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Abstract: This article reports the outcomes of a project in which teachers’ sought to develop their
ability to use instructional practices associated with argumentation in the teaching of science—in partic-
ular, the use of more dialogic approach based on small group work and the consideration of ideas,
evidence, and argument. The project worked with four secondary school science departments over
2 years with the aim of developing a more dialogic approach to the teaching of science as a common
instructional practice within the school. To achieve this goal, two lead teachers in each school worked to
improve the use of argumentation as an instructional practice by embedding activities in the school
science curriculum and to develop their colleague’s expertise across the curriculum for 11- to 16-year-
old students. This research sought to identify: (a) whether such an approach using minimal support and
professional development could lead to measurable difference in student outcomes, and (b) what
changes in teachers’ practice were achieved (reported elsewhere). To assess the effects on student
learning and engagement, data were collected of students’ conceptual understanding, reasoning, and
attitudes toward science from both the experimental schools and a comparison sample using a set of
standard instruments. Results show that few significant changes were found in students compared to the
comparison sample. In this article, we report the findings and discuss what we argue are salient implica-
tions for teacher professional development and teacher learning. © 2013 Wiley Periodicals, Inc. J Res
Sci Teach 50:315-315, 2013
Keywords: teacher professional development; argumentation; dialogic teaching; student engagement;
epistemic learning

Within research in science education over the past decade, the study of argumentation
has been a prominent feature. The case for its role and significance in the learning of science
was made initially by Kuhn (1993) and Driver, Newton, and Osborne (2000). Since then
work in this sphere of research has expanded substantially. For instance a search of the terms
“argumentation,” “‘science,” and ‘“‘education” in the ERIC database shows that, while there
were only 34 publications between 2000 and 2004, 84 have been published between 2005
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and 2009. Likewise, in an analysis of research trends in science education from 2003 to 2007,
Lee, Wu, and Tsai (2009) found that 4 of the 10 most highly cited articles from 1998 to 2002
included the word ‘‘argumentation” in their title, and between 2003 and 2007, 5 of the 10
most highly cited articles included either the word “‘argumentation” or “informal reasoning”
in their title. In addition, within science education, two edited volumes exist on argumentation
(Erduran & Jiménex-Aleixandre, 2008; Khine, 2011). The interest is not confined to science
alone with work on argumentation in mathematics (e.g., Ball & Bass, 2000; Boaler &
Staples, 2008; Cobb et al., 1991; Lampert, 1990; Stein, Engle, Smith, & Hughes, 2008),
language arts (Andrews, 1995; Applebee, Langer, Nystrand, & Gamoran, 2003; Nystrand,
Gamoran, Kachur, & Prendegarst, 1997), and history (Goldberg, Schwarz, & Porat, 2008;
Pontecorvo, 1987; Pontecorvo & Girardet, 1993).

From an educational perspective, much of the work has been driven by a socio-cultural
perspective (Wertsch, 1991) which sees knowledge as an entity which is co-constructed by
“communities of learners” (Brown & Campione, 1994; Greeno, 1998; Sfard, 2008). The
central feature of any pedagogic enactment of this theoretical approach is the opportunity for
students to engage in dialogic exploration of ideas and their justification—activities which
facilitate a dialectic between construction and critique (Ford, 2008). Such a vision is possibly
articulated most strongly by Alexander (2005) who argues that:

Children construct meaning not only from the interplay of what they newly encounter
and what they already know, but also from the interaction with others. In turn, this
interaction is critical not just for children’s understanding of the kind of knowledge
with which schools deal—mathematics, science and so on—but also for the develop-
ment of their very identity, their sense of self and worth (p. 11).

Alexander defines his conception of the dialogic classroom as one which is collective—in
that teachers and children address learning tasks together; reciprocal in that teachers and chil-
dren listen to each other and consider alternative viewpoints; supportive in that children articu-
late their ideas freely helping each other to reach common understandings; cumulative in that
teachers and children build on their own and each others’ ideas; and purposeful in that teachers
plan and facilitate dialogic teaching with well-defined educational goals in view. Similar ideas
are the foundation of the concept of “accountable talk” where talk is required to be ‘“‘account-
able to the community,” “‘accountable to standards of reasoning,” and ‘“‘accountable to knowl-
edge” (Michaels, O’Connor, & Resnick, 2008). Such characterizations see engaging in
deliberative discourse and argumentation as something that is central to learning.

Indeed, emerging from the work of social psychologists is increasing empirical evidence
that the knowledge and understanding of school-age children can be facilitated by collabora-
tive dialog between peers (Alverman, Qian, & Hynd, 1995; Damon & Phelps, 1989; Doise &
Mugny, 1984; Howe, Tolmie, & Mackenzie, 1995; Mercer, Dawes, Wegerif, & Sams, 2004;
Venville & Dawson, 2010; Zohar & Nemet, 2002). For instance, the work of Howe et al.
(1995), and Alverman et al. (1995) with young students has demonstrated that a consideration
of plural perspectives about a scientific phenomenon leads to an improved and more secure
conceptual understanding—that is knowing why the wrong idea is wrong matters as much as
knowing why the right idea is right. Perhaps the strongest evidence for the value of a dialogic
approach to learning comes from a review conducted by Chi of empirical evidence from
studies of children’s learning (Chi, 2009). She developed a taxonomy of activities to be un-
dertaken by learners as either interactive—defined as any activity where learners interact with
peers in joint dialogue with the goal of constructing a product; or constructive in that they
require learners to produce individually some form of overt output that is not contained
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within the materials to hand; or active in the sense that students are physically doing some-
thing whilst learning. Students who are simply watching a video, for instance, would be
considered to be at most active in that, at best, it requires the students’ cognitive engagement.
Chi then searched the literature for empirical studies that made any relevant pairwise compar-
isons, for example, interactive versus active, constructive versus active, interactive versus
constructive to establish that interactive approaches were significantly more effective for
learning than constructive approaches which, in turn, were significantly more effective than
active approaches.

The theoretical position adopted in this research is that developing student understanding
requires the juxtaposition of competing alternatives—often between the students’ pre-existing
conception and the newly presented scientific idea. Argumentation is then a vital means of
generating cognitive conflict forcing the student to identify their current conception and
engage in the cognitive act of comparison, contrast, and evaluation of evidence. Confronted
with the uncertainty caused by the need to resolve two conflicting ideas, students like all
humans resort to reasoning which is fundamentally probabilistic. Innovative descriptions of
this process have been developed by using Bayesian models of human reasoning (Howson &
Urbach, 2006; Oaksford & Chater, 2007) where knowledge construction is perceived as a
dialectic requiring the evaluation of competing alternatives (Szu & Osborne, 2011). As such,
the process of knowledge construction can be seen as being dependent on learning to argue
(Billig, 1996). The primary distinction between scientific reasoning and other forms of
reasoning is the domain-specific forms of knowledge, that is, conceptual, procedural, and
epistemic, on which any argument must draw.

Background and Rationale
Enhancing Scientific Reasoning and Conceptual Understanding

As explained above, for the purpose of this research, reasoning was operationalized as
the ability to construct and critique arguments about scientific phenomena. For construction
this can be seen as the ability to identify claims, warrants and data, and the relationship
between these elements. Included as well was the ability to coordinate theory and evidence—
that is to construct warrants that relate data to an appropriate hypothesis. Critique likewise
requires the ability to identify the elements of an argument but, in addition, the ability to
evaluate the validity the data and warrants of competing alternatives.

In working with the teachers and schools that were the focus of this study, therefore, we
sought to develop instructional practices that would promote argumentative and deliberative
discourse building on what we had learnt from earlier projects in this domain (Osborne,
Erduran, & Simon, 2004a, 2004b; Simon, Erduran, & Osborne, 2006). A more dialogic
approach to pedagogy requires the ability to facilitate discussion among students, identify the
features of an argument, model argument for students, encourage students to take a position,
defend it with evidence-based arguments, and evaluate and generate appropriate counter-
arguments. The kind of discourse and reasoning we sought to promote is similar to that to be
found in Michaels et al. (2008) notion of ‘“‘accountable talk”” which uses a set of prototypical
discursive moves such as asking students to restate someone’s reasoning; asking students’ to
apply their own reasoning to someone else’s reasoning; prompting students for further partici-
pation; asking students to explicate their reasoning; and offering challenges and counter-
examples. The emphasis of such discourse is on the elaboration of reasoning rather than
simply supporting or criticizing conclusions. While scientific reasoning is dependent on scien-
tific knowledge as Resnick, Michaels, and O’Connor (in press) point out:
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Good reasoning, hence good discourse, depends on good knowledge. At the same
time, acquiring good knowledge depends on active processing and good reasoning.
Knowledge and reasoning develop best in tandem; neither precedes the other.

To date, there is an accumulating body of studies which suggest that engaging in argu-
mentation can lead to significant improvements in students’ conceptual understanding when
compared to students taught by other methods (Mercer et al., 2004; Venville & Dawson,
2010; Zohar & Nemet, 2002). However, the notable feature of all of these studies is that they
are essentially what might be termed “‘proof of concept.” That is small-scale studies using
volunteer teachers to enact instructional practices that use argumentation with the goal of
improving student learning of scientific concepts. What is missing from this work has been
any attempt to explore whether it is possible to embed the use of argumentation into the daily
practices of teaching science with larger, and perhaps less-willing groups of science teach-
ers—that is to make it a “form of life” which students and teachers engage in on a regular
basis. What kind of professional development, we asked would it require to change the cultur-
al habitus of a group of teachers working together in a school such that opportunities to
engage in deliberative discourse of ideas and evidence would be a more prominent feature of
the classroom? And, moreover, what effect would that have on student engagement with
learning and its outcomes? It is the latter question which is the focus of the research reported
here.

Model of Professional Development

Using a dialogic approach is a practice which is neither familiar nor comfortable for
many science teachers and can pose a significant challenge to their teaching (Simon et al.,
2006; Zohar, 2004). Transforming pedagogy requires teachers to share the values of an inno-
vation and be prepared to take risks (Claxton, 1988; Loucks-Horsley, Hewson, Love, &
Stiles, 2003)—a venture that is best supported by establishing the practice of collaborative
reflection within a supportive community focused on professional learning (Hoban, 2002).
Early approaches to teacher development that had little sustained impact were underpinned
by mistaken beliefs that teacher learning is a linear process where teachers’ practice could be
transformed by prescriptive approaches. In contrast, current knowledge would suggest that a
more complex view of professional learning is required to bring about sustained change
(Desimone, 2009; Opfer & Pedder, 2011).! Hoban’s work is particularly important in identi-
fying a combination of conditions for teacher learning that complement each other in support-
ing change. These are a conception of teaching as a dynamic relationship with students and
with other teachers where change involves uncertainty; room for reflection in order to under-
stand the emerging patterns of change; a sense of purpose that fosters the desire to change; a
community to share experiences; opportunities for action to test what works or does not work
in their classrooms; conceptual inputs to extend teachers’ knowledge and experience (in this
case, ideas about the value of argumentation in teaching science); and finally sufficient time
to adjust to the changes made. Similar findings emerge from a comprehensive analysis of
1,300 studies on effective professional development (Yoon, Ducan, Lee, Scarloss, & Shapley,
2007) and from the work of Desimone (2009).

However, evidence of change is sparse—particularly when it comes to answering the
question of what effect teacher professional development might have on student learning.
Yoon and his colleagues could only find nine studies that met the standards of credible evi-
dence specified by the What Works Clearinghouse and all these studies were of professional
development in elementary schools. These nine efforts relied on a mix of workshops, inputs
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from external experts, a minimum of 30 contact hours, structured and sustained follow-up,
opportunities to adapt varied instructional practices to their own context, and a specific focus
on content or pedagogic practices. These nine studies showed that the students of these teach-
ers improved their performance by 21 percentile points when compared to a sample of com-
parison students. Of these studies, only those that had more than 14 hours of professional
development showed a positive effect on student achievement. Likewise, Desimone’s review
of the field argues that the research literature points to five similar factors which are “critical
to increasing teacher knowledge and skills and improving their practice, and which hold
promise for increasing student achievement: (a) content focus, (b) active learning, (c) coher-
ence, (d) duration, and (e) collective participation” (p. 183).

Building on this literature, and working with whole school science departments, we
sought to investigate whether a cycle of collaborative reflective professional development
involving distributed leadership (Spillane, 2006) would enable science teachers in a depart-
ment to develop a pedagogic practice that made greater use of argumentation in their teach-
ing. Our approach to this challenge was essentially both systemic and minimalist. It was
systemic in that we sought to work with whole school faculty through two teachers who were
to act as instructional leaders. The work would have a focus on developing the use of a
specific pedagogic practice—that is the use of argumentation as a means of building student
understanding of science content. The work would be active in that it would involve teachers
in discussing and reflecting on their practice collectively; it would be coherent in that its
focus had a well-defined focus—the use of argumentation in teaching science; and it would
be of extended duration in that it would be a collective effort within the department involving
teachers in a minimum of 10 monthly meetings of 1-2 hours duration.

The work was minimalist, however, in that we sought to see if change could be achieved
by a limited investment in resources to support this process. The rational for the latter choice
is essentially economic. Substantial resources are spent by all countries on professional devel-
opment. For instance, Birman et al. (2007) reckon that the US spent a sum of $1.5 billion at
local, state and federal levels on professional development in the period 2004-2005. Investing
in professional development, given the thin evidence base for its effectiveness could be seen
as a triumph of hope over reality. Our interest lay therefore in asking whether any change in
teacher practice and in student learning, could be achieved with a more minimal form of
approach to teacher professional development? The model used was a distributed model based
on providing 30 hours of professional development to the teacher leaders, meeting the criteria
about what is known for minimum duration. These, in turn, were expected to provide approx-
imately 10-14 hours of professional development to each of the teachers in their school.
While this would be less than that suggested by research, the question we asked was whether
our proposed structure where the whole community of science teachers in schools worked on
one specific practice would lead to notable change in their practice, and then, in their students
learning and engagement?

In addition, our approach to teacher learning and teacher change involved teachers who
are perhaps less motivated to change or try something new. As Desimone (2009) points out,
few studies to date have worked with teachers who are not volunteers. Thus, by working with
a department, we sought to work with a cohort of teachers who might be more representative
of the teachers likely be asked to enact innovative practices. Would it, we asked, be possible
to embed the use of an instructional practice within the departmental habitus where it would
be seen as a common and valued practice such that any new teachers would be encultured
into this instructional practice as the common ‘““form of life” within that institution? Testing
such a model is important as policymakers, school superintendents, and school principals
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work within tight economic constraints often with teachers who see little need to adapt or
develop their practice (Dillon, Osborne, Fairbrother, & Kurina, 2000; McLaughlin & Talbert,
1993; Spillane, 1999).

Our approach did, nevertheless, require us to recruit schools as volunteers. To that extent
the heads of science departments were volunteers, and recognizing the importance of school
principals to the success or failure of the design (Borko, 2004), both PIs visited the principals
to explain the importance of the project, its goals, the commitment and the possible outcomes.
As a consequence, support for the work was sought at the highest level within the schools.
After an initial introduction about the project for faculty, the value of participating was deter-
mined by subsequent internal discussions amongst the teachers of science.

Recognizing that any such change might take considerable time to develop the work with
the schools was conducted over a period of 2 years which was regarded as the minimum
necessary to develop a substantive change towards a more dialogic practice. Using argumen-
tation as a common pedagogic strategy, therefore, must be seen as the acquisition of a new
practice. Our theory of action draws on the research on the acquisition of expert performance
which points to the need for explicit instruction beginning with a set of simple tasks which
then transition to become more complex and challenging. Progress is reliant on formative
feedback and the use of practice activities that the individual can use between meetings
(Ericsson, Krampe, & Tesch-Romer, 1993). In an ideal world, this is best achieved through
individual supervision. In our context, we sought to establish such support through a require-
ment that schools engage in regular meetings that required collective reflection on practice
and the sharing of their experiences when using argumentation. The process of reflection
itself has become an integral part of how we understand teacher learning and the provision of
effective professional development. It occurs in many models of teacher development, often
as a fundamental process for stimulating change. In particular, it is a feature of Clarke and
Hollingsworth’s Interconnected Model (2002) that formed the basis of our intervention. In
this model change is seen to occur through the mediating processes of reflection and enact-
ment - a good example of which can be found Sisk-Hilton’s work and her use of a ““consul-
tancy protocol” where teachers share experiences and knowledge (Sisk-Hilton, 2009).
Initiating the kind of change that was attempted in this project was therefore reliant on teach-
ers trying out new approaches, sharing their experiences and reflecting on their own practice.
Change was seen to be a complex cyclical interaction between values, beliefs, and experien-
ces of using new strategies in the classroom through repeated deliberate practice. However,
new practices threaten the feelings of competence, confidence, control, and comfort that most
individuals prefer (Claxton, 1988) and, therefore are not automatically enjoyable. As a conse-
quence, individuals must perceive some long-term benefit that skilled use of the practice
might afford. To this end, presentations made to teachers emphasized the potential benefit of
this practice to student achievement, engagement, and ability to reason drawing on existing
research evidence.

The fact that the schools had agreed to participate reflected a shared belief in the impor-
tance of the work by the principals and their head of departments. The same could be said for
the two lead teachers in each of the schools and data on their views was collected through
three interviews with each of these teachers at the beginning, middle, and end of the project.
Less clear, however, is the extent to which the individual teachers within the department
shared the values or goals of the project. It is such a context, however, in which any attempt
to develop teacher practice must be tested if the results are to have consequential validity.
Thus, by using a minimalist intervention of asking all science teachers in one school to
commit to the use of an innovational practice, and by supporting their practice by offering
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collegial support from two informed and trained colleagues who took the role of instructional
leaders, we asked whether it would be possible to transform the institutional habitus to one
which saw a greater role and value for a more dialogic approach to pedagogy and what effect
that might have on the cognitive and affective outcomes for their students?

The latter question is important as changing teacher practice in and of itself is of little
value as the goal of professional development is ultimately to improve student learning, moti-
vation, and engagement. Thus the question of whether teacher professional development or
teacher learning has any effect on student learning is a critical question for the field
(Desimone, 2009; Yoon et al., 2007). In the contemporary context, many interpret this as
whether the professional development has a positive effect solely on the cognitive outcomes
of student learning. In our work, however, for reasons we now discuss, we sought to examine
whether the intervention had an effect not only on students’ conceptual understanding but
also, their epistemic knowledge and their attitudes towards and engagement with school
science.

Enhancing Students’ Reasoning and Conceptual Knowledge

As previously mentioned, considerable evidence exists that engaging in argumentation
can lead to an enhanced conceptual understanding. Our view is that this outcome is achiev-
able because scientific ideas are evaluated not in isolation but by comparison to alternatives,
for example, day and night is caused by a spinning Earth versus day and night is caused by a
moving Sun. From a Bayesian perspective, this requires the evaluation of the likelihood of
one hypothesis versus the other. This view is consistent with the scientific process as de-
scribed by Kuhn in his seminal work The Structure of Scientific Revolutions (1970): “The
decision to reject one paradigm is always simultaneously the decision to accept another, and
the judgment leading to that decision involves the comparison of both paradigms with nature
and each other” (p. 77). Other authors have made similar observations, such as Graff and
Birkenstein (2007) in their characterization of how academic arguments are formulated:
“Effective persuasive writers do more than make well-supported claims [...]; they also map
those claims relative to the claims of others™ (p. xix). Indeed scientific manuscripts often
focus as much on lowering the likelihood of alternative theories as on raising the likelihood
of the new proposed theory—a good example of which is to be found in the Watson and
Crick (1953) article for the structure of DNA where the authors begin, not by making the
case of their new hypothesis, but by critiquing the existing alternative models. Likewise,
Hynd and Alvermann (1986) found that physics texts that containing refutation text address-
ing common misconceptions resulted in significantly better conceptual gains. Similarly, Ames
and Murray (1982) found greater learning gains among discussion groups with differing pre-
conceptions versus those that were more congruent, even if those differences were based on
incorrect premises. Thus, our hypothesis was that providing space to evaluate competing ideas
and to engage in argument from evidence would both require students to reason critically—a
premise which is addressed by question 1a—and should lead to an enhanced and more secure
understanding of scientific concepts—a hypothesis tested by research question 1b.

Enhancing Students Epistemic Knowledge

Work to date, would suggest that the focus of school science on well-established knowl-
edge leaves students with simplistic positivist notions that scientific knowledge is unequivocal
and absolute (Driver, Leach, Millar, & Scott, 1996). Thus, another argument for the value of
an instructional approach that placed more emphasis on reasoning and argumentation is that
it would enhance students’ knowledge and understanding of the epistemic basis of science.
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For instance, Driver et al. (2000) argued in their article that engaging in argumentation
would lead to a “clarification of the norms by which scientists make rational decisions
between alternative hypotheses and begin the process of establishing the norms of scientific
argumentation® (p. 300).”

Research on students’ understanding of the epistemology of science itself (as opposed to
their personal epistemology) has suggested that students’ knowledge and understanding is
fairly limited (Driver et al., 1996; Lederman & O’Malley, 1990; Sandoval, 2003). Driver
et al. (1996) concluded that students have difficulty determining the role of theories in science
and the way that theories are evaluated against existing data by experimentation. In particular,
scientific theories were viewed as simple descriptions of taken-for-granted facts, especially
for 9-year olds. Moreover for these students, theories were seen to be of lower epistemic
status than “‘facts” which were considered to be the ultimate goal of science. Such a finding
stands in stark contrast to the view within science that “‘theories are the crown of science, for
in them our understanding of the world is expressed” (p. 168) (Harré, 1984). Views of scien-
tific theories as ideas based in evidence, or as a way of modeling phenomena and predicting
their behavior, were found more often in older students’ responses. Sandoval and Morrison
(2003) have also explored high school students’ ideas of scientific theories and theory change
finding: (a) that scientific theories were viewed as hypotheses which are repeatedly proven;
and (b) that a correspondence view of science predominates—the latter being the conception
that scientific theories provide explanations of the world as it is rather than being a map or
representation of reality which has the potential to be improved. An important task for sci-
ence education, therefore, is to develop children’s ability to understand that argument and
uncertainty are elements that are inherent to science, and that argument itself is a normative
practice. To date, a search of the literature would suggest that only five studies have explored
the effect of argumentation on middle or high school students’ epistemic understanding, two
of which have been undertaken by Sandoval and his collaborators (Sandoval & Millwood,
2005; Sandoval & Morrison, 2003). These studies suggest that an enhanced understanding of
scientific epistemology supports student engagement in argumentation but only Sandoval
and Morrison have looked at the converse—whether engaging in argumentation improves
students’ epistemic knowledge and their work produced equivocal findings (Sandoval &
Morrison, 2003).

More recently, Taking Science to School (National Research Council, 2007) and the
framework for the common core standards for science in the US (National Research Council,
2012) suggest that engaging in a limited set of scientific practices such as modeling, analyz-
ing, and interpreting data, and constructing explanations are an opportunity to build student
understanding of how these practices contribute to the construction of knowledge in science.
However, there is a lack of empirical data which might support such arguments leading us to
ask whether engaging in practices which require scientific reasoning and argumentation does
lead to an enhanced understanding of the epistemology of science? It is this question that
forms research question Ic in our study.

Engaging Students With Science

One of the enduring concerns in science education is that the standard form of practice
leads to negative attitudes towards science for too large a proportion of students (Cerini,
Murray, & Reiss, 2003; Osborne & Collins, 2001). For instance, an analysis of the PISA
items on interest in science embedded in the PISA 2006 test shows a clear negative correla-
tion between interest and attainment (Avvisati & Vincent-Lancrin, in press). Such findings
suggest that the passion for science may be extinguished by discourse which bears the stamp
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of authority. As Horton illuminated in his scholarly analysis of the difference between
African traditional forms of thought and the rationality of Western science, the school science
classroom attends to what we know at the expense of how we know (Horton, 1967). Several
recent studies of students’ attitude to science would suggest that the student experience of
school science is dominated by the perception that school science is an authoritative body of
knowledge with a pedagogy dominated by copying and rote learning. For instance, in a study
by Weiss, Pasley, Sean Smith, Banilower, and Heck (2003), two-thirds of lessons were graded
low quality as they either lacked opportunities for sense making, failed to use teacher ques-
tioning to enhance understanding, or lacked intellectual rigor. Not surprisingly, such instruc-
tional approaches do little to promote student engagement providing few opportunities for the
vital ingredients of autonomy and control (Csikszentmihalyi & Schneider, 2000; Paris, 1998;
van Lier, 1996). As a consequence, science is perceived as a discipline that offers little oppor-
tunity for creativity or personal realization (Hannover & Kessels, 2004; Taconis & Kessels,
2009). The question then arises whether the use of a more dialogic approach might stimulate
student interest by showing that constructing an understanding of the material world is both a
creative and challenging intellectual endeavor, as engaging in argumentation requires the pre-
sentation of plural alternatives for consideration challenging the notion that there is a singular
correct answer. Moreover, it requires the coordination between theory and evidence fore-
grounding the idea that scientific knowledge is neither self-evident nor easily acquired.
Students might then sense that science does offer opportunities for autonomy and ingenuity,
which research shows are key factors in generating intrinsic as opposed to extrinsic motiva-
tion (Dweck, 2000; Paris, 1998; Renninger, Hidi, & Krapp, 1992). In addition, these two
elements are key to developing engagement and a sense of “flow” (Csikszentmihalyi &
Hermanson, 1995).

As a consequence, the question we asked was whether the use of a more dialogic ap-
proach in the teaching of science would lead to enhanced student engagement with science
(research question 1d)? This question is of some import given the growing international con-
cern about the need to encourage more students to pursue the further study of science to
sustain the scientific and technological base of advanced societies (Lord Sainsbury of
Turville, 2007; National Academies of Sciences, 2010; Tytler et al., 2008).

Summary and Research Questions

Therefore, to test these ideas, and specifically the effect of this intervention on student
outcomes, this project sought to engage in a minimalist program of professional development
and support with four school science departments over a period of 2 years to investigate the
following four questions:

(1) Does a minimalist program of professional development designed to encourage
teachers to engage students in argumentation on a regular basis lead to an improve-
ment in their students’:

(a) Ability to reason?

(b) Their knowledge of the content of science?

(c) Understanding of the epistemic nature of science?
(d) Engagement with school science?

Naturally as the intervention was based in a theory of action which sought to change
teacher practices, we also investigated what effect this intervention had on the teacher practi-
ces. The data and the findings answering this goal will be reported in later papers.
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Methods

To undertake this work, a number of schools in a large urban conurbation in the UK
were approached. The four schools chosen by the research team were selected to maximize
the range of ability and the socio-economic diversity of the sample. Table 1 provides a sum-
mary of the principal details of the schools and their student intake for both the experimental
and comparison sample.

The data for these schools reflect a range of diversity around the national mean with the
exception of the percentage of students who have official statements that they require special
educational provision where all the schools are above the national average. This anomaly is
most likely attributable to the fact that all schools were situated in urban environments either
with considerable ethnic diversity and a large number of English language learners, and/or
immigrant communities with higher than normal numbers of transitory students. For the pur-
poses of research, a comparison sample of schools recruited from similar areas was gathered
by recruiting an additional four schools.

The Nature of the Intervention

The work in each school was lead by two ‘““lead teachers.” Their role was to attend the
5 days of professional development that was offered across the course of the two school years
2007-2009; to work with their colleagues to embed argumentation activities into their
schemes of work for both KS3 (Years 7-9°) and KS4 (Years 10 and 11); to support and train
their colleagues in the use of argumentation-based, instructional practices; and supply their
colleagues with relevant materials. As such, they had a leadership role advising their col-
leagues about appropriate instructional practices and organizing periodic meetings (which
they were advised to hold once a month) to reflect on what was being learnt from the use of
such activities. These teachers were willing volunteers but not necessarily knowledgeable
about argumentation. In one school, both lead teachers left after 1 year and their place was
taken by two alternate teachers. The number of teachers participating meaningfully in this
program in any one school varied from four to nine teachers and our data would suggest that
they had varying levels of commitment to the objectives of the program. Further details of the
practice of these teachers, how they changed and the way in which these teachers worked
with their colleagues will be reported later.

The professional development days were led by the researchers and made use of the
video based professional development materials produced for the IDEAS (Ideas, Evidence &

Table 1
The major characteristics of schools in the experimental sample

% School Obtaining

5 + A-C Grades Percentage of

% Free  at GCSE Including  Persistent Students with

School English and Absence  Special Educational
School Type Meals Maths (2008) Rate Needs (Statemented)
Westside ~ Comprehensive Mixed 11% 66% 3.5% 5.8%
Hamside Comprehensive Girls 23% 79% 0.5% 4.5%
Eastside Comprehensive Mixed  27% 40% 9.5% 8.3%
Northside ~ Comprehensive Mixed 33% 38% 5.2% 17.7
National 15.4% 48.2 6.4 2.0%

average
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Argument in Science Education) project (Osborne et al., 2004b). These materials address six
themes which previous work with teachers had found to be important in establishing a more
argument-based approach to teaching science. The first theme explores what is meant by
argument, why it is an important feature of science lessons and how it can lead to enhanced
student learning. The second theme explores the pragmatic issue of how to organize and
scaffold student discussions so that they are productive. Research to date would suggest that
their use for anything other than laboratory work is uncommon for most teachers of science
(Newton, Driver, & Osborne, 1999; Weiss et al., 2003). The third and fourth theme explore a
range of ways of establishing a context for argumentation in the classroom using strategies
such as listening triads, argument lines, jigsaw groups, and some of the resources that are
available to support the teaching of science using argumentation. Theme 5 of evaluating argu-
ment uses a set of video-based exercises to help build teachers understanding of the features
of an argument that distinguish weak and good arguments. The final theme explores how
teachers can model what constitutes an argument in science to communicate the kind of
practice that students might engage in. The professional development with the lead teachers
drew extensively on these materials to help build their conception of the goal of the interven-
tion, how it could be taught and what to communicate to their colleagues. In addition, some
time was devoted to exploring their current schemes of work and how these could be adapted
to include specific lessons which incorporated argumentation on a regular basis. Plans and
ideas were then shared and discussed by the teachers. At each workshop, the lead teachers
shared these experiences before experiencing further inputs. The programme provided oppor-
tunities for the teachers to share resources and instructional strategies that could be taken
back to their science departments and shared with their colleagues. Time was also given over
to reflective analysis and consideration of how to work with their colleagues effectively.

Between workshops, the research team visited schools on a regular basis to collect data
from teacher interviews, observations, and reflective meetings. Though some discussion be-
tween researchers and teachers took place after observations of lessons, prolonged systematic
feedback was not provided for two reasons. First the aim was to research the process of
change through a light touch from the team, relying more on the processes initiated by the
lead teachers within the department. Second, consistency of feedback across all teachers and
schools would not have been possible. Rather, drawing on the Clarke and Hollingsworth,
interconnected model of professional growth the intervention relied upon the lead teachers to
initiate this cycle of professional growth by providing a stimulus for promoting the use of
argument and professional experimentation, and on the reflective meetings for identifying and
reviewing salient outcomes, changing teacher knowledge and beliefs, and developing
practice.

Commonly, as a stimulus for professional experimentation in each school, argumentation
lessons were developed and tested by individual teachers and then embedded in the schemes
of work which other teachers were expected to use. Reflective meeting then provided a space
for distributed leadership, where all teachers, both leaders and followers, could consider how
these practices functioned in their schools (Spillane, 2006). For instance, in one such meeting,
the lead teacher chaired a meeting held specifically to discuss Talking to Learn. This started
with each teacher sharing a descriptive/structural account of one argumentation activity they
had used. These descriptive accounts triggered some comparisons and discussion of rationale
with other teachers. A more general discussion followed, focusing on group work, how pupils
were developing argumentation skills, and how teachers had developed their practice.

A number of issues emerged in the reflective meetings. Argumentation was perceived to
be difficult for less able students to undertake. Some students had difficulty expressing
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arguments and teachers ascribed this difference to a lack of vocabulary or a lack of conceptu-
al understanding in expressing opinions. Some teachers also felt that argumentation lessons
that addressed both science content and epistemic aspects of science could be confusing for
students. Teachers reported a lack of confidence when teaching what they perceived to be less
“controlled and calm and organized” lessons, including behavior management issues. They
also found it difficult to stimulate disagreement and discussion as students tended to agree
with each other too often. Other teachers were concerned about how frequently to use argu-
mentation lessons in the curriculum, or how to use 50 minutes of the lesson to best effect
without running out of time. Teachers were also focused on how to group pupils so that all
students worked well, and the balance between writing and talking within argumentation
lesson. This balance was expressed as a tension between wanting to maximize discussion and
thinking versus the value of writing as a means of expressing and recording student thinking.
Schools were asked to hold reflective meetings once a month to discuss and explore progress
but the exigencies and imperatives of schools meant that such meetings were held less fre-
quently than this varying by school between 4 and 8 meetings per year.

The range of issues raised demonstrates the complexity of the professional learning pro-
cess in this study, which, in spite of previous studies, could not be fully anticipated. Though
the lead teachers were all invited to the five teacher meetings, in some instances they did not
all attend, so there was variation in how they experienced the inputs. In addition, the range of
confidence and experience in science teaching, argumentation practice and leadership was
greater than anticipated, and reflective meetings were fewer than anticipated.

Thus, there was considerable variation in the way that both the lead teachers and their
colleagues adopted and used argumentation-based activities in their classrooms. In part, this
is because what the teachers were asked to implement was a set of instructional practices and
not any specific curriculum materials. The latter would have been impossible given the di-
verse nature of the grades the teachers were working with and the range of curricula offered
by each school. And in part also, this was a deliberate choice as the notion that even the most
highly scripted curriculum can ever be implemented with a universal consistency of treatment
is a chimera. Rather teacher learning should recognize that adaptation and customization are
inherent features of learning (O’Donnell, 2008; Ogborn, 2002). No two teachers are alike and
no two students will respond to any stimulus in similar manners. By acknowledging the
complexity of working with teachers in highly variable contexts (Opfer & Pedder, 2011), we
sought to see if there were any identifiable differences in outcome between the intervention
and comparison schools. Our concern here was not with fidelity of implementation in the
classroom which, given the variation in contexts, curricula, and schemes of work would have
been impossible. Rather, it was with teachers taking ownership and adoption of a style of
teaching that might make a measurable difference to student outcomes—measurements of
which are the focus of this study.

Rationale for Instruments

Scientific Reasoning and Conceptual Knowledge Gains. To answer our questions, exten-
sive consideration was given to the nature of the instruments to be used for measurement.
Argumentation does require students to engage in higher order cognitive demands of synthe-
sizing an argument, juxtaposing alternatives, and evaluating their competing merits. Valid
tests of reasoning tend to be restricted either to highly specific aspects of scientific reasoning
such as the ability to control variables found in the kinds of tasks developed by Shayer,
Wylam, Adey, and Kuchemann (1979), each of which takes considerable time to administer,
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or to domain-general aspects of reasoning such as the Cornell test of critical thinking (Ennis,
Millman, & Tomko, 1985). The focus of the latter type of tests, however, is on measuring
students’ ability to use deductive logic rather than on students’ ability to use informal reason-
ing and argumentation.

In their work on the use of exploratory talk, Mercer and his colleagues had demonstrated
that the use of explicit, collaborative reasoning had led to significant gains in scores on
Raven’s Progressive Tests of non-verbal reasoning (Mercer, Wegerif, & Dawes, 1999). This
finding had been replicated in a later study with an explicit focus on learning science (Mercer
et al.,, 2004). Raven’s matrices have also been validated by many replications and are also
normalized against the cohort of representative populations in different countries for different
ages (Raven, Raven, & Court, 2004). As a test, Raven’s matrices are also relatively straight-
forward to administer and the measurement is not cofounded by students’ linguistic abilities.
Hence, the English language learner should be able to perform on this test as well as a native
speaker of similar cognitive ability. Thus, whilst not a direct measure of students’ ability to
reason argumentatively in the context of science, for reasons of validity and pragmatism, this
instrument was used to collect data relevant to Qla. Data from the normalization studies for
the UK population of this age showed that Both the Year 7 cohort and the Year 9 cohort were
normally distributed but the Year 7 cohort was skewed towards the upper quartile of the
population, particularly for the experimental group. Likewise Year 9 cohort were also skewed
toward the upper quartile though equally for both cohorts.

To answer question Q1b, one option would have been to use a standard test of conceptual
knowledge. However, given the diversity of syllabi and experiences, no single test exists
which would has universal validity. For these reasons, it was decided to use the data from
national standard tests of student knowledge of science. These took two forms—data avail-
able from tests that students took at age 11 and at age 14 (known as KS2 and KS3 tests), and
data available from their performance in national examinations at age 16. Two caveats must
be applied to this data. First, the validity and reliability of these data sources is open to
question as no data are published on how these measures are established. Second, the exami-
nation that students take at age 16, whilst conforming to national requirements, are not all the
same examination though mechanisms do exist for moderation to ensure the equivalency of
the grades.

Students’ Understanding of Scientific Epistemology and Their Epistemic Beliefs. What
features of student understanding of the nature of science might be affected by engaging in
argumentation was the focus of Qlc. Several aspects emerged for consideration. First, engag-
ing in argumentation requires an exploration of the relationship between theory and evidence
and the ability to discriminate relevant from irrelevant evidence. Second, examining the rela-
tionship between theory and evidence might lead to a change in students’ epistemic beliefs
and an improvement in their view and understanding of the role and relative importance of
theories and facts, if only tacitly. In short an improvement in what might be seen as epistemic
knowledge. Third, engaging in argumentation requires the evaluation of the merits of different
data and their associated warrants which might lead students to take a more evaluativist
stance to knowledge and be reflected in students’ personal epistemologies.

To measure students’ epistemic beliefs, we drew on the work of Hofer and Pintrich
(1997) who have suggested that there are four dimensions to any individual’s epistemological
beliefs. These are: certainty of knowledge (stability); simplicity of knowledge (structure);
source of knowing (authority); and justification for knowing (evaluation of knowledge
claims). Certainty of knowledge is something which changes over time beginning at lower
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levels where knowledge is perceived to be certain and absolute and developing to a view
where knowledge is seen as tentative and evolving and where individuals are open to new
interpretations. Simplicity of knowledge is a measure of an individual’s understanding of the
structure of knowledge and lies on a continuum between seeing knowledge as an accumula-
tion of facts versus a set of highly inter-related concepts. Source of knowing refers to views
an individual holds about the source of epistemic authority. At lower levels it originates
outside the self and resides in an external authority. A substantial transformation occurs when
an individual who was previously ‘“a holder of meaning becomes a maker of meaning”
(Perry, 1970) (p. 87) and recognizes that transformation. Justification of knowing refers to the
views that individuals hold about how claims to knowledge can be justified moving from
dualistic beliefs where ideas are either right or wrong to an understanding that knowledge is
something which requires a reasoned justification for belief. To measure these concepts, an
instrument was initially developed by Elder (2002) and then improved by Conley, Pintrich,
Vekiri, and Harrison (2004), who showed it to be internally reliable and hold a four-dimen-
sional factor structure corresponding to these theoretical scales using confirmatory factor
analysis for testing Grades 45 students. While our students were Grades 68 students, it was
not felt that the small age difference would affect the validity of the instrument. Hence, it was
the instrument we chose to use in this research. Analysis of our data using exploratory factor
analysis also showed that the data fitted a four factor model with each of the scales having a
Cronbach alpha >0.75.

When it comes to assessing students’ personal (or practical) epistemologies, Kuhn and
her co-workers (Kuhn, 1999; Kuhn, Cheney, & Weinstock, 2000) have argued for a develop-
mental model proposing that students begin life as “absolutists’” where knowledge consists of
certain and unequivocal facts. From here, students are thought to progress to becoming essen-
tially relativists. This transition occurs when they begin to recognize that there is a subjective
element to knowledge. However, they still lack a sense that there are criteria that enable some
claims to be judged more valid than others. These individuals Kuhn et al. term as “‘multip-
lists.” The final stage is when students become “‘evaluativists” and recognize that there is a
need to evaluate critically the evidence used to support claims to knowledge. To assess the
nature of students’ personal epistemologies we used three items developed by Kuhn and her
co-workers which were combined with the data from the Conley instrument. These essentially
provided an alternative means of measuring students’ epistemic beliefs though the number of
items is too small to make this element a reliable measure. Combining both measures into a
single survey instrument resulted in a questionnaire consisting of 38 Likert items.

Engagement With and Attitudes Towards Science. Measurement of attitudes towards sci-
ence, the focus of question Q1d, has been a field which has been beset by issues of validity
and reliability (Blalock et al., 2008). To measure student attitudes therefore we drew on two
instruments for which factor analysis had demonstrated independence of the constructs and
good measures of internal reliability, that is, Cronbach alpha >0.7. One instrument was devel-
oped by Nolen (2003) to measure learning environment, motivation, and achievement in high
school, and one developed by Pell and Jarvis (2001) to measure students’ attitudes to science
for Grades 4-5 students. Given that both of these instruments had been designed and tested
with students who only differed in age by approximately 2 years from our students, it was
felt that they would still provide valid measures of both engagement and attitudes towards
science. From the instrument used by Nolen we drew on the items used to measure the extent
to which individuals views were dominated by the importance of their success (ego orienta-
tion) versus the extent to which the task itself was intrinsically worthwhile (task orientation).
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In addition we used items which measured the extent to which students sought to avoid
working (work avoidance), were satisfied with their learning (satisfaction with learning), per-
ceived the classroom to have a cooperative and collaborative climate (collaborative climate)
or an emphasis on producing the right answer (ability and meritocracy). Finally, we used a
set of items from both Nolen and Pell and Jarvis to assess interest in science. Both instru-
ments were used to improve the reliability as Pell and Jarvis® instrument measured attitudes
towards science in general rather than just school science. This resulted in a questionnaire
consisting of 74 Likert items which was administered using a computer or, where preferred,
on paper. This instrument can be found in the Supporting Information. An initial analysis of
our data set confirmed that each of the scales had a Cronbach alpha >0.76.

Results and Findings

For the purposes of answering questions 1la, Ic, and 1d, each school was asked to identify
two classes in Year 7 and two classes in Year 9 from which to collect data. Thus approxi-
mately 60 students in each year from each school were tested for their ability to reason, their
attitudes towards science, and their understanding of the nature of science in both the inter-
vention and the comparison schools, using the instruments described previously. Students for
testing were selected by the teachers in consultation with the researchers who asked for clas-
ses that were representative of a cross-section of students in the school. The Year 7 students
are between 11 and 12 years old and were 58% girls, 42% boys (comparison schools) and
66% girls, 34% boys in the experimental schools. Year 9 students are 13-14 years old and
were 31% boys, 69% girls in the comparison schools and 26% boys and 74% girls in the
experimental schools. All of these instruments were initially taken by all of the experimental
and comparison students in the autumn of 2007. The instruments were then retaken,
18 months later between March and June in 2009. The Raven’s matrices were administered
as pencil and paper tests and all of the other instruments using a computer-based survey in
class time. These students were then taught in some cases by the lead teachers for the next
2 years and in some cases by other teachers in the department. Tracking which student was
taught by which teacher was not possible. Exact sample sizes varied depending upon the
number present for any given test but varied between a maximum of 391 for the Raven’s
Matrices Test and a minimum of 292 for the assessment of their epistemic beliefs for the
experimental schools. Comparable figures for the comparison schools were a maximum of
354 and a minimum of 315. Data for answering question 1b—how students conceptual under-
standing had changed—was obtained from the schools who provided the information on how
their students had performed on national tests.

The Ravens’ Matrices require students to select one response from a choice of 6. The
survey items used a 5-point Likert-type scale. Inevitably some responses were missing
because students had failed to complete all items. Where this happened, the responses were
examined and those which were incomplete at the end of the test were deleted as these
indicated test fatigue and it was not possible to infer what responses might be. For the other
responses #-tests were run that showed that the data were not missing completely at random.
Hence, the SPSS package which imputes missing data using the expectation—-maximization
algorithm was then applied to the data.

Measures of Non-Verbal Reasoning Ability (Raven’s Matrices)

The outcome for the RM data was 745 responses for pre- and post-data. The RM test has
a score which ranges from a 0 to 49. Table 2 shows the mean scores and standard deviations
prior to the intervention.
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Table 2
Pre-intervention scores on Raven’s matrices for control and experimental schools
Schools Year Group Mean SD N
Experimental 7 33.67 5.32 201
9 35.21 542 165
Total 34.36 541 366
Control 7 31.81 5.54 200
9 36.01 5.11 179
Total 33.79 5.73 379

Analysis of the means showed that there was a significant difference between the Year 7
group (age 11) and the Year 9 cohort (age 14) as might be expected given that Raven’s
Matrices is a measure of reasoning which has been shown to develop with age. Two way
ANOVA’s conducted on the Year 7 cohort showed that there was a significant difference prior
to the intervention (F(1, 400), p = 0.001) but there was no significant difference for the
Year 9 group F (1, 343), p = 0.163.

Table 3 shows the mean scores and standard deviations obtained after the intervention.
An analysis of co-variance (ANCOVA) of the post-intervention scores using the pre-intervention
score as the co-variate showed that there was a significant difference between the experimen-
tal and comparison groups (F(1, 743) = 25.928, p < 0.001) with the comparison group hav-
ing a higher adjusted mean score after the intervention. An ANCOVA conducted on the
Year 7 (age 11) cohort showed that there was a significant difference after the intervention
(F(1, 400) =, p = 0.01) with the comparison group having the higher adjusted mean score.
Likewise there was a significant difference for the Year 9 (age 14) group F(1, 343) = 16.968,
p < 0.001. with the comparison group having a higher adjusted mean score after the interven-
tion. Full descriptions of all the ANCOVA tests are provided in the Supporting Information.

A Tukey post hoc analysis of the score gains on this test for Year 9 students indicates
that the gains were not homogeneous. One set of schools were the mean gain ranged
from —1.269 to +.7632 contains three comparison schools and one experimental school
(Group A). These differed significantly (p < 0.05) from Group B (one experimental and
one comparison school) with an average mean gain = +1.5. Both Group A and Group B
differed significantly (p < 0.05) from one experimental school for whom the mean gain
was +4.24.

Likewise, the Tukey post hoc analysis for Year 7 students shows that the gains were also
not homogeneous. Two comparison schools (Group C) with an average mean gain = +0.55
differed significantly (p < 0.05) from Group D (to comparison schools and two experimental

Table 3
Post-intervention scores on Raven’s matrices for control and experimental schools
Schools Year Group Mean SD N
Experimental 7 34.82 5.03 201
9 35.43 6.27 165
Total 35.02 5.62 366
Control 7 34.69 5.65 200
9 38.17 6.11 179
Total 36.34 6.12 379
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Table 4

Pre-intervention scores on KS3 tests for control and experimental schools

Schools Year Group Mean SD N

Experimental 7 4.61 0.508 205
9 5.74 0.982 193

Control 7 4.21 0.888 146
9 5.87 0.933 196

schools with an average mean gain of 1.89. Group D with the addition of one more experi-
mental school then differs significantly (p < 0.05) from one experimental school for whom
the mean gain was +4.5. Taken together this suggests that there was no consistent effect for
either the experimental or the comparison group.

Knowledge of Science

The measure of student understanding of science content knowledge prior to the interven-
tion was the level attained by each student in the national tests in 2007/2008. This was
measured by two standard national tests, one for students of age 10-11 (KS2) and another for
students age 13-14 (KS3), both of which are graded externally. On these tests, students are
graded in terms of a metric which ranges from 1 to 7 in unit intervals which is applied
consistently across both tests. For the Year 9 cohort, the measure of their understanding of
science content at the end of the intervention was their mean performance in the national
examinations which are awarded a Grade A* to G (recoded A* = 8 to G = 1). For the youn-
ger cohort it was their performance on the KS3 test. For the younger cohort, policy changes
between starting and finishing the intervention meant that the KS3 tests were no longer ad-
ministered nationally. Rather, schools have taken to using old tests to obtain a value for
student performance and grading the results themselves.

Cases where data were missing either before or after were deleted. Table 4 shows the
mean scores and standard deviations prior to the intervention.

Using a two-way ANOVA showed that there was no significant difference in the student
performance scores before the intervention between the Year 7 (age 11) cohorts in the experi-
mental and comparison schools (F(1, 388), p = 0.176). There was, however, a significant
difference between the Year 9 (age 14) groups in the experimental and comparison schools
(F(1, 350), p < 0.001) before the intervention with the experimental cohort performing sig-
nificantly better.

Table 5 shows the mean scores and standard deviations obtained after the intervention. In
this case, because of the categorical nature of the data, gain scores were calculated and a
comparison made of the gains which showed that there was no significant difference between
the experimental and comparison schools for the Year 7 (age 11) cohort with chi-square (5,
336) = 0.118). The same analysis for the Year 9 (age 14) cohort showed that there was a

Table 5

Post-intervention scores on YEAR 7/GCSE tests for control and experimental schools

Schools Year Group Mean SD N

Experimental 7 5.88 0.866 197
9 5.55 1.16 185

Control 7 5.61 1.067 139
9 5.93 1.359 191
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significant difference after to the intervention (28, 375), p = 0.002) with the comparison
group having made a larger gain.

Measures of Student Understanding of Scientific Epistemology and Their Epistemic Beliefs

Student understanding of scientific epistemology was measured using the scales devel-
oped by Conley for their views about source of knowledge, the certainty of knowledge, the
development of knowledge and the justification of knowledge. These scales use Likert items
on a 1-5 categorical scale. The higher the number, the more sophisticated the measure of
student understanding. Table 6 beneath shows the means for the Year 7 (age 11) sample.
Once again, an analysis of the missing data was conducted. Those where whole data sets
were missing were deleted. For the rest (<5% of the sample), the data were imputed using all
the expectation-maximization algorithm of SPSS and all the variables.

Two way ANOVAs show that there was a significant difference between the means for
the comparison and experimental group for the scales testing source of knowledge (F(1, 346),
p = 0.002) (experimental higher), and the certainty of knowledge (F(1, 346), p < 0.001)
(experimental higher) but no difference for the development of knowledge (F(1,346),
p = 0.525) and the justification of knowledge (F(1, 346), p = 0.455). The relatively high
scores on these last two scales may be indicative of a saturation effect. The data for the
Year 9 group are shown in Table 7. None of the differences for this group were found to be
significant.

The results for the Year 7 cohort after the intervention are shown in Table 8. An
ANCOVA analysis of these scores shows that there were no significant differences between
the experimental and the comparison group.

An ANCOVA analysis for the Year 9 cohort is shown in Table 9. Here, there are signifi-
cant differences on three scales: Source of knowledge (F(1,266) = 5.09, p < 0.05) where the
comparison group have the significantly higher adjusted mean score after the intervention;
development of knowledge (F(1,266) = 5.387, p < 0.05 where the comparison have ad-
vanced more; and the justification of knowledge (F(1, 266) = 4.529, p < 0.05) where the
experimental group have advanced more. However, many of the differences are not large and
given the size of the sample it would be a mistake to attribute much significance to them
especially as the effect sizes are small (partial eta square between 0.017 and 0.022).

Table 6
Pre-intervention scores on measures of student understanding of scientific epistemology for Year 7
cohort

Beliefs About Control or Experiment Mean SD N
Source of knowledge Expt 3.51 0.759 171
Control 3.24 0.840 176

Total 3.37 0.811 347

Certainty of knowledge Expt 3.65 0.647 171
Control 3.36 0.788 176

Total 3.50 0.735 347

Development of knowledge Expt 4.17 0.385 171
Control 4.14 0.456 176

Total 4.16 0.422 347

Justification of knowledge Expt 4.22 0.372 171
Control 4.19 0.413 176

Total 4.20 0.393 347

Journal of Research in Science Teaching



LEARNING TO ARGUE: A STUDY OF THE IMPACT IN 4 SCHOOLS 333

Table 7
Pre-intervention scores on measures of student understanding of scientific epistemology for Year 9
cohort

Beliefs About Control or Experiment Mean SD N
Source of knowledge Expt 3.66 0.747 100
Control 3.66 0.679 168
Certainty of knowledge Expt 3.82 0.593 100
Control 3.70 0.619 168
Development of knowledge Expt 4.17 0.395 100
Control 4.18 0.408 168
Justification of knowledge Expt 4.14 0.351 100
Control 4.12 0.4107 1168
Table 8

Post-intervention scores on measures of student understanding of scientific epistemology for Year 7
cohort

Beliefs About Control or Experiment Mean SD N
Source of knowledge Expt 3.59 0.748 100
Control 3.77 0.689 168
Certainty of knowledge Expt 3.84 0.631 100
Control 3.89 0.632 168
Development of knowledge Expt 4.12 0.486 100
Control 4.28 0.586 168
Justification of knowledge Expt 4.06 0.467 100
Control 4.17 0.452 168

The analysis of the data for students’ epistemic beliefs about the nature of knowledge
using the Kuhn items is shown next. Because of the constraints of time the survey could only
use three items to measure students’ beliefs and, given that, the reliability is in doubt. The
data are presented here, nevertheless, because such large scale measurements are few in the
literature and the outcomes are somewhat surprising. Kuhn’s items divide students into abso-
lutists (those that believe knowledge is absolute and certain), multiplists (those who believe

Table 9
Post-intervention scores on measures of student understanding of scientific epistemology for Year 9
cohort

Beliefs About Control or Experiment Mean SD N
Source of knowledge Expt 3.63 0.708 171
Control 3.58 0.801 176
Certainty of knowledge Expt 3.83 0.646 171
Control 3.69 0.758 176
Development of knowledge Expt 4.22 0.537 171
Control 4.13 0.419 176
Justification of knowledge Expt 4.22 0.484 171
Control 4.14 0.464 176
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Table 10
Students’ personal epistemological beliefs: Percentage of students holding each category
Year Absolutists Multiplists Evaluativists Mixed
Pre
Year 7
Expt (n = 169) 1.8 14.2 76.3 7.7
Control (n = 167) 15.0 14.4 64.1 6.6
Year 9
Expt (n = 94) 5.3 17.0 71.3 6.4
Control (n = 168) 7.1 13.1 75.6 4.2
Post
Year 7
Expt 4.7 11.8 77.5 59
Control 7.8 13.2 74.3 4.8
Year 9
Expt 13.8 13.8 69.1 32
Control 6.0 7.7 83.9 2.4

that there are no criteria to distinguish between claims to knowledge) and evaluativists (those
who believe that claims to knowledge can be evaluated against agreed criteria). Table 10
shows the distribution across the whole sample for each Year and includes a column of
“mixed”” where the students adopted a different position on each question.

The main feature of note to emerge from this analysis is the large number of students
who seem to be operating with an evaluativist epistemology—a stance which is commonly
regarded as the most sophisticated form of epistemology. This finding contradicts that of
Kuhn et al. (2000) who found that only 32% of eighth graders and 38% of 12th graders held
such a stance. A chi-square test shows that the distributions were significantly different
between the experimental and the comparison group in the Year 7 (p < 0.001) cohort prior to
the intervention but not after. This is due predominantly to the difference in the number of
absolutist thinkers (more in the comparison group) initially which had disappeared after
the intervention. For the Year 9 group, there was no significant difference beforehand but
there was afterward (p < 0.05) which was due to the enhanced number of absolutists in the
experimental group afterwards and the enhanced number of evaluativists in the comparison
group. None of these effects are large compared to the predominance of evaluativists overall
and suggesting that the intervention has not had a substantial effect on students’ personal
epistemological beliefs.

Measurement of Student Attitudes and Engagement

The attitude instrument consisted of 74 items which measured 11 constructs on indepen-
dent scales which was confirmed by a factor analysis. In addition, a 12th single item tested
the extent to which students perceived discussion to be a feature of the classroom environ-
ment. A two-way ANOVA was conducted to identify significant differences that might exist
between the samples beforehand and then an ANCOVA on the post-test results using the pre-
test response as the covariate. Significant differences identified are shown in Table 11 with an
indication of which group has improved more.

The general features are that prior to the intervention the experimental group in Year 7
had significantly better scores on the constructs of task orientation (the extent to which they
viewed learning as an end in itself), the work aversion scale (indicating a greater willingness
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to undertake the work required), their interest in learning science, the social value of science,
and their enjoyment of learning science. However, after the intervention, these differences
had disappeared and the comparison group had improved more on their perception that there
was a collaborative climate in the classroom and ego orientation (indicating that they were
less focused on their own achievement).

The picture for Year 9 is more mixed with the comparison group initially having a more
positive ego and task orientation that had disappeared 18 months later. Conversely, the experi-
mental group had more interest in learning science and placed a higher rating on the social
value of science. Eighteen months later, interest in learning science was even stronger for
the experimental group but the difference in their ratings of the social value of science had
disappeared. The other change was that the perceived difficulty of science had reduced more
for the comparison group than the experimental group.

Thus, it would seem that the intervention has had some negative effects on interest and
engagement for the experimental group in Year 7 whilst the picture for the Year 9 cohort is
that overall it has made little change apart from the one notable effect of improving their
interest in learning science.

Discussion

Overall, the picture obtained from this research then is essentially one of null findings—
that is the intervention has not shown any consistent effects for student reasoning, student
engagement, or an improvement in their epistemic understanding. Nevertheless, we would
still argue that there is much to be learnt from their publication. First, such findings establish
a deeper understanding of what is, and what is not achievable by professional development.
Findings such as these then act to prevent the bias that arises in our understanding of a
phenomenon (Lehrer, 2010; Moller & Jennions, 2001) such as that identified by Thomas
Sterling who noted in 1959 that 97% of all published studies in psychology found the effect
they were looking for with statistical significance (Sterling, 1959).

Any educational intervention must compete for success in the maelstrom that constitutes
the daily life of the teacher. This work sought to see whether such practices could gain accep-
tance and a toehold within the common practice of the teaching of school science without
extensive professional development and coaching and affect student outcomes. Whilst
evidence exists that professional development can be successful at significantly enhancing
student outcomes (Yoon et al., 2007), what has been shown to work to date is costly and
many school systems cannot afford to support teacher professional development to this
extent.

Thus, this research was an attempt to see if change could be effected with a minimal
intervention. The school case studies, yet to be reported, demonstrate that changes in curricu-
lum content and teaching approaches took place in all four schools, but the extent and nature
of change was variable. One detailed case study of two of the teachers conducted by
Christodoulou (2011) suggests that the teachers’ use of argumentation was still developing
18 months after the start of the project. In addition, the complexity of school policy,
departmental culture and leadership style, together with differences in the expertise, beliefs,
priorities, and teaching goals of the individual teachers, resulted in four quite different
pictures of innovation.

Moreover, while all the schools volunteered to participate in the project, the individual
teachers themselves were not necessarily volunteers. Clearly, it simplifies the testing of any
scheme to work solely with teachers who are committed to the educational values and per-
spectives of any project. However, testing any kind of intervention at scale must demand the
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participation of teachers who have been required to use a new approach. Only then would the
trial of the innovation be a true test of what the outcomes might be when implemented at
scale. To date, however, work in professional development has used groups of volunteer
teachers. Little is known how the findings might differ if studies were not limited to motivat-
ed volunteers. Thus, the context for this study is a more accurate reflection of the range of
commitments that might commonly be found in schools for learning new strategies and
practices.

In their review of what works in professional development, Guskey and Yoon (2009)
point out that none of the interventions that showed positive effects had <30 contact hours of
professional development and none of these used a train the trainer approach. Given that
<30 hours contact time of professional development was offered to all of the teachers other
than the lead teachers and that the model here was one of training the trainers, these findings
give further support to the conclusion reached by Guskey and Yoon and suggest that attempts
to circumvent this amount of training such will not succeed. Indeed, duration is one of the
five core features of successful professional development identified by Desimone (2009). The
other four are content focus, active learning, collective participation, and coherence with
teachers’ knowledge and beliefs. While the program contained four of these features, the
extent to which it was coherent with the knowledge and beliefs of the teachers did vary from
school to school and from teacher to teacher. Moreover, the framework we were using was
based on the idea that teacher development would be essentially internal to each school and
teacher driven. In their work testing the STELLA model of professional development, Roth
et al. (2011) found such an approach lacked sufficient focus to develop the specific change
they sought. Hence, they imposed a more externally driven framework to maximize their
impact. Thus, a primary reason for the null findings of this study may be that this kind of
intervention does not change teacher practice sufficiently to affect student outcomes.

Another possible reason for the null effect we obtained is that our instruments did not
measure the variables that we sought to measure—that is students’ facility with reasoning,
their engagement with science, or the changes in their epistemic beliefs. This argument is
possibly most valid for Raven’s matrices as a test of reasoning as these are non-verbal and
domain free. Given the argument that reasoning is domain dependent and that scientific rea-
soning requires scientific knowledge (Perkins & Salomon, 1989), there is some justification to
this point. The counter-argument is that argumentation requires the discursive use of evalua-
tion which sits at the top of a cognitive hierarchy which goes from recall to explanation to
juxtaposition to evaluation itself (Klahr, Zimmerman, & Jirout, 2011). Argumentation there-
fore requires the performance of evaluation and the exercise of reasoning—the very ability
which is measured by Raven’s matrices (Billig, 1996; Kuhn, 1992)—albeit non-verbal.
Moreover, what we found was no effect on nearly all measures rather than any one. This
outcome would suggest that it is not flaws in the instruments itself which might account for
the null findings.

Our view is that what the field can learn from this study comes from an analysis of the
constraints within which the study was conducted. First, we were asking teachers to adopt a
new instructional practice. An accumulating body of empirical evidence (Martin & Hand,
2009; Ratcliffe, Hanley, & Osborne, 2007) would suggest that it takes a minimum of 2 years
for teachers to begin to use new instructional practices in an effective manner. The first year
requires teachers to attempt new practices that involve risk and uncertainty (Claxton, 1988).
Inevitably, teachers will make mistakes raising the issue of whether there has been fidelity of
implementation—that is was the practice implemented in a manner which was the intention
of the researchers. In the research conducted by Martin and Hand (2009)—a longitudinal case
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study of one experienced teacher’s attempt to embed elements of argumentation into her
science classroom—the teacher took 2 years to become competent with the practice.
Likewise, Ratcliffe et al. (2007) found that it took a 2-year cycle of one new, innovative,
junior high-school curriculum for teachers to become familiar with the goals and the appro-
priate instructional practices. Similar findings emerge from the work of Adey and Shayer who
found no immediate effects on student performance when students were tested immediately
after their “Thinking Science intervention” (Adey & Shayer, 1993) and more recently in the
work of Allen, Pianta, Gregory, Mikami, and Lun (2011) who found no student effect until
the post-intervention year. Looked at from the perspective of the interconnected model of
Clark and Hollingsworth (2002), it would suggest that time is required to forge the connec-
tions that lead to change between the domain of practice, the domain of consequences, and
the personal domain.

Moreover, for teachers, professional learning is not just a case of developing a new skill
but also one of developing a deeper understanding of the theoretical rational of any practice.
Achieving such an understanding requires a mix of explicit discussion and reflection on prac-
tice that varied considerably in the experimental schools. Other empirical evidence would
suggest that achieving competence with new practices takes time. Indeed, the work of Roth
et al. (2011) on the Science Teachers Learning from Lesson Analysis (STeLLA) project
would suggest that a minimum of 100 hours of professional development is required to
achieve changes in teachers’ instructional practice that leads to enhanced student learning.
Even then, as Garet et al. (2011) have shown in their systematic study of an extensive (and
expensive) mathematics professional development program for middle school teachers, signif-
icant change is not ensured. Heller, Daehler, Wong, Shinohara, and Miratrix (2012) recently
published research on professional development using 270 schools and 7,000 students does
show positive effects on teacher knowledge and student attainment but all of the measures
were of knowledge or justifications and not of teacher practice. In contrast, Greenleaf et al.’s
(2011) intervention did attempt to change teacher practice. Using a group-randomized experi-
mental design with 105 volunteer biology teachers in 83 schools approximately half of whom
were assigned to the treatment group and half to the comparison group, this intervention
sought to develop high schools teachers’ facility to make more extensive use of texts in their
teaching. Teacher practices and their changes were measured indirectly from sample lesson
materials and samples of student work. Their intervention consisted of a 2-year intervention
with summer institutes with follow-up sessions within the school year. Teachers worked in
school-based teams that were organized in cross-site learning networks. These researchers
found positive effects for students in language arts, reading comprehension, and biology on
state standardized tests with effect sizes of 0.23, 0.24, and 0.28, respectively. Notable though
is that the professional development had a very specific focus and was undertaken with
volunteers.

In contrast, our research had no content-specific focus but its goal was the acquisition of
a generic pedagogic practice—the use of argumentation and a more dialogic and interactive
pedagogy. And just as the acquisition and use of new word takes 7-10 uses of the word
(Waring & Takaki, 2003), a recognition of the word’s value and a motivation to use the word
fluently and correctly, so does the acquisition of any new practice require an understanding of
its value, a motivation to use it, and finite number of attempts to acquire fluency with its use.
Thus, the sine qua non of professional development has to be first building an understanding
for teachers in well-articulated and clear terms of the underlying theoretical rationale and the
empirical evidence to justify the value of acquiring the new practice or practices. In this case,
that engaging students in argumentation, deliberative discussion and productive talk can
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change the classroom dynamic to one which is more challenging, stimulating and engaging.
To this end, video exemplars of “authentic”* classrooms such as those in the IDEAs pack or
those offered by the TERC Inquiry Project (http://inquiryproject.terc.edu/) that offer a clear
goal of the outcome of competent practice are invaluable. In essence, they provide models of
expertise and currently there are insufficient exemplars to use either in initial training or
further professional development.

Models of expertise, however, are only a necessary but not sufficient condition for teach-
er learning as acquisition of a new practice depends on systematic opportunities to build
fluency with the practice. Moreover, initial attempts are most likely to fail—just as they
would for anybody attempting to hit a golf ball correctly, play a musical instrument, or paint
a landscape. In all other domains, competence is acquired by engaging in highly constrained
and well-defined exercises which, whilst challenging, are designed to ensure sufficient success
to build a sense of progress. In music, for instance, the novice learns how to play simple
scales before moving onto exercises involving chords. What we lack currently is a sense of
what kinds of initial exercises are needed to develop and implement a more dialogic approach
to teaching science, which of these are more crucial, and what is the appropriate sequence.
Research suggest that establishing classroom norms for productive discourse is essential
(Mercer et al., 2004; Michaels et al., 2008) but beyond that little knowledge exists that could
reliably guide action. One solution is an attempt to identify high-leverage practices”
(Windschitl, 2009) but little evidence exists as to what those might be. Waiting more than a
second for a student answer to a teacher question is one well-known practice that has been
identified to have a significant positive effect on student learning. Yet knowledge of its value
is far from pervasive and its use even less common. The medical equivalent is the regular and
thorough washing of hands. Yet 150 years after Lister’s identification of its importance, it still
proves difficult to implement (Gawande, 2007).

More importantly for teacher learning, is the need to recognize that failure is an inherent
feature of acquiring the new skill. Teachers on professional development programs must,
therefore, be prepared for failure and how to deal with its consequences both for themselves
and their students. Progress can only be attained by reflection on practice and identifying the
flaw or flaws that led to failure. Skilled coaches who can help identify the current weakness
in practice help enormously at this point. Likewise, recognizing aspects that contribute to
success with any practice that needs to be consolidated is equally important.

These reflections lead to a view that the essential elements of any professional develop-
ment which seeks to change teacher practice are:

e A clear and well-articulated rationale for the practice with supporting empirical evi-
dence of its value.

e Video exemplars of expert use of the practice.

o Identification of key features of the practice and a sequence of progressive steps
towards its attainment.

e A mechanism for providing feedback helping teachers to identify both success and
failure.

e Extensive opportunities to practice.

Limitations of the Study

There are a number of limits to this study that the reader needs to be cognizant of
interpreting the findings and their implications. First is that we have no exact measure of the
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nature of the intervention. We do not know which students were taught by which teachers,
how many lessons were devoted to the use of argumentation, how long these experiences
were and their nature. What we do have for each school is a map of how the curriculum was
affected, the manner in which the intervention was implemented, the nature and focus of the
discussions at the reflective meetings and a set of video observations of the lead teachers and
others teachers who agreed to be videoed. However, these videos cannot be considered as
representative of what was, or was not happening within the department as a whole. Taken
together all these data have enabled us to build a picture of the differing ways in which
the intervention was enacted in the four schools. Full details will be reported in future
publications.

The consequence is that the intervention must be considered to be a treatment which is
happening at the level of the school and the study one which has attempted to measure its
outcomes on students as whole rather than a model which sought to measure the effects at the
teacher level and then on students—a design which would have enabled analysis using hierar-
chical linear modeling. A design, however, that would have required considerable more re-
source to undertake.

Second is that we have no direct measure of students’ facility with argumentation in
science—the capability that the intervention was trying to develop. Specific tests that do exist
of scientific reasoning such as the Lawson test (Lawson, 1978) have been designed to test
students facility with logico-mathematical reasoning and not their ability to construct and
critique evidence-based arguments reliant on data and justifiable warrants. The lack of such
instruments remains a serious problem for quantitative intervention studies which focus on
argumentation. Whether the construct measured by Raven’s matrices is a justifiable proxy for
students’ ability with argumentation is uncertain.

Thus, what this study provides is essentially a “fuzzy generalization”—a summary which
states that “particular events may lead to particular consequences,” or in this case to no
consequences, and which depends on making ‘“‘clear the context of the statement and the
evidence justifying it,” in so doing it provides ‘“‘a powerful and user-friendly summary which
can serve as a guide to professional action” (Bassey, 2001). What lends weight to our con-
clusions is that it is drawn from a number of measures of different constructs and in no case
was there any evidence of a significant effect. It is this absence of an effect that warrants
publication and exploration of its implications for the field.

Conclusions and Implications

This research contributes to informing the work on professional development in two
ways. Two possible hypotheses could explain the findings. First, the minimal level of inter-
vention used in this research may be insufficient to achieve any substantive change in teacher
knowledge and practices—that is change may only be achieved by more sustained and inten-
sive professional development that requires more resource either of teacher time, peer sup-
port, or specific coaching. Second, it raises the question of whether effects might have been
seen in the years after the intervention as has been observed in other studies when teachers
have fully assimilated the practice. Eliminating this second hypothesis as an explanation in
future studies will require extended research designs that look for student effects in the years
following the intervention.

Third, what these findings do is add to the body of literature that suggests that teacher
change is a complex and slow process. As Opfer and Pedder (2011) point out the relationship
between changes in practice, changes in belief, and changes in students is reciprocal—with
changes in one being contingent on changes in another. As a corollary, teacher learning is
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essentially complex and it requires a more holistic approach to its study that should aim at
“identifying the edges of generalizability and variation that characterize the patterns and
process that constitute teacher learning (p. 396).”” What this study offers then is a contribution
to identifying one such edge—that is the minimal level of intervention, style of leadership
and time that is necessary to see the kind of change in practice that can have a measurable
impact on student outcomes. Moreover, we would go further in arguing that just as the les-
sons learned from the disasters of engineering design have done more to advance engineering
knowledge than all the successes (Johnson, 2009; Petroski, 1996), that likewise there is much
to be learnt from those attempts at professional development which do not succeed.
Identifying failure requires clear and valid measures of outcomes that must assess at a mini-
mum changes in teacher performance. Moreover, it also requires a clear and theoretically
well-grounded model underlying its design which can be examined for the flaws and mistaken
assumptions that led to less than optimal outcomes. In presenting the outcomes of this work,
we have attempted to offer a model for testing and evaluating professional development from
which the community as a whole might learn. In that sense, the research is a contribution to
identifying the lessons of the past so that others are not condemned to repeat them.

If we can eliminate our second hypothesis that no effect was seen because the interven-
tion had insufficient time to take root and for teachers to build their competence with argu-
mentation, then the lack of any student effects would suggests that transforming teacher
practice is not amenable to such minimal solutions. Rather, it suggests that change will only
be achieved with more sustained and intensive professional development that requires more
resource of teacher time, peer support, or coaching and models of what are the major identifi-
able steps in pedagogic practice with argumentation in school science. Essentially, the field
needs a deeper understanding of the nature of professional development and instructional
strategies that will lead to greater use by teachers of science of a more dialogic approach. In
particular, what are the critical features of any program and the key processes that will initiate
and mediate change? Only when we have systematic and rigorous answers to these questions
will it be worth exploring the effects on student outcomes.

Commenting on the nature of research evidence and the implications of negative findings,
Millar and Osborne (2009) make the following point:

What if the outcome of the trial is less positive, that is, there is no significant difference
in average score between the experimental and control groups? Can we conclude that
the intervention is not worth using? ... Perhaps the underlying strategy on which the
experimental intervention is based is sound, but it has not been implemented well with
this particular content. Or perhaps the lack of commitment to the intervention by some
of those required to implement it has cancelled out any gains achieved by those who
did favor it.

Whilst the data collected from this study cannot provide definitive answers to such ques-
tions, they do go some way to filling some of the vacuum of empirical evidence about inter-
ventions at scale, using participants who were not all volunteers that have attempted to
measure the effect on student learning, reasoning, and engagement. As Roth et al. (2011)
point out, “surprisingly little has been documented about the impact of professional develop-
ment on science teacher learning, teaching practice, and student learning” (p. 117) and then
most of that has been on teacher learning or teacher practice rather than student learning.
Only recently has work begun to appear which addresses this lacuna. This work is one contri-
bution to our knowledge of what needs to be done to effect teacher practice and, in turn,
student learning. While our project may have been a bridge too far we hope that it offers
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valuable insights for building and deepening our understanding of what can and cannot be
achieved by teacher professional development.

This work was funded by the UK Economic and Social Science Research Council -
Grant No RES-062-23-0571.

Notes

'As a matter of record and important to interpreting some of the positions adopted in this
article, the work reported here was originally conceived and conceptualized in 2006.

%Author’s original emphasis.

*The UK education system refers to Years rather than Grades. Children in Year 7 are
commonly 11-12 years old and in Year 10, 15-16 years old.

“We use the term here “‘authentic’; in the sense used by Sartre (1969) in that it is not a
property of the context but an outcome of a judgment by each individual about the setting
and the actions they observe.
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