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Abstract This paper reports on scaffolding that is situ-
ated within a research project that examined the ways
mathematical thinking emerged from student-centred
inquiry. The project utilised qualitative methods to inves-
tigate a case study of a year-10 class (14—15-year-olds), at
a new purpose-built secondary school designed to facilitate
inquiry learning. In a learning situation, the teacher’s aim
often involves scaffolding the learner in their zone of proxi-
mal development so that they transition to more independ-
ent processes. Student-centred inquiry enables the students
to pose authentic, inquiry questions based on personal
wonderings and curiosities. These questions ignite per-
sonal inquiry that might facilitate critical and mathemati-
cal thinking. The learning was supported by ‘needs-based’
workshops about concepts or processes that the inquiries
evoked. The paper considers one of the project’s conclu-
sions that learning through a student-centred inquiry pro-
cess initiated scaffolding of the learning by the teacher and
peer group. A key aim of this learning approach is for stu-
dents to take more responsibility for their learning trajec-
tory. This aspect, allied with the students most frequently
working in groups, suggested that the nature of scaffolding
might differ from traditional classroom situations. In par-
ticular, the paper considers the responsiveness and transfer
of responsibility stages of scaffolding in student-centred
inquiry learning, including the layered, distributive and
cumulative elements associated with scaffolding in whole
class situations.
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1 Introduction and background

There is a range of interpretations of scaffolding in educa-
tion, with concern expressed at a tendency to envisage it
as a technique that might be applied generically (e.g., Van
de Pol et al., 2010). Scaffolding is a term that is perceived
and utilised in varying ways associated with supporting
student learning. However, its purpose is more specific. It
is the deliberate, purposeful support of parts of a process
or activity that the learner cannot undertake independently.
This support enables the learner to cognitively engage with
the full process or activity. As with the building process
from which it is metaphorically derived, the intention of
scaffolding is that the learner will transition to a position
of independence with their understanding, and use, of the
full process. Van Oers (2014) defined it as “an interactional
process between a person with educational intentions and
a learner, aiming to support this learner’s learning process
by giving appropriate and temporary help” (p. 535). It has
been described as deliberate, transitory, responsive support
(Gibbons, 2002). In mathematics education, this intentional
intervention is generally used to support the understand-
ing and use of mathematical processes or problem-solving
strategies (e.g., Goos et al., 2002). This support might be
from a teacher or peers (van Oers, 2014) and while ini-
tially conceived in one-to-one situations, it has also been
theorised and demonstrated in whole-class situations (Smit
etal., 2013).

Various researchers (e.g., Van de Pol et al., 2010) have
categorised elements of scaffolding in terms of ongo-
ing diagnosis, contingency or responsiveness, fading, and
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transfer of responsibility. This paper will examine the ways
these elements were manifest in the interactions between
teacher and students as they engaged with mathematical
and statistical concepts and processes, within a situation
involving student-centred inquiry learning (SCIL). While
the conceptualisation of scaffolding has been broadened
from individual learning to include whole class situa-
tions (Smit et al., 2013) an examination of scaffolding of
groups in a SCIL situation has not been undertaken. With
the increased consideration and implementation of inquiry-
based learning approaches, analysis of the ways learning
is scaffolded in this pedagogical approach is timely. The
ways that group work might influence the scaffolding of
individual learning, and the role of peers and digital tech-
nology in the responsiveness stage also have ramifications
for learning beyond SCIL. In particular, the paper will give
insights into the aspects of responsiveness and the transfer
of responsibility in this learning situation.

First, the scaffolding process will be considered, fol-
lowed by the notion of SCIL. The section will then outline
scaffolding within SCIL, including the links between them.
The aim is to identify and illustrate the elements of scaf-
folding within a SCIL situation.

1.1 Scaffolding

Scaffolding is considered as a temporary and adaptive sup-
port (Van de Pol et al., 2010, 2011). It is the temporary,
responsive support that enables a student to engage with
a task that she or he would not otherwise be able to com-
plete (van Oers, 2014). There is also the intention that the
student will gradually move to a position of understanding
that will allow them to complete a future similar task inde-
pendently (Jadallah et al., 2011). While the characteristics
of scaffolding have been categorised in various terms (e.g.,
Smit and van Eerde, 2011; Van de Pol et al., 2010) there are
core elements of scaffolding described in the literature. The
first is ongoing diagnosis, the identification of the learn-
ers’ current understandings and knowledge of the learners’
changing capabilities (Puntambekar and Hubscher, 2005).
Responsiveness, the ways that the teacher responds and
interacts with the learner to facilitate the transition to inde-
pendence (Smit et al., 2013) is another, while the handing
over to independence or transfer of responsibility to the
learner through fading (Bruner, 1983) describes the third.
There are characteristics of whole-class scaffolding that
have been identified: diagnosis, responsiveness, and hand
over to independence (Smit and van Eerde, 2013). They
also identified three features of whole-class scaffolding
that incorporate and extend these elements to include the
associated learning that takes place outside of the immedi-
ate classroom experience. They advocated that whole-class
scaffolding might typically be layered, with both online
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(during lessons) and offline (between lessons) experiences;
distributed over several learning episodes; and cumulative,
with the transfer of responsibility not ascribed to a single
lesson, or instance of responsiveness, but accumulated in
an individual way over time (Smit and van Eerde, 2013).
Meanwhile, Van de Pol et al. (2010) correspondingly iden-
tified the elements of scaffolding as: contingency (c.f.,
responsiveness), fading, and transfer of responsibility (c.f.,
handover to independence).

Smit and van Eerde (2011) suggested that Mason’s
(1998) notion of awareness gives opportunity for the
teacher to capture classroom phenomena, allowing the
teacher to oscillate their attention between the various con-
tributing influences on the learning. They contend that this
awareness is a critical element of scaffolding (Smit and
van Eerde, 2011). The ways in which scaffolding is mani-
fest in the learning process is contingent on the teachers’
knowledge, their awareness of classroom phenomena, and
the learning situation. This paper considers scaffolding in a
particular learning situation: SCIL, where interactions are
predominantly with groups of students.

1.2 Student-centred inquiry learning (SCIL)

The term SCIL encompasses a range of common pedagogi-
cal usages and interpretations (Beane, 1997). Let us con-
sider what SCIL involves and define it for the purpose of
this paper.

SCIL is a democratic teaching approach that aims to uti-
lise relevant and meaningful contexts. Students investigate
questions or inquiries into issues that are of genuine interest
to them and curriculum is collaboratively co-constructed
(Beane, 1997; Fraser, 2000). This power-sharing peda-
gogy can evoke student ownership and accentuate the pur-
pose of the learning for students, as they are fully involved
throughout the learning process from the initial plan-
ning stage through to assessment. In Beane’s (2005) more
recent work, he accentuated the student-centred aspect and
referred to democratic teaching practices instead of stu-
dent-centred curriculum integration. Others (e.g., Jacobs,
1989) outlined an interdisciplinary approach designed to
naturally connect learning across the various disciplines.

Inquiry-based learning (IBL) has been recognized in
mathematics and science pedagogy as a student-centred
approach to teaching that facilitates students posing their
own questions, undertaking research, and forming and
communicating solutions collaboratively (MaaB and
Artigue, 2013; Dorier and Garcia, 2013). While the inquiry
is frequently situated in real-life contexts, with IBL, math-
ematical contexts are also key sources of mathematical
inquiry (Artigue and Blomhoj, 2013; Schoenfeld and Kil-
patrick, 2013). The ‘needs-based’ workshops are a dis-
tinguishing feature of SCIL. It is argued that the learning
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context is not only inseparable from learning and cognition,
but is formative in the production of knowledge through
activity (Brown et al., 1989). There are similarities between
SCIL and IBL in this regard, with students given primacy
in the posing of research questions and the subsequent
research process, but unlike discovery learning the teacher
has a clear role to play in the learning process (Hmelo-Sil-
ver et al., 2007).

Subject content material is repositioned contextually
but with a teacher overview so that curriculum impera-
tives have the opportunity to emerge. Subject concep-
tual knowledge is employed in order to pursue pertinent
aspects of the inquiry; for example, in mathematics stu-
dents may need to understand strategies for calculating
volumes or receive explicit teaching on box-and-whisker
graphs to best compare data sets. In literacy, students
might learn how to compose communications to par-
ents or members of the community to determine costs of
materials (Brough, 2012). One objective is that learning
is strengthened, as children are motivated to acquire the
skills and knowledge necessary to solve their particular
inquiry question.

Meanwhile, others have highlighted difficulties with
implementing student-centred approaches, identifying
both structural and cognitive concerns. George (1996)
suggested that high school teachers come to identify
themselves with their subject and that student-centred
approaches may influence teachers to relinquish their
current expertise. Beane (1997) countered this notion
advocating that discipline knowledge is not abandoned
rather it is called upon in the context of the inquiry. Pre-
scriptive programming, timetabling structures, school
policies, and standardised tests are also identified as
inhibiting factors in both primary and secondary schools
(Beane, 1997; Cook, 1996). Nevertheless, undertaking
SCIL is problematic in secondary schools and presents
particular challenges.

Some mathematics educators contend that the learn-
ing should be initiated by rich contexts that require math-
ematical organisation—contexts that can be mathematised
(Freudenthal, 1968, Van den Heuvel-Panhuizen, 2010).
SCIL encompasses pedagogical principles that intend to
allow greater student voice in the evolving learning situ-
ations, including the investigation of authentic problems
(Calder and Brough, 2013). Educators are also suggest-
ing that SCIL, based on problems the students pose, uti-
lises authentic learning contexts and leads to a strong
sense of student ownership, enhanced student engagement
and understanding, and motivation to learn (Beane, 1997,
Dowden, 2010). While engagement and motivation to
understand mathematical processes may be enhanced, the
scaffolding of learning is a significant aspect with inquiry
learning.

1.3 Scaffolding in student-centred inquiry learning

A key skill for teachers when scaffolding students’ learning
is the use of questioning to extend and promote students’
thinking and maintain students’ focus throughout the learn-
ing process (Fraser, 2000). By using questions to ‘trigger’
thinking, ignite inquiry and establish dialogic relationships”
(Bishop and Glynn, 1999, p. 140), teachers can facilitate
students’ development of a range of thinking skills and
enable them to become more independent learners (Brough,
2012). As teachers carefully scaffold the learning within
the context of the students’ inquiry, teachers provide sup-
port, feedback, and questions to ensure students are assisted
according to their needs (Alton-Lee, 2003; Vygotsky, 1978).
These interactions support the learning, but it is the trans-
fer of responsibility that enables them to be categorised as
scaffolding. With inquiry learning, as with situated learning,
an intention is for teachers to empower the students to tran-
sition towards independently using their own strategies in
authentic activity (Brown et al., 1989). This has also been
considered as the fading of teacher support.

With the teacher and student interaction within inquiry
learning situations primarily with groups or the whole
class, Smit and van Eerde’s (2013) extension of the scaf-
folding process to whole-class situations becomes informa-
tive. Their identification of three features of whole-class
scaffolding recognises the complexity of the interactions
compared with an individual scaffolding situation, with
the responsiveness and transfer of responsibility elements
being layered, distributed over several learning episodes,
and cumulative. These insights into whole-class scaffolding
resonate with scaffolding in SCIL where the learning typi-
cally occurs in a meld of whole class, group and individual
situations. Due to the nature of the learning experience,
the students’ understanding would be hinged to the context
and the range of interactions with both the teacher and peer
group (Calder and Brough, 2013), rather than perhaps a
single interaction between teacher and student. The trans-
fer of responsibility will not be ascribed to a single lesson,
or instance of responsiveness, but accumulated individually
over time (Smit and van Eerde, 2013). Scaffolding might
also result from interactions with peers or experts from out-
side the classroom. Other group members might also have
a role when the groups work collaboratively. In collabo-
rative group work, students working together understand
the unified purpose of the group and the need to help and
support each other’s learning (Gillies, 2006). Peers might
focus other students’ attention on the relevant feature of a
problem (Webb and Farivar, 1994). The group dialogue is
central in the data analysis.

IBL and SCIL are similar in terms of being student-cen-
tred learning (Hmelo-Silver et al., 2007). Some research-
ers have contested the advocacy of IBL as an approach for
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enhancing learning in science (Kirschner et al., 2006). They
contend that it inhibits understanding through cognitive
overload, and burdens working memory as learners seek to
pose, and then research, authentic personal questions with-
out teacher support. IBL and SCIL are not discovery learn-
ing though, nor devoid of the teacher’s input or scaffolding
(Hmelo-Silver et al., 2007). They rebutted Kirschner et al’s
(2006) contention, arguing that scaffolding is a key element
of the IBL process. In the version of SCIL that this paper
draws on, the teacher co-constructs the research question
with the learners, scaffolds the learning, and leads ‘needs-
based’ just-in-time teaching sessions on both conceptual
knowledge and mathematical processes.

In this paper, which focuses on a research study under-
taken with a SCIL approach, we will examine: diagnosis,
both teacher and student identified; responsiveness, in par-
ticular, teacher questions that facilitate the stretching of stu-
dents’ thinking within their zones of proximal development
(ZPD), including questioning in ‘needs-based’ workshops;
and the transfer of responsibility. The ZPD of a child is the
distance between his current level of understanding and his
potential understanding with the support of adults or more
advanced partners (van der Veer and Valsiner, 1991). Scaf-
folding is this support, but it also includes the transfer of
responsibility (Bruner, 1983). The transfer of responsibil-
ity appears to be more pertinent terminology in this learn-
ing situation as one of the key features of SCIL is students
taking responsibility for the direction of the inquiry and
the corresponding research and analysis processes (Beane,
1997; Brough, 2012). Responsiveness and the trans-
fer of responsibility seem key elements for the scaffold-
ing of inquiry learning, suggesting a need to examine the
data through a more fine-grained perspective of these two
elements.

In terms of responsiveness and the transition towards the
transfer of responsibility, earlier versions of the scaffold-
ing metaphor identified six tutor actions: recruiting inter-
est in the task; reducing the degrees of freedom (simplify-
ing the task); maintaining direction towards the goals of
the task; marking critical features; controlling frustration;
and modelling the preferred procedures by demonstrating
(Wood et al., 1976, 1978). Direction maintenance involves
keeping the learner in pursuit of the aims of the task, often
including ““a deployment of zest and sympathy to keep him
motivated” (Wood et al., 1976, p. 98). There are added
complexities with group work, where to maintain direction,
one learner might require a sympathetic approach, while
others require stimulation or clarification of key features.
When marking a critical feature, the teacher provides infor-
mation related to the correct process or outcome (Wood
et al., 1976). The six tutor actions are relevant, but main-
taining direction towards the goals of the task and marking
critical features are most useful in SCIL situations, where
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students take more responsibility for the research and pro-
cess than in traditional classroom programmes. Central to
the intentions of this paper is the relationship between these
aspects of responsiveness and the shift towards the transfer
of responsibility.

The research question for this study was: in what
ways might learners be scaffolded in SCIL groups, par-
ticularly with regards to responsiveness and transfer of
responsibility?

2 Methodology
2.1 Theoretical framework

A contemporary interpretive methodology was utilised to
interpret the data. The pre-conceptions that each learner
brings to the mathematical situation, and the activity
associated with it, are derived from the specific cultural
domain that the learner inhabits. Learning is a process of
interpretation, where understanding is an ongoing process,
rather than a fixed reality (Gallagher, 1992). An interpre-
tive approach is concerned with the revealing of meaning
(Brown, 2001) and embeds the sense making in human
experiences and interactions (Kincheloe and Berry, 2004).
Gallagher (1992) sees the relationship between interpreter
and tradition as being an anterior relation; tradition not
only operates behind the interpretation influencing its par-
ticular manifestation but also ahead of the interpreter; it is
part of what the interpreter brings to the process. He advo-
cates that “language plays the role of medium or vehicle by
which traditions enter interpretation” (p. 100), and suggests
that “language conditions all learning” (p. 173). Our under-
standings of the mathematical phenomena, and of who we
are, evolve through cyclical engagements with the math-
ematical phenomena and the constant drawing forward of
prior experiences and understandings. Here ‘concepts’ are
not fixed realities, but rather more elusive, formative pro-
cesses that become further enriched as the learner views
events from fresh, ever-evolving perspectives (Calder and
Brown, 2010). The pedagogical medium, the mathemati-
cal task, the pre-conceptions of the learners, and the asso-
ciated dialogue evoked are interdependent. It is from their
relationship with the learner that understanding emerges.
This understanding is the interpretation of the situation
through those various filters. Understanding emerges from
cycles of interpretation, but this is forever in transition:
there may always be another interpretation made from the
modified stance (Calder, 2011). A case-study approach was
used to document this month-long inquiry. Case studies
can be described as investigating a contemporary phenom-
enon within its real-life context (Yin, 2009). This approach
was appropriate as the project aimed to develop a greater
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understanding of a current issue set within a particular
classroom setting. Case studies are said to offer insight
into complex issues that are inherently linked to historical,
social, personal and political issues (Yin, 2009).

2.2 Context

Recently, classroom environments have emerged that
foster authentic inquiry to stimulate high—level thinking.
Several new schools have been built and structured specif-
ically to enhance SCIL through the use of resource hubs,
ease of access to the Internet, and flexible learning spaces
or commons. This study took place in a new secondary
school (ages 11-17) built specifically to facilitate inquiry-
based learning. One secondary school year-10 class of
28 students was involved, and the age range of the class
spanned 13-15 years of age. The school is situated in a
provincial New Zealand city. While experienced in teach-
ing through problem solving with real life contexts, this
was the second year that the teacher had been using this
particular inquiry learning approach. She used a mixture
of whole-class teaching, with group and individual inter-
action. The class spent half of each day on the inquiry,
while some curriculum areas such as languages were
taught discretely.

The students were in the second year of learning through
a SCIL approach that incorporates curriculum content
within investigation of an inquiry question—their ‘fertile’
question. The students posed this ‘fertile’ question, with the
inquiry co-constructed with the teacher, who would guide
them regarding the mathematics elements and the mathe-
matical conceptual knowledge that might be required. The
students also have content-specific lessons (‘needs-based’
workshops) that might resonate directly with the general
inquiry or may evolve from questions that emerge from the
inquiry process e.g., What is the best way to show the dif-
ference between men’s and women’s times? While a range
of curriculum areas was required to pursue the meaningful
questions arising during the project, the focus of this paper
was on the mathematics that occurred. For this particular
mathematical inquiry, the overarching umbrella topic was
leadership. The students in this class, in conjunction with
the teacher, decided upon the Olympic Games as a context
to situate their inquiry questions, most probably because
these were occurring at the time of the inquiry. The class’s
rationale for leadership in this context was that the Olym-
pic athletes and administrators were perceived as leaders
within their particular field of endeavour. The students were
investigating a question that they posed within an Olympic
sport of their choice. When doing the inquiry the students
were allowed to work in social groups or individually. The
mathematics that was required for the SCIL also took place
beyond these times through inquiries triggered by students’

questions, classroom conversations or community situa-
tions or events.

2.3 Data collection

A range of qualitative methods was used to collect data.
However, for the purpose of this paper, semi-structured
student and teacher interviews, student blogs, and audio-
recorded classroom observation data were used. Interviews
are the interchange of views, and position human interac-
tion as central to knowledge production (Kvale, 1996).
They allow the researcher access to further reasoning and
motivation of the participants. Hence, the data that they
generated were central in gaining insights into the par-
ticipants’ thinking processes and interpretations. All inter-
views were audio-recorded and transcribed. Classroom
observations enable the researcher to gather data on the
interactional setting and pedagogical approach (Cohen
et al., 2000) with the discrete use of iPod recorders mak-
ing student dialogue accessible and an appropriate source
of data. The audio-recordings of the whole class and group
work within the class situation were considered important
data for being able to incorporate the relational and con-
ceptual interactions. These were transcribed, with pseudo-
nyms used to help maintain confidentiality and anonymity.
All participants gave informed consent. To some extent, the
class was selected through their availability and representa-
tiveness of using the particular learning approach, rather
than being representative of all year-10 classes in provincial
cities. The ways the mathematical learning emerged from
the inquiry questions that the students posed and explored
was examined, and how this influenced their approach, the
learning process undertaken, and the students’ mathemati-
cal understanding.

2.4 Data analysis

Initial themes were drawn from preliminary readings of the
interviews and student blogs data using an approach similar
to grounded theory (Cohen et al., 2000). The researcher and
research assistant undertook this preliminary process. The
data were then coded into these draft themes, with some
minor modifications made to the themes after co-reflection
with the classroom teacher. The data were analysed within
each theme and across themes for interconnections. For
the purposes of this paper, the data were then considered
in terms of different characteristics of scaffolding. They
were analysed through the six tutor actions identified by
Wood et al. (1976): recruiting interest in the task; reducing
the degrees of freedom (simplifying the task); maintaining
direction towards the goals of the task; marking critical fea-
tures; controlling frustration; and modelling the preferred
procedures by demonstrating. This enabled closer attention
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to the responsiveness element and insights into how the
handover to responsibility might unfold. Also, the more
fine-grained analysis through these aspects might enhance
the insights into the layering, distributive and cumula-
tive features that (Smit and van Eerde, 2013) articulated
with their examination of whole-class scaffolding. Gener-
alisations were then drawn from a range of different data
excerpts to illustrate key findings within each theme. Those
best exemplifying the generalisations were selected for this
paper. This paper identifies and discusses aspects of the
study that illustrated the different stages of scaffolding:
diagnosis, responsiveness, and the transfer of responsibil-
ity, as they emerged through the inquiry process.

3 Results

The results section is structured around the three stages
of scaffolding and how they were evidenced in the data.
In the first section, data related to the diagnosis stage, the
identification of the learners’ present understanding is
reported. The second section addresses the responsiveness
and transfer of responsibility. The responsiveness stage,
analysed through six types of actions (Wood et al., 1976)
gave insights into the way these actions facilitated fading
for individuals and groups. The fading of teacher support,
so that the learner can undertake an aspect of the learn-
ing process independently, is inherent in the transfer of
responsibility stage. The teacher’s interaction in the learn-
ing changes as the learner moves progressively towards
independence. In the second section, three data excerpts
are analysed. First, as the students negotiated the inquiry
questions with the teacher; second as an appropriate math-
ematical process was identified. The third illustrates the
more complex nature of the transfer of responsibility stage
in SCIL.

3.1 Diagnosis

The teacher anticipated that there was conceptual knowl-
edge or mathematical processes that some of the students
wouldn’t understand; yet that will be obligatory for resolv-
ing their inquiry. An essential element of being able to scaf-
fold the learning in a student-centred learning situation is
an awareness of the students’ conceptual understandings,
so that she might anticipate where individual or groups of
students potentially required scaffolding. The teacher inter-
view illustrated her awareness of this:

Generally, the whole programme’s based around an
inquiry. We start with an inquiry and they have to find
and work through the maths in it. So, for example,
one class inquiry led us to designing beach volley-
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ball courts and they had to come up with the volume
of sand, and of the concrete cylinders. I considered
where the students were at. For example, when we
were investigating the cylinder, I knew some didn’t
know how to do the volume of a cylinder but I wanted
them to come back to me about it when they needed
it. So I just needed to be prepared with the teaching
skills and knowledge to get them on to the next step.
So I have to know what skills they actually have to
know in order to make that effective.

The teacher had identified individual’s and the classes
overall current understandings of the volume of a cylin-
der. She waited until the students identified the gap in their
measurement knowledge before she initiated the concep-
tual-knowledge teaching episode. This emphasises the
importance of diagnosis as the teacher anticipated when
and who might require certain skills rather than teaching
them to the whole class prior to engagement with prob-
lems on the topic. She needed to anticipate potential ways
that students might respond (Smith and Stein, 2011). As
well as teacher diagnosis, there was also some student-
initiated diagnosis of aspects that, when supported, would
enable them to stretch the boundaries of their understand-
ing thus closing the gap between their understanding and
the requirements of the task. As discussed, the nature of
SCIL process and the transfer of responsibility for student
learning that this might facilitate, opens opportunities for
authentic self-assessment and hence self-diagnosis of learn-
ing ‘needs’. This was manifest in both student and teacher
initiated ‘needs-based’ workshops. In SCIL students were
comfortable, and were encouraged, to consult experts,
including from their peer group, both in terms of knowl-
edge and mathematical processes. When several students
indicated to the teacher that they needed further clarifica-
tion about an aspect, she initiated a group ‘needs-based’
workshop on that aspect. The teacher described this in the
teacher interview:

Some of them didn’t know how to work out volume,
but I'd call them when they had identified it was
something they needed to know, to learn. They’re
still working on the inquiry project but they identify
a skill that they need, and I or someone in the class
teaches them it. Sometimes they can find how to do it
on the web, often using YouTube.

The teacher waited until the students had identified
their need within the investigative process. This gives pur-
pose and relevance to the learning of the new concept or
process. The teacher was also required to monitor the stu-
dents” work as they engaged with the task, so as to iden-
tify students who either had only part understanding or
misconceptions about the mathematical process, but hadn’t
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self-identified this. At times, the students would approach
their peers or explore online research mechanisms to gain
understanding. With SCIL there was self-diagnosis as well
as teacher-diagnosis. General learning processes such as
forming or researching an inquiry question were facilitated
through scaffolding. The cumulative nature of the transfer
to responsibility (Smit and van Eerde, 2013) with these
more generic processes of inquiry learning, also illustrated
the layering feature when the students worked on their
inquiry in out-of-class situations. The teacher likewise indi-
cated this cumulative feature of the transfer of responsibil-
ity, with both the learning in measurement and the general
inquiry processes.

The fading of teacher support as part of the transfer of
responsibility is also implied in this excerpt as the student
rather than the teacher is initiating the response. Part of
the responsiveness is through the peer group or by online
research, at times supported in varying degrees by peer or
teacher interaction. This requires an element of self and
peer diagnosis. It illustrated the fading to a transfer of
responsibility from teacher to student, as well as students
scaffolding each other (Fernandez et al., 2001). It also illus-
trated the complexity and inter-relational nature of scaf-
folding in a whole class or group situation, where there are
varying individual zones of proximal development.

3.2 Responsiveness and transfer of responsibility

For the purposes of this paper, the responsiveness stage
has been differentiated into six aspects (Wood et al., 1976).
They are: recruiting interest in the task; simplifying the
task; maintaining direction towards the goal of the task;
marking critical features; controlling frustration; and mod-
elling preferred strategies. However, these were not usually
exclusive or discrete, but occurred in inter-related, symbi-
otic ways. The data gave insights into how the handover to
responsibility might unfold. Analysis through these aspects
offered insights into the layering, distributive and cumu-
lative features that Smit and van Eerde (2013) articulated
with their examination of whole-class scaffolding. For
instance, ongoing dialogue, that revealed several of these
aspects occurring during the responsiveness stage, was
indicative of the cumulative aspect of the students moved
towards independence.

The first scenario involved the discussion between the
teacher and a group of students at the initial stages of their
inquiry. It was a teacher initiated ‘needs-based’ workshop
when the students were considering the process of inquiry.
It was a group of five students who were formulating their
inquiry question and approach to investigating it. They
were interested in a variety of sports. The first teacher
engagement included elements of recruiting interest in the
task, as the teacher shifted the focus to the task.

Teacher: What’s your question?

Francis: What gender, weight, height suits athletes

Josh: What height to weight ratio is best suited for shot
put

Teacher: See how that’s changed a little bit from just
height. You use two things — the ratio of one to
another. What are you going to look at?

This scaffolding of the interaction and question also
enabled the students to mark a critical feature—the ratio
aspect. The following interactions likewise involved teacher
scaffolding that prompted the marking of critical features,
while also including elements of maintaining direction.

Teacher: Give us some of your ideas

Jack: What arm span is best for archery, but not sure
how to get it

Teacher: Yes, that’s going to be hard to find. What have
we done that links to arm span though? (1)

Jack: Heights

The teacher’s question directs the student’s attention to

earlier work where they investigated a correlation between

arm span and height. This allowed them to continue with

their inquiry. The teacher then used scaffolding that might

have been interpreted as a discrete aspect, but in effect was

a meld of responsiveness aspects. That is, it included four

of the tutor actions that Wood et al. (1976) identified: mark-

ing a critical feature; maintaining direction; simplifying the

task and in the context of the whole discussion the teacher’s

interactions helped control student frustration.

Teacher: So height would give some indication of arm
span?

Could use height — what is the best height for
archery. (2)

Teacher: Once you get a question you’ve got to work out
what you’re going to do. (3)

We’re going to get the information, work off the
website. We’ll need more data, need other data
— medals for each sport and country. You need
to find that, to research for other data. We need
to get on to completing a plan. What table and
graph will we use?

Jack:

Josh:

The teacher interactions with Jack over the two excerpts
facilitated Jack marking a critical feature, that height was
proportional to arm span (1). At the same time it enabled
him to move on from a frustration about not being able to
find arm spans for the athletes, while simultaneously main-
taining direction with his overall task (3). There are indi-
cations here of the transfer of responsibility. This student
has now indicated a way to approach their inquiry (2).
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Meanwhile, Josh’s interactions span two excerpts with
that group. While we cannot solely attribute the develop-
ment in his thinking to being part of the overall discus-
sion, it does suggest Smit et al’s (2013) distributed feature
with scaffolding in group situations as he moved towards
independence.

The data also suggested that with scaffolding group
inquiry-learning situations, there are elements of the lay-
ered, cumulative progression of student understanding as
well as the distributive quality identified in whole-class
scaffolding (Smit and van Eerde, 2013). Josh suggests that
he will undertake research in the future beyond this les-
son. Hence, his understanding will accumulate over time.
The scaffolding directed towards one student often assisted
another in the group, while the accumulation of responses
from various group members, coupled with the accompa-
nying scaffolding questions, appeared to extend the whole
group further within their ZPD than when the teacher scaf-
folded in an individual situation.

The next excerpt also illustrated the complementary
nature of the responsive elements of the scaffolding pro-
cess. It is an excerpt predominantly with one student from
a pair who has collected their data comparing men and
women shot put distances, and has begun the process of
analysis.

Ben: Women threw further than men in 1980
Teacher: Would you have expected that? (4)
Ben: No — maybe it was drugs

Mere: Or might be a different shot

Teacher: Have you done some analysis yet? Median?
Mode? (5)

The teacher used a scaffolding question that facilitated
the students marking of a critical feature, the potential rea-
sons for women throwing further (4), while her next scaf-
folding intervention maintained direction towards the goal
and marked other key features, the median and mode (5).
This continued with the next interaction.

Mere:  Not yet. I'm going to do that at the end. I like to

do things in parts

Teacher: What are you doing now?

Mere: A box and whisker graph. Do you have to put
numbers on it Ben?

The teacher then scaffolded by simplifying the task,
hence enabling the students to move beyond an uncertain
period with some inherent frustration.

Teacher: Once you’ve got your data on a chart, what do
you do to start thinking about what it’s saying?

Mere: Don’t know
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The teacher modified her approach and indicated a
model for analyzing the data.

Teacher: You’re doing graphs aren’t you? That’s a way of
analyzing
The data now suggested the transfer of responsibility as
the teacher questions focused the student on the new math-
ematical processes they have learnt, while simultaneously
gesturing towards their ongoing approach.

Teacher: What have you learned so far?

Mere: How to do a box and whisker graph. How to do
graphs on the computer. (6)

Teacher: How did you learn that?

Mere: You (the teacher) and Ben

The student was prompted to reflect on what they had
learnt. The data suggested that they could at times ini-
tiate an analysis of data through the drawing of a box-
and-whisker graph independently in a different situation
(6). The excerpt illustrated the fading towards transfer
of responsibility aspect (Van de Pol et al., 2010) through
the change in teacher’s questioning. The initial question:
“Would you have expected that?” recruited interest in the
task. It drew reflective responses that indicated interest and
engagement with the task. “What are you doing now?”
maintained direction towards the goal while facilitating the
marking of a critical feature, the box-and-whisker graph. At
this stage the students are beginning to initiate aspects of
the task process. Then, when he answered, “What have you
learnt so far?” the student indicated that they could now
use the box-and-whisker graph appropriately. The transi-
tion in teacher questions, allied with the associated student
response suggested the fading of teacher support as the stu-
dent moved to a more independent position.

The third excerpt illustrated several of the responsive-
ness aspects, while again accentuating their interconnected-
ness. It also exemplified the incremental progression of the
transfer of responsibility from teacher to the student, as the
teacher questioning scaffolded the student’s understanding
within their ZPD. Therefore, this enhanced the student’s
future, independent engagement with similar SCIL tasks.
This group was comparing the number of medals won
compared to the size of the teams. This was part of their
investigation into the relationship between medals won and
the population of a country and its gross domestic product
(GDP). The teacher used a series of questions that facili-
tated the students’ maintenance of direction, and the mark-
ing of critical features.

Teacher: So can you see some links between that and your
other data?
Wiremu: I guess so, because we only got one medal in all
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of those years

Where was it where we got the same as this
year?

1988, when we had 61 athletes in the team. We
had 184 athletes this year and we only got the
same number of medals as in 1988, when we
only had 61 in the team, that’s not very good
Have you done a graph of the teams?

Yes. You can see the differences there

I wonder if you are able to put those sets of data
on the one graph?

You probably can actually

Teacher:

Wiremu:

Teacher:
Wiremu:
Teacher:

Wiremu:

The student then played around with the graphs and
data, exploring various options for analysis and data dis-
play. The teacher later interacted with the student using a
prompt that maintained direction and identified a critical
feature (Wood et al., 1978). It also allowed the student the
opportunity to demonstrate a shift in their understanding
within their ZPD.

Teacher: Can you see any patterns?

Wiremu: Yeah, we can. We’'ve gotta make a box and
whisker graph too. I just had to write all them
up. Now I’ve got to... what do I have to do? I've
got to put them from smallest to largest. I have
to work out the lower quartile and upper quartile,
and then draw the box and whisker

Here the student indicated that they could now initiate
the analysis of the data through graphing it on an appropri-
ate graph. They articulated the process of ordering the data
and identifying the key statistics for the box-and-whisker
graph. This illustrated the fading of teacher support as the
learner takes more responsibility for the analysis process.
This interaction also illustrated the cumulative feature with
whole-class scaffolding as the transition in the student’s
understanding developed through a range of different inter-
actions over an extended period of time.

The data suggested that the transition to the transfer of
responsibility stage often doesn’t happen in isolation. It
was frequently part of an incremental progression through
the responsiveness stage. Several excerpts of the data illus-
trated how the teacher questioning, as part of ongoing
interaction, scaffolded the student by maintaining direction
towards the goal of the task and then transitioned into the
transfer of responsibility stage.

4 Conclusions

The aim of this paper was to examine the scaffold-
ing of learning, with groups of students engaged in

student-centred inquiry pedagogy as they investigated
authentic, co-constructed questions related to the Olympic
Games, an event happening at the time. A key aspect of this
SCIL approach is that the learning doesn’t always unfold
in pre-determined ways. Implicit in SCIL, is that the focus
and trajectory of the learning evolves as the learning and
associated activity progresses. This indicated the need for
ongoing diagnosis by the teacher. For example, the teacher
may have anticipated using a box-and-whisker graph to
present the data, but it didn’t become a focused teaching
topic until the students had recognized its potential utility
for their particular purpose. Here, there was an element of
self-diagnosis that might be particular to SCIL where the
expectation is that the learner will take more responsibility
for their learning trajectory. While the scaffolding was at a
whole-class, group or individual level at various times, it
was predominantly with a group. There were some particu-
lar aspects that the data illustrated with SCIL.

In answer to the research question, the scaffolding that
occurred in the responsiveness stage was typically a meld
of the six inter-related aspects that Wood et al. (1976) iden-
tified. There was frequently progressive questioning, that
meant an incremental transition by the group of learners
towards each individual’s ZPD. A scaffolding question that
marked a critical feature (Wood et al., 1976) for one group
member may have simplified the task with another student,
or revealed an opportunity that they might not otherwise
have considered. At times, a single question contained sev-
eral of the responsiveness aspects simultaneously—some-
times scaffolding individuals in different ways, but at times
addressing several aspects at once. This indicated the sym-
biotic nature of these aspects. They were not necessarily
discrete. For example, one question might simplify the task
while simultaneously alleviating frustration and maintain-
ing momentum towards completion. While this suggested
the complexity of scaffolding questions, and their being
situated in particular interactions, it gestured towards the
need for teacher insight into individual students’ conceptual
understanding and intentions.

While their knowledge and understanding of individ-
ual interests, abilities and intentions was essential for the
teacher to quickly reshape and focus their questions in situ,
critical for the enhancement of mathematical thinking and
learning was the teacher’s knowledge of individuals’ math-
ematics conceptual understanding. It enabled them to pace
the scaffolding interactions at the level that stretched the
students’ mathematical thinking, but not too far beyond
their present level, which might have led to confusion and
potential negativity. The teacher’s concept knowledge and
pedagogy were a register of the prospective mathematical
and learning opportunities that they could afford each situ-
ation, and influenced the nature and shape of the questions
that they asked. Having the intention to scaffold, and belief
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in it’s effectiveness, is necessary for scaffolding, but the
teacher also needs to know how to apply the appropriate
strategy and when (Smit and van Eerde, 2011).

In the diagnosis stage, identification of the actions
required to carry out the inquiry were not exclusively
teacher initiated. The students frequently identified the
conceptual knowledge or processes they required to under-
take their inquiry. At times, peers in their group also iden-
tified them. In these cases, the peer group member often
responded and moved the student towards the transfer of
responsibility stage without any teacher intervention. The
responsiveness stage was not always teacher directed.
While these interventions were at times in the domain of
general support, there were instances of peer group, outside
experts, and even online applications like YouTube scaf-
folding individual and group learning, allowing the student
to initiate independent learning. This use of a variety of
sources over time, suggested Smit and van Eerde’s (2013)
layered and distributed features, in the scaffolding of SCIL.

The teacher and student-initiated ‘needs-based’ work-
shops facilitated the scaffolding in authentic, purposeful
ways. By initiating the workshops, the students recognised
that it was knowledge or understanding that they required
to proceed with their investigation or answering of their
inquiry question. Hence, there was an immediate purpose
for the learning, and motivation for the student to engage
with it, especially when students initiated the workshops
themselves. The data gave evidence that scaffolding with
groups facilitated enhanced student mathematical concep-
tual knowledge, and opened opportunities to develop math-
ematical processes.

In the transfer of responsibility stage, there was also a
collective responsibility of the group. This would eventu-
ally need to evolve into an individual responsibility, for the
learner to apply the understanding in future situations that
didn’t include the other group members. Also particular
to SCIL, the cumulative, distributed features of individual
scaffolding within a group appeared to enhance the group’s
progression towards the transfer of responsibility. It may be
that the group being able to take a collective responsibility,
hence easing that transition, facilitated this. This is related
to an implication for teachers. Teachers need to recognise
within their learning approaches how their pedagogy and
appropriate questioning might influence frustration and the
transfer of responsibility stage in individual, group, and
whole-class situations. They need to consider and exem-
plify practice that advances the scaffolding of these aspects.

As well as the group data illustrating the layered, dis-
tributive, and cumulative features first identified in whole-
class scaffolding (Smit and van Eerde, 2013), aspects
of these features were particular to SCIL. First, self-
diagnosis, considered a feature of student-centred peda-
gogy. Although this is evidence of the student learning
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independently, it is arguably a part of the cumulative
nature of the transition to the transfer of responsibility,
rather than indication that the transfer had occurred. Sec-
ond, peer and digital media responsiveness: which often
occurred independent of the teacher. The class culture
and expectations of learners with student-centred inquiry
is such that students frequently seek support from peers
or online before the teacher. In fact, this is encouraged.
This also suggests a particular type of transfer of respon-
sibility with SCIL that includes elements of self-diagnosis
and at times the use of digital resources such as YouTube.
Although it might be argued that the transfer of respon-
sibility is still in transition with this position, it does
characterise “handing the role to the child as he becomes
skilled enough to manage it” (Bruner, 1983, p. 60) and it
is also evidence that they can now complete the task on
their own (Maybin et al., 1992).

The study was constrained by being a small case study
and the particular circumstances in which it was under-
taken. Nevertheless, it did enrich the growing evidence
emerging in this field and gave particular insights into
scaffolding in both group and SCIL situations. There is a
need for future research into the cumulative and distribu-
tive nature of the responsiveness aspects: the ways in which
they manifest and interact in different learning contexts.
There is also scope for more in depth research into scaf-
folding in student-centred learning situations, including the
place and influence of digital technologies on the transfer
of responsibility stage.
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