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Why to Investigate Science Questioning Practices?

PEDAGOGICAL CONSIDERATIONS:

1. Science questions become a driving force behind student-
centred inquiry-based K-12 science curriculum.

2. Teachers’ Pedagogical Content Knowledge (PCK) and their views
of the Nature of Science (NOS) are reflected in the science
guestions they ask and how they react to students’ answers.

3. Learning to ask pedagogically effective science questions (i.e.,
Socratic teaching) is a life-long goal for many science teachers.

4. Teachers have to have a tool that will help them reflect on the
quality of the science questions they intend on using.

PEDAGOGICAL-TECHNOLOGICAL CONSIDERATIONS:

1. Modern elementary and secondary schools become equipped
with the “immediate feedback” technologies, (i.e. electronic
response systems or clickers), but pedagogically-effective and
classroom-tested science education materials (i.e. conceptual
science questions) are still scarce.

2. “Clicker-enhanced” pedagogy depends on the quality of
multiple-choice science questions teachers ask and not on the
technology itself.

3. Effective multiple-choice science questions can be implemented

with or without clickers.
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Figure 1: Functions of science questions in an elementary science classroom
(NOS = Nature of Science)

Study Objectives

1. To investigate difficulties faced by elementary pre-service
teachers in designing multiple-choice science questions.

2. To identify the elements of pedagogically effective multiple-
choice science questions relevant to elementary science
curriculum.

3. To develop an instrument to help in-service and pre-service
elementary teachers to reflect on and evaluate the pedagogical
effectiveness of science questions (Elementary Science Questions
Evaluation Rubric — ESQER).

Theoretical Framework and Implementation

1. Clicker-enhanced pedagogy is based on constructivism: students
have to have an opportunity to construct their own understanding
based on their prior knowledge, interactions with others and with the
educational materials available to them (simulations, books, etc.).

2. Effective teaching requires teachers to have Technological-
Pedagogical Content Knowledge (Koelher, 2009): to know how
particular educational technology (Technological Knowledge) can be
effectively implemented (Pedagogical Knowledge) in a specific subject
context (Content Knowledge).
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Figure 2: Technological Pedagogical Content Knowledge

3. Clicker-enhanced pedagogies can be implemented differently, yet
all of them benefit from immediate feedback — aggregated student
responses to multiple-choice questions are displayed in real time. The
teacher must be knowledgeable to find /design effective questions —
guestions that will target key concepts and unveil student difficulties.
Then a teacher must be flexible to adjust the lesson based on
students’ answers.

e Pose a multiple-choice science question

Stage 1

e Students are given time to think and enter
their individual responses using clickers (vote)

e The responses are aggregated and displayed
and a peer discussion follows

Stage 4

e Students have a chance to vote again

e Whole class discussion about correct, as well
as incorrect responses (reasons for each)

Stage 5

Figure 3: A possible approach to a clicker-enhanced pedagogy

The study involved 49 pre-service elementary teachers enrolled in
two 36-hour long elementary science methods courses taught by one
of the researchers. Design and implementation of multiple-choice
science questions was modeled using clickers. Pre-service teachers
worked in groups to design and evaluate their own questions as one
of the course assighments. At the end of the course, they designed
83 science questions. The questions were evaluated using the Rubric.

Figure 3: Examples of effective science “clicker”
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Pre-service teachers value pedagogically effective science questions,
however feel held back by their lack of confidence in the ability to
design effective science questions and by their limited access to
technology (clickers). Science methods courses for pre-service
teachers should emphasize the skill of designing effective science
guestions. The Elementary Science Questions Evaluation Rubric
(ESQER) helps pre-service elementary teachers to evaluate the
pedagogical effectiveness of their science questions they intend to
use in their teaching.

The Rubric was validated by 12 secondary science teachers and was
employed to evaluate 83 conceptual questions constructed by pre-
service elementary teachers. ESQER not only helped teachers
evaluate and challenge student misconceptions, it also helped build
teachers’ Technological-Pedagogical Content Knowledge by helping
them design and reflect on their questions. Moreover, technology
integration and teachers’ reflections on their questions through
ESQER supported inquiry-based science teaching. While the initial
focus of ESQER was on elementary science questions, the Rubric can
be adapted to extend beyond the elementary science classroom.
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