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ABSTRACT ARTICLE HISTORY
Science education reforms articulate a vision of ambitious science Received 19 October 2016
teaching where teachers engage students in sensemaking Accepted 8 August 2017
discussions and emphasise the integration of scientific practices
with science content. Learning to teach in this way is complex, T —
. . X . eacher questions;
and there are few examples of sensemaking discussions in schools elementary school science;
where textbook lessons and teacher-directed discussions are the inquiry-based science
norm. The purpose of this study was to characterise the
questioning practices of an experienced teacher who taught a
curricular unit enhanced with educative features that emphasised
students’ engagement in scientific practices integrated with
science content. Analyses indicated the teacher asked four types
of questions: explication questions, explanation questions, science
concept questions, and scientific practice questions, and she used
three questioning patterns including: (1) focusing students on
scientific practices, which involved a sequence of questions to
turn students back to the scientific practice; (2) supporting
students in naming observed phenomena, which involved a
sequence of questions to help students use scientific language;
and (3) guiding students in sensemaking, which involved a
sequence of questions to help students learn about scientific
practices, describe evidence, and develop explanations. Although
many of the discussions in this study were not yet student-
centred, they provide an image of a teacher asking specific
questions that move students towards reform-oriented instruction.
Implications  for classroom practice are discussed and
recommendations for future research are provided.

KEYWORDS

Introduction

Science education reform efforts (ACARA, 2013; NGSS Lead States, 2013; United
Kingdom Department for Education, 2014) articulate a new vision of science education
where teachers emphasise the integration of science concepts with scientific practices.
These reforms were developed, in part, to address the ways that standards and teachers
emphasised the separate instruction and assessment of content and scientific practices
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(National Research Council, 2012). By scientific practices, we refer to the work scientists
and students do to learn about natural phenomena. Practices require the coordination of
knowledge and skill (National Research Council, 2012). A canonical set is developed in the
Framework for K-12 Science Education (National Research Council, 2012) and includes
activity such as planning and carrying out investigations, analysing and interpreting
data, and engaging in argument from evidence.

When teaching science content and scientific practices in isolation, scientific practices
risk becoming activities and content might be learned through memorisation. It is through
integration that students begin to make sense of phenomena in ways that reflect the dis-
course of science, and it is during sensemaking discussions where teachers and students
collectively use scientific practices to develop understandings of phenomena (Berland &
Reiser, 2009). Sensemaking is a process where a group works to develop a mutually nego-
tiated understanding of a phenomenon (Weick, 1995). In science education, a sensemak-
ing discussion can involve studying phenomena and using evidence and reasoning to
generate scientific knowledge.

We characterise the work of facilitating sensemaking discussions as a form of ambitious
teaching (Windschitl, Thompson, Braaten, & Stroupe, 2012). Ambitious teaching is advo-
cated by reformers, but complex to enact on a day-to-day basis in classrooms (Banilower
et al., 2013; Crawford, 2000; Kennedy, 2005). Engaging students in sensemaking discus-
sions in science is ambitious for two main reasons. First, in sensemaking discussions, tea-
chers need to use questioning practices that support students to use evidence and
reasoning to make sense of phenomena. Here, students develop claims based on evidence
(Jimenez-Aleixandre, Rodriguez, & Duschl, 2000) and use the language of science to effec-
tively communicate their ideas (Berland & Reiser, 2009). Second, in sensemaking discus-
sions, the traditional roles of authority and novice are blurred as teachers and students
work together to investigate phenomena and co-construct scientific knowledge (Oliveira,
2010b).

Although reforms emphasise that ‘engagement in [science] practices ... requires stu-
dents to participate in classroom science discourse’ (NGSS Lead States, 2013, p. 3),
national studies in the United States have found that sensemaking discussions are rare
in classrooms (Banilower et al., 2013). Classroom talk is primarily teacher-dominated,
where teachers maintain a position of authority and engage students in textbook-directed
lessons (Banilower, Smith, Weiss, & Pasley, 2006; Sykes, Bird, & Kennedy, 2010). The
absence of sensemaking discussions in science classrooms suggests that teachers may be
unprepared to provide students with these learning opportunities. In particular, teachers
may lack clear examples of how to engage their students in sensemaking discussions. Edu-
cators who focus on preparing teachers to become effective questioners may not provide
explicit supports to help teachers facilitate these interactions (Oliveira, 2010b). They may
use ambiguous terms to describe the roles of teachers and students in these discussions.
These labels often characterise the student as ‘an active inquirer’ (Martin, 2006), while
the teacher takes on the role of a ‘fellow investigator’ (Lawson, Abraham, & Renner,
1989) or ‘guide’ (Martin, 2006). Likewise, teachers may be encouraged to use open-
ended questions or probing questions to help students share their own ideas instead of
giving the correct answer (Carin, Bass, & Contant, 2005). These descriptions do not
help teachers understand how to do the ambitious work of facilitating sensemaking
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discussions, nor do they challenge teachers’ perceptions of their own and their students’
roles and relationships in science lessons.

Furthermore, facilitating discussions that emphasise the integration of practices with
content is complex. Even experienced teachers may be novices when it comes to engaging
students in using scientific practices to construct explanations (Banilower et al., 2013;
Windschitl et al., 2012). These methods may be unfamiliar to teachers who learned
science in more traditional ways in elementary school (Lortie, 1975). Teachers may not
know how to use the scientific practices themselves, so may face challenges in engaging
students in this work (Davis, Petish, & Smithey, 2006). Moreover, they may not see
their students as capable of generating scientific knowledge (Herrenkohl, Palincsar,
DeWater, & Kawasaki, 1999).

To address these issues, science education researchers have designed educative curricu-
lum materials to help teachers learn how to engage students in reform-based science
instruction (Davis & Krajcik, 2005). For instance, Davis et al. (2014) designed educative
curriculum materials that included narrative descriptions of lessons and examples of
rubrics with student work to help teachers anticipate and manage the challenges that stu-
dents might face in reform-based lessons. In this article, we explore how a curricular unit
enhanced with educative features seems to help a teacher facilitate discussions to integrate
scientific practices with content in her instruction. The study investigated the following
questions:

e What questions does an experienced teacher ask when she teaches a unit that empha-
sises students’ engagement in scientific practices integrated with science content?

e How does an experienced teacher ask questions to engage students in explanation
development in whole-class discussions?

Conceptual framework and teacher-student discourse

Vygotsky’s (1978) socio-cultural theory of learning suggests that knowledge first develops
between people on an interpsychological level and then moves to a learner’s mind on an
intrapsychological level. This theory emphasises the important role of teacher—student dis-
course in engaging students in co-constructing knowledge and developing conceptual
understanding within a zone of proximal development. In line with a socio-cultural per-
spective, we argue that teachers’ questioning practices can serve as tools to help students
process knowledge individually, articulate knowledge collectively, and support one
another’s learning collaboratively (Kawalkar & Vijapurkar, 2013; Mercer, Wegerif, &
Dawes, 1999).

Teachers’ questions can establish a learning environment that promotes student learn-
ing and collective sensemaking (Erdogan & Campbell, 2008; Lehrer, Carpenter, Schauble,
& Putz, 2000). Before engaging students in investigations, questions can help students
understand the reasons for using particular scientific practices (Arias, Davis, Marino,
Kademian, & Palincsar, 2016; McNeill & Krajcik, 2009). These questions can encourage
critical thinking, and move students beyond lower-order thinking questions where they
simply recall facts or describe the steps of an experiment (Koufetta-Menicou & Scaife,
2000). As students make sense of their investigations, teachers’ questions can help them
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to use evidence to develop scientific claims. By asking questions such as ‘what would
happen ... ? or ‘how? teachers can support students to examine different aspects of
phenomena and to engage in higher-order thinking (Van Booven, 2015). Engaging
students in a ‘reflective discourse’ enables students to express their own thoughts and
beliefs rather than reiterate a textbook explanation (Van Zee & Minstrell, 1997). Similarly,
prompting students to use scientific terminology to articulate their ideas can help students
develop more sophisticated and scientifically accurate explanations (Chin, 2007). When
teachers press students to expand and clarify their thinking, students are able to
develop sophisticated reasons and high-quality explanations (Hogan, Nastasi, & Pressley,
1999). These questions can foster a learning environment where students participate in
discursive and analytical behaviours that characterise the ways scientists approach their
work (Crawford, 2000).

Teachers’ questioning routines may also promote more or less authoritative social
relationships with students. Students can be positioned as complementary experts when
teachers focus on what students say and think, rather than on what the teacher says or
thinks is the correct response (Oliveira, 2010a). Student-centred questions encourage indi-
vidual and social construction of knowledge rather than knowledge reproduction
(Jimenez-Aleixandre et al., 2000). On the other hand, classroom talk that focuses on eval-
uating student knowledge where the teacher initiates, students respond, and the teacher
evaluates (Lemke, 1990; Mehan, 1979) reinforces the teacher’s authoritative position in
the classroom. This pattern of discourse typically emphasises facts and procedures
(Lemke, 1990), and it is ubiquitous in science classrooms, even with children as young
as preschool (Kleifgen, 1990).

Types of teacher questions

Prior studies on classroom discourse have proposed different types of teacher questions.
Many of these studies focus on the specific questions teachers ask including Bloom’s taxon-
omy questions (Bloom, Englehart, Furst, Hill, & Krathwohl, 1956), open and closed questions
(Graesser & Person, 1994), productive questions (Elstgeest, 1985), operational questions
(Alfke, 1974), and pseudo-questions (Wellington & Osborne, 2001). For example in elemen-
tary science, Oliveira (2010b) identified a set of student-centred questions such as referential
questions (requests for students to share what they think) and clarification requests (students
elaborate/clarify previous responses). He also identified teacher-centred questions such as
display questions (teachers test if students know the right answer) and comprehension
checks (teachers check if students understand what the teacher said).

Despite the importance of characterising specific questions, single teacher questions are
typically not sufficient in supporting student sensemaking (Colley & Windschitl, 2016;
Franke et al., 2009). Rather, teachers need to use a series of questions after asking initial
questions to help students better understand their own ideas and use of mathematical
and scientific practices. Chin (2007) found that when teachers used a sequence of ques-
tions, such as Socratic questioning (when teachers probe, extend, and elaborate students’
ideas) and verbal jigsaw questions (when teachers elicit ideas and words to build a collec-
tive understanding of scientific terminology), they can scaffold student thinking and help
students construct scientific knowledge. In sum, research on teacher questions suggests
that identifying specific questions and examining how teachers use those questions is
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important in understanding the role of teachers’ questioning practices in sensemaking dis-
cussions. Despite the evidence that sensemaking discussions are both integral to achieving
reform-based instruction and challenging for teachers to enact, we know little about how
educative supports can scaffold teachers’ efforts. This state of affairs calls for the close look
at a teacher’s practice when she is supported to enact sensemaking discussions where stu-
dents use scientific practices to develop understandings of phenomena.

Methods

This study uses a qualitative case study approach (Miles, Huberman, & Saldana, 2014) to
investigate the ways a fourth-grade elementary teacher, Ms. Jay, uses teacher questions to
integrate scientific practices with content during two science units. Building on the work
of new reforms (e.g. Australian Curriculum Assessment and Reporting Authority
(ACARA), 2013; National Research Council, 2012; United Kingdom Department for Edu-
cation, 2014), we focused on practices to underscore that learning to engage in scientific
investigations involves integrating science content and scientific practices.

This study was a subset of a large-scale quasi-experimental study to investigate the
impacts of enhanced curriculum materials on teacher learning, teacher practice, and
student learning (Arias et al., 2016; Davis et al., 2014). In the larger study, 50 third-
through-fifth-grade elementary teachers were randomly assigned to a treatment (received
educative curriculum materials containing educative features) or comparison condition
(received original curriculum materials) by school. This study focuses on Ms. Jay, a
fourth-grade elementary teacher who had 19 years of teaching experience and a
master’s degree in teaching with an emphasis in language arts and social studies. Ms.
Jay’s class consisted of 30 students. Her school was located in an urban-fringe school dis-
trict in a Midwestern state in the United States, and 60% of the students in the school were
eligible for subsidised lunches. Student reading levels ranged from first to fifth grade. Two
students in Ms. Jay’s class had individualised education plans, and one student was an
English language learner. Ms. Jay was selected for this study because she was one of
four case study participants who received the curriculum materials with educative features.
In addition, her school context and teacher characteristics were similar to the classrooms
and teachers in the larger project. Finally, she was interested in discussing her teaching
practice and had school administration’s support to participate in the research.

Curricular context and design of the educative features

This study centred on the teaching of two Science and Technology for Children (STC) kit-
based curriculum units: Electric Circuits and Ecosystems (National Science Resources
Center, 2004). These STC units were developed with funding from the National Science
Foundation and represent strong inquiry-oriented curriculum materials for the elemen-
tary grades. They were not designed with the intention of being educative for teachers,
nor to reflect the Next Generation Science Standards (NGSS Lead States, 2013).

Because these materials pre-dated the Framework for K-12 Science Education (National
Research Council, 2012) and NGSS, as did the design and data collection for this study, as
we engaged in research in this project, we focused on a set of practices related to those
emphasised in the Framework. Furthermore, because our focus was at the elementary



Downloaded by [Australian Catholic University] at 03:10 12 September 2017

6 A. BENEDICT-CHAMBERS ET AL.

level, we zoomed in on some practices that serve as sub-practices within the Framework.
Some of our focal practices in our curricular design included: designing investigations,
making predictions, making observations, using models, analysing and interpreting
data, and supporting claims with evidence and reasoning. Designing investigations,
making predictions, and making observations can be considered elements of the Frame-
work’s planning and carrying out investigations, and are critical to supporting young chil-
dren who are just learning to do this work.

We enhanced the curriculum materials for the treatment teachers by incorporating
educative features into both curricular units. Some features foregrounded science prac-
tices, some features foregrounded science content, and others integrated both practices
and content (Arias et al., 2016; Davis et al., 2014). While we did not explicitly support
the teachers’ questioning teaching practices, several of the educative features provided
exemplars of teachers engaging students in sensemaking discussions, providing rationales
for teachers’ use of probing questions during whole-class discussions. For example, we
included a ‘narrative’ (Figure 1) of a fictional teacher facilitating a whole-class discussion
within the Ecosystems unit. The narrative described a teacher’s adaptation of the lesson
using effective teaching moves observed in our pilot work, such as probing questions to
support student sensemaking. The narratives did not explicitly suggest the types of ques-
tions to use to probe student thinking; however, the narratives did provide teachers with
rationales describing the importance of allowing students to make sense of scientific
phenomena through engagement in scientific discourse. Additionally, we provided tea-
chers a one-page reference guide for facilitating discussions in science (Figure 2). Like
the narrative, the reference guide also provided rationales as to why it is important to
provide all students with sensemaking opportunities during which students verbalise
their thinking and communicate their ideas with others. The reference guide also listed
teaching practices teachers could use to support students to engage in scientific discus-
sions. These suggestions included setting expectations for the discussion, allowing wait-
time for students to think about their ideas, and encouraging students to ask themselves
and others for evidence to support their claims.

Data sources and analysis

Data for this study include video recordings and field notes about Ms. Jay’s enactment of
the Circuits and Ecosystems units and five teacher interviews. We collected approximately
nine hours of video records and associated field notes for nine class periods of instruction
(four Circuits and five Ecosystem class periods). We observed the seven lessons because
they asked teachers to integrate science content and practices in their instruction, and
were also lessons that teachers in our pilot research described as challenging to enact.
Table 1 indicates the conceptual and scientific practice goals for each of the seven
lessons as described in the lesson curriculum. Lessons were approximately 45 minutes
long. Prior to the enactment of each unit, teachers attended a professional development
workshop. Two days focused on the Electric Circuits unit and one day focused on the Eco-
systems unit. The professional development also introduced teachers to the content and
practice supports included in the educative features of the curriculum materials.

To analyse Ms. Jay’s teacher questions, we transcribed the videorecords of the lessons
and focused on the instances where Ms. Jay engaged in discussions with two or more
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Ms. Diaz’s Enactment of the Webbing Activity:

Ms. Diaz wanted to make sure the webbing activity was clear and
engaging for her students. Since this activity covered complex
science ideas, interactions and relationships, Ms. Diaz felt it was
important for her students to use observations to provide evidence
and examples of interactions and relationships occurring in their
small scale ecosystems.

At the beginning of the lesson, Ms. Diaz told her students to make
careful observations to look for interactions within their aquaria. After
the students shared a few observations they made, Ms. Diaz used the
webbing activity to help them make sense of the complexity of their
aquaria. She probed each student’s idea for evidence from their
observations to support their thinking. For example, when Deanna said
she saw the elodea being held up by the gravel, Ms. Diaz used dashed
blue lines to represent the interaction.

Ms. Diaz then asked if students observed any relationships that were
interdependent, where two living things needed each other within the
relationship. Students discussed the relationship between the snails and
the elodea, stating the snails provided carbon dioxide for the elodea and
the elodea provided oxygen for the snail. Ms. Diaz illustrated those
connections on the class web using a red line with arrows on each end.

Ms. Diaz asked her students how they could make better sense of their
observations they had illustrated on their class web. After some
discussion, students decided to make a key for their class web, and
labeled the dashed blue line as “interaction” and the red line with
arrows on each end as “interdependent relationship.” Ms. Diaz asked
the students to develop definitions to list in their key. Together, the
class decided on the following definition for interdependent
relationship: “when two types of living things both need each other to
live, they have an interdependent relationship.” Ms. Diaz facilitated a
similar discussion to aid students in developing a definition for
“interaction”. The class continued to illustrate their observed
interactions and interdependent relationships on their web using the key
they created.

Ms. Diaz felt this lesson was helpful in providing her students practice
in representing the relationships they were identifying in their aquaria;
encouraging students to use their observations as evidence to support
their ideas; helping them to understand a key conceptual goal of this
unit of study, interdependence; and supporting them to learn about a
new graphic organizer — a web — that is very useful to learning science.

Figure 1. Narrative of fictional teacher enacting Lesson 5 Ecosystems unit.
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QOO
%% Discussions in Science

Discussions occur in a variety of fields. Science is built upon the practice of communication and
collaboration. These scientific discussions hold an expectation that statements are supported with
evidence. Engaging students in discussions in science allows students to communicate their ideas
with the objective of developing scientific understanding. In a classroom discussion, students
verbalize their own ideas and provide evidence for those ideas, while being challenged by the ideas
of others. This leads to the possibility of expanding and strengthening their own scientific
knowledge and the scientific knowledge of their peers.

Why should my students engage in discussions in science?

This is a scientific practice that:

Enables students to make sense of concepts in science through collaboration

Makes students’ thinking visible

Helps students learn how to communicate their ideas and findings

Engages students in productive argumentation by supporting their ideas with evidence

Helps students learn the social norms of productively interacting with others

How can I help my students engage in discussions in science?

Some strategies include:

Share with students the expectations for classroomdiscussions

Probe students for evidence to support their claims, which should be related to their
observations of their tester circuits and the light bulb. Discuss how a lit bulb can serve as
evidence for aclaim

Before students observe, tell them that they will be expected to discuss their findings from
the investigation, so they are able to think about theirclaims and determine their evidence
before being expected to share their explanations

Allow students time to think about discussion topics before engaging in the discussion, perhaps do
a pre-write to capture some of their ideas

Model how to productively disagree with differing ideas and help them think about why their ideas
might be different

In this lesson, students may find different results due to problems in the circuits. Have students
discuss their varying results and retest their circuits using their troubleshooting skills

Provide students with stems for comments like “I agree because...” or “I disagree because...”

Encourage students to ask themselves and others, “How do we know?”

Figure 2. One-page reference guide for facilitating science discussions.

students. We coded adjacency pairs (Sacks, Schegloff, & Jefferson, 1974) or “Teacher ques-
tion—student answer’ pairs where the teacher makes a discursive move that serves to elicit a
student response and is followed by a student discursive move (Oliveira, 2010b). To ident-
ify the types of questions asked, we used a combination of open coding and a priori codes
derived from literature and the curriculum supports. After checking for agreement on the
codes, two researchers coded the video data and checked inter-rater reliability on 20% of
the data. An inter-rater reliability of 91% was achieved. The researchers then discussed the
coding, code definitions were clarified, and data were recoded as needed.
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Table 1. Conceptual and scientific practice goals in lesson curriculum.

Lesson

Scientific practice

Overview and conceptual focus focus

Circuits Lesson 3
Circuits Lesson 8
Circuits Lesson 11
Ecosystems
Lesson 5

Ecosystems
Lesson 10

Ecosystems
Lesson 13

Ecosystems
Lesson 14

Students explore different ways to create a circuit and learn that in a complete  Predictions
circuit electric current travels in a loop that begins and ends with a battery.
Students construct a light bulb and learn that a resistive component changes  Observations

electric energy into other forms of energy such as heat and light energy.

Explanations

Students build a series and parallel circuit and learn that bulbs and batteries in  Predictions

parallel and series result in circuits with different characteristics.

Observations
Modelling

Students draw on readings and their observations to discuss that organisms in  Predictions

ecosystems have dependent and interdependent relationships, and living

and non-living things have interactions.

Explanations

Students design an investigation of the effects of pollution on their small-scale  Designing

ecosystem using their knowledge of specific pollutants (acid rain, salt, and

fertiliser).

Students compare the results of their experiments, learn the importance of

Investigations

Observations

controls and averaging data, and infer that water pollution endangers aquatic  Explanations

animals.

Students report on their experiments, pool their data, and develop

Predictions

explanations about the effects of each pollutant, with a focus on the role of  Explanations

producers in an ecosystem.

Data coding and analysis yielded four categories of questioning practices: explication
questions, explanation questions, science concept questions, and scientific practice questions.
As shown in Table 2, explication questions provided students with an opportunity to
describe their evidence in the form of ‘what’ happened (Braaten & Windschitl, 2011;
Zangori & Forbes, 2013). Explanation questions asked students to explain ‘why’ or
‘how’” a phenomenon worked. Science concept questions guided students to use scientific
language to name observed phenomena (e.g. What is this circuit called?). Scientific practice
questions could support students in developing knowledge and skills in using scientific
practices. Based on our emergent coding, the six scientific practices and sub-practices

Table 2. Types of teacher questions.

Questions Description Example
Explication Questions that may provide students with an What did you see?
question opportunity to describe their evidence in the What happened when you unscrewed the bulb?
form of ‘what’ happened in the investigation What did the acid rain do to the terrarium?
Explanation Questions that may provide students with an How do you know?
question opportunity to explain why or how a Why do you say that?

Science concept
question

Scientific
practice
question

phenomenon works and to articulate the causal
mechanisms for observed patterns in their
observations

Questions that may provide students with an
opportunity to use scientific language to name
the phenomenon

Questions that may provide students with an
opportunity to develop knowledge and skills in
engaging in scientific practices such as making
predictions, recording observations, and
developing explanations

Why do you think our compass isn't moving
anymore?

The battery was touching the wires and the bulb
shut off. They couldn’t remember what that
was called. Who remembers?

These kinds of circuits have names. What do you
think?

Shall | put duckweed under plants or animals?

What are you going to compare the brightness of
the bulb to?

What did we say wasn't going to change, so that
it would be a fair test?

We've collected lots of data, but what does it all
mean?
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Table 3. Teacher questioning sequences.

Questioning sequences Description

Example of sequence

Focusing students on
scientific practices

Teacher asks a scientific practice question after
an explication or explanation question; or
asks a series of scientific practice questions
to turn students’ attention back to the
practice

Supporting students in Teacher asks a science concept question after
naming observed an explication question to help students use

phenomena scientific language to label observations
Guiding students in Teacher asks a scientific practice question,
sensemaking explication question, and then explanation

question to help students develop
explanations

Group one, what did the acid rain do to the
terrarium?

Why do you think the results are different?

Did you have a different formula, or the same
formula?

What about this circuit, what do you see?

These circuits have names, look at the
batteries, what do you think?

What was the question before we started our
experiment?

How did the acid rain affect your terrarium?

Knowing what happened, what do you think

would happen to the crickets in your
ecosystem if it had been polluted?

Ms. Jay emphasised in her questions included: (1) designing investigations; (2) making
predictions; (3) recording observations; (4) troubleshootingl; (5) using models; and (6)
analysing and interpreting data. In this paper, we focus on these practices because they
are important elements of planning and carrying out investigations and constructing
explanations as described by the Next Generation Science Standards (NGSS Lead States,
2013).

After we coded the specific question types, because of the literature that suggests the
importance of sequences of questions (e.g. Colley & Windschitl, 2016), we zoomed out
a level to look at how the sequence of questioning could support student sensemaking
and explanation development. To do this, we noted the series of questions Ms. Jay
asked in each lesson. We identified three questioning sequences involving (1) explication
or explanation questions followed by a scientific practice question; (2) explication questions
followed by a science concept question; and (3) a series of scientific practice questions, expli-
cation questions, and explanation questions. We then looked across the lessons to see if
these sequences were consistently used across lessons. Our analysis also let us infer
what work each sequence seemed to do in the classroom, and so we developed names
for each sequence. Table 3 summarises these questioning patterns.

After coding for question types and question sequences, we coded the interviews with
Ms. Jay to understand her rationale for her questioning practices. We used the interviews
to triangulate the findings from the observations of Ms. Jay’s instruction. We coded the
meaning units, or each interview question and response (Miles et al., 2014) related to
Ms. Jay’s discussion practices. One researcher coded the interview data and a second
researcher reviewed the analysis. Table 4 shows the themes that emerged in the interview
analysis.

Results
Research question one: teacher questions

Across the nine observed class periods and 389 total questions, Ms. Jay asked four types of
questions including explication questions (44%), scientific practice questions (27%), expla-
nation questions (21%), and science concept questions (7%) (see Table 5).
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Table 4. Themes from Ms. Jay's interviews: Purposes of questions.

Theme

Example from interview transcript

Asking questions to support students’
use of practices

Supporting students’ speaking and
writing in science

Engaging in collective sensemaking

Some had a hard time [with] predictions ... ‘How did you get this? ... What did
you first think?’ (Interview 4)

They wanted to make up observations in relation to something ... ‘Just measure
it, don't say it's bigger, it's smaller, it grew a lot. What does that mean it grew a
lot?’ (Interview 4)

First ... ‘It was a plant,” and now, ‘Which is the duckweed?” You have to use [the
language] with them and then they pick it up on their own and have a
discussion, which is scientific. (Interview 3)

They're not used to writing or really speaking in science. It was more like we do
this activity. You read something and here’s your worksheet and then we’'ll test
you at the end. It wasn't ... we're going to communicate with the whole class.
(Interview 5)

| was leading the class discussion during the Electricity unit, and then they started
leading it in the Ecosystems unit. | would give them something to think about,
and then they would make prompts of what they wanted to discuss and what
they had to find out. It was almost a debate. (Interview 5)

At the beginning it was just everyday procedure questions. | think they started
thinking more like a scientist and asking questions about their experiments
... 'What would happen if we did this instead of this?’ I'm like, ‘I don’t know.
What do you think would happen? Sometimes we actually did it. (Interview 5)

Table 5. Frequency of teacher questions.

Explication Explanation Science concept Scientific practice Total
Lessons questions questions questions questions questions
Circuits Lesson 3 16 (47%) 5 (15%) 1 3%) 12 (35%) 34
Circuits Lesson 8 4 (29%) 3 (21%) 1 (7%) 6 (43%) 14
Circuits Lesson 11 11 (46%) 9 (38%) 1 (4%) 3 (13%) 24
Day One
Circuits Lesson 11 20 (47%) 4 (9%) 8 (19%) 11 (26%) 43
Day Two
Ecosystems Lesson 5 26 (33%) 40 (50%) 12 (15%) 2 (3%) 80
Ecosystems Lesson 10 0 0 0 24 (100%) 24
Day One
Ecosystems Lesson 10 0 0 1 (3%) 35 (97%) 36
Day Two
Ecosystems Lesson 13 44 (76%) 2 (3%) 2 (3%) 10 (17%) 58
Ecosystems Lesson 14 51 (67%) 20 (26%) 2 (3%) 3 (4%) 76
Total across class 172 (44%) 83 (21%) 28 (7%) 106 (27%) 389
periods

Explication questions

Almost half (44%) of the questions Ms. Jay asked were explication questions. These ques-
tions encouraged students to share the observations they had made and recorded during
the investigation. For instance, Ms. Jay used explication questions to elicit students’ obser-
vations at the end of Circuits Lesson 11 Day Two, which focused on helping students
compare the brightness of light bulbs in a series circuit and a parallel circuit.

What happened when you unscrewed the bulb?

The other one turned off. Okay, anybody else?

Student: I had a series [circuit]
Ms. Jay:

Student:  The other one turned off.
Ms. Jay:

Student: I had a parallel circuit.

Ms. Jay:

When you unscrewed one bulb?
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Student:  All the electricity went to the other light bulb.
Ms. Jay:  Did it stay on or turn off?
Student:  This one that was unscrewed went off, and this one stayed on.

Here, she guided students to consider the differences between a series circuit with two
bulbs and a parallel circuit with two bulbs. She asked, ‘What happened when you
unscrewed the bulb? to help students notice that when one of two bulbs is unscrewed
in a series circuit, both bulbs go out. They also noticed that when one of two bulbs is
unscrewed in a parallel circuit, the second bulb remains lit. She did not tell students
what they should have seen, but rather elicited their observations and provided an oppor-
tunity for students to articulate their sensemaking.

Scientific practice questions

Over a quarter of Ms. Jay’s questions were scientific practice questions (27%). These ques-
tions provided students with an opportunity to develop knowledge and skill in using scien-
tific practices to develop explanations. She used these questions in two main ways. First,
she asked scientific practice questions at the beginning of a class period to support stu-
dents in collecting accurate evidence. Second, she asked the questions in the middle of
a discussion to guide students to accurately interpret their data as they developed
explanations.

Out of the 106 scientific practice questions asked across the 9 class periods, she asked 54
questions that focused on helping students design investigations. All of these questions
occurred in the Ecosystems unit, and they focused on helping students learn about the
elements of an investigation design. For instance, after two acid rain groups reported
different results in the ways the pollutant had impacted their ecosystems, she asked,
‘Did you have a different formula, or did you have the same formula? How often did
you water? (Ecosystems Lesson 14). These scientific practice questions occurred as stu-
dents described their investigation findings, and they encouraged them to consider the
differences in their investigation design.

Ms. Jay’s prediction questions (23 out of 106) guided students to make claims sup-
ported by prior knowledge about a scientific phenomenon. In Ecosystems Lesson 10
Day Two she drew on students’ experiences baking chocolate chip cookies to prepare
them to make predictions about the effect of different pollutants on their ecosystem.
She asked,

What is your prediction with the chocolate chips? ... You would pick Hershey’s just to eat out
of the bag? ... Is that what we’re testing? ... Our prediction needs to relate to our question ...

Which chocolate chip tastes better in cookies? You need to be using the words for your claim,
to begin your sentence.

Ms. Jay used the chocolate chip cookie analogy to help students see that changing the type
of chocolate to figure out which cookie tasted the best was similar to changing the amount
of pollutant (acid rain, salt, or fertiliser) to investigate the effects pollutants have on eco-
systems. These questions emphasised the role of variables (only changing the chocolate)
and controls (keeping the remaining cookie ingredients the same) in an experiment and
supported students to make predictions about the effects of pollutants as they planned
their pollution experiment.
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Fewer scientific practice questions focused on the practices of observing, modelling,
troubleshooting, and analysing and interpreting data. The observation questions (9 out
of 106) guided students to make and record accurate observations. The modelling ques-
tions (7 out of 106) occurred during the Circuits unit, and they focused on helping stu-
dents learn to draw and test diagrams of different circuits. The troubleshooting
questions (7 out of 106) also occurred during the Circuits lessons and they focused on
encouraging students to troubleshoot when they were building and testing their circuits.
The analysing and interpreting data questions (6 out of 106) occurred in one lesson, Eco-
systems Lesson 13. These questions guided students to look back over their data to notice
the ways the pollutant impacted their ecosystem in preparation for the next class period
where they would begin to develop explanations.

Explanation questions

Approximately one-fifth of Ms. Jay’s questions (21%) were explanation questions.
These questions often occurred after students had made observations in an investi-
gation. For instance, in Ecosystems Lesson 14, she encouraged students to use their
observations to explain what might happen if animals were added to the polluted
ecosystems.

Ms. Jay:  What would happen in your terrarium if you had crickets and isopods in there,
the salt people?

Student:  The [salt] will get in the roots of the plants, and the isopods will eat them.

Ms. Jay:  If you had crickets ... would the crickets survive?

Student: No.

Ms. Jay:  Why?

Student:  Because there’s no food.

Ms. Jay:  What about the isopods?

Student:  The crickets will eat the poisoned grass, then the poison will go into their bodies
and they will die, then the isopods eat the poisoned crickets, and then the isopods
die.

Ms. Jay asked explanation questions such as, ‘Why?" to encourage students to support
their claims (why would the crickets die?) with evidence from their investigations
(there is insufficient food remaining for the other organisms). The ‘poisoned’ grass the
student referred to was the grass in the terrarium that had been watered with the
group’s pollutant, salt water. While this student’s explanation is not yet scientifically
accurate, Ms. Jay’s questions are moving students towards a more sophisticated under-
standing of pollution by pressing them to draw on their evidence to articulate mechan-
isms for observed patterns.

Science concept questions

Across the nine class periods observed, 7% of Ms. Jay’s questions were science concept
questions. These questions provided students with an opportunity to use scientific
language to name and develop an understanding of phenomena. For instance, in Ecosys-
tems Lesson 5, Ms. Jay helped students to develop an understanding of the concepts of
interactions, and dependent and interdependent relationships.
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Ms. Jay:  I'want you to think about the definitions of interactions, dependent relationships
and interdependent relationships. There are three kinds ... that occur ... in our
mini-ecosystem. What do you think interaction means?

Student: ~ Well, it’s something that’s needed.

Ms. Jay:  Okay. Needed by or used by a living being. That’s a good one. Anybody else have
another idea what an interaction is?

[Ms. Jay and students continue to discuss]

Ms. Jay:  Well, it involves one living thing and one non-living thing. For example, the
gravel that holds the elodea in place, right? Somebody was mentioning that.
Okay, now we’ve got the living thing is the elodea and the non-living thing is
the gravel ... Now what about dependent relationships?

Student:  Living things can depend on living things.

In this example, Ms. Jay used students” observations to help them learn about important
science concepts like interactions between living and non-living things. She referenced the
observations students had shared earlier as they worked together to develop an under-
standing of the concept. Rather than define the concept of interactions at the beginning
of the unit, she introduced it in Lesson 5 to enable students to use what they had seen
to make sense of the concept.

Research question two: asking questions to engage students in explanation
development

Our analysis showed that Ms. Jay consistently used the four question types (explica-
tion questions, explanation questions, science concept questions, and scientific practice
questions) in three specific questioning sequences to engage students in explanation
development. Table 6 shows the questioning sequences she used in each observed
lesson.

Focusing students on scientific practices

Ms. Jay asked a series of scientific practice questions to focus students on scientific practices
in all of the nine observed class periods. To illustrate, we first present an excerpt from Eco-
systems Lesson 10 Day Two, where she asked 35 out of 36 scientific practice questions.
Excerpt 1 shows how she asked a series of scientific practice questions to focus students’
attention on the components of a fair test.

Table 6. Ms. Jay's use of questioning sequences across lessons.

Circuits unit Ecosystems unit
Lesson  Lesson Lesson Lesson
Lesson  Lesson 11 1 Lesson 10 10 Lesson  Lesson

Questioning sequence 3 8 Day 1 Day 2 5 Day 1 Day 2 13 14
Focusing students on X X X X X X X X X

scientific practices
Supporting students in X X X X X X X

naming observed

phenomena
Guiding students in X X X X X X X

sensemaking
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Excerpt 1: Ecosystems lesson 10 Day 2

Ms. Jay:  Okay, I want to hear what your [pollution]  Scientific practice questions:
plan is. Designing investigations
Student:  Put four teaspoons of vinegar in two litres of
water
Ms. Jay:  You're going to put—dump that whole
thing into your ecosystem?
Student:  No, with the ... droppers.
Ms. Jay:  How much are you going to water?
Student:  Three times a week.
Ms. Jay:  What are you looking for? What’s the
purpose of doing this?
Student:  We're looking for the roots, and the colour
of the ground.

Ms. Jay used scientific practice questions to help students plan how much and how often
they would add vinegar (to represent acid rain) to their ecosystem. She then pressed stu-
dents to restate the purpose of their pollution experiment. These questions turned stu-
dents’ attention back to the practices to focus their thinking on the how and why of
using scientific practices to generate knowledge about the impact of pollutants on ecosys-
tems. Ms. Jay’s questions prepared students to conduct the pollution experiments in the
next lesson.

Another example occurred in Circuits Lesson 3 when she asked a series of scientific
practice questions to focus students on the practice of making predictions (see Excerpt 2).

Excerpt 2: Circuits lesson 3

Ms. Jay:  Talk with your group about what a Scientific practice questions: Predictions
prediction is.

Student: A prediction is what you think is
going to happen next.

Ms. Jay:  IfIlooked outside and said, I think the
sky is going to be purple, is that a good
prediction? Why?

Student:  No. Because skies are never purple.

Ms. Jay:  Because skies are never purple, but do
they sometimes rain?

Student: I've seen it rain before.

Ms. Jay:  She’s using prior knowledge, stuff that
she’s already observed to make a
prediction.

Ms. Jay used an example of predicting the weather to support students’ understanding that
predictions are based on prior knowledge and observations. These questions provided stu-
dents with an opportunity to learn about predictions and how to make them.

Ms. Jay also engaged in the discourse pattern of focusing students on scientific practices
by asking scientific practice questions after explication and explanation questions. As stu-
dents explained their observations, the scientific practice questions focused their attention
on the processes of science informing their results. For example, in Excerpt 3 from Eco-
systems Lesson 14, Ms. Jay first asked explication questions to elicit two teams’
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observations of their terrariums polluted with acid rain. Then she used an explanation
question to press the groups to explain the mechanism for their different observations.
In the middle of the discussion, she shifted to asking scientific practice questions to
remind them about the different variables in their investigations.

Excerpt 3. Ecosystems lesson 14

Ms. Jay:  Where is group one? ... What did the acid rain do to the Explication
terrarium? question
Student: It made less plants.
Ms. Jay:  The plants were dying? What else did it do? Explication
Student:  The soil was hard. question
Ms. Jay:  [to Team Two] Did you feel the soil? Was it hard? Explication
Student: It wasn’t hard. question
Ms. Jay: It wasn’t hard, so it was still spongy like before? So, you disagree ~ Explication
with this. Did some of your plants die? question

Student:  No. They’re turning yellow.

[Ms. Jay elicits more observations from the two acid rain teams]

Ms. Jay: Did you guys use the same exact solutions for ~ Explanation question
acid rain? Why do you think the results are
different?

Student: We watered it more.

Ms. Jay: You watered it more? Yours just died and Explanation question
turned yellow.

Student: We had different formulas.

Ms. Jay: Did you have a different formula, or did you Scientific practice question:
have the same formula? You had the same Designing investigations

formula, so maybe they were watering theirs
more than the other. How often did you water?

Team One: We watered four times a week.

Team Two: We did three.

Ms. Jay: You did three. There could be the difference
right there.

Ms. Jay asked scientific practice questions to help the groups understand that their
results were different because their investigation designs were different. Students realised
that they used the same formula of acid rain, but ‘watered’ their terrarium differently. In
order to interpret the different results, they needed to understand the different designs. By
asking these questions, students were provided an opportunity to apply what they had
learned about fair tests. Ms. Jay’s sequence of questions to focus students on scientific prac-
tices made visible the practices of science and supported students in learning how scientific
knowledge develops.

Another example occurred in Circuits Lesson 8 as Ms. Jay guided students to explain their
observations and to accurately record their observations. She asked an explanation question
to encourage their explanations, ‘They said our compasses aren’t moving anymore, why is
that?’ After students responded that the circuits were no longer complete, she asked scientific
practice questions to remind them to draw and label what they had seen, ‘The drawing is
clear, accurate, complete, but it’s not ... ? As scientists, we have to be accurate.” Her questions
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emphasised the integration of scientific practices with science content as students made
sense of their observations and learned to record them in an accurate way.

In her interviews, Ms. Jay highlighted her use of scientific practice questions to support
student learning. For example, she described a time when students tried to use ideas they
had not observed when they developed explanations, “Well, you didn’t see that. We're
going to be scientists here. What did you see that leads you to believe this is going to
happen?” They wanted to bring in other stuff and not use the experiment’ (Interview
4). She emphasised the ways she used questions to make explicit specific practices such
as writing evidence-based explanations.

Supporting students in naming observed phenomena

In seven of the nine observed class periods, Ms. Jay used a sequence of questions to
support students in naming observed phenomena. To illustrate, in Excerpt 4 from Cir-
cuits Lesson 11 Day One, she guided students to use a standard circuit to compare the
brightness of batteries in a series circuit (Circuit A) and batteries in a parallel circuit
(Circuit B). After eliciting students’ observations with an explication question, she
used a science concept question to help students use scientific language to identify
the different circuits.

Excerpt 4. Circuits lesson 11 day one

Ms. Jay:  What about this circuit, what did you see? (Circuit B is Explication
Parallel) question

Student:  The bulb in Circuit B was dimmer than the standard.

Ms. Jay:  Anybody else find it dimmer? Explication

Student: It was the same. question

Ms. Jay:  Can I carry this [standard] circuit around for a moment? [To  Explication
a student] Can you carry your [Circuit B] around for a question

moment? Here’s the standard bulb, how does it look?
Compared to [Circuit B]? What do you think?
Student:  They are the same.
Ms. Jay:  These kinds of circuits have names. This one is called series, ~Science concept
the batteries are in series. This is a word that you know too. A question
word that we have used in math before this. And look at these
batteries. What do you think?
Student:  Parallel.

Rather than begin the lesson by defining series and parallel circuits, Ms. Jay provided
students with an opportunity to construct and observe the brightness of the two cir-
cuits. When one student incorrectly stated that the parallel circuit was dimmer than
the standard circuit, Ms. Jay did not evaluate the answer and provide the correct
response. Instead, she instructed a student to hold Circuit B, the parallel circuit,
and to walk with her around the room while she held the standard circuit. After eli-
citing students’ observations and making certain they noticed the parallel circuit was
as bright as the standard circuit, she finally introduced the names of the two circuits.
The sequence of questions to support students in naming observed phenomena pro-
vided students with an opportunity to use the language of science to engage in collec-
tive sensemaking.
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Another example of this questioning sequence occurred in Ecosystems Lesson 14 as
students shared observations of their polluted ecosystems. Ms. Jay asked one team, ‘Fer-
tiliser people, what effects did the fertiliser have on the terrarium? After one student
responded that there used to be many plants, but now there were few, they were ‘endan-
gered,” she prompted the class to remember a scientific term they had read about and dis-
cussed previously. “There is a word that we used yesterday, there’s a few of them, but not so
many. Plant life became ... ?” She helped students recall the word ‘scarce’ to enable them to
use scientific language to describe their observations.

This theme was also evident in Ms. Jay’s interviews when she said,

They start talking to each other about it. That’s how I know I am being effective because they
can talk to each other about it in the same kind of language, and the same kind of concepts
are coming up. (Interview 3)

She underscored the importance of the students, and not just the teacher, using the correct
scientific language to discuss their investigations.

Guiding students in sensemaking

Ms. Jay also asked a sequence of questions to guide students in sensemaking in seven of
the nine observed class periods. Here, she started class with scientific practice ques-
tions, engaged students in an investigation and asked explication questions to elicit
their observations, and then used explanation questions to guide students to explain
the mechanism of their observations. By asking these questions, students were sup-
ported in learning how to use evidence and reasoning to make sense of natural
phenomena.

Excerpts 5-7 from Ecosystems Lesson 13 illustrate this questioning sequence. Excerpt 5
shows how Ms. Jay first asked scientific practice questions to focus students’ attention on
the components of an investigation.

Excerpt 5. Ecosystems lesson 13

[10:25] Scientific practice questions:
Ms. Jay:  You're going to discuss ... the effects of pollutants ~ Designing investigations
on your ecosystem, and then you’re going to draw
and support conclusions ... using the data you've
collected ... Remember, at the very beginning we
had a question. What was that question, before we
started our experiment?
Student: How do you think a pollutant is going to affect it?
Ms. Jay:  What do you think the pollutants will do to your
ecosystem? Each of you had a different variety of
question ... and then we all made a prediction ...
Then we talked about control and—what was that
other one?
Student:  Variable.
Ms. Jay:  Variable. That’s right ... then we did the
experiment, and we tried to be consistent about
the way we watered ... We’ve collected lots of
data, but now that we’ve collected all the data,
what does it all mean?
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Student:  Time to put it all together?

Ms. Jay:  Time to put it all together ... but before we draw
some conclusions, we’ve got to take a better look
at our data ... Look back at the observations of
your team’s experiment; find evidence of how the
pollutant has affected your team’s ecosystem.

Ms. Jay began class by making visible the elements of a scientific investigation. She
reminded students about the question they were investigating. She connected the
question to the predictions they had made and emphasised the importance of con-
trols and variables. Finally, she guided students to consider the data they had
collected.

After the students revisited the scientific practices and before they developed expla-
nations, she used explication questions to focus the teams on the observations they had
made about their ecosystem (see Excerpt 6).

Excerpt 6. Ecosystems lesson 13

[15:00] Explication
Ms. Jay:  One person from the acid rain group. How did the acid rain ~ questions
affect your ... terrarium?
Student: ~ We recorded there was a lot of plants, and now there’s a little bit
less plants.
Ms. Jay:  Fewer plants. Anything else?
Student:  Well, the roots are really getting a little black.
[18:26] Explication
Ms. Jay:  What about the salt people? questions
Student:  The roots are all brown and shrivelled up.
Ms. Jay:  What about this [salt] group?
Student:  The plants in the terrarium are like, crunchy.
Ms. Jay:  Crunchy? You mean they’re dried up?
Student:  Yeah, they’re dried up.
[21:55] Explication
Ms. Jay:  What about the fertiliser group? questions
Student:  The plants, they were beautiful, and--well, because of the
pollutant, now they’re a light shade of brown.
Ms. Jay:  Light brown. You guys have the 10 times the fertiliser, right?
Anything else going on with them?
Student: A lot of them fell over.

Ms. Jay asked explication questions to elicit the different groups’ observations of
what happened in the terrarium when they added their specific pollutant
(acid rain, salt, or fertiliser) to the small-scale ecosystem. She restated each
group’s pollutant variable to connect the group’s results to their investigation
plans. By comparing the results of their investigations, they were afforded an oppor-
tunity to apply what they had learned about the importance of using controls and
averaging data.

In Excerpt 7, which occurred at the end of the lesson, Ms. Jay asked an explanation
question to encourage students to use the data they had collected to explain what might
happen if animals were living in their polluted ecosystems.
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Excerpt 7. Ecosystems lesson 13

[50:00] Explanation
Ms. Jay:  Here’s a thinking question. Knowing what happened to the question
plants in the experiment terrarium, what do you think would

have happened to the crickets and isopods in your own
ecosystem if it had been polluted? Think about your
relationships, your dependent and interdependent
relationships. What were the first changes you noticed in the
terrarium?

Student:  The pollutant harmed the cricket, but the isopod lived a short
time longer because it’s going to eat the dead plants, but the
dead plants are covered in pollutants, so the isopod would die
after they ate the plants.

Ms. Jay concluded Lesson 13 by asking an explanation question, which she labelled as a
‘thinking question’ for students. She guided students to develop explanations by first refer-
encing the observations they had recorded. Then she emphasised the scientific terminol-
ogy, dependent and interdependent relationships, to remind them to apply the concepts
they had learned throughout the unit. Finally, she prompted students to consider the
changes they had noticed in their terrariums over time. These questions afforded students
an opportunity to begin to make sense of the pollution investigation and to draw on their
evidence to articulate mechanisms for observed patterns. By asking these questions, she
called students’ attention to the importance of controlling variables, collecting accurate
data, and using evidence to support claims about phenomena.

Another example of guiding students in sensemaking occurred in Circuits Lesson 11
Day Two when Ms. Jay used the sequence of questions over the class period to prepare
students to explain Christmas tree lights as series or parallel circuits. She started the
lesson with scientific practice questions to remind students to compare their observations
of the two circuits to the standard bulb, ‘You are going make both of these circuits, and you
are going to write down your observations. What are you going to compare the brightness
of the bulb to?’ After students observed the circuits, she used explication questions to elicit
their observations, T want you to unscrew one of the bulbs. Raise your hand and tell me
what happened with the other bulb, but before you do, tell me if you had a series or a par-
allel circuit.’ After students shared observations about the series and parallel circuits, she
pulled out a string of Christmas lights. She asked an explanation question, Tve got a ques-
tion for you. How many of you have these Christmas lights? Are these in parallel or series?
How do you know?’ By asking these questions, students were provided with an opportu-
nity to use their observations of the series and parallel circuits to explain the mechanism of
Christmas tree lights.

In her final interview, she recognised her students’ developing practices and their col-
lective sensemaking. She said,

At the beginning it was just everyday procedure questions. I think they started thinking more
like a scientist and asking questions about their experiments ... they started, ‘What would
happen if we did this instead of this?” I'm like, T don’t know. What do you think would
happen? Sometimes we actually did it. (Interview 5)

She noticed her students were starting to approach their work like scientists and apply
their knowledge to imagine new investigations.
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Discussion and conclusion

The purpose of this study was to characterise the questioning practices of an experienced
teacher who taught a curricular unit enhanced with educative features that emphasised
students’ engagement in scientific practices integrated with science content. Our analysis
indicated that Ms. Jay used four types of questions throughout her science lessons. Almost
half (44%) of her questions were explication questions where she invited students to
describe their observations of phenomena. Around one fourth (27%) of her questions
were scientific practice questions with one-fifth (21%) focused on explanation questions.
A small percentage (7%) of her questions were science concept questions, which provided
students an opportunity to use scientific language to name phenomenon. The findings
indicated that Ms. Jay asked these questions in three specific questioning patterns.
These involved (1) focusing students on scientific practices, a sequence of questions to
turn students back to the scientific practice; (2) supporting students in naming observed
phenomena, a sequence of questions to help students use scientific language to identify
observations; and (3) guiding students in sensemaking, a sequence of questions to help stu-
dents learn about scientific practices, describe evidence, and develop explanations.

Although many of the discussions were not yet student-centred, the questioning pat-
terns found in Ms. Jay’s lessons offer insights about how teachers can engage students
in sensemaking discussions where they integrate scientific practices with content. While
there are limitations to using one teacher’s enactment to make generalisable claims, her
practice provides an image of what is possible, and we focus on what her questioning prac-
tices might suggest for teachers and students learning to engage in this complex work.

First, this research adds to previous studies on how teachers can support students’ sen-
semaking of natural phenomena by emphasising the importance of helping students learn
how and why to use scientific practices (e.g. Arias et al., 2016; Biggers, Forbes, & Zangori,
2013). This is evident in the ways that Ms. Jay used the questioning sequence of focusing
students on scientific practices before, during, and after an investigation. For instance,
before students planned and carried out their pollution investigations, Ms. Jay spent
two class periods and asked 59 of 60 scientific practice questions (Ecosystems Lesson
10 Day One and Two) to help students develop knowledge of how and why to use variables
and controls in investigations. Later in Ecosystems Lesson 13 as she asked explanation
questions to help the teams make sense of their observations, she reminded students to
think back to their pollution design. Similarly, in Circuits Lesson 11, as she asked explica-
tion questions to elicit students’ observations of the parallel and series circuits, she
prompted students to recall the importance of comparing their circuits to the standard
circuit to ensure accurate comparisons. Extending prior work that has found teachers
may struggle to use scientific practices (e.g. Abell, 2007; Appleton, 2007), this study
suggests that teachers’ questioning practices can serve as important scaffolds to help stu-
dents integrate scientific practices with science content.

Second, this study provides examples of questioning practices that encouraged students
to develop shared understandings of scientific language, a key component of supporting
students’ articulation in sensemaking (Berland & Reiser, 2009; Sawyer, 2007). For instance,
during the Circuits Lesson 11, Ms. Jay engaged her students in using their observations of
series and parallel circuits to collectively characterise the two circuits. Using the question-
ing sequence of supporting students in naming observed phenomena helped the students
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ground their sensemaking in evidence and supported them in using scientific terminology
to articulate their ideas. Providing students with a language for making sense of obser-
vations and for developing explanations is critical (Berland & McNeill, 2010; Chin,
2007). This focus on scientific language does not stand alone but becomes one dimension
of a teacher’s questioning routine to scaffold students’ engagement in collective sensemak-
ing (cf. Berland & Reiser, 2009).

Third, this study builds on prior research to suggest that teachers can facilitate pro-
ductive discussions within a questioning sequence that maintains teacher direction
(Chin, 2006; Van Booven, 2015). Although the questioning sequence of guiding students
in sensemaking was primarily teacher-led, the moves to engage students in the practices of
science may have shifted the classroom discourse norms to value collective sensemaking.
In her interviews, Ms. Jay mentioned noticing that her students were starting to take on
new roles and lead the discussions, work collaboratively to engage in problem solving,
and pose their own questions to further the class’s explorations (see Table 4). These find-
ings are consistent with other studies that describe the shift in classroom dynamics as tea-
chers position students more as complementary experts and less as novices trying to figure
out the correct answer (Berland & Reiser, 2009; Oliveira, 2010b). The questioning patterns
may have over time bolstered these students’ skills and Ms. Jay’s confidence in her stu-
dents. This is evident in Ecosystems Lesson 13 when Ms. Jay referred to an explanation
question as a ‘thinking question’ when she asked students to explain what might
happen if crickets and isopods were living in their polluted ecosystem. Labelling the ques-
tion a ‘thinking question’ suggests that she recognised its complexity, but saw her students
as capable of the intellectual work required to develop an explanation.

Because we made a limited number of classroom observations, we cannot make
claims about Ms. Jay’s learning or her students’ learning, though our larger study
shows that participating students developed stronger conceptual understandings of
both electric circuits and ecosystems (Smith & Smith, 2014). However, Ms. Jay and
her students’ movement towards collective sensemaking discussions is evident, and it
emphasises the potential of educative curriculum materials in helping teachers and stu-
dents engage in this work that has been found to be complex and uncommon in class-
rooms (Arias et al., 2016; Cervetti, Kulikowich, & Bravo, 2015; Davis, Janssen, & van
Driel, 2016). Moreover, consistent with prior research, this study suggests that teacher
questioning not only supports students’ scientific thinking, but it also serves a social
function (Oliveira, 2010b). Thus, it is important for teachers to develop linguistic aware-
ness (Oliveira, Sadler, & Suslak, 2007) and become more familiar with the ways that
questioning practices establish authority in classrooms. Becoming more aware may
help teachers modify their questioning routines and engage students with questions
that facilitate sensemaking (Oliveira, 2010b).

Questions continue to be the most common teacher discourse move, and it is important
to consider ways to build questions into educative supports. The questioning sequences
characterised here may provide guidance for teachers beyond descriptions of merely
acting as a ‘facilitator’ or asking an open-ended question. As this study shows, a more
effective approach may be to help teachers learn to use a series of questions that integrate
the work of learning about scientific practices, naming phenomena, and using the prac-
tices to develop evidence-based explanations of phenomena.
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Note

1. While troubleshooting is not explicitly called out in the Framework or NGSS, this was a prac-
tice that Ms. Jay emphasised in her teaching and we see it, too, as being an important part of
carrying out investigations.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This research is supported by the National Science Foundation through a REESE Award [grant
number 1007753] to Elizabeth A. Davis, Annemarie Sullivan Palincsar, and P. Sean Smith.

ORCID

Sylvie M. Kademian © http://orcid.org/0000-0002-5766-1876
Elizabeth A. Davis (© http://orcid.org/0000-0002-4984-0209

References

Abell, S. K. (2007). Research on science teacher knowledge. In S. K. Abell & N. Lederman (Eds.),
Handbook of research on science education (pp. 1105-1149). Mahwah, NJ: Lawrence Erlbaum
Associates.

Alfke, D. (1974). Asking operational questions. Science and Children, 11(7), 18-19.

Appleton, K. (2007). Elementary science education. In S. Abell & N. Lederman (Eds.), Handbook of
research on science education (pp. 493-535). Mahwah, NJ: Lawrence Erlbaum Associates.

Arias, A. M., Davis, E. A., Marino, J.-C., Kademian, S. M., & Palincsar, A. S. (2016). Teachers’ use of
educative curriculum materials to engage students in science practices. International Journal of
Science Education, 38(9), 1504-1526.

Australian Curriculum, Assessment and Reporting Authority (ACARA). (2013). Australian curri-
culum: Science. Retrieved from https://www.australiancurriculum.edu.au/

Banilower, E. R., Smith, P. S., Weiss, I. R., Malzahn, K. A., Campbell, K. M., & Weis, A. M. (2013).
Report of the 2012 national survey of science and mathematics education. Chapel Hill, NC:
Horizon Research.

Banilower, E. R., Smith, P. S., Weiss, I. R., & Pasley, J. D. (2006). The status of K-12 science teaching
in the United States. In D. W. Sunal & E. L. Wright (Eds.), The impact of state and national stan-
dards on K-12 science teaching (pp. 83-122). Greenwich, CT: Information Age Publishing.

Berland, L. K., & McNeill, K. L. (2010). A learning progression for scientific argumentation:
Understanding student work and designing supportive instructional contexts. Science
Education, 94(5), 765-793.

Berland, L. K., & Reiser, B. J. (2009). Making sense of argumentation and explanation. Science
Education, 93(1), 26-55.

Biggers, M., Forbes, C. T., & Zangori, L. (2013). Elementary teachers’ curriculum design and ped-
agogical reasoning for supporting students’ comparison and evaluation of evidence-based expla-
nations. The Elementary School Journal, 114(1), 48-72.

Bloom, B., Englehart, M., Furst, E., Hill, W., & Krathwohl, D. (1956). Taxonomy of educational
objectives: The classification of educational goals. Handbook I: Cognitive domain. New York,
NY: Longmans, Green.

Braaten, M., & Windschitl, M. (2011). Working toward a stronger conceptualization of scientific
explanation for science education. Science Education, 95(4), 639-669.


http://orcid.org/0000-0002-5766-1876
http://orcid.org/0000-0002-4984-0209
https://www.australiancurriculum.edu.au/

Downloaded by [Australian Catholic University] at 03:10 12 September 2017

24 A. BENEDICT-CHAMBERS ET AL.

Carin, A. A,, Bass, J. E., & Contant, T. L. (2005). Teaching science as inquiry (10th ed.). Upper Sadler
River, NJ: Merrill Prentice Hall.

Cervetti, G. N., Kulikowich, J. M., & Bravo, M. A. (2015). The effects of educative curriculum
materials on teachers’ use of instructional strategies for English language learners in science
and on student learning. Contemporary Educational Psychology, 40, 86-98.

Chin, C. (2006). Classroom interaction in science: Teacher questioning and feedback to students’
responses. International Journal of Science Education, 28(11), 1315-1346.

Chin, C. (2007). Teacher questioning in science classrooms: Approaches that stimulate productive
thinking. Journal of Research in Science Teaching, 44(6), 815-843.

Colley, C., & Windschitl, M. (2016). Rigor in elementary science students’ discourse: The role of
responsiveness and supportive conditions for talk. Science Education, 100(6), 1009-1038.

Crawford, B. (2000). Embracing the essence of inquiry: New roles for science teachers. Journal of
Research in Science Teaching, 37(9), 916-937.

Davis, E. A., Janssen, F. J. J. M., & van Driel, J. (2016). Teachers and science curriculum materials:
Where we are and where we need to go. Studies in Science Education, 52(2), 127-160.

Davis, E. A., & Krajcik, J. S. (2005). Designing educative curriculum materials to promote teacher
learning. Educational Researcher, 34(3), 3-14.

Davis, E. A, Palincsar, A. S., Arias, A., Bismack, A. S., Marulis, L., & Iwashyna, S. (2014). Designing
educative curriculum materials: A theoretically and empirically driven process. Harvard
Educational Review, 84(1), 24-52.

Davis, E. A., Petish, D., & Smithey, J. (2006). Challenges new science teachers face. Review of
Educational Research, 76(4), 607-651.

Elstgeest, J. (1985). Encounter, interaction and dialogue. Taking the plunge. London: Heinemann.

Erdogan, I, & Campbell, T. (2008). Teacher questioning and interaction patterns in classrooms
facilitated with differing levels of constructivist teaching practices. International Journal of
Science Education, 30(14), 1891-1914.

Franke, M. L., Webb, N. M., Chan, A. G,, Ing, M., Freund, D., & Battey, D. (2009). Teacher ques-
tioning to elicit students’ mathematical thinking in elementary school classrooms. Journal of
Teacher Education, 60(4), 380-392.

Graesser, A. C., & Person, N. K. (1994). Question asking during tutoring. American Educational
Research Journal, 31(1), 104-137.

Herrenkohl, L. R,, Palincsar, A. S., DeWater, L. S., & Kawasaki, K. (1999). Developing scientific
communities in classrooms: A sociocognitive approach. Journal of the Learning Sciences, 8(3-
4), 451-493.

Hogan, K., Nastasi, B. K., & Pressley, M. (1999). Discourse patterns and collaborative scientific
reasoning in peer and teacher-guided discussions. Cognition and Instruction, 17(4), 379-432.
Jimenez-Aleixandre, M. P., Rodriguez, A. B., & Duschl, R. A. (2000). ‘Doing the lesson’ or ‘doing

science’ Argument in high school genetics. Science Education, 84(6), 757-792.

Kawalkar, A., & Vijapurkar, J. (2013). Scaffolding science talk: The role of teachers” questions in the
inquiry classroom. International Journal of Science Education, 35(12), 2004-2027.

Kennedy, M. M. (2005). Inside teaching: How classroom life undermines reform. Cambridge, MA:
Harvard University Press.

Kleifgen, J. A. (1990). Prekindergarten children’s second discourse learning. Discourse Processes, 13
(2), 225-242.

Koufetta-Menicou, C., & Scaife, J. (2000). Teachers’ questions — Types and significance in science
education. School Science Review, 81(296), 79-84.

Lawson, A. E., Abraham, M. R, & Renner, J. W. (1989). A theory of instruction: Using the learning
cycle to teach science concepts and thinking skills. Cincinnati, OH: National Association of
Research in Science Teaching.

Lehrer, R., Carpenter, S., Schauble, L., & Putz, A. (2000). Designing classrooms that support
inquiry. In E. H. Van Zee (Ed.), Inquiring into inquiry: Learning and teaching in science (pp.
80-99). Washington, DC: American Association for the Advancement of Science.

Lemke, J. L. (1990). Talking science: Language, learning, and values. Norwood, NJ: Ablex.

Lortie, D. (1975). Schoolteacher: A sociological study. Chicago, IL: University of Chicago Press.



Downloaded by [Australian Catholic University] at 03:10 12 September 2017

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION e 25

Martin, D. J. (2006). Elementary science methods: A constructivist approach (4th ed.). Belmont, CA:
Thompson Wadsworth.

McNeill, K. L., & Krajcik, J. (2009). Synergy between teacher practices and curricular scaffolds to
support students in using domain-specific and domain-general knowledge in writing arguments
to explain phenomena. The Journal of the Learning Sciences, 18(3), 416-460.

Mehan, H. (1979). ‘What time is it, Denise?’ Asking known information questions in classroom dis-
course. Theory Into Practice, 18(4), 285-294.

Mercer, N., Wegerif, R., & Dawes, L. (1999). Children’s talk and the development of reasoning in
the classroom. British Educational Research Journal, 25(1), 95-111.

Miles, M. B., Huberman, A. M., & Saldafia, J. (2014). Qualitative data analysis: A methods source-
book. Thousand Oaks, CA: Sage.

National Research Council. (2012). A framework for K-12 science education: Practices, crosscutting
concepts, and core ideas. Washington, DC. Retrieved from http://www.nap.edu/catalog/13165/a-
framework-for-k-12-science-education-practices-crosscutting-concepts

National Science Resources Center. (2004). Science technology and children ecosystems (2nd ed.).
Burlington, NC: Carolina Biological Supply Company.

NGSS Lead States. (2013). Next generation science standards: For states, by states. Retrieved from
http://www.nap.edu/catalog/18290/next-generation-science-standards-for-states-by-states

Oliveira, A. W. (2010a). Developing elementary teachers’ understanding of the discourse structure
of inquiry-based science classrooms. International Journal of Science and Mathematics
Education, 8(2), 247-269.

Oliveira, A. W. (2010b). Improving teacher questioning in science inquiry discussions through pro-
fessional development. Journal of Research in Science Teaching, 47(4), 422-453.

Oliveira, A. W., Sadler, T. D., & Suslak, D. F. (2007). The linguistic construction of expert identity in
professor—student discussions of science. Cultural Studies of Science Education, 2(1), 119-150.

Sacks, H., Schegloff, E. A., & Jefferson, G. (1974). A simplest systematics for the organization of
turn-taking for conversation. language, 50, 696-735.

Sawyer, K. (2007). Introduction: The new science of learning. In K. Sawyer (Ed.), The Cambridge
handbook of the learning sciences (pp. 1-18). Cambridge: Cambridge University Press.

Smith, P. S., & Smith, A. A. (2014). Investigating the impacts of educative curriculum materials: A
quantitative perspective. Paper presented at the annual meeting of the National Association for
Research in Science Teaching, Pittsburgh, PA.

Sykes, G., Bird, T., & Kennedy, M. (2010). Teacher education: Its problems and some prospects.
Journal of Teacher Education, 61(5), 464-476.

United Kingdom Department for Education. (2014). National curriculum in England: Science pro-
grammes of study (No. DFE-00182-2013). London.

Van Booven, C. D. (2015). Revisiting the authoritative-dialogic tension in inquiry-based elemen-
tary science teacher questioning. International Journal of Science Education, 37(8), 1182-1201.

Van Zee, E. H., & Minstrell, J. (1997). Reflective discourse: Developing shared understandings in a
physics classroom. International Journal of Science Education, 19(2), 209-228.

Vygotsky, L. (1978). Mind in society: The development of higher psychological processes(A. R. Luria,
M. Lopez-Morillas, M. Cole, & J. Wertsch, Trans.). Cambridge: Harvard University Press.

Weick, K. E. (1995). Sensemaking in organizations (Vol. 3). Thousand Oaks, CA: Sage.

Wellington, J., & Osborne, J. (2001). Language and literacy in science education. Buckingham: Open
University Press.

Windschitl, M., Thompson, J., Braaten, M., & Stroupe, D. (2012). Proposing a core set of instruc-
tional practices and tools for teachers of science. Science Education, 96(5), 878-903.

Zangori, L., & Forbes, C. T. (2013). Preservice elementary teachers and explanation construction:
Knowledge-for-practice and knowledge-in-practice. Science Education, 97(2), 310-330.


http://www.nap.edu/catalog/13165/a-framework-for-k-12-science-education-practices-crosscutting-concepts
http://www.nap.edu/catalog/13165/a-framework-for-k-12-science-education-practices-crosscutting-concepts
http://www.nap.edu/catalog/18290/next-generation-science-standards-for-states-by-states

	Abstract
	Introduction
	Conceptual framework and teacher–student discourse
	Types of teacher questions
	Methods
	Curricular context and design of the educative features
	Data sources and analysis

	Results
	Research question one: teacher questions
	Explication questions
	Scientific practice questions
	Explanation questions
	Science concept questions
	Research question two: asking questions to engage students in explanation development
	Focusing students on scientific practices
	Excerpt 1: Ecosystems lesson 10 Day 2
	Excerpt 2: Circuits lesson 3
	Excerpt 3.Ecosystems lesson 14

	Supporting students in naming observed phenomena
	Excerpt 4.Circuits lesson 11 day one

	Guiding students in sensemaking
	Excerpt 5.Ecosystems lesson 13
	Excerpt 6.Ecosystems lesson 13
	Excerpt 7.Ecosystems lesson 13


	Discussion and conclusion
	Note
	Disclosure statement
	ORCID
	References



