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Abstract Research has shown improvements in science, mathematics, and language scores
when classroom discussion is employed in school-level science and mathematics classes.
Studies have also shown statistically and practically significant gains in children’s reasoning
abilities as measured by the Raven’s Standard Progressive Matrices test when employing the
practice of Bexploratory talk^. While these studies suggest that transfer of learning had taken
place, a number of dialog-intensive designs have failed to find positive results, only reported
delayed transfer, or have been criticized in terms of methodological rigor, small sample sizes,
or because they have only shown small effect sizes. In this study, the claim is made that a
particular set of studies which focused on exploratory talk and reasoning abilities, and which
used designs that are better positioned to meet the standards mentioned above when presenting
data in support of far transfer, provides robust evidence of far transfer within the framework of
Barnett and Ceci’s taxonomy of transfer. Possible relationships between exploratory talk,
argumentation, and key domains in the science of learning are considered in an attempt to
explain the apparent far transfer effects when children engage in exploratory talk.

Keywords Exploratory talk . Far transfer . Reasoning . Raven’s standard progressive matrices .

Argumentation

Over the past three decades there has been a shift in emphasis in science education from a
Piagetian view of an individual struggling to make sense of the world to the Vygotskian notion
of the social construction of knowledge (Hodson 2009). This shift largely reflects the
accumulation of evidence for the efficacy of interventions that engage children in interactive
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discussion. For example, a review of ten studies on discussion from the Philosophy for
Children primary and secondary schools’ project by Trickey and Topping (2004) revealed
positive results for all participating children in terms of norm-referenced tests of reading,
reasoning, and cognitive ability. These findings support Locke, Ginsberg, and Peers’ (2002)
claim that the development of spoken language should be a priority for all young children and
that this emphasis is particularly beneficial for children from disadvantaged socio-economic
backgrounds. Adey (2001) and Shayer and Adey (2002), who speak of Bcognitive
acceleration^ and Blearning thinking,^ argue that the Science Education (CASE) project,
which employed group work and plenary discussions with the teacher asking questions that
revealed the children’s thinking processes and meta-cognition, was particularly effective in a
number of ways (Adey and Shayer 1994). After a 3-year intervention, the experimental group
of CASE learners not only scored approximately one grade better in their GCSE science
achievement than their peers, but their mathematics and English GCSE grades were improved
by about the same amount. Nevertheless, Trickey and Topping (2004) noted that most of the
studies reviewed at that time lacked methodological rigor. Among those that did, Lipman’s
1975 Philosophy for Children study, which used the Iowa Test of Basic Skills test, revealed the
strongest effect on students’ comprehension after 3 years of instruction, with an effect size of
0.55. However, the effect sizes for the other studies using multiple-group designs and
standardized measures only averaged approximately 0.20 (Wilkinson et al. 2015).

Nevertheless, a recent call for the sharing of findings on the effects of orchestrated
discussion in school learning resulted in responses that were considered to be Bstartling^
(Resnick et al. 2015, p. 2). The startling aspect was that there were so many responses that
revealed evidence that students who had engaged in dialogic teaching situations performed
better on tests than students who had not experienced similar opportunities for discussion.
These instances included better retention of knowledge by students (up to 2 to 3 years) and of
transfer to a different domain (for example, from science to English literature). Similar results
in terms of improvements in science, mathematics, and language scores have been shown in
projects that incorporated classroom discussion in the USA (Webb 2010b). However, only a
small number of studies showing positive results have involved measures that were standard-
ized and independent of the texts discussed or designs with multiple groups (Wilkinson et al.
2015). Further, a number of studies of dialog-intensive frameworks have failed to find positive
results (Reznitskaya et al. 2012) or only reported delayed transfer (Kuhn and Crowell 2011;
Morehouse and Williams 1998).

In response to the challenges mentioned above, this paper focuses on studies in a particular
context that used designs better positioned to meet the aforementioned standards when
presenting data in support of the occurrence of far transfer. These studies, which were framed
in the context of science and mathematics second-language students, used a shared quasi-
experimental design. The design included experimental and control groups, pre-post testing,
and large enough numbers for statistical analyses. The quasi-experimental aspect of the design
was that participants were selected from existing classes in schools and were therefore not
randomly assigned to conditions, i.e., purposive/convenience sampling was used. The design
also included a shared method for introducing and assessing authentic discussion (exploratory
talk) in science and mathematics classrooms. All bar one used the same assessment for pre-
and post-testing that was standardized and was not related to the material discussed in the
classroom (namely, Raven’s Standard Progressive Matrices). The pre-post-test was adminis-
trated immediately prior to and after the discussion intervention. The duration of each
intervention was similar (between 6 and 9 months) and the ages of the participants ranged
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between 11 and 14 years except for one study which worked with young adults. All of the
studies which enabled teachers to facilitate exploratory talk among their students’ produced
large effect sizes, bar one which was moderate.

In considering these studies, we argue that the benefits on reasoning and understanding of a
particular type of intervention known as exploratory talk constitute a case for far transfer of the
effects of education. Specifically, we place the practice and effects of exploratory talk in a
framework of Btransfer of training,^ seeking to connect the sociological orientation of its
origins with the cognitive and learning sciences orientation of much contemporary educational
research. Thus, we explore possible cognitive processes that might produce such effects,
particularly in terms of what is learned in exploratory talk interventions and the cognitive
processes involved in solving Raven’s test tasks (see Nussbaum and Asterhan in press for a
similar approach to this issue).

Transfer of Training as a Measure of Reaching Educational Goals

Educational interventions almost always yield performance improvement on the tasks used in
the intervention, but this fact is seldom of much interest. Instead, a common goal of most
interventions is to prepare students to perform well in new situations, adapting what they have
been explicitly taught so they can solve problems and produce outcomes that are new or
different from their specific training. Consider, for example, the following statement from the
US Common Core Standards for English Language Arts: BThe skills and knowledge captured
in the ELA/literacy standards are designed to prepare students for life outside the classroom.....
Students will learn to use cogent reasoning and evidence collection skills that are essential for
success in college, career, and life.^ Clearly, this goal extends well beyond any specific
language arts instruction. Evaluating this broad goal is complex and quite difficult, but
Barnett and Ceci (2002) have provided an illuminating approach that makes evaluation more
manageable by framing the goals of education in terms of Btransfer of training.^

Commenting on transfer, Barnett and Ceci (2002, p. 612) note that there is Blittle agreement
on the nature of transfer, the extent to which it occurs, and understanding of its underlying
mechanisms.^ These authors believe that a major reason for the conflicting characterizations of
transfer is the failure to specify the dimensions for a general taxonomic framework in which
transfer studies can be situated. Consequently, they proposed a taxonomy designed to provide
a principled basis for distinguishing between studies that involve near transfer and studies that
involve far transfer, that is, the application of what was learned to tasks that are Bnew or
different from their specific training.^ The taxonomy uses two major dimensions, termed
content and context. Content encompasses whether transfer involves specific information or
procedures or instead involves a general strategy or rule; whether the performance measures
are the same as or different from those used in training; and what sorts of memory demands the
transfer task places on the participants. Context encompasses whether the transfer context
involves the same or a different knowledge domain, the same physical context, the same
temporal context, the same social context, the same functional context, and the same modality
of presentation. For each of these sub-dimensions, studies can be placed on a near versus far
continuum, with the result that a given study might involve far transfer on one sub-dimension
but near transfer on another dimension. Barnett and Ceci point out that it is important to
distinguish between Bnear transfer tests^ in which the assessment is close in time and similar in
content and form of testing to training, and Bfar transfer tests^ in which the assessment is
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remote in time and different in content and form of testing from the initial learning experience
(Barnett and Ceci 2002). Importantly, they also state that BDespite a century’s worth of
research, arguments surrounding the question of whether far transfer occurs have made little
progress towards resolution^ (p. 612).

Exploratory Talk

There is a considerable agreement among scholars as to the nature of the discourse that
characterizes productive discussion (Resnick, Asterhan, and Clarke 2015). Typically, produc-
tive discussion is structured and focused, but not dominated by the teacher. It is framed in a
series of open-ended questions, individual and collective reasoning, and a high degree of
agency and control in the co-construction of knowledge within a group. Students have
opportunities to engage in individual and collective reasoning about issues, and to provide
explanations for their claims by drawing on their experience and prior discussions. They are
able to listen and react to each other’s ideas, reason together and co-construct understanding
(Wilkinson, et al. 2015).

Exploratory talk, a form of productive discussion, can be clearly distinguished from other
types of classroom talk such as Bdisputational talk^ with its trademark defensive stances,
bickering, and personal diatribes and Bcumulative talk^ where there is sharing of ideas but no
constructive challenges or conflict (Mercer 1996). It is not far removed from Bcollaborative
reasoning^ (Chinn and Anderson 1998; Reznitskaya et al. 2009), Bcritical discussion^ (Keefer
et al. 2000), Baccountable talk^ (Michaels and O'Connor 2002), and argumentation approaches
to learning science (Osborne 2010). Exploratory talk is an approach which has been described
as Bthinking aloud with others^ and which foregrounds student reasoning (Monaghan 2005).
Exploratory talk uses the open sharing of ideas, receptiveness to the ideas of others, construc-
tive conflict, and well-argued counter proposals in order to reach consensus in groups (Mercer
and Littleton 2007). Research has also shown that in order for exploratory talk to be effective
and take root in classrooms, it has to be taught explicitly and practiced continually (Mercer and
Littleton 2007).

Studies by Rojas-Drummond and Mercer (2004) and Mercer et al. (2004) with school aged
children (9–12 years old) all showed the value of explicit explanations to learners in terms of
how to generate classroom discussion. Ground rules have to be set for talking and listening.
These rules, formulated collectively by the teacher and students to promote ownership and
compliance, usually involve issues of mutual respect for persons and ideas, the sharing of all
relevant information, acceptance of challenges and rebuttals, and striving towards agreement
on claims made.

The occurrence of exploratory talk in the classroom has been assessed in a number of ways.
Mercer et al. (1999) used the frequency of certain linguistic features, for example, the use of
words such as Bbecause,^ Bagree,^ and BI think^ in the context of the discussions that they
observed (and recorded) to generate qualitative and quantitative data. They also associated the
relative incidence of Blonger utterances^ in context as an indicator of exploratory talk taking
place. Similar forms of assessment using predetermined levels of word use and utterances
made have been employed in other studies in the UK (cf. Rojas-Drummond and Mercer 2004;
Mercer et al. 2004).

Mercer, Wegerif, and Dawes’ seminal 1999 study, in which they worked with 60 children
aged 9 to 11, provided the first link between exploratory talk and achievements on the Raven’s
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test. This study revealed that improvements can be made over time in terms of children’s
ability to use exploratory talk meaningfully in class (measured as described earlier) with
statistically significant gains being made in Raven’s Standard Progressive Matrices (RSPM)
scores. However, as the focus of the exploratory talk in this study was on how to solve the
RSPM test any transfer effects would be classified as Bnear transfer.^ The Mercer et al. (2004)
study also revealed a significant improvement in SATS science question scores in classes
where exploratory talk was employed (SATS are sets of assessments provided to schools by
the Qualifications and Curriculum Authority in England and Wales). In terms of Barnett and
Ceci’s taxonomy, while there was distance in terms of social context and modality (group
discussion to individual written text), these findings still do not suggest full far transfer in that
the knowledge domains are related and the physical and functional contexts were similar
(science school-level tests). In the studies that we emphasize in this paper, the RPSM was used
as a measure of transfer effects after lessons that focused on science education, not on solving
the RPSM; hence, these studies fit the definition of far transfer in Barnett and Ceci’s taxonomy.

Measuring Reasoning

Spearman proposed that there is a common or general factor in mental ability, commonly
known as Spearman’s g. The RSPM test has been described as the best assessment of abstract
or non-verbal reasoning and is widely regarded as measuring the essence of the educative
aspects of Spearman’s g (Jensen 1998; Kaplan and Saccuzzo 1997; Lynn et al. 2004). The two
main components of Spearman’s g are educative ability and reproductive ability. Educative
ability refers to the ability to educe relationships or further meaning from that what is known,
while reproductive ability is the ability to reproduce a culture’s store of verbal concepts.
Reproductive ability is what enables one to achieve in examinations which requires memory,
while educative ability enables one to solve abstract non-verbal problems (Raven et al. 2003).
While the latter has been considered to be the more Bheritable^ component, Kan et al. (2013)
have recently challenged this assumption and claim that societal demands influence the
development and interaction of multiple cognitive abilities and knowledge. These interactions
are believed to provide positive correlations among each other and give rise to the general
intelligence factor, a consideration which may have implications when attempting to provide
explanatory mechanisms for the effects of exploratory talk on Raven’s scores.

The RSPM test is a widely used, well-established, reliable standardized psychological test
of non-verbal abstract reasoning and problem solving (Kunda et al. 2009). The problems
presented are language-free and can be used across a range of ages (Raven, Raven, and Court
2003). The test is made up of a series of diagrams or designs with a part missing. The use of
abstract representations is a valued cognitive ability in terms of many of the concepts and
processes used in sciences. Those taking the tests are expected to select the correct insert to
complete the designs from a number of options printed beneath. There are 60 different
questions in five sections (A–E) which are ordered from the easiest to the most difficult.

Raven’s tests, which are based on Spearman’s investigation of intelligence, appear partic-
ularly appropriate for exploring links between language practices and the non-culturally biased
tradition of research in cognitive development as they correlate well with similar tests of
reasoning and with measures of academic achievement (Raven, Court and Raven 1995,
Richardson, 1991). The RSPM provide a means to assess, measure, and compare a person’s
capacity for observation and clear thinking relative to other people, irrespective of past
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experience or present ability for verbal communication, the ability of a person to deal with
apparently meaningless figures, the ability to perceive the relationship between these figures,
and the capacity for systematic reasoning. In general, the scales can be considered as tests of
observation and clear thinking. Each problem in a scale is a source of a system of thought,
while the order in which they are presented provides training in the method of working, i.e.
they are progressive. In each set, the first problem is as self-evident as possible, after which the
problems become progressively more difficult.

It is worth noting at this point that standardized non-verbal reasoning tests like Raven’s have
beencommonly taken tobeparadigmaticmeasuresof individual reasoningability, independentof
social or cultural factors (Richardson 1991). However, more recent findings challenge this
position and support Raven et al.’s (1995) position that non-verbal reasoning (like that involved
in solving theRaven’s problems)may bemediated by language anddeveloped by adult guidance
and social interaction among peers without the provision of any specific training in solving these
problems. This position supports the claims of sociocultural theorists such as Bruner (1990),
Rogoff (1990), Vygotsky (1981), and Wertsch (1991) that the development of human mental
abilities depends on a link between the Bintramental^ and the Bintermental^mediated by language.

Method

As noted in the introduction, a set of studies with similar designs using exploratory talk in the
classroom and similar measures of reasoning abilities are reviewed in terms of possible far
transfer effects within Barnett and Ceci’s (2002) taxonomy of transfer (cf.Webb 2003, 2010a, b;
Webb and Treagust 2006; Villanueva 2010; Sepeng 2011; Boschmans 2013). These studies
represent all of the research projects undertaken over a decade by a special interest group at the
University of Port Elizabeth (now NMMU) in South Africa. They all focused on the develop-
ment of scientific literacy in learners through exploratory talk and includedmeasures of changes
in learners reasoning skills. Other studies on promoting scientific literacy undertaken by this
group through writing and argumentation, but which did not focus on exploratory talk or
measuring changes in reasoning skills, are not included (see Webb 2010b). All of the studies
were done over a period of one calendar year with a 6-month period of implementation of the
strategywith the students fromMarch to September in each case. Two studies were replicated as
first and second studies over two calendar years (Webb and Treagust 2006; Villanueva 2010).

The teachers in the experimental groups were introduced to, and trained in, the use of
exploratory talk while the teachers in the control groups were not. Participating teachers in the
experimental groups were introduced to the notion of Bdiscussion^ and the implementation of
classroom discussion stimulation techniques viaworkshopswhich focused on notions of discus-
sion, the effective use of the triggers to be used to initiate classroomdiscussion, and the rationale,
theoretical position, methods, and processes of each study. The basis for discussion in each case
was given in written form so that teachers could refer back to the written materials and their own
notesduringthecourseof the intervention.Theseworkshops,whichwererunafter thesettingsand
teachers had been identified and the students hadwritten theRSPMpre-test, took place over 12 to
14 h in each study spread over 2 or 3 days depending on teacher availability. Avariety of triggers
wereused to initiate exploratory talk,viz. conversational readings,prompt-posters,practicalwork
(Webb andTreagust 2006; Villanueva 2010), concept cartoons (Webb 2010a, b), word problems
inmathematics (Sepeng2011), andworkcovered inclass (Boschmans2013),but in eachcase, the
processes of the implementation and assessment of exploratory talk were the same and a shared
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method for assessing authentic discussion (exploratory talk) in science and mathematics class-
roomswas used.

The classroomobservation tool developed in the first study (WebbandTreagust 2006)was used
with minor modifications in each subsequent study. Classroom observations were either video
(Webb and Treagust 2006; Webb 2010a, b and Sepeng 2011) or audio-taped (Villanueva 2010;
Boschmans 2013). A four-point scale classroom observation instrument was used to record the
classroomactivities that tookplaceduringclassroomobservationsessions.Each teacherwasvisited
a minimum of three times during the duration of each project to establish whether exploratory talk
was taking place. On-site discussions with teachers and pupils were also used as an indicator of
whether exploratory talk had taken place and analyses of classroom observation records provided
deeper insights into the types of discourse and interactions that took place. The criteria used to
determinewhether classroomdiscussionhad takenplacewere theabilityof learners to engage in the
lexicon (use thewords appropriately), use scientific explanations (apply connectives) andengage in
discourses that included descriptions, predictions, explanations, and arguments.

A four-point scale classroom observation instrument was developed in order to record the
classroom activities that took place during classroom observation sessions. Each teacher was
visited a minimum of three times during the duration of the project as this number, based on
previous experience in similar projects and schools, was deemed sufficient to establish if
changes in teacher practice had occurred and whether newly introduced classroom discussion
practices were ongoing or not. A minimum criterion was used as a cut-off point for judging
whether classroom discussion had taken place or not, namely that each of the above interac-
tions had been exhibited at least once, and that two of the three were exhibited three or more
times per classroom observation over a period of 6 to 9 months with an average of three- or
more on a four-point classroom observation scale. These data were used to provide a minimum
criterion for a cut-off point for judging whether classroom discussion had taken place or not
over the duration of the intervention This distinction, i.e., whether exploratory talk has taken
place in a classroom or not, allows for stronger notions of falsification and verification of
claims of association between exploratory talk and enhanced performance on the RSPM test.

The Webb (2003), Villanueva (2010), Webb (2010a, b), and Boschmans (2013) studies all
used the Raven’s test (RSPM) for pre-post testing. The RSPM test data revealed a high level of
reliability (α≥0.8) in all cases. The Raven’s test is considered to be particularly useful as the
non-verbal, abstract reasoning nature of the test makes performance on RPSM a good measure
of far transfer effects when employing exploratory talk as, unless the participants were
specifically trained on non-verbal reasoning, they would not be expected to show benefits of
an intervention like exploratory talk on RPSM scores. Our first goal in this paper is to examine
the results of these studies using exploratory talk, which is an example of an intervention that
engages children in interactive discussion, in the light of possible far transfer as framed in
Barnett and Ceci’s taxonomy. The second is to highlight possible cognitive processes that
might produce such effects, particularly in terms of what is learned in exploratory talk
interventions and the cognitive processes involved in solving Raven tasks.

Results

The findings of the studies are firstly presented in Table 1 with narrative elaboration below.
Webb and Treagust (2006) reported on a study in South Africa where three triggers were

used to initiate exploratory talk among 11 to 12 year-old Xhosa first-language speakers in
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schools where English is the language of teaching and learning. These triggers were conver-
sational readings, prompt-posters, and practical work. Although the language of teaching and
learning was English, the learners were encouraged to engage in exploratory talk in the
language in which they were most comfortable. Small group discussions were monitored
and the principles used for the assessment of whether exploratory talk had taken place or not
were based on the criteria used by Mercer et al. (1999), as described earlier. In a first study with
146 children (36 in the comparison group), significant gains in Raven’s scores were recorded
in experimental groups where reading and practical work were used to successfully initiate
exploratory talk. When using prompt posters, exploratory talk was not evident in the exper-
imental groups and no significant differences were found between the experimental and
comparison groups’ pre- and post-intervention Raven’s scores. As such, the approach to using
the prompt-posters was redesigned to better facilitate exploratory talk. Thereafter, a second
study the following year was undertaken among 1192 children (298 in the comparison group)
over 6 months. Significant improvements between the Raven’s pre- and post-test scores were
recorded in all cases for the experimental groups but not for the comparison groups.

Villanueva (2010) also conducted repeat studies. In the first study (n=168), where teachers
of the experimental groups, who had been trained in exploratory talk, were not able to
implement it successfully with their classes, no statistically significant differences were
observed in terms of Raven’s scores between learners (n=168) in experimental (n=122)
and comparison (n=46) groups. In the second study (n=675), in different schools where the
teachers were able to successfully implement exploratory talk, significant differences were
found in the change between the pre-post-test scores of the experimental group (n=479) but
not for the comparison group (n=196). Similarly, significant differences with a large effect
size in favor of the experimental group (n=403) were recorded in a study using exploratory
talk based on concept cartoons in mathematics (Webb 2010a).

Boschmans’ (2013) study, where pharmacology students discussed the content of their
lectures in supplemental instruction sessions (and which did not result in exploratory talk),
revealed no statistically significant differences between Raven’s pre- and post-test scores. This
particular finding, as well as instances in Webb and Treagust (2006) and Villanueva’s (2010)
studies where teachers were unable to promote successful exploratory talk in their classrooms
(as documented through recordings of the classroom sessions), underscores the association
between exploratory talk in classrooms and significant improvement in RSPM scores. The
Sepeng (2011) study with 176 grade 9 learners, which was similar in all aspects to the other
studies except that he used the ability to solve word problems in mathematics as a measure of
reasoning, showed statistically significant improvements in reasoning with a large effect size.

Discussion

The South African studies that we have summarized here constitute additional evidence for the
potential benefits of educational practices that embody what Nussbaum and Asterhan (in press)
term argumentive discussion. Exploratory talk fits comfortably among the approaches de-
scribed by Resnick et al. (2015) and shares conceptual and procedural features with a dialogic
argumentation (e.g., Kuhn and Crowell 2011) and dialogic discussion (e.g., Reznitskaya et al.
2012), among others. Consistent with this literature, the studies we have summarized show that
exploratory talk, as realized in these South African studies, improves student performance.
More importantly, however, we believe these studies provide particularly strong evidence for
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improvements that can be characterized in the Barnett and Ceci taxonomy as far transfer
effects. As such, in this section, we first discuss the significance of these findings with respect
to the issue of near versus far transfer effects; we then take up the issue of how to explain such
effects in terms of cognitive theories. Our analysis has some parallels with a recent
examination of the issue by Nussbaum and Asterhan (in press) and it is encouraging to see
many points of agreement between these separate efforts to connect the phenomena of
improved learning through dialogical teaching practices with the concepts and constructs of
cognitive theories.

The Nature of Transfer

As noted earlier, Barnett and Ceci (2002) developed their taxonomy in order to provide a
principled basis for characterizing transfer studies with respect to whether they involve near
transfer or far transfer. Using their taxonomy, the studies by Adey (2001), Shayer and Adey
(2002), Wegerif et al. (1999), and Wegerif et al. (2005), all of which show positive transfer
effects from exploratory talk, would be categorized as showing near transfer effects. The
assessments of transfer involved the same knowledge domains, physical context, social
context, functional context, and modality of presentation. In Shayer and Adey’s CASE project,
for example, the talk and the assessment were both based in science content and concepts,
while in Mercer, Wegerif, and Dawes’ studies the talk was about the test (namely solving the
RSPM test). By way of contrast, the studies by Webb and Treagust (2006), Villanueva (2010),
and Webb (2010a) would all be characterized in Barnett and Ceci’s taxonomy as involving far
transfer effects. In each case there was considerable distance in terms of knowledge domain
(from exploratory talk around science and mathematics topics to solving test items in
the RSPM) and in terms of temporal context (pre-post testing over 6 months to a year).
Although the physical context was similar (both activities occurred in a classroom at a school),
there was considerable distance in terms of social context and modality (from group discussion
in science or mathematics to individual completion of the Raven’s tests). Such gains suggest
positive far transfer of learning characterized by the ability to reason better on a problem that
was unrelated to the topic of previous learning (Barnett and Ceci 2002).

The Paradox of Far Transfer for a Science of Learning

Far transfer is easy to explain for a faculty-based psychology. If reasoning is a faculty, then any
task that strengthens the faculty of reasoning will provide benefits for other tasks that involve
reasoning. This line of argument leads to the doctrine of formal discipline, which was used to
justify the teaching of Latin in nineteenth century schools (Hewins 1914). However, as noted
by Taatgen (2013), for example, contemporary psychological theorizing has generally assumed
that transfer occurs to the degree there is overlap in the knowledge or procedures used in one
task and those used in another. The paradox of far transfer is that the conditions needed to
demonstrate far transfer most convincingly are those that involve minimal similarity between
one task and another, yet the occurrence of far transfer is the most convincing evidence that
learning has produced some general benefit.

Thus, two challenges confront efforts to demonstrate far transfer. The first is to show
reliable and robust evidence of transfer effects under conditions that involve little overlap in
the dimensions identified by Barnett and Ceci (2002). Our discussion of the South African
studies has been designed to show that this challenge has been met. Accepting this claim leads
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to the second challenge, which is to identify and test the various cognitive mechanisms and
educational principles that might explain the success and effectiveness of approaches that yield
far transfer. With this second challenge comes an additional task, however, which is to seek
common ground with the sociocultural approaches that have guided many of the efforts in
science education that we have cited. Although these approaches are paralleled by an emphasis
on constructivism and social learning in applications of cognitive psychology to education
(e.g., Bransford et al. 2000), the latter applications fall under a general umbrella of Blearning
sciences^ and reflect a view that adopting a scientific approach to learning will improve the
quality and efficiency of education (Roediger 2013). The promise of exploratory talk as a
technique for enhancing reasoning is matched by its promise as a way to investigate the
cognitive mechanisms and educational principles that underlie its documented success in
educational contexts in general. That is, exploratory talk can be used as a Btest-bed^ for
models of learning and performance (Singley and Anderson 1989) in which to investigate the
cognitive mechanisms and educational principles that might explain the success and effective-
ness of dialogic instructional approaches. However, the fact that exploratory talk emerged from
a sociocultural approach rather than a social learning approach means that we have little in the
way of initial guidance for structuring the investigation, a point that has also been noted by
Nussbaum and Asterhan (in press). Consequently, we will frame our discussion of ways to
further study the benefits of exploratory talk in terms of Moulton’s (2014) summary of key
findings in the science of learning.

In his summary, Moulton (2014) attempted to identify the most robust and well-
documented findings from the cognitive research literature that seems to have significance
for education. He organized his review of key findings with respect to three domains—
effective learning techniques, mental architecture, and motivation and persistence. The fol-
lowing paragraphs briefly examine exploratory talk in relation to each of these domains in an
effort to identify the most promising avenues for future research on how exploratory talk might
support improved reasoning on a far transfer test. At the outset, however, it is important to
recognize the distinction between explicit and implicit influences. That is, exploratory talk
might be effective because it explicitly incorporates some aspects of a particular key finding.
As we will discuss below, this is most likely to be the case in relation to mental architecture.
Alternatively, exploratory talk might be effective because it provides a scaffold in which a
particular feature of effective education is naturally contained or expressed. This seems most
likely to be the case in relation to effective learning techniques and to motivation and
persistence.

Effective Learning Techniques

Evidence-based assessments of effective learning techniques have shown that certain ways of
presenting information are robustly more effective than other ways. In particular, giving
students opportunities to practice retrieval of what they have learned (usually by means of
testing) rather than by giving them additional study, giving them practice that is spaced over
time rather than occurring all at once, and giving them practice with multiple topics intermixed
rather than with one topic at a time, are all more effective in promoting learning than the
alternatives (Roediger 2013). Exploratory talk might be effective because implementing it also
embodies retrieval practice. That is, in order to make an argument, one has to remember the
facts and concepts that one has studied to construct the argument. Exploratory talk might also
implicitly provide distributed practice in that the process of developing and presenting
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argument is likely to involve coming back to the same material at different times. Similarly,
developing an argument often requires a combination of reviewing past history, analyzing data
from current findings and constructing a coherent narrative, a process that interleaves different
tasks to complete a project. These tasks underpin the Beducative ability^ noted by Raven et al.
(2003), namely problem identification, re-conceptualization of the field and monitoring
proposed solutions for consistency within all available information.

Evidence-based research on practice has also shown that continued improvement in a given
task depends on deliberate practice, in which feedback is used to strive toward achievement of
a practice-related goal (Ericsson 2014). This is true whether the task is the sensory-based
expertise of master perfumers, the motor skill performance of elite athletes, the sensory-motor
skill of elite musicians, or the cognitive skills of experienced programmers. By providing a
general structure for argument, and by explicitly encouraging students to challenge each other
to make a good argument, exploratory talk may support, both explicitly and implicitly,
deliberate practice in learning material, which can be examined by studies that look for
practice effects in exploratory talk protocols.

These speculations about how exploratory talk might provide implicit support for effective
learning techniques seem reasonable, but it seems to us unlikely that exploratory talk enables
far transfer effects primarily through this route. One reason is these techniques are primarily
useful for learning material that is actually presented. Hence, the benefits produced by these
means would primarily be expressed in tests of near transfer, rather than far transfer. In
addition, studies of dialogic argumentation have sometimes found clear evidence of improved
argumentation without finding evidence of improved cognitive performance (e.g., Reznitskaya
et al. 2012). We would expect the implicit effects of argumentation to be evident whenever
dialogic argumentation was improved. Of course, there may well be differences in the
mechanisms responsible for transfer following different kinds of argumentive discussion
training, but results like these certainly raise questions about whether an implicit effect is
responsible for the benefits of exploratory talk.

Mental Architecture

The Bcognitive revolution^ began with acceptance of the principle that human processing
capacity, like the capacity of all information processing systems, is limited. Thus, effective
teaching practices must reflect both the cognitive limitations of students and our understanding
of the mental architecture that is involved in learning and memory. For example, the fact that
the capacity of working memory depends on how information is organized (e.g., Miller 1956)
means that a teacher’s judgment of the cognitive load of a lesson may be far different from a
student’s judgment of the cognitive load of the same lesson (Moulton 2014). That is, the
teacher can have an organized and coherent structure that imposes little cognitive load whereas
the student struggles with a fragmented and disjointed set of facts that imposes a large
cognitive load. In our view, one of the more likely sources of benefit of exploratory talk is
that it explicitly teaches students how to structure an argument and therefore to organize their
thoughts. Another possibility we have considered is that exploratory talk provides practice in
how to manage working memory capacity more effectively and thereby reduces cognitive
load. Our consideration of this possibility was prompted by two kinds of findings. First, there
are the well-established associations between working memory capacity and measures of
problem solving and fluid intelligence (see, e.g., Ackerman et al. 2005; Kane et al. 2005;
Oberauer et al. 2005). Second, Jaeggi et al. (2008) reported that extensive training on an
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adaptive working memory task yielded significant improvements on the RPSM. With this
result, one could speculate that if exploratory talk increased working memory capacity, the
increased capacity might translate into higher levels of problem-solving ability. That would
still leave the problem of explaining how exploratory talk might increase working memory
capacity, but at least that problem can be addressed with a collection of known research tools
(e.g., Miyake et al. 2000). That is, one could measure working memory capacity and other
executive functions before and after learners are engaged in exploratory talk.

For example, exploratory talk may facilitate working memory efficiency by providing clear
guidelines to achieve the goals of a good argument. Toulmin’s argumentation pattern (Toulmin
2003) specifies in a straightforward manner a set of components for an argument, and how
they are related to each other. The task for students using this framework becomes not one of
Bmaking an argument,^ but of identifying data that can offered to support a claim, establishing
the assumptions needed to connect the data to the claim, acknowledging any limits to the
claim, and considering counter-arguments. Breaking down the larger task into manageable
components is a widely recognized strategy for solving complex problems. A germane point to
consider, however, is that recent efforts to replicate Jaeggi et al.’s (2008) findings have been
inconclusive. Harrison et al. (2013) and Redick et al. (2013) found no improvement in
measures of fluid intelligence after extended adaptive training with working memory tasks,
even though these tasks yielded substantial gains in working memory capacity. Reasons for
these failures of replication remain unclear, although there are probably a number of method-
ological differences that have not been identified, including the particular structure of the
adaptive memory task. While these findings suggest caution in assuming that acquired
increases in working memory capacity will translate into better problem-solving abilities, it
still seems reasonable to suggest that it would be useful and interesting to determine how
working memory capacity is affected by lessons using exploratory talk and whether explor-
atory talk works, at least in part, through the medium of working memory.

Finally, exploratory talk might also produce benefits by increasing students’ abilities to
sustain their attentional focus. Research has shown that several different kinds of training
reduce Bmind-wandering^ and lead to better learning (e.g., Mrazek et al. 2012, 2013; Szpunar
et al. 2013a, b). Perhaps most intriguingly, Mrazek, Schooler, and their colleagues have shown
that learning mindfulness meditation techniques not only helped reduce Bmind-wandering,^
but led both to improved working memory capacity and improved general aptitude. Here too it
would be interesting to examine whether lessons using exploratory talk diminish the amount of
mind wandering seen in the students and whether the reduction of mind-wandering was a
mediator for changes in fluid intelligence. The overall question is does exploratory talk have a
positive effect on reasoning skills because of transfer of these skills?

Motivation and Persistence

A final domain in which exploratory talk might exert implicit effects is what Moulton terms
motivation and persistence. Here he refers to the substantial literature showing benefits of
achievement motivation, intrinsic motivation, goal setting, and social learning, among other
motivational concepts that promote learning. Certainly it seems reasonable to suppose that one
benefit of exploratory talk and other forms of argumentive discussion is to endow students
with a sense of competence and confidence, or what Bandura (1977) calls self-efficacy. It also
seems likely that students participating in exploratory talk would develop more of the growth
mindset that Dweck (2006) has shown leads to improved performance on cognitive measures.
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It is also reasonable to speculate that the social nature of argumentive discussion contributes
to its beneficial effects. The importance of a social dimension in learning has been showcased
in research by Michael Cole and his colleagues (e.g., Cole 2010) that complement the work
mentioned previously by Wegerif and Mercer. Cole was influenced in part by studies of non-
literate cultures without formal education or training institutions in which children learned
through participation in the daily activities of the group (e.g., Fortes 1970). Exploratory talk
clearly partakes of this social aspect of learning by engaging students in the interactive give-
and-take that are essential for science discussions. However, the idea that learning is enhanced
when it occurs in a supportive social context does not explain why the kind of dialogic
argumentation that Reznitskaya et al. (2012) used was not effective.

As such, it appears that which domains and which mechanisms within each domain, as well
as which combinations of domain and mechanism, are essential for producing the benefits of
exploratory talk and related discourses requires systematic research efforts if we are to move
beyond our speculative suggestions. However, there now seems to be substantial reason to
believe such research will yield important benefits for understanding the nature of learning
and, more importantly, its transfer to new situations.

Concluding Remarks

InBarnett andCeci’s taxonomyof transfer effects, transferoccursalong twomajordimensions.One
dimension involves the context of learning,which canvary from the identity of physical, social, and
cognitive contexts to complete changes in each of these contexts, separately or together. The other
dimension involves the content of learning, which can vary from specific associations to general
strategiesandheuristics.Positive transfer ismore likelywhen thecontextofassessment isnear to the
context of learning; it is also more likely when the content of learning involves general strategies
rather than specific associations. The latter appears to be the casewhen exploratory talkwas used in
the studies reported on in this paper. On the content dimension, exploratory talk emphasizes higher
level strategies that also are more likely to show positive far transfer effects. This idea that
exploratory talk is effective because of its emphasis on shared higher level strategies that are made
verbally explicit is consistentwith the claimofKan et al. (2013) that societal demands influence the
development and interaction of multiple cognitive abilities and knowledge, and that these interac-
tions feed on each other to raise the intelligence factorg.While the studies considered in this paper
suggest clear associations between the successful uses of exploratory talk in science classes and
improved reasoning abilities as assessed by Raven’s Matrices, i.e. positive far transfer effects, the
challenge is to determinewhich one or another (or combinations thereof) of the theoretical analyses
of the effects of exploratory talk is best supported by empirical research.Agreat dealmore research
on this issue is needed, but we believe that there are strong suggestions that exploratory talk can
provide one fruitful mechanism for investigating this problem.We also note that there is increasing
interest in pinpointing the cognitive mechanisms that give rise to the benefits of argumentive
discussion, andmultiple approaches are being used, as seen in the volume byResnick et al. (2015).

At this stage, it is also important to note that the claims made in this paper are about the type
of thinking that exploratory talk scaffolds and promotes; in other words it is the nature of the
talk that is important. The fact that language was mentioned when describing the studies in
Table 1 was meant merely to highlight the fact that the pupils were encouraged to engage in
exploratory talk in the language in which they were most competent, namely their home
language. This was necessary because the studies were undertaken at schools in which the
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language of teaching and learning was English, while the pupils were all Xhosa mother-tongue
speakers and could therefore engage more deeply in exploratory talk in this language.
Similarly, while the paper has relied on findings on exploratory talk and reasoning in science
and mathematics settings, using exploratory talk to develop reasoning skills is not limited to
these subjects. Rather further research in other disciplinary discourse situations is needed. As
importantly, exploratory talk has been shown by empirical studies to promote reasoning skills
in populations that have traditionally been under-served. Thus, it offers considerable promise
as a means to increase reasoning skills among students who are most in need of opportunities
for academic success. By focusing research on understanding how and why exploratory talk
works, we can hope to enhance its effectiveness and expand that the range of people and
contexts in which it could be successfully implemented.
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