse
(Mortimer & Scott, 2003). As illustrated by Edwards and Mercer (1987), the previously created
discourse stands for “a -we- voice” often used in such TDMs incorporating reviewing and
summarising progression and maintaining of the scientific story that had been owned by the
students. The instructional implication of this we voice is that students may reproduce a shared
and common understanding through the collaboration of teacher’s scaffolding efforts (Mercer,
1995; Mortimer, 1998; Scott, 1998; van Zee & Minstrell, 1997b; Wertsch, 1998). Thus, there is a
clear rhythm of science teaching over the course of the cycles of explore, work with and review
in which teachers act out their TDMs in a way which is both more monologic, and more dialogic
utterances are obligatorily maintained in a holistic discursive manner.

Contents of school science require diverse combined enactments of the TDMs

Another point featured in the literature may be students’ learning demand, which offers insights
into the Level 2 TDMs. As mentioned, according to Vygotsky (1978), higher mental functioning in
individuals derives from social processes. From this perspective, language and thought are
intimately related since “In the first instance language and other semiotic mechanisms (such as
mathematical symbols, diagrams, gesture, stance) provide the means for ideas to be talked
through and communicated on the social or intermental plane and, following the process of
internalization, language and other semiotic modes provide the tools for individual thinking.”
(Leach & Scott, 2002, p. 120). As aforesaid, Vygotsky (1987) defined two thematic contents to
characterise the interaction between thought and language as everyday concepts (i.e., involving
students’ ideas without conscious) and scientific concepts (i.e., systematically established
terminology). These contents were redefined by Bakhtin (1986) within the frame of distinguished
social languages used by specific communities (science learners) for specified aims
(conceptualisation of science concepts; or thinking-talking similar to a scientist). In this context,
there are distinctions among social languages of school science, scientists’ social languages and
everyday languages of learners (Leach & Scott, 2002; Scott, 1998). It is accepted that the
professionals of science who generate knowledge of science in a systematic way and the actors of
school science who have the opportunity to recreate their own knowledge of science differ in
terms of thinking and talking styles.

In this manner, Leach and Scott (2002) clarified the term learning demand that is an
evaluation of the differences and commonalities between the social languages of school science
and the everyday social languages. Learning demand can be considered in clarifying the TDMs of
the Level 2. In identifying learning demand, Leach and Scott (2002) specified the following three
distinctive but interrelated aspects, conceptual tools, epistemological underpinnings, and
ontological commitments.

Conceptual tools, learning demand and TDMs: For example, in terms of the conceptual tools
of learning demand, students may suppose that forces have actions that either pull or push.
However, there may be cases where a certain amount of force is not able to push or pull a heavier
or fixed object. In this case, the learning demand is higher since there is a contradiction with
students’ prior reasoning pertaining to the concepts of force and motion. In a responsive manner,
the teacher should display more dialogic TDMs (see also Table 3) such as using reflective
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questioning as a reflective toss (e.g., van Zee & Minstrell, 1997b), giving students the opportunity
to express ideas in order to discern their understanding (e.g.,, Crawford, 2000) or posing a
question that stimulates student thinking instead of giving direct corrective feedback (e.g., Chin,
2006, 2007). However, when students try to conceptualise, for instance, the parts of human
skeleton, the teacher may directly introduce the terms to students by means of more
monologically-oriented TDMs such as direct lecturing. Thus, in the presence of varying learning
demands on the parts of the students due to the conceptual tools they have held, displayed TDMs
can be diversified in a purposeful manner. A teacher may operate monologic and dialogic TDMs
in a combined manner while there are fluctuations in the learning demand.

Epistemological underpinnings, learning demand and TDMs: Many epistemological
underpinnings of scientific work are absent in terms of the everyday social languages of learners
(Chinn & Brewer, 1993b; Duit & Treagust, 1998). In this case of a teaching sequence, an
epistemological learning demand may be weighted to require a wide range of epistemologically-
oriented (i.e., both more dialogic and more monologic) TDMs. Examples of these moves (see also
Table 3) may be helping students to develop experimental strategies (e.g., Crawford, 2000),
modelling and rehearsing aspects of processes of science (e.g., McMahon, 2012), supporting
students in learning about scientific work (e.g., Crawford, 2000; McMahon, 2012), showing the
attitudes and attributes of scientists by example (e.g., Crawford, 2000), stimulating multimodal
thinking (e.g., Chin, 2007) or encouraging and prompting for justified and evidence-based
reasoning (e.g., Simon et al.,, 2006). In conclusion, once the epistemological bases related to the
phenomenon under negotiation are differentiated, on the parts of the students, diversifying
learning demands can be occurred requiring a combined performing of the monologic and
dialogic TDMs in a more instrumental manner.

Ontological commitments, learning demand and TDMs: There are concepts of science for
which experts’ process views are incommensurable with the students’ materialistic views (e.g.,
Chi, 2008). In this case, learning demand is readjusted in an ontological sense, for instance, “Two
candidates for these types of change are heat, which needs to change from a flowing fluid to
energy in transit, and a gene, which needs to change from an inherited object to a biochemical
process.” (Fraser, Tobin & McRobbie, 2012, p. 109). Thus, the learners’ everyday social languages
are matched with the materialistic view whereas social languages of scientist fit well with process
views such as heat and gene concepts. When a learning demand is ontologically-oriented, the
teacher may implement more dialogic and more monologic TDMs (see also Table 3), such as
asking students to generate contexts for considering an issue (e.g., van Zee & Minstrell, 1997a),
pointing out flaws in the argument (e.g., Simon et al., 2006), sharing individual student ideas with
the whole class (Bansal, 2018; Mortimer & Scott, 2003; Scott, 1998; Tabach et al., 2019) or
providing multiple opportunities for student judgments (van Zee & Minstrell, 1997b) since
students’ material views need to be changed into scientists’ process views as new ways of
thinking and talking about natural phenomena. Similar to the relations between conceptually-
oriented and epistemologically-oriented learning demands of students and diversifying TDMs,
there may be a close interaction between the ontologically-oriented learning demands of the
students and operating particular TDMs in a harmonical and relevant manner.

To summarise, the Level 2 TDMs may be re-categorised using explore, work with, review
discursive cycle to take learners’ different learning demands into consideration. At this level,
teachers must be able to undertake various TDMs in staging the scientific story, to render the
scientific point of view conceivable to students in the social plane of classroom. There may be also
a fundamental tension for teachers, in addition to staging the scientific story, as they should be
able to overcome individual barriers to support personal meaning making and handing over
responsibility to the students (Bruner, 1983, 1985, 1990), which, in Vygotskian terminology, is
described as scaffolding student internalisation (Vygotsky, 1962, 1978, 1987) as the Level 3
TDMs depictured in this review.
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Level 3 TDMs as scaffolding students’ internalisation

In the Vygotskian context, a teaching sequence incorporates three interrelated features; (i)
staging the scientific story, (ii) supporting students’ internalisations, (iii) handing over
responsibility to the students (Leach & Scott, 2002). The extracted TDMs were also re-examined
pertaining scaffolding students’ internalisations and Level 3 was established. First, each phases
of student-led internalisation in the presence of the scaffolding TDMs is clarified within the
context of this review. Then, scaffolding TDMs’ status within other levels (Level 0, Level 1, and
Level 2) will be located and interpreted.

Staging the scientific story: In staging a scientific story, the performance of a learning
group is interactive and multimodal in nature (Kress et al., 1998). The staging process
incorporates talk, various semiotic modes and diverse activities as the student experiments or
the teacher demonstrations. The teacher’s purpose in this staging is to make the scientific story
intelligible and plausible to the whole class (Posner, Strike, Hewson, & Gertzog, 1982). The related
TDMs for staging the scientific story were well incorporated by the studies reviewed in this study.

Supporting students’ internalisations: This aspect of TDMs pertains to scaffolding
individual students to make personal sense of and become able to use a negotiated scientific story
(e.g., Leach & Scott, 2002). Vygotsky (1987) constructed the idea that teachers are ones of
endorsing students’ intellectual progressions in the Zone of Proximal Development (ZPD), which
involves assisted and unassisted student actions. Scaffolding TDMs were well investigated (e.g.,
Griffin & Cole, 1984; Maybin et al., 1992) but the findings demonstrated that the teacher cannot
scaffold students’ internalisation through, for instance, using a CD-ROM program to teach the
molecular kinetic theory of gases (Leach & Scott, 2002). The process of scaffolding student
internalisation requires sensitive teacher interventions in the progress of a learner who is
actively involved in some specific task, but who is not quite able to manage the task alone. The
teacher provides “guidance and support which is increased or withdrawn in response to the
developing competence of the learner” (Mercer, 1995, p. 74, 75). Scaffolding students’
internalisation, therefore, incorporates a measured withdrawal of teacher assistance in the
process of handing over responsibility to students in a gradual sense (Bruner, 1983; Scott, 1998).

Handing-over responsibility to students: The important point is that TDMs for supporting
student internalisation must be dispersed throughout the teaching sequence. Thus, “It is not a
case of making the scientific story available (e.g., Level 2 TDMs) and then helping the students to
make sense of it.” (Leach & Scott, 2002, p. 123, original emphasize). To achieve authentic teacher
scaffolding for students’ meaning making, teachers should be able to attain continuous
monitoring of student comprehension and behave in a responding manner to their understanding
regardless of whether student-generated ideas are related to the intended social languages from
a scientific point of view (Scott, 1997). In this monitoring, teachers can use planned interventions
such as teacher questioning (e.g., Louca, Zacharia & Tzialli, 2012; Oliveira, 2010), whole class
negotiations (e.g., Bansal, 2018; Christodoulou & Osborne, 2014; Tabach et al., 2019) and small
group activities (e.g., Jadallah et al, 2011). In addition, engaging in a responsive array of
discursive interactions, teachers can also put other TDMs into practice such as sharing important
structured points in class (e.g., Mortimer & Scott, 2003; Scott, 1998), challenging student-
generated arguments (e.g., Christodoulou & Osborne, 2014; Jadallah et al,, 2011; Simon et al,,
2006) and applying multimodal communication tools as learners’ written practices (e.g., Chin,
2007; Oh, 2005, 2010). In the course of monitoring and responding, teachers provide
opportunities for students to try out new ideas in the process of making the newly constructed
knowledge, and therein, the TDMs are associated with the handing-over of the responsibility of
learning to students in recognition of their increased competence in unassisted learning practices
(Bruner, 1983; Scott, 1997).

The absence of Level 3 TDMs

It is clear from the reviewed studies that when scaffolding learning by pedagogical and
instructional means (Scott, 1997), most of the time, teachers seemed to engage in discursive
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efforts on the interpsychological plane in the classroom. However, it is restricted since the
internalisation of a concept is only fully completed in the presence of scaffolding TDMs dedicated
to their students’ personal meaning making processes within their intrapsychological planes
(Bruner, 1983, 1990; Scott, 1997; Solomon, 1994; Vygotsky, 1987). The literature acknowledges
that teachers can employ many TDMs to make scientific themes available to the whole classroom
through marking the knowledge as significant and joint (e.g., Bansal, 2018; Edwards & Mercer,
1987; Tabach et al, 2019), overlooking a student response (e.g., Mortimer & Scott, 2003),
paraphrasing a student’s idea to select and modify the previously mentioned ideas (e.g., Leach &
Scott, 2002; Mortimer & Scott, 2003; McMahon, 2012), invoking silence to permit student to
articulate their ideas (e.g., van Zee & Minstrell, 1997a, 1997b) or enacting a confirmatory
exchange with a student who previously generated closer ideas concerning school science social
languages (e.g., Bansal, 2018; Lemke, 1990). Most of the TDMs presented in this review are overly
directed towards labelling the scientific themes available on the interpsychological plane of the
classroom. They were not generally concerned with promoting personal meaning making on the
intrapsychological plane and cannot be supposed as a plenitude of The TDMs for teachers to use
in scaffolding students’ internalisations. The TDMs that were concerned with scaffolding of
learning within the intrapsychological plane have been, therefore, less visible to researchers and
teachers. From the perspective of the researchers in the current review, the studies tended to
analyse and report only the TDMs embedded in whole group discussions (Scott, 1998; Tabach et
al,, 2019). Therefore, there has been no further information concerning the types of the TDMs
that are needed in the support of personal internalisation particularly in the small group
discussions of students.

DISCUSSION and CONCLUSIONS
An Extended Argument for the Gradual Qualities of the Reviewed TDMs

The assertions presented below are based on the above-stated arguments derived from a critical
review of the studies that had been researched into the TDMs. As mentioned, reviewed TDMs
incorporated a hierarchy regarding teaching-learning phenomenon by means of discursive
interactions and exchanges that are animated by the TDMs. As discussed, four levels (categories)
for the reviewed TDMs were composed. These levels can be interpreted regarding the hierarchy
among the reviewed TDMs in addition to the inclusivity, contributors of the classroom discourse
(student-led voices vs. teacher-led voices) and pedagogical/discursive intentions of the
discursive exchanges. In this sense, Table 4 was composed as a representation of the how the
reviewed TDMs are associated with the other parts of teaching phenomenon.

In Table 4, the hierarchy (composed levels within the TDMs) displays the inclusivity
among the reviewed TDMs. Inclusivity signifies that a lower categorisation of the TDMs (e.g.,
Level-0) did not consist of specific discursive moves that were contained by a higher
categorisation of the TDMs (e.g., Level 2). In other words, a higher categorisation of the TDMs
incorporated all detected TDMs within a lower categorisation in addition to distinctive TDMs that
were not incorporated by the lower categorisation of the TDMs.

Table 4. A Systematic Representation of the Hierarchy

Hierarchy (TDMs) Levels Inclusivity Voices of the Discursive approach
(breadthness) discourse (intention)
Learner-centred
. Most Students and teaching &
Scaffolding Level-3 sophisticated teacher individualised
learning
Dialectical Level-2 More Students and Learner-centred
sophisticated teacher teaching-learning
Only dialogic TDMs Level-1 Equal Only the students Ind1v1dual-'centred
learning
Only monologic Subject-centred
TDMs Level-0 Equal Only the teacher teaching
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To explicate, in this review, a gradual sophistication was discovered among the reviewed TDMs.
In the context of this review, more sophisticated denotes that a categorisation of the TDMs
embodies a broader or more inclusive discursive actions and deliberations compare to other(s).
In this review, this was where the notion of (inclusive) hierarchy came in. It was the hierarchy
among the levels of the reviewed TDMs; demonstrating an expanding breadthness of diverse
aspects of the discursive interactions and exchanges (see also Table 4). More complex levels
(categories) of the TDMs were seen as including awareness of critical aspects of the discursive
moves and presented in less sophisticated TDMs plus awareness of more additional discursive
moves.

In this sense, there were three types of the inclusivity or breadthness among the levels of
the reviewed TDMs (see also Table 4). These were equal, more sophisticated, and most
sophisticated. As seen in Table 4, Level 0 (only monologic conception of teaching discourse) and
Level 1 (only dialogic conception of teaching discourse) showed no overlap or inclusivity in terms
of the complexity of the reviewed TDMs. This review therefore confirmed that monologic
understandings (subject-centred teaching) do not possibly include of dialogic teaching
(individual-centred learning), and dialogic understandings (including only student-led voices) do
not include awareness of the possibility of monologic teaching (including only teacher-led
voices). This allowed for a third conception, a dialectical enactment of the reviewed TDMs, which
included awareness of both monologic and dialogic TDMs and was attributed as hierarchically
inclusive of the other two levels of the TDMs.

In the case of this review, it was found out that a dialectical breadthness of teaching
discourse (learner-centred teaching-learning) would include enactments of both monologic and
dialogic TDMs. Thus, this gives teachers a dialectical understanding with the option of operating
in either monologic or dialogic TDMs or both simultaneously within the same teaching sequence.
When this was the case, there was a need to posit a dialectical category (level), as it would be
inherently more sophisticated than (only) dialogic or (only) monologic categories.

This interpretation of the reviewed TDMs would make the monologic and the dialogic
levels equal in sophistication regarding the discursive instrumentality of the TDMs. To illuminate,
the monologic level is seemed not to include awareness of more aspects of the phenomenon (the
stated TDMs) than the other as the dialogic level. These were the different aspects of the
categorisation of the TDMs. Once two categories of the TDMs are equalled or not inclusive of each
other; then one cannot be more sophisticated than the other. Only the dialectical categorisation
of the TDMs could be regarded as more sophisticated than the other two.

Moreover, there was another hierarchy between dialectical and scaffolding category of
the TDMS. To advocate, Level 3 TDMs incorporated both dialogic and monologic TDMs on the
interpsychological plane. However, as the most sophisticated category of the TDMs, scaffolding,
also were included the TDMs both on the interpsychological and intrapsychological planes in
supporting and attaining internalisation of the phenomenon under negotiation by the mediation
function of the rehearsed social languages during classroom discourse.

When dialogically-oriented and monologically-oriented TDMs are enacted in an isolated
or exclusively mutual manner, they may not facilitate a true co-construction of meaning as
showed by the reviewed studies. Appropriate combinations of the two parts of the TDMs may
ensure a dialectical classroom context in which both everyday social languages of learners and
social languages of school science can be featured in a pragmatist manner. However, a convenient
harmony of the dialogic and monologic TDMs may not be sufficient in terms of scaffolding
students’ internalisations after negotiating the meaning by class members. Thus, teachers may be
expected to perform more comprehensible TDMs or enlarge their repertoires regarding the
enacted TDMs permitting both group-based and individual-based understandings of the science
phenomenon.
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Concluding Remarks

Overall, a review of relevant studies pointed out several salient assertions about the TDMs. First,
the TDMs are diverse in nature and numerous, particularly in the presence of teachers’
intentional interactions with students. Furthermore, explicit connections were not revealed
between more monologic TDMs and the knowledge transmission modes of teaching or between
more dialogic TDMs and co-construction of knowledge. Thus, it can be acclaimed that more
monologic TDMs might be suited to the knowledge-transmission modes of teaching; however,
this may be only valid in the absence of more dialogic TDMs or in the case of more monologic
TDMs being isolated from more dialogic ones. Accordingly, more dialogic TDMs may not be
functional in terms of the authentic co-construction of knowledge in classrooms when the
dialectical complementary interrelations of more monologic and more dialogic TDMs are ignored.

In addition, even though teachers can conduct more monologic and dialogic TDMs and
simultaneously within the teaching cycles of explore, work with and review, this may not provide
for an accurate completion of scaffolding learning for personal internalisations. For this review,
it can be claimed that teachers may experience a fundamental discursive tension in terms of being
able to fulfil the staging of the scientific story (Level 0; Level 1 and Level 2 TDMs), and throughout
the process, ensuring learners’ internalisations by means of scaffolding learning and handing over
responsibility to students (Level 3 TDMs).

Another outcome of this review for researchers is that, if the co-construction of
knowledge is an admitted combination of staging, scaffolding and handing over responsibility to
the learners, a deeper understanding of TDMs particularly in accomplishing scaffolding should be
attained in a similar way to clarifying TDMs for staging the scientific story. In a recent and
influential work, Jadallah et al. (2011) sought to examine teachers’ scaffolding moves during small
group discussions. Asking children to sum up, asking for clarification, praising the use of evidence,
prompting for evidence, prompting for positions or reasons and challenging were the detected
TDMs within small group discussion while teachers performed one-to-one interactions. It may
therefore be an impulsive study and should be considered by researchers in exploring TDMs in
the sense of supporting learners’ internalisations.

This review also produced worthwhile outcomes for science teachers. As mentioned
above, a wide range of TDMs were defined encompassing diverse combinations of the monologic,
dialogic, dialectical and scaffolding aspects of discursive interactions. Teachers as the external
readers of research materials, therefore, may gain an awareness pertaining to their routine and
essential discursive moves as defined in this review from many perspectives of Vygotskian
teaching. They also may create an awareness regarding the crucial tension between the
negotiation of meaning both on the interpsychological and on the intrapsychological planes in
classrooms.

To achieve this premier pedagogical target, teachers should acquire knowledge about the
relevant combinations of more monologic and more dialogic discursive moves to cope with the
emergent and structural qualities of classrooms particularly in the presence of everyday social
languages of learners. However, having knowledge of the TDMs defined and interpreted in this
review is only a very basic beginning in the development of a pedagogical lens for them to
actualize a true co-construction of knowledge through the co-operation of all the members. To
extend this idea, Oliveira (2010) and Soysal (2019; 2019) commented that many analytical
complementary parts of the TDMs might be directly and explicitly taught to teachers in long-term
professional development programs. In Oliveira’s study, the teachers were introduced to teacher-
questioning patterns and acquainted about the executive functioning of teacher-questioning as in
the forms of the TDMs. This teacher-training program provided teachers with skills to advance
their in-class questioning and, more importantly, they became pedagogically aware of the
discursive power of teacher questioning. Thus, based on the outcomes of this review, teachers
can design and implement specific professional development programs especially in order to
extend the experiences of teachers regarding essential hierarchy among the different levels of the
TDMs and their functions for fruitful classroom discourses on the interpsychological and
intrapsychological planes.
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