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ABSTRACT: Teaching that is responsive to students’ ideas can create opportunities for
rigorous sense-making talk by young learners. Yet we have few accounts of how thoughtful
attempts at responsive teaching unfold across units of instruction in elementary science
classrooms and have only begun to understand how responsiveness encourages rigor in
conversations. In this study, the first author taught an electric circuits unit to four upper
elementary science classes, exercising a responsive teaching stance. We found that rigorous
episodes of whole-class talk were associated with the teacher’s use of open-ended ques-
tions, follow-up prompts, references to activity or representations, prediscussion tasks, and
asking students to comment on their peers’ ideas. Overall, higher rigor talk co-occurred with
these conditions when used in combination. Despite being responsive to students’ emerging
ideas, all four classes addressed the science ideas for the unit—an outcome we attribute to
the use of an anchoring phenomenon and the teacher’s awareness of the concepts required to
construct evidence-based explanations for it. Finally, concerted attempts to teach in respon-
sive ways—while also attending to rigor—surfaced pedagogical tensions that problematize
efforts to create such discourse-rich environments and inform how this type of instruction
might be enacted by others.  © 2016 Wiley Periodicals, Inc. Sci Ed 100:1009-1038, 2016
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INTRODUCTION

The call to engage students in productive talk is now at the heart of current science
education reforms—students are expected to participate in disciplinary discourse at more
rigorous levels than ever before (National Research Council, 2007, 2012). These aspirations,
however, contrast with commonplace norms in American science classrooms. For example,
current elementary science instruction is frequently based on activities that are only loosely
linked to science ideas via conversations. Often, whole-class “discussions” are times when
teachers simply explain science ideas to students (Corcoran & Gerry, 2011; Davis &
Krajcik, 2005; Roth et al., 2006). These pedagogies are not sufficient in light of the Next
Generation Science Standards (NGSS Lead States, 2013), which demand that students
take a more central role in the discourse-intensive work of developing and revising models,
creating explanations, and arguing with evidence—while simultaneously learning and using
conceptual content in these practices. To accomplish these goals through talk requires that
the teacher uses specialized discourse routines, talk norms, and a strategic balance of
dialogic and authoritative communication with students (Engle, 2006; Leinhardt & Steele,
2005; Mercer, 2008; Minstrell & Kraus, 2005; Mortimer & Scott, 2003; Sfard & McClain,
2002; Van Zee, Hammer, Bell, Roy, & Peter, 2005).

While prior research has described what productive academic talk sounds like in class-
rooms (Chin, 2006; Engle & Conant, 2002; Michaels, O’Connor, & Resnick, 2008), few
studies have examined whole-class conversations across entire units of instruction to sys-
tematically assess the kinds of classroom conditions that both reflect teacher responsiveness
and afford rigorous intellectual work to be accomplished by students through talk. In this
study, we document talk opportunities for students during a 3-week unit on electrical cir-
cuits, taught by the same teacher in four different elementary classrooms at two school
sites. We seek answers to the following research questions:

1. Canateacher’s use of responsive discourse with students consistently support rigorous
whole-class conversations across units of instruction?

2. Under what teacher-mediated conditions (TMCs) are students more likely to engage
in rigorous science talk during whole-class discussions?

3. Does the teacher’s attention to students’ science ideas shift the trajectories of units in
ways that preclude engagement with some important curricular topics?

We intend to make contributions to the literature on responsive discourse and sense
making in two ways. First, we focus on the explanatory rigor of students’ talk and the teacher
moves and conditions that co-occur with this talk in whole-class settings. Research focusing
on “responsive instruction” often lacks close attention to the development of substantive
disciplinary ideas which can include students’ attempts at causal accounts of phenomena
(Coffey, Hammer, Levin, & Grant, 2011). Yet, the literature describing teachers learning
to notice, assess, and respond to students’ ideas is at least partly based on the assumption
that these skills will assist young learners in developing or analyzing explanations and to
cultivate an understanding of science concepts as part of this effort (Levin, Hammer, &
Coffey, 2009; Michaels et al., 2008; Rosebery & Warren, 2008; Sherin & van Es, 2009).
To ground our notion of rigor, we draw upon Ford and Wargo’s (2011) assertion about
disciplinary discourse—that the dialogic understanding of an idea includes: being able
to use it to explain a phenomenon to others, being aware that any given explanation is
one among many alternatives, and being able to assess the credibility of one’s ideas or
explanations based on evidence. Engaging in talk that reflects these understandings and
abilities is important not only because of its instrumental value in developing conceptual
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knowledge, but also because it embodies a powerful epistemic stance toward knowledge
building that can be used in any domain of science (Framework; NRC, 2012). The second
contribution of this study is the documentation of all whole-class discussions in four
different classrooms during the same unit of instruction with the same basic attempts
at discourse moves and scaffolding. We examine, in particular, whether combinations of
these moves/scaffolding co-occur with rigorous talk by students. Most close analyses of
discourse focus on a defined set of conversations within the context of a single classroom
or lesson. While these have yielded valuable theoretical insights about what is possible for
students and teachers, they do not directly test hypotheses that correlate rigorous talk by
students with teacher moves and/or forms of scaffolding over the duration of a unit, where
the circumstances of whole-class conversations each day can vary significantly. The design
used in this study further allows us to look at four different classrooms so that, in aggregate,
trends are less likely to be explained by the presence of a few students who dominate the
talk environment, or by unique conditions (topic of the day, student involvement in an
exciting activity, etc.). Using the same teacher across multiple contexts allows us to assess
the influence of consistently applied moves or uses of scaffolding that is hard to achieve
when working with multiple teachers.

BACKGROUND
What Does it Mean to be Responsive to Students’ Ideas?

Recent research in the areas of student learning, expert teaching, and knowledge con-
struction in the disciplines, has converged on the vision of classrooms as communities in
which the careful orchestration of talk by teachers mediates increasingly productive forms
of reasoning and activity by students (Engle, 2006; Leinhardt & Steele, 2005; Minstrell &
Kraus, 2005; Mortimer & Scott, 2003; Sfard & McClain, 2002). Sense making is a form
of reasoning that requires students to “act on” ideas—generated from both authoritative
academic sources and from one’s own base of knowledge and experience—by elaborating
on them, disambiguating them from related ideas, questioning their coherence, compar-
ing and contrasting them with other ideas, considering how to test them, assessing their
credibility against evidence, representing them in various forms, reconstructing them, and
applying them to explain different situations (Michaels et al., 2008). From a sociocultural
perspective, much of this work is best conducted on the social plane of the classroom.
Students can participate in intellectual work with peers, access the reasoning of others,
experience how a community deals with uncertainty, and observe how “what we know”
changes over time (Brown & Campione, 1996; Engle & Conant, 2002; Scardamalia &
Bereiter, 2006). By necessity, teaching that accommodates this kind of collective sense
making in effective ways uses students’ ideas, questions, and everyday experiences to fuel
sense-making conversations.

Being responsive under these conditions also requires an ongoing press by teachers
and students for creating mutual understandings about the science ideas in play. Pierson
(2008) characterizes responsiveness as the “attempts to understand what another is thinking,
displayed in how a conversational partner builds, questions, probes, clarifies, or takes up
that which another has said” (p. 25). From a teacher’s perspective, responsiveness includes
deciding from a repertoire of moves how one might create an opportunity for students’
meaning making given the conversational context (i.e., by posing a question based on what
was said, making a connection back to a prior contribution, asking students to compare two
of their recent claims, etc.; see Ball, Lubienski, & Mewborn, 2001). To further facilitate
talk, teachers can engage students in tasks that help them represent and inspect each other’s
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ideas (in writing or drawing) over the course of the unit (Danish & Enyedy, 2006; Linn &
Hsi, 2000; Radinsky, Oliva, & Alamar, 2010). In such classrooms, thinking is made visible
and public, so that it can be acted upon by the group as well as by individuals. The scientific
practice of modeling, for example, is designed to allow communities (of scientists or young
learners) to make their current thinking explicit so that ideas represented in the models can be
discussed and tested. Collaborative sense making is valuable but challenging in classrooms
because it is socially negotiated, contingent upon shared knowledge and intersubjectivity,
and always a work in progress.

There is evidence that students can take up discourse norms characterized by respon-
siveness to peers (see Thompson et al., 2016; Stroupe, 2014; Jadallah et al., 2011). For
example, in whole-group discourse, the teacher can provide examples of what probing an
idea sounds like. Students themselves may take up such probes in whole-group conversa-
tion or in small group and pair interactions. Responsive science teaching can demonstrate
for students how to respond to a peer’s idea by asking for more information to clarify a
word or phrase, adding onto the idea by agreeing, posing an alternative idea or disagreeing
with the reasoning, etc. At first, students may appropriate these superficially, enacting talk
moves without attention to the content of their peer’s ideas; however, with practice and
reflection, both students and teachers improve at being responsive to the thinking of others
in productive ways.

On a larger timescale, responsiveness can be reflected in changes teachers make to lesson
or unit trajectories. When students express particular interest in or confusion about some
aspect of a phenomenon, the teacher may decide to shift the makeup of lessons so those
science ideas can be explored in more depth. In one study, for example, seventh-grade
students working on a unit about batteries and the transformation of energy became in-
terested in the different ways that they could charge their cell phones (Windschitl, 2013).
In response, the teacher recast the next few lessons so that students could use their ev-
eryday experiences with cell phones as the basis to help them understand the relationship
between chemical and electrical energy. Adaptations to lessons and resequencing unit
activities based on students’ interests, puzzlement, and confusion are becoming more fre-
quent in the literature as examples of skilled pedagogical practice and equitable instruction
(Calabrese-Barton & Tan, 2009; Rosebery, Warren, & Conant, 1992; Stroupe, 2014).

Students’ Ideas as Resources

A fundamental principle underlying both responsive teaching and equitable teaching in
general is that students’ science ideas are leverage-able intellectual resources that can be
used by educators to support reasoning and, in turn, learning. This stance acknowledges a
broad range of assets that students work with in developing their own understandings and
rejects the notion that soliciting and privileging “correct answers” from students engenders
meaningful forms of understanding. One class of resources relevant to science is concrete,
phenomenon-specific intuitions and experiences that can serve as referents to inform more
coherent and generalizable scientific theories (diSessa, 1993; Maskiewicz & Winters, 2012).
Maskiewicz and Winters (2012) use the term “resources” (rather than expertise, knowledge,
beliefs, skills, or conceptions) to emphasize that students’ contributions are often composed
of small-sized, disjoint, context-sensitive ideas that can, with instructional guidance, serve
as building blocks for productive theorizing. Other student resources are epistemic (e.g.,
ideas that knowledge about the natural world can be constructed rather than received from
authority figures) and are hypothesized to support the ability to participate in activities
related to the generation of knowledge (e.g., analogy work, argumentation, modeling) and
guide the direction of inquiry activity (Hammer & Elby, 2002; Louca, Elby, Hammer,
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& Kagey, 2004; May, Hammer, & Roy, 2006). Students’ ideas are resources not just for
teachers but for their peers as well. To be used as such, thinking has to be made public
(Michaels et al., 2008) and teachers have to help everyone in the classroom develop the
habits of listening to and critiquing the partial understandings of others.

Elementary teachers typically do not have difficulty surfacing students’ resources; how-
ever, helping them develop these into connected and accurate conceptions over time is more
challenging (Harris, Phillips, & Penuel, 2012; Richards & Robertson, 2015). The treatment
of questions and answers when teaching responsively differs from that of traditional sci-
ence pedagogy. In traditional science teaching, the teacher responds to students’ answers by
acknowledging them and/or evaluating them; students’ questions are treated as requests for
information, which the teacher typically provides, acting as the science authority. In these
cases, the teacher may be responding to students when providing requested information
but is not being responsive to students’ ideas. To be responsive to students’ ideas, relevant
resources of all kinds must first be activated and then collectively refined and revised over
time through purposeful activity and discourse.

How Scaffolding Supports Classroom Discourse

Scaffolding is necessary for rich classroom discourse, in part because students are asked
to do unfamiliar interactive work with the ideas of others and to engage with abstract science
ideas. Successful scaffolding strategies have taken the form of providing structure as stu-
dents attempt challenging performances (Hmelo-Silver, Duncan, & Chinn, 2007; Sandoval
& Reiser, 2004), using specialized intellectual roles for students in group work (Walqui
& van Lier, 2010; Cohen, 1994), making features of scientific work and thinking explicit
(Bell, 2004, Edelson, Gordin, & Pea, 1999, Sandoval & Reiser, 2004; Lee & Songer, 2004),
and prompts for students to use particular reasoning strategies (e.g., Derry, Hmelo-Silver,
Nagarajan, Chernobilsky, & Beitzel, 2006; White & Frederiksen, 1998). A small body of
studies has demonstrated potential links between scaffolding and students’ contributions
in discussions. Explicit requests by teachers to make sense of complex phenomena by
referencing recent learning activities have encouraged sense-making discussions (Brown
& Campione, 1996; Forman & Ansell, 2001). Modeling environments, and in particu-
lar, opportunities for students to generate pictorial representations of natural events, have
coincided with more productive whole-class argumentation (Buckland, 2008; Lehrer &
Schauble, 2012; Passmore & Stewart, 2002). A study investigating middle school students’
responses to teacher prompts for discussion found that students were more likely to share
their thinking and describe a diversity of ideas in writing as opposed to whole-class talk
(Ruiz-Primo & Furtak, 2006; Pimentel & McNeill, 2013). This suggests that there may be
some benefit to preconversation writing tasks to help students make their ideas public and
prime them to comment on the ideas of others. These forms of scaffolding however are
likely ineffective for generating talk unless norms for discussion and activity structures are
in place (see, e.g., Herrenkohl, Palincsar, DeWater, & Kawasaki, 1999).

The Role of Rigor in Responsive Teaching

In this study, most opportunities to engage in disciplinary thinking came about through
students’ involvement in the scientific practices of explanation, modeling, and argumenta-
tion (Lehrer & Schauble, 2005; McNeill & Krajcik, 2008; Reiser, 2004). These practices
involve the gradual construction of “knowledge objects” and along the way engage students
in two fundamental epistemic conversations: What do we think we know? and Why are we
convinced we know it? (Duschl, 2008). Inherent in this vision of teaching is a commitment
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to merging ideas about rigor and responsiveness under the general umbrella of reasoning
about phenomena and constructing evidence-based explanations in a way that values the
progress of students’ ideas as a disciplinary norm (Bereiter, 1994).

Within this context, rigor is not a characteristic of curriculum. Rather, it is assessed by
the levels of intellectual work students engage in during class discussions that are broadly
associated with the following: clarifying or challenging conceptions that are central to
an explanation, attempting to link observations to unobservable events and processes,
comparing and contrasting explanations, and using evidence to support or refute an idea.
These are not unlike the higher cognitive demand tasks used in the mathematics education
community (Stein & Lane, 1996) and similar to how Ford and Wargo (2011) describe the
aims of disciplinary discourse—to use ideas to create an explanation, select from multiple
explanations, and assess the credibility of explanations using evidence.

No conversation of rigor is complete without addressing the perennial debate about cov-
erage of material (see Osborne & Dillon, 2008; Sykes, Bird, & Kennedy, 2010). Responsive
and rigorous teaching spends more time on fewer (but more central) science ideas than does
traditional teaching. Concerns about engaging students with the full range of science ideas
that have been expressed in the new standards are real. The Framework document for the
Next Generation Science Standards (NRC, 2012), for example, argues for a balance be-
tween depth and breadth but does not describe what that would look like in a classroom.
There have been only a few studies that demonstrate how both depth and breadth are pos-
sible when teaching responsively (see, e.g., Hammer, 1997), and none have intentionally
compared the variations in topics students addressed in multiple classrooms where similar
units of responsive teaching have been enacted. Our study tests the assumption that working
on and with students’ ideas over the course of a unit does not preclude the exploration of a
wide range of related ideas that are described in a curriculum.

A DISCOURSE FRAMEWORK FOR RESPONSIVENESS

Our framework for responsive and rigorous science teaching first recognizes that any
talk happening in classrooms is influenced by particular conversational norms, interactional
routines, and the availability of tools. These can constrain or enable different types of dis-
cursive exchanges. We propose two possible pathways through which discursive exchanges
can unfold in whole-class discussion, which are associated with increasing or decreasing
the likelihood of engaging students in rigorous discussion. Both pathways begin with an
initiation which is typically a question or prompt posed by the teacher to which students
respond (Figure 1).

Either pathway could also be initiated by a spontaneous student contribution (represented
in box labeled “Student Response™) to which the teacher must decide how to respond. In
the moment, the teacher decides which responses by students should be incorporated into
the discussion, how they will be treated, and how the teacher’s response might encourage
others to then act upon the idea (Edwards & Mercer, 1987).

In the recognition/evaluation pathway, the teacher poses a question or prompt that intends
a discrete and easily evaluable response from students. When one is offered, the teacher
recognizes or evaluates it (e.g., “Thank you for that interesting idea ...” or “Not quite,
anyone else?”). This can happen respectfully; however, the teacher’s recognition/evaluation
terminates that particular line of thinking by the student—at least in terms of public
discourse. The exchange is typically followed by the teacher calling on another student
who introduces a new response, perhaps to a different question, obviating the need for
discussion about the original question and response. This dialogue pattern has been labeled
as I-R-E (initiation—response—evaluation) or triadic discourse (see Cazden, 1986; Mehan,
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Figure 1. Pathways for whole-class talk.

1979). The result of overusing the recognition/evaluation pathway is little intellectual work
done by students other than what is needed to provide a series of answers. Through this
routine, most students learn that they will not be held accountable for listening to their
peers or comparing different ideas.

In the responsive pathway, the teacher begins with an open-ended question. The nature
and quality of the questions teachers pose matter for the nature and quality of student
thinking they reveal and promote (Black & Wiliam, 1998). Substantial research supports
the value of open-ended questions that require and afford more thinking than short phrase
responses. Such questions elicit more information from students (Nystrand, Wu, Gamoran,
Zeiser, & Long, 2003) which then provides teachers with more data and prompts new
questions that can spark deeper student thinking (Minstrell & van Zee, 2003; Pierson,
2008). Following the students’ response to the open-ended questions (or perhaps multiple
student responses without evaluation), the teacher then enlists the responding student and
his/her peers to engage further with the ideas, observations, or experiences that have been
made public by asking others to do something more with these statements (e.g., “So I'm
hearing you say X, how is that like Inara’s idea about Y?” or “Can someone else elaborate
on Jose’s comment about X?”).

At this point the pathway becomes cyclical, but more importantly the pathway requires
the teacher to listen to the entire student utterance, then select a particular segment of
it that they should respond to while simultaneously selecting a discourse move that will
provoke further student reasoning—choosing, for example, who in the classroom should be
addressed, with what request (to revoice a peer’s statement, respond to a what—if scenario,
turn and talk to a partner), and for what purpose (clarification, purposeful puzzlement,
comparison, contrast, rerepresentation of ideas, etc.). The teacher must be responsive to the
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substance of student thinking (Coffey etal., 2011) and then ask other students to engage with
the original comment, deepening the conversation around a specific and important idea. The
responsive pathway allows for students to engage in multiple cycles of commentary around
one idea, connecting ideas, clarifying language, and making tacit knowledge more explicit
— all of which contribute to deepening the level of rigor emerging in the conversation.

Which pathway the teacher takes up depends on the purpose of the conversation—both
kinds of talk are useful in science classrooms. The recognition/evaluation pathway can be
appropriate when reprising what we, as a class, know so far; however, this pathway can
limit further thinking. More sustained, iterative talk is required for meaningful learning.
We note here that even though students can take on these responding roles to their peers,
for this study we are focused on the teacher’s initiations and responses within a whole-class
discussion setting.

Despite the impact of particular talk moves in sustaining conversations, other supports,
in the form of scaffolding, are needed. For the current study, we identified several kinds of
scaffolding that could be used to support whole-class discussion. One of these is identifying
a referent for discussions (Mercer, 2008). The referent functions as the object of conversa-
tion and the focus of attention as students engage in the joint work of discussion. Referents
used for this purpose could include a recently completed activity, a public record of ideas
generated by students, or a model that students create of a phenomenon. Another scaffold
strategy is a prediscussion task in which students either write individually or converse in
small groups to prepare them for whole-class talk (Walqui & van Lier, 2010). This can
serve to activate students’ prior knowledge and allow them to try out “rough draft” expla-
nations before offering them in a whole-class setting. Another form of scaffolding relevant
to discussions is the teacher making their thinking explicit, or demonstrating disciplinary
ways of expressing ideas and addressing explanations or evidence offered by others (Engle
& Conant, 2002; Herrenkohl et al., 1999; Sandoval & Reiser, 2004). These strategies often
work well in combination to support substantive conversation by a wide variety of students.

METHOD
Participants and Context

Participants in this study were students in two fourth-grade classes and two fifth-grade
classes at schools located in the Pacific northwest. Classes were selected using criterion-
based sampling (Merriam, 2009) where teachers were interested in deepening their under-
standing of students’ science discourse, open to having science lessons led by an experi-
enced guest teacher, and were planning to teach units on electrical circuits to fourth and
fifth graders. Two classroom teachers, Isabel and Mary, and their Grade 4 classes partici-
pated as part of a K-8 school, we call Glenloch Elementary, which reported 11% free and
reduced lunch, 78% White students, and 19% special education identified students. One
additional classroom teacher, James, and his Grade 5 morning and afternoon classes were
part of a K-5 school, we refer to as Southern Hills Elementary, which reported 40% free
and reduced lunch, 57% White students, and 11% special education identified students.
Class size ranged between 27 and 29 students in both schools.

Although the three classroom teachers collaborated with the primary author in plan-
ning lessons, the first author served as a guest teacher for all lessons during these units
in four classrooms and facilitated all whole-class discussions. The first author is an ex-
perienced elementary classroom teacher and instructional coach with a background in
responsive instruction. She spent time before each unit getting to know the students and the
culture of the participating classrooms (e.g., going out to recess with students, volunteering

Science Education, Vol. 100, No. 6, pp. 1009-1038 (2016)



ROLE OF SUPPORTIVE CONDITIONS IN STUDENT DISCOURSE 1017

These 3 ideas came from students’initial

e 0 = models and conversations. Students used
nb\@ activities from class to find evidence that
T \"\ W\ < supported or refuted their initial ideas.
‘Wires have to N . .
connect the (+) g2 R eige After collecting data from each investiga-
; a . : .
ey s throus e tion (listed in left column) students wrote
af . .
, metol WEE of metal. evidence on index cards
P P ——
Corlduz:‘:r? or T S

~Conductor? i _
oD/ ' o o -

i 7 o n-(\ Corduipl-Nal

2 Leaenes ’H‘Q“ W

% ‘r"\— Y Ml
Yoo Coptel whi

g d-‘;\ o Leh‘-‘

y Cononickp

Learning aboyt
Electrons Video

-— to
st e, o b poidat WU:"
- 4 wite, Yeae LYo &
- KT OndUCTOf'? OF‘ L,c,(o ,:i 3 Yot Oeopfiut rere N

208 e Poswue. Teisndie

AP |Nor|-Conduc?or?\| e

: 5% in ik electon i U v/
- > learned , that e )
\

Act Like an

Electron \v'. .Se
ﬁ-’gie d:ﬂce \'Jl"" }g&:
Lonect HﬁL itive
of ‘ffi’océ' ‘Da."ll']'f% -—

! 1

Figure 2. Example of on-going public record of students’ collective thinking; columns based on students’ initial
theories. Enlargement shows students’ writing about conductors and electrons.

in the classroom prior to the unit). By serving as a guest teacher for these units, the first
author took a similar responsive teaching stance with all four classes. This ensured that
particular conditions and a repertoire of discourse moves were similarly enacted during
each unit. By teaching an entire unit, rather than stand-alone lessons, the guest teacher de-
veloped rapport with students over time and gained a day-to-day working understanding of
the development of students’ science ideas across a unit. Being “inside” the work allowed
first-person insights into the kinds of dilemmas and ambiguities attendant to responsive
instruction.

The 3-week unit about electric circuits was anchored in the challenge of understanding
a complex yet accessible phenomenon for which students gradually developed models and
evidence-based explanations. The phenomenon was that of a “dying” flashlight—the device
was accidentally left on for a period of days, during which time it grew steadily dimmer
and finally stopped working. Students gathered support for their initial ideas through a
series of investigations (modified from curriculum and selected based on students’ shared
ideas) and were engaged in discourse on a daily basis around how particular pieces of
evidence connected to and helped explain the dying flashlight phenomenon. Discourse
occurred in pairs, in small groups, and whole class. The guest teacher and classroom
teachers used students’ models to continuously assess students’ thinking. During whole-
class discourse, the students created public records of their thinking based on their science
ideas, recorded evidence from activities, and also modeled circuit pathways (Figure 2).
These tools facilitated student communication, and they referred to these often during the
unit to elaborate on and justify their thinking.

The selection of this phenomenon was influenced by the district’s learning objectives
and state standards such that the majority of component ideas necessary to explain it were
covered within the grade-level science standards (13 of 20 concepts). Several additional
ideas were added to the lessons as they were needed for students to fully explain how a
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TABLE 1
Component Science Ideas for Students to Marshal in Explaining the Flash-
light Circuit Phenomenon

Theme Component Science Ideas

Matter (M) M.1** Matter is composed of particles (atoms, particles, electrons).
M.2** Particles have charges which makes some particles attracted to
other particles.
M.3** Particle arrangement in materials affects how electrons behave.
Conductors (C) C.1* Some materials conduct (metals, minerals); while others are
non-conductors or insulators of electrical energy (glass, plastic).
C.2* Conductors are a pathway for electrical energy.
C.3** Electron behavior affects the conductivity of a material.
C.4** The “bumping” of electrons is the energy moving through matter
Energy Source  B.1* There is energy/power stored in a battery.
(B) B.2** There are particular materials (chemicals) inside the battery that
react.
B.3* Batteries can “go out,” be “used up,” or “die” when chemicals inside
the battery change.
B.4* There is less energy available in the battery over time.
Energy Story (E) E.1* There are different forms/kinds/types of energy (i.e., chemical,
electrical, light, heat).
E.2* Energy can be moved (transferred) through matter.
E.3* Energy can be changed (transformed) by interactions with matter.
E.4** Energy cannot be created or disappear, only transformed or
transferred.
System (S) S.1* Parts of a circuit system must be connected in a particular way for
energy to be transferred.
S.2* Individual parts of the circuit system must each be working properly.
S.3* Parts each have a particular function.
S.4* There can be more than one of a part in the system (i.e., multiple
batteries, multiple bulbs).
S.5* One part of the system can affect another (i.e., more batteries
increases bulb brightness; dead battery affects bulb output)

"Denotes science standard and/or district grade level expectation (13 of 20).
“Denotes ideas that were added to fully explain flashlight phenomenon (7 of 20).

flashlight works and why it flashlight “dies.” As part of the planning practice, the guest
teacher and classroom teachers worked together to compose a gapless scientific explanation
of the event resulting in a list of 20 component science ideas described in Table 1. These
elements were then prioritized for inclusion in the unit and relative emphasis based on
their utility in helping students understand the scientific phenomenon. These planning
considerations were a necessary prerequisite for responsive teaching that guided, in part,
when and how the guest teacher made decisions about how to utilize students’ evolving
ideas.

During the unit, students conducted investigations, engaged in activities, and collected
evidence about each component idea, and then made sense of the evidence in relation to other
science ideas, making connections and seeing relationships that would ultimately allow
them the opportunity to stitch together their own evidence-based scientific explanations.
These explanations could take various legitimate forms and were not reproductions of any
textbook account.

Science Education, Vol. 100, No. 6, pp. 1009-1038 (2016)



ROLE OF SUPPORTIVE CONDITIONS IN STUDENT DISCOURSE 1019

Sources of Data

We video-recorded whole-class discourse throughout each of the units. For technical
reasons, a small number of lessons could not be recorded in their entirety. These few gaps
for the whole-class talk data were not systematic, but randomly occurred across all four
classes. Following each class, the guest teacher and the classroom teacher debriefed the
lesson, commenting on students’ thinking and how that might influence the instructional
choices during the following days’ activities. Other data sources included samples of student
work and public representations of science ideas created during class.

Data Analysis

We followed video analysis protocols recommended by Derry et al. (2010). After teaching
each of the units, the videos were transcribed in full. In broad strokes, these were examined
for (1) the full breadth of students’ ideas, experiences, and responses to one another; (2) the
intellectual rigor present in each discourse episode; (3) teacher discourse that preceded or
co-occurred with student responses for students to build on ideas in productive and rigorous
ways, as well as teacher responses that may have attenuated or redirected conversations; and
(4) other TMCs that characterized students’ opportunities to participate. Talk was analyzed
at the level of utterance—meaning an uninterrupted stretch of speaking by an individual
(Rowe, 2011). Each transcript was segmented based on the science content discussed. This
resulted in a total of 90 separate whole-group discussion episodes for analysis. This allowed
us to see if and when students’ ideas were acted upon, how, by whom, and how long a
particular idea was entertained. Each of these episodes received codes for rigor as well as
marked for which components of science ideas were present. The initial coding categories
are described below.

To enhance interrater reliability, the first and second authors began by collaboratively de-
veloping clear code definitions. The number of codes was kept limited as was the granularity
of data the code was applied to (Miles & Huberman, 1994). The two coders independently
rated a subset of the observations; these transcripts included both typical examples of
whole-class talk and samples that were thought to be exemplary in terms of rigor. The
coders then compared their analyses for both the level of rigor in student conversation and
the presence of particular TMCs. Disagreements were highlighted, and code definitions
were further clarified. Successive iterations of ratings, comparisons between rater’s anal-
yses, and code clarification resulted in approximately 80% joint probability of agreement
for rigor and for TMCs.

Components of Big Science Ideas. Transcriptions of each lesson were coded for the
presence of components of science concepts using student talk (see Table 1). Students typ-
ically voiced these by one of three means within whole-group discourse: (1) spontaneously
proposing an idea or hypothesis, (2) responding to a teacher’s question with evidence or
reasoning, or (3) responding to another student’s idea by building onto it, typically by
agreeing or disagreeing and then providing additional reasoning. Each idea represented a
concept that was “in play” (or remained “in play”).

Episode Rigor. Each sample of whole-group talk was broken into episodes by the com-
ponent idea(s) voiced. A new episode was designated when the students or teacher brought
up a different idea or otherwise shifted the direction of the conversation. In some episodes,
multiple ideas were in play; however, because students were referencing them against each
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TABLE 2

Coding for rigor in whole-group talk episodes

Code Level Definition

3 High Connects claims about observations to unobservable causal

mechanisms; building on others’ ideas; justifying claims using
evidence or logic; comparing or contrasting ideas; conjecturing
about relevant “what—if” scenarios in principled ways.

2 Moderate Includes partial sense making about a science idea, typically
pairing an observation with an inference about an unobservable
feature, or naming observable conditions under which a
phenomenon is likely to occur.

1 Low Relevant descriptions of activity (observations) or sharing a related
personal story/experience; some agreement and/or description
(one-word answers, short phrases) without elaboration.

other in one segment of time, these two or three intertwined ideas constituted a single
episode. Once episodes were identified and coded for the components of science ideas (us-
ing Table 1), each was then assigned a level of rigor based on how students were interacting
with science concepts in the episode (see Table 2).

During analysis, moderate and high codes for rigor were grouped together for clearer
comparison to low rigor episodes. The differences between rigor levels 1 and 2 (see
Table 2) in terms of intellectual work demanded of students turned out to be more substantial
than the difference in intellectual work required between levels 2 and 3. Because the goal
of whole-class talk was collective sense making, to count as moderate-or-high rigor the
contributing student(s) must be acting upon an idea in ways that were public and accessible
to other students.

Using a subset of the data, we conducted a first pass analysis to identify segments of the
transcripts using components of science ideas and then coded each segment with a level
of rigor. Then we more closely examined the conditions immediately preceding and within
the episodes to create a list of conditions that co-occurred with higher rigor discussions
(see Table 3).

Responsive Talk Moves. A finer grained turn-of-talk analysis was used for each episode
to code for the teachers’ (and peers’) responsiveness to students’ comments. Broadly stated,
the teacher’s responses to a student’s utterance were initially coded as recognition or as a
bid to elaborate. Example responses that would be coded under the recognition category are
utterances such as “Thank you for sharing,” “That’s an interesting idea,” or a more general
comment about the norms of science discourse such as, “I like how you included evidence
to support your idea,” which typically ended the talk episode about a particular concept.
Alternatively, the teacher could use requests to elaborate (such as asking to clarify or asking
for evidence) in response to a student’s idea, which could be directed at the idea’s author
or to the whole class, and typically resulted in students continuing to discuss the idea(s)
in play. These responsive requests became part of the list of TMCs that we hypothesized
might be associated with rigorous student talk.

Teacher-Mediated Conditions. Whole-group discourse episodes co-occurred with or
were preceded by conditions that we theorized would influence student talk. The initial
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TABLE 3

Teacher-Mediated Conditions

1021

Condition

Description

General Examples

A. Open question

B. Individual prompt to
elaborate

C. Prompts others to
elaborate

D. Reference to recent
activity

E. Prediscussion task

F. Availability of a
referent for the talk;
either a recent activity
or an inscribed
representation of it on
the classroom walls

The teacher (or student)
poses a question for which
there could be multiple
legitimate responses or
asks for a level of
explanation.

Teacher asks individual to
clarify, elaborate, connect
ideas that they expressed.

Teacher asks others to
elaborate, connect,
agree/disagree with a
statement by a peer.

Talk episode initiated by the
teacher that occurs directly
after science activity.

Individual, partner, or small
group task to consider an
[open-ended] question
before bringing the ideas to
the whole-class level.

The teacher or student
gestures/refers to an
inscription of an idea.
Materials are at hand for
reference or manipulation.

What are some reasons
that...?

What are some differences
between...?

How do you think X happens?

Why do you think X happened
in that way?

Say more about ...

What do you mean by.. ..

What evidence do you have
for that idea?

If you agree or disagree with
what [student] just said
about X, how come?

How is your idea like
[student]'s?

What evidence can we use to
support that claim?

Students share observations
and claims just after an
activity is completed.

Sketch of experimental set-up
and list of observations
created as public record.

Use a format such as
think—pair—share or a quick
write to compare two
student-generated
hypotheses, to decide
which one they agree with,
or to explain how or why
they think process or event
occurs.

Written conclusions for
activity on public chart
(reminder of learning).

Class-created model or
diagram (helps students
explain ideas).

list of TMCs was drawn from the literature as potentially supportive of talk (see Table 3).
Conditions A—C represent talk moves, and conditions D-F are scaffolds in the form of
rehearsing ideas (E: prediscussion task) or identifying a referent to focus attention and/or
activate prior knowledge (D, recent activity itself; F, public record of ideas or evidence).
These were used to code each episode within whole-group discourse. After an initial round
of analysis, we collapsed conditions D (“reference to recent activity”’) and F (“reference to
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tools that represented recent activity and ideas discussed”) because we determined through
video analysis these were not functionally unique.

FINDINGS

In our analysis of whole-class science discussions, we looked at the co-occurrence of
particular levels of rigor and presence of TMCs as well as how the guest teacher made
instructional changes to be responsive to students’ ideas, interests, and puzzlements while
also attending to the same science concepts for each group of students. We begin by
providing examples of what different levels of rigor sound like in whole-class discussion,
followed by a description of which combinations of TMCs increased the likelihood of
medium-or-high rigor emerging in student discussion. We conclude the findings by looking
at how the guest teacher was responsive to student ideas by adapting lesson sequences and
describing the frequency of science concepts discussed by students across the units.

Examples of Levels of Rigor in Whole-Class Discourse

We begin with examples of talk episodes to illustrate “what counts” as high and low
rigor and show that both types could occur within the same whole-class conversation. The
following transcript illustrates the guest teacher’s use of three TMCs (open-ended questions,
individual prompts, and the use of a referent) as co-occurring with students’ rigorous talk.
These students were engaged in thinking about how and why energy transformed from
chemical to electrical energy to heat and light energy in a flashlight. They used their
observations of a working flashlight, personal experiences with friction, and what they
learned in this unit about electrons and chemicals inside a battery to try to make sense of
the energy transformations. The teacher sets up the episode using a combination of TMCs
(see Figure 3) and then allows time for multiple students to contribute to the main question
about what makes energy transform.

By the end of this excerpt, there are two hypotheses on the table: (1) Daisy’s idea about
friction in the filament caused by energy “rubbing” that then changes the electrical energy
to heat and (2) Francine’s idea about different metals in the circuit that help change the
energy at different points along the pathway. The level of reasoning required to articulate
these explanations is more demanding than simply naming parts of a circuit or labeling
types of energy on a circuit diagram. The teacher entered this lesson attempting to engage
students in deeper levels of reasoning and planned to prompt students to say more about
their thinking, moving from observable features to unobservable causes. In this example,
the combination of three TMCs seemed to help the class sustain a conversation about energy
transformations, about where they happen and why they happen.

Within the same lesson (approximately 1 minute after the prior episode ended), there was
an example of a low rigor episode (Figure 4). Here a student shares a personal experience
(unanticipated) and the guest teacher must respond spontaneously to help other students
make sense of the story and make connections between the student’s personal story and the
lesson objective about energy transformations. In this example, the guest teacher was unable
to use talk moves in a way that would help other students make sense of one individual’s
personal experience to deepen an understanding of energy transformation. The teacher used
only one TMC during this episode—providing individual follow-up prompts (in this case
to help clarify and visualize the story for other students). Because Gary did not make a
clear connection between his story and any prior idea (and the instructor was unable to help
Gary do this work), the inferred idea about energy transformations was not made publicly
apparent to others and therefore this excerpt is coded as low rigor—Gary is making some

Science Education, Vol. 100, No. 6, pp. 1009-1038 (2016)



ROLE OF SUPPORTIVE CONDITIONS IN STUDENT DISCOURSE 1023

Line Lesson 8 (Energy Story) from Isabel’s Class Teacher-mediated
(Duration of excerpt: 4 minutes, 18 seconds) condition (TMC)

Teacher: Alright, so I think the energy, I think I can agree with Francine that
electrical energy is in the wire, we may still consider kinetic, but electrical is
more likely (writing on poster). But wait, hold on, to go from here to here (F) Use of
(pointing at poster) what made the energy change in the wire to heat and light Referent
in the light bulb? What made the energy transform?

Zeke: THE WIRE!

Teacher: What wire? What made it transform?...In our flashlight system what makes

the energy change from inside the wire being electrical then it comes out as (A) Open-
light and heat? What makes it change? What do we think?...Amanda? ended
Amanda: Well, there might be like something in the light bulb that once electricity comes question
in that it changes or something, to change the energy.
Teacher: So then the question that I thought of when you said that, is at what point (F) Use of
does it change? Does it change to light energy here? here? here? [pointing at Referent

different places in light bulb diagram] At what place does that change
happen? Omar?
Omar: In the filament. (B)

B I rE OSSN0 bW —

Teacher: In the filament, that's that squirrely piece of wire in the middle [pointing at Individual
filament on chart]. It's the thin piece, the curly Q piece of wire. He says that Prompt
that's where it turns into light....How do you know that, Omar?

Omar: [ just guessed. (B)

21  Teacher: Have you seen that part light up before? Individual
22 Omar: Mm-hmmm... It generates it usually it just is two wires on either side. I could see Prompt
23 there's two wires and then the light is in the middle.

24 Teacher: Okay. Daisy, then Francine.

25  Daisy: So I think that I agree that it changes in the filament thing and I think that it changes

26 there because it’s so curly Q’ed so tightly that the energy rubs against each other

27 which makes a spark and makes light.

28  Teacher: Oh! Can everybody rub their hands together?

29  Students shouting out: Friction! Spark! Spark! Hot! Hot!

30 Teacher: So you feel what kind of energy? B)

31  Omar: It's heat energy Individual
32 Teacher: Wait a minute, so when the electrons are rubbing their way through that prompt

33 thin wire, what's happening?
34 Multiple students: HEAT!
35 Teacher: That gets to Gary's idea that not only does it produce, not produce, we don't (F) Use of

36 make energy, we just change energy. It doesn't ...it goes through that thin Referent
37 wire [points to chart showing circuit pathway] and there's a little friction

38 perhaps so it changes, the electrical energy in the wire into heat energy like

39 Gary said and also light energy like we've seen. That was one of your first

40 ideas from like two weeks ago, wasn't it?

41  Several students collectively: Yeah

42 Teacher: So Francine, then Gary. So... go...

43 Francine: Um I agree with both about how the heat, how it creates the heat but when it
44 creates the light, not creates but changes...

45  Teacher: Right. We don't create energy.

46  Francine: I agree with both about how the heat, how it creates the heat but when it creates

47 the light, not creates, changes... in the filament ... because they (electrons) are so
48 tightly packed but I think it’s a difference in metal which is why it changes when
49 it goes from a battery to the wire it’s because it’s a change... I mean we don’t

50 know that, but it does change...

Figure 3. High rigor episode example where students are considering how energy is transformed in the light bulb
and circuit system.

sense of his own experience, but not in a way that is accessible, taken up, or responded to
by others.

These two examples illustrate how a range of rigor can emerge within one whole-class
discussions and how rigor can depend, in part, on how the teacher sets up and sustains the
discussion utilizing talk moves and scaffolding to facilitate student interactions. The next
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Line Transcript Lesson 9 from Isabel’s Class ™C

Gary [hand raised]: It's something about making heat energy. It relates.

Teacher: So changing to heat energy?

Gary: But it relates, um, my dad just got a um when we were in Portland my Dad got
this special new [inaudible] kind of flint and steel. And technically the old one is since

it's using iron and flint it's um the electrons are hitting... B)
Teacher: Flint's a kind of rock, right? I just want to make sure we're all Individual
visualizing this prompt
Gary: It's a big sharp, it's a big black sharp rock.

Teacher: What do you use it for? (B)

Gary: You use it for, there's a special steel thing like this you put it in your hand, the old Individual
one and you go like that and you do it as hard as you can and it will make a big spark. prompt
Other student [shouts out]: Yeah, my dad has one of those.

Teacher: So you're turning the mechanical, the friction, energy where you rub into (B)

like a heat energy with a spark? Individual
Gary: And then there's a special one... prompt
Brady [interrupting]: You can do the same thing with two rocks

Teacher: Hold on, let him finish. Gary, can you finish your thought then Brady

can add on.

Gary: Um and then they also have these special ones where there's a scraper, a wood

handle, a piece of I don't know what it's called. It's this light really, really flammable

21 metal .. um and it has then it has a big bump of flint on it.

85;:;;E;5:50m\lomgw[\;_

22 Teacher: Why do you think it would have a wood piece on that for? (B)‘ .
23 Gary: You can scrape it off or it's a really good handle. Individual
24 Teacher: Oh a good handle. I was... prompt

25  Gary: You can scrape off some of the flint or you can scrape off some of the metal and
26 then scrape off some of the flint and it will make a spark and it will make and the the uh
27  metal can go up over five thousand degrees.

28  Teacher: That's super hot. Iliked how you were thinking about energy

29  transformations in a different system than our flashlight but it's kind of the same
30  thing because we're talking about energy and how it can change.

31 Gary: Uh huh. Yup.

Figure 4. Example of low rigor talk episode.

section describes how many episodes were coded for low rigor compared to moderate-to-
high rigor and which TMCs were present in these episodes.

Combinations of Conditions That Mediated Rigorous Talk

Within the 90 episodes of whole-group talk across the four classes during this unit, a
set of six TMCs emerged from the data (see Table 3). Three of these conditions, occurring
in various combinations were more frequently associated with moderate-to-high levels of
rigorous student talk than other conditions. Before considering the efficacy of combinations
of conditions, in terms of what they afforded students for talk, we first examine which levels
of rigor co-occurred with single conditions present (compared to combinations of TMCs).
These data are presented in Table 4.

Overall, there is a strong pattern between combinations of TMCs with higher rigor.
Few examples of rigorous whole-class talk happened when only one TMC was present
(4% across all classes). This suggests that combinations of TMCs seemed to be helpful to
students during these sense-making conversations—65% of higher rigor episodes featured
such combinations. Perhaps as noteworthy was that conditions widely thought to help
generate talk, such as open-ended questioning, were uniformly unproductive for all four
classrooms when left unsupported by other strategies.
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TABLE 4
Percentage of All Whole-Group Talk Episodes by the Number of TMCs Present

Moderate-to-High Rigor

Low Rigor (%) (%)
Two or Two or Total Whole-Class

Class Single TMC more TMC Single TMC more TMC Episodes
James’ 18 9 9 64 =100

AM
James’ 8 33 0 58 =100

PM
Isabel 7 11 4 78 =100
Mary 17 24 4 55 =100
QOverall 13 18 4 65 =100
TABLE 5

Percent of Moderate-and-High Rigor Episodes Co-Occurring with Combina-
tions of the Three Most Frequently Occurring TMCs

Combinations of TMCs Present with Higher Percent of All Moderate-and-High Rigor

Rigor Episodes by Class
A B D/F Glenloch Elementary Southern Hills
Elementary
Reference to
Individual Activity or
Open-Ended  Follow-Up Material
Question Prompt Representation James AM  James PM  Isabel Mary
X X 6 0 27 30
X X 25 43 9 6
X X 25 14 9 24
X X X 12 43 27 12

Column totals do not add up to 100% because this table shows the three most prevalent
conditions (A, B, and D/F). Other combinations also co-occurred with higher rigor episodes
but not as frequently as combinations of these three; these conditions make up the remaining
percentage.

We found one particular set of combinations of TMCs that were more frequently asso-
ciated with moderate-to-high rigor talk episodes than others. These TMCs were (1) use
of open-ended questions, (2) follow-up prompts for the respondent or other students to
elaborate on an idea, and (3) direct reference by the teacher or student to a recent activity
or to a public inscription representing that activity. Of the total whole-class talk episodes,
69% were rated at moderate-to-high rigor, and 21% of these had all three of these TMCs,
and 53% of these had two of the three present. Table 5 shows a breakdown by class and
school for combinations of these three conditions.

Across the classes, each combination of these three conditions varied in their correlation
with rigorous talk, though some classes featured the conditions above more frequently
than others during episodes to support rigorous talk. For example, James’ classes show a
higher percentage of rigorous talk when a reference to activity or material was made by
the teacher during whole-class talk in combination with one or two other conditions (43%
and 25% each); without such referents the numbers drop to 0% and 16% in each of the
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two classes. Mary’s class, on the other hand, did not seem to require the direct referent
condition but responded readily to open-ended questioning and follow-up prompts (30%
of episodes of moderate-or-high rigor in her class contained open-ended questions and
follow-up prompts).

Two other conditions, which occurred less frequently, were strongly associated with
higher rigor conversations. One was using a prediscussion task such as talking with a partner
about a focal question before bringing ideas out to the whole class. The other was prompting
someone to comment on the idea of one of their peers during whole-class discussion.
Twenty-three percent of the total number of episodes contained a prediscussion task—in
addition to other conditions like open-ended questioning— and 86% of these resulted in
moderate-or-high rigor talk. The guest teacher invited other students to comment on his/her
peer’s ideas in 20% of the total episodes, and 89% of those resulted in moderate-or-high
rigor talk. There were not enough occurrences of these conditions to make a strong claim
that they influenced opportunities for sense making. There is, however, enough evidence to
suggest a positive relationship, one that warrants further study.

In summary, we are not claiming that any one particular combination of TMCs is a
silver bullet to engage students in rigorous science discourse but there is a strong pattern
that utilizing particular TMCs in combination seem to increase the likelihood of students
deepening their engagement with the science concepts in whole-group settings and having
rigorous discourse with peers about science ideas.

Adapting Lesson Sequences To Be Responsive to Students’ Ideas,
Interests, and Puzzlements

Here we describe the relationship between a larger “grain size” of responsiveness by the
teacher and students’ cumulative engagement with key science ideas at both the lesson and
unit levels. This section describes conditions under which major shifts in unit trajectories
occurred, and how all classes addressed the same science concepts by the end of the unit.

Adaptations to lesson plans created variations in the frequency and timing of when during
the unit students were engaged with target science concepts during whole-group discourse.
We illustrate this with an example from Isabel’s class partway through the unit. This shift
came about because of how students answered an assessment question from the curriculum
guide. The question asked students to trace the current flow through a battery and bulb on
a circuit diagram. In James’ and Mary’s classes, all students traced the current going one
direction in a circle. In Isabel’s class, however, it became clear by looking across students’
notebooks that there were two distinct hypotheses about the direction of the current flow.
Isabel’s students drew and explained the path in different ways within the class, falling into
two “current direction” hypotheses. The images in Figure 5 show contrasting examples
taken from student notebooks.

The student work on the right describes the current flowing in one direction around the
circuit, out of one battery terminal, around the circuit, and into the other battery terminal
— a representation of what the class called the “one-way” hypothesis (shown by arrows
drawn on wires in the circuit and described in words). The student work on the left
describes a pathway where “all the electrons go up each side” of the support wires and “rub
together making themselves hot” in the filament then “burst into nothing” (as shown in the
drawing with dots rising up from the filament). This is what the class named the “two-way”
hypothesis. Several students were invested in this alternative theory.

In response to this situation, the teacher decided to pursue this current flow debate rather
than proceed with the planned unit lessons about fuses and switches—to which the other
three classes had moved on. Isabel and the guest teacher decided during a planning session
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Figure 5. Contrasting examples, taken from student notebooks, showing different “current direction” hypotheses.

that the directional flow of electricity through the flashlight’s batteries, wires, and bulb was
a crucial idea for students. It was a science concept that could apply to and partially explain
the functioning of a wide range of everyday devices students were familiar with. Without
a grasp of this idea, the operation of switches and fuses could not be fully understood. The
following day, students from each hypothesis group came up to the front of the class to
explain their thinking, calling on peers in the audience to agree, disagree, and/or ask for
evidence for each hypothesis.

This current flow debate represents one major alteration in the unit trajectory for Isabel’s
class. This opportunity allowed students to explain their hypotheses, draw upon previously
gathered evidence, and debate the direction in which current flows in the circuit pathway.
This instructional choice of responding to student thinking by replacing lessons from the
curriculum guide represents of how a responsive stance toward science instruction can result
in a significant change to the unit trajectory, and how the principled professional reasoning
that guides these decisions. We note that students had fully appropriated responsibility for
this conversation. One student, Colin, began by calling on a peer to respond. His classmate,
Amanda, signaled a civil disagreement and referred to a drawing to support her assertions.
Later, four different students unpacked whether a glass separator (bead) at the base of the
bulb filament conducts or insulates against how the electric current flows. There were as
many as 17 turns of student talk without an utterance by the guest teacher or classroom
teacher. Resulting from this initial debate, the guest teacher and Isabel added additional
lessons about current flow and electron behavior which helped students come to a consensus
about current flow.

Another responsive shift occurred at the beginning of the unit in James’ morning class. In
the first part of the initial lesson, students were tasked with creating different configurations
of simple circuits to light a bulb. James’ morning class talked about their circuits in terms
of where to connect the parts, whereas his afternoon class had already begun to suggest
hypotheses about why and how their circuit worked and posing “what if”” scenarios based
on what they thought was happening (i.e., What would happen to the bulb if we used all the
batteries at our table?). The next day, James’ students in the morning class were given an
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Figure 6. Categories of science ideas as percentage of whole-group talk across unit.

extended opportunity to continue experimenting with circuit materials before developing
initial explanatory models. Though this change is on a smaller timescale (a matter of
20 minutes), compared to the aforementioned current flow debate (3 days), the decision
was driven by the teacher’s attention to the substance of students’ ideas and desire to provide
this additional opportunity which she viewed would support students’ future reasoning. This
choice meant a trade-off in how much time students would have to develop their initial
models. However, this was not a significant concern, given the unit-long focus on revisiting
and revising student-created models in light of evidence from activities meaning that all
students would engage with core ideas more than once.

Responsive shifts in lessons or lesson sequences happened as the teacher interpreted and
responded to students’ current reasoning about key science concepts. Next, we describe
how these key science concepts unfolded in each of the four classes.

Addressing Science Concepts

Returning now to a broader unit-level analysis of the frequency of science concepts in
whole-group discourse, all classes generally engaged with the same core ideas by the end
of the unit; however, the times when these concepts presented themselves within whole-
group discourse differed, even as students were engaged in similar lessons. Each class
addressed concepts in all five categories of concepts (matter, conductors, energy source,
energy story, and systems) through whole-group discourse during the unit. Classes varied
by when, how, and to what degree each of these categories were represented in whole-group
discussions. The following displays characterize these units by how often classes surfaced
particular categories of science concepts by (1) how often the five categories of science
ideas appeared within the unit by class and (2) by comparing frequency of each of the
20 subcomponent science ideas by class. Figure 6 shows the percent of whole-group talk
episodes for each class addressing the five categories. This representation shows that, even
as the guest teacher was being responsive to the unique ideas and experiences students
brought into discussions in each class, all four classes addressed all five categories of
science ideas in whole-class talk during the unit. Figure 7 shows a finer grained display of
the 20 subcomponents students discussed whole group. Most of the grade-level standards
(denoted with *) were surfaced in whole-class discourse across the unit. Additional concepts
were also used to explain the flashlight phenomenon (not asterisked); however, these were
not part of grade-level standards. Furthermore, the order and frequency of ideas students
voiced during whole-class discussion varied across the unit, yet all key ideas were part of
a whole-class discussion at some point during the unit. Classes surfaced all, but a handful
of the 20 subcomponent ideas needed to fully explain the dying flashlight; many of these
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Figure 7. Aggregate number of appearances of each science idea during whole-class discussion across the entire
unit, compared by class.

same ideas surfaced in other settings (i.e., small group talk, student writing, during model
revisions).

DISCUSSION

Teachers’ Responsive Discourse and Supporting Rigorous Student
Conversations

We tested the hypothesis that efforts to infuse responsive talk in four different classrooms
would support regular opportunities for students to engage in rigorous science conversa-
tions. Two patterns stand out in the data. The first is that more than half of all discussions
in each classroom (ranging from 58% to 82%) were rated moderate or high in rigor. These
discussions pressed students to unpack, compare, and test their ideas as a group and to
use observations, evidence, and everyday experiences to regularly refine their thinking
about the flashlight phenomenon. These outcomes contrast with talk in more common
classroom situations, where students experience activities but never have the chance to
distinguish important concepts related to these activities from trivia or to integrate their ex-
isting knowledge with new science ideas. Across several studies of typical classrooms, less
than one third of discussions showed students engaged in any type of higher order thinking
(Abrahams & Reiss, 2012, Corcoran & Gerry, 2011; Weiss, Pasley, Smith, Banilower, &
Heck, 2003). In the present study, the teacher solicited and regularly challenged students’
ideas. For example, the teacher takes Francine’s hypothesis (Figure 3, lines 1-2) that elec-
trical energy is in the wire (in the flashlight) and then turns to the rest of the class, asking
“But wait ... what made the energy change in the wire to heat and light in the light
bulb? What made the energy transform?” (lines 3-5). Later in the same conversation, she
asks a student about how he knows the energy is transformed in the filament of the bulb
(lines 18-19). These types of interaction with students’ ideas were both responsive and
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intellectually probing. Occasionally, but not always, these moves were generative of new
ideas. The 4-minute conversation produced several responses by students that were three
words or less, but it also produced an extension of one student’s filament idea by another
and a theory about how electrons behave differently when passing through various metals
in the circuit. Being responsive appeared to increase the chances of rigorous conversations
by students but did not guarantee it.

Increasing the Likelihood of Productive Talk Through TMCs

Across the four classes, the teacher’s use of open-ended questions and follow-up prompts
for students to elaborate on their ideas or those of their peers were associated with rigorous
whole-class conversations. Additionally, the use of a referent, as a scaffold, seemed partic-
ularly useful in the classrooms where students were less accustomed to extended turns at
talk (i.e., most responses early in the unit were one word or short phrases) and not as fluent
in discourse norms (i.e., not addressing each other but talking to/through the teacher).

Importantly, none of these conditions used in isolation were effective in encouraging
sense-making talk. From a theoretical perspective, the open-ended question is necessary to
frame what will be talked about but not sufficient because the actual object of collective
inquiry by students are their own observations, hypotheses, and interpretations. The teacher
facilitates this with a second move—a follow-up—that asks members of the class to com-
ment on an idea of their peer, to link that idea with another idea or experience, challenge it,
or otherwise act on that line of thinking. These are unnatural ways for students to respond
to the statement of another person; few nine-year olds are asked in out-of-school settings
to “Explain why you think that” or “Tell me how your idea is different from the one we
just heard.” The responsibility then initially falls to the teacher to coordinate talk with a
series of strategic follow-ups that stimulates sense making and insight. If the teacher can
demonstrate this explicitly, students may be able to take up this role themselves (Jadallah
et al., 2011). Indeed this was observed in Isabel’s classroom when her students carried
on a constructive dialogue to resolve a disagreement about their electricity theories—a
conversation that carried on for several minutes without the teacher.

The third condition associated with high rigor conversations was the availability of a
recently completed activity or a public record of thinking from that activity (see Figure 5)
to use as a referent in the conversations. A number of studies with elementary age students
clearly indicate that they use knowledge products such as evidence tables (Figure 2) or
models (Figure 5) to support assertions to peers (Danish & Enyedy, 2006; Linn & Hsi,
2000; Radinsky et al., 2010). While these referents served as a scaffold and appeared to add
value to the rigor of the conversations we are unsure if it was their availability that mattered
or that the referent was always talked about in terms of a central phenomenon—in this case
the dying flashlight.

Many whole-class conversations had two levels of sense-making occurring, one was
aimed at understanding a new idea, for example, conductors versus insulators, and the
other was aimed at using these same ideas to deepen their explanation of the flashlight
example. It seems plausible that intentionally revisiting the central and increasingly familiar
phenomenon with new ideas and information could set the stage for more students to
participate in the science conversations. Anchoring learning in a complex and puzzling
event is not part of common curricula; however, research studies that report engagement,
productive talk, and deep learning for elementary students are increasingly designed this
way (see Magnusson & Palincsar, 2005; Rosebery et al., 1992; Roth et al., 2009). Two other
conditions were associated with moderate or high rigor conversations— a prediscussion
task and follow-ups by the teacher asking a student to comment on a peer’s idea. The
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small number of instances of these conditions/moves (21 and 18, respectively) moderate
our claims about their impact on the level of intellectual dialogue by students. Nonetheless,
these features of the talk environment deserve further study.

What Responsive Teaching Means for Addressing Science Content
Objectives

Teaching in a way that was responsive to students’ thinking did not come at the expense
of addressing content objectives. Although the lesson and unit trajectories varied, each
class had opportunities to engage with curricular standards and lesson objectives by the
conclusion of the unit. The amount of whole-class discussion around each key idea varied
and the order in which these ideas surfaced was not identical; however, the teacher attempted
to be responsive to the ideas that students were most intrigued by but also were within the
bounds of the unit learning goals. There are few if any other studies that have analyzed the
variability in which key science ideas emerge across units in responsive science classrooms
(see Hammer, 1997, for an exception).

Responsive teaching may be viewed by some as an unwieldy approach to instruction.
According to this view, indulgence in students’ ideas can divert attention from exploring
canonical ideas and allow alternative conceptions to flourish. We argue, based on our data,
that responsive teaching is a pedagogy characterized by careful design and structure. From
the design perspective, the unit planning began with identifying core science ideas related
to the topic to be taught. The anchoring phenomenon was developed based on these ideas,
and the activities in the unit were mapped onto the explanation for the phenomenon—What
would students need to know, and when? From the structuring perspective, throughout the
unit whole-class discussions were started by the teacher with a goal in mind. At times the
goal was to elicit initial hypotheses, on other occasions it was to make sense of an activity,
and still others it was designed to use observations from an activity as evidence to support
part of an explanation for the anchoring event. During the whole-class conversations, the
teacher constantly monitored the students’ contributions for their potential to illuminate
or challenge certain ideas in play and to move students toward the goal of the discussion.
Such purposeful talk opportunities are examples of blending formative assessment with
instruction (Black & Wiliam, 1998; Ruiz-Primo & Furtak, 2006) and represent the teacher’s
attention to the substance of science as she/he interacts with students (Coffey et al., 2011).
The teacher can use what students say to comment on the quality of their reasoning,
but student talk is also feedback to the teacher and allows more informed in-the-moment
decisions during conversations. On a larger timescale, the content of conversations helps
the teacher determine what lessons need to be extended, adapted, added, or discarded. Both
the conversational moves and the adaptation of lessons are examples of responsiveness, but
on different scales of action.

The “First-Person” Dilemmas of Responsive Teaching: Managing
Endemic Uncertainty

First-hand experiences in four different classrooms highlighted a number of tensions
about responsive and rigorous teaching that can inform how we might prepare others to
take up these practices. Such tensions have been written about before (Hammer, 1997;
Lampert, 1990; Michaels et al., 2008), and they generally arise from the uncertainties about
“what counts” as knowing and how one responds in real time to ideas that may be partial,
self-contradictory, based on experiences not shared by others in the classroom, or on the
verge of insight. We describe three such tensions and then lay out the kinds of skills, tools,
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and stances toward knowledge building we found to be critical to work with young learners’
ideas.

Tension 1: Making Decisions in Real Time About Students’ Ideas and Experiences.
When teaching responsively, students ask questions, tell stories, or pose hypotheses that go
beyond the boundaries of the unit’s curriculum goals. Therefore, the teacher needs to be
able to listen to their thinking, compare their contributions to science concept targets, and
decide how much, if any, whole-group discourse should be devoted to pursuing this line
of thinking. Teachers cannot always assume, however, that they understand the students’
intent. We cannot emphasize enough how often students offered remarks that seemed
unrelated to the topic at hand, but when the teacher simply said “How do you think that
helps you understand the flashlight?”” the connection with lesson goals became clear. Even
the generic prompt “Can you tell me more about that?”” gave time for students to rephrase,
elaborate on, or contextualize their initial utterances in a way that allowed their peers and
the teacher to see the relevance of the idea and comment on it.

Responsiveness has been described as “attempts to understand what another is thinking,
displayed in how a conversational partner builds, questions, probes, clarifies, or takes up
that which another has said” (Pierson, 2008, p. 25). This characterizes what one might see
happening in the classroom. Based on the extended time the first author had to attempt
responsive talk with a wide variety of students in several classrooms, we can offer a
characterization of the intellectual work that is much less visible. In real time, the teacher has
to process what has been said, consider how to respond, and then reenter the conversation.
The list below describes the complex intellectual work required on the part of the teacher to
be responsive to students’ ideas. This logic assumes that the student is directing a comment
to the teacher (we acknowledge however that student-to-student conversations are valuable,
if not preferable in many situations).

Within few moments, the teacher must

® comprehend what the student is saying. [if not, “Tell me in a different way.”];

® intuit what the intention of the remark is, since student talk can be aimed at any
previous comment and not necessarily be what the teacher most recently asked for;

® weigh out the potential for the student remark to provide insight to others. The
teacher could coordinate a follow-up with the student’s original remark to move the
conversation forward (teacher creates an analogy using students’ example, prompts
students to recall ideas related to student comments from previous units). Alternatively,
the teacher could provide a follow-up that would directly prompt other students to act
upon their peer’s idea, thereby improving the chance that collective reasoning would
occur; and

® decide to whom the remark should be addressed (to original speaker or the whole
class) or simply wait for other student comments.

If the teacher selects a student:

® Weigh out the challenge level of the question or prompt in light of the individuals’
comfort or frustration level with the topic and whether they have already contributed
recently to the point of excluding others.

® Compose the response, if there is one, and deliver it.

All this makes responsive teaching an intimidating challenge and suggests that deliberate
practice of these interactions is necessary to achieve even a modest level of proficiency.
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Tension 2: Developing Ideas With Students and Dealing With Their Fear of Being
Wrong. Because a responsive teacher shares authority for classroom discourse by posi-
tioning students as intellectual partners, the dilemma arises about what to do if the student
says something that is incongruent with the current scientific understandings. What should
aresponsive teacher do if a student expresses a “wrong” idea? In James’ class, for example,
one student stated that “electrons inside want to get to electrons outside.” Though not
technically correct, the general idea the student was describing about attraction between
particles of opposite charges is actually part of the scientific explanation of current flow
in circuits. When students’ ideas are being used as intellectual resources in the classroom,
it is unfair to judge them as correct or incorrect. Even the use of language like “correct”
signals to students that the aim of talk is to provide the minimal information necessary to
receive the approving nod from the teacher—at which point the responsibility to reason
about ideas temporarily ceases.

But teachers can press students to reconcile their idea with available evidence if relevant
experiences have already been provided, or provide students with new experiences that
allow students to modify their claims. Reconciling can also happen for two divergent
student ideas. For example, in Isabel’s class the current flow debate sparked a need to add
lessons to help students critique two opposing hypotheses, one of which was scientifically
accurate and the other not, through exposure to new experiences. In all four classrooms,
students were attempting to develop and refine explanations over the course of the unit, not
simply after one lesson. This allowed opportunities for all types of ideas to be aired out
and revisited over time with new information and new logic to evaluate them. This is the
benefit of using puzzling and complex phenomena to anchor units of instruction, something
advocated in the Framework for the Next Generation Science Standards (NRC, 2012). In
this context, asking whether someone is “wrong” is not as productive as the question “How
coherent is your reasoning when we take into account this evidence, this information, or
these new ideas?”

Tension 3: Too Much and Too Little Participation. Too much participation creates its
own dilemmas as does too little. In the two classes at Southern Hills, students comfortably
used discussion stems, addressed each other, used pieces of other’s ideas to continue
conversations to the point where students would talk over each other, interrupting, seemingly
excited to make connections and share out—these talk norms were in place long before
the unit began. The two classes at Glenloch were less accustomed to answering questions
in complete sentences and orienting toward one another. Often seemingly open-ended
questions were met with awkward silence or a one word or phrase answer. This does not
mean that Glenloch students had impoverished ideas, rather more probing and different
discourse strategies were needed to access their thinking. As we know from literatures on
equity, when the teacher is explicit about the “rules of the game” (Delpit, 1988; Nasir,
Rosebery, Warren, & Lee, 2006) and when these are made clear and acted out for students,
it opens the door to participation.

Alternatively, when the majority of students has their hands raised wanting to share, the
challenge becomes the length of time it would take for each student to share individually.
In this situation, the contributions can become a laundry list of disjointed ideas rather than
a focused conversation building toward a collective understanding. By choosing to hear
from some students and not others in these situations it creates yet another equity concern;
some voices are simply not heard. In some of these situations, the teacher used a pair-share
first before returning to a whole-class discussion to allow all students to communicate
their thinking to at least one other person and listen to their partner in return. Then pairs
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were asked to volunteer to share whole group. Interestingly, the pair-share was also used
successfully when students were reluctant to talk in whole group before conferring with a
peer. Thus this partner talk strategy was used to deal with issues of both too much and too
little initial participation.

A related tension that arose for the teacher, and that is unique to whole-group discourse,
is deciding how long to press one student about his/her idea while others are waiting to
contribute. Since responsive teaching needs ideas to be “in play,” pressing students to
elaborate beyond simply sharing observations is important; but this requires that peers hold
their own thoughts temporarily and follow the line of thinking by their classmate. Part of
the issue would be addressed if class norms and routines encouraged student-to-student
talk during discussions. Instead of the teacher pressing or probing, students would engage
in these talk moves with each other. From our data, this level of student-driven responsive
discourse was only observed in Isabel’s class most prominently and during the debate about
current flow. Other research describes how students actively take on this kind of responsive
stance toward their peers, giving them more authority over content and understanding that
they will be held accountable to address the problem at hand by their peers (Engle &
Conant, 2002; Rogat, Witham, & Chinn, 2014).

CONCLUSION

Responsiveness in discourse plays a key role in the larger framework of ambitious and
equitable science teaching (Windschitl & Calabrese-Barton, 2016). This study provided
evidence that a collective attention to students’ thinking in the classroom can support
rigorous kinds of intellectual work that persist and build over multiple lessons. We note
that our analysis looked only at whole-class conversations; however, important science
concepts were also the focus of small group and partner tasks and individual assignments.
The whole-group analysis then does not show the full picture of how these ideas were
addressed in each class. Our findings and those from a previous study (Thompson et al.,
2016) support the claim that authentic forms of rigor in classroom talk are more likely
to occur when teachers are responsive to students’ ideas. This investigation suggests that
having a toolkit of discourse moves is necessary but not sufficient to support ongoing
sense making. Norms for productive talk are important for students to break from the
inherited routines of recitation-style participation in classroom talk. Having a scientifically
rich phenomenon that requires the building of an explanation over time also seemed to be
an equally important condition of instruction to support discourse. Preparing teachers to do
such complex work will require them to develop a theory of practice around sense making
and science ideas that can organize their thinking about working with students in new ways.
It will require deeper content knowledge to anticipate student contributions and to respond
in ways that prompt further reasoning. And finally, attempts at responsive teaching cannot
be undertaken in isolation from other professionals. The work requires feedback from one’s
colleagues and the opportunity to observe others attempting this pedagogy. In this study,
we benefitted from our researcher—practitioner partnerships—it allowed us to take risks
together and we would encourage such collaborations as a way for theory and practice to
be developed together.
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