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Preface
Background
Since the late 1990s, school science educa-
tors have acknowledged the critical impor-
tance of using diagnostic tools and formative 
assessments to improve teaching and learning. 
Signifi cant research-based publications such as 
How People Learn: Brain, Mind, Experience, 
and School (Bransford, Brown and Cocking 
2000) raised teachers’ awareness of the need 
to identify the preconceptions that students 
bring to the science classroom and use these 
preconceptions as springboards for learning. 
However, student- and teacher-friendly ques-
tions that make students’ thinking visible to 
themselves and their teachers were not readily 
available. Th us, the Uncovering Student Ideas 
in Science series was born.

Th e books give F–12 educators a set of 
probing science questions to use with students 
on life, Earth, space and physical science. Th e 
“probes” link key ideas to research on stu-
dents’ commonly held ideas. Each probe is 
accompanied by detailed teacher background 
notes on science content and suggestions for 
use in the classroom.

Format of This Book
Th is book contains 45 probes on force and 
motion for a variety of year levels, from primary 
up to the end of secondary school. It is made 
up of three sections: Section  1, Describing 
Motion and Position; Section  2, Forces and 
Newton’s Laws; and Section 3, Mass, Weight, 
Gravity and Other Topics. Th e format is sim-
ilar to that of other four volumes, with a few 
changes due to the topic-focused nature of 
this series. For example, the book’s introduc-
tion (starting on p. 1) focuses specifi cally on 
why force and motion ideas are challenging to 

teach and learn. As in the earlier series, each 
probe is followed by a Teacher Notes section, 
which is made up of these eight elements.

1. Purpose

Th is section describes the purpose of the 
probe – that is, why you would want to use it 
with your students. It also states the general 
science concept or topic targeted by the probe 
and the specifi c ideas the probe is trying to 
elicit from students. Before using a probe, you 
should be clear about what the probe can reveal. 
Taking time to read the purpose will help you 
decide if the probe fi ts your intended use.

2. Related Concepts

Each probe is designed to target one or more 
related concepts that often cut across year-level 
spans. Th ese concepts are also included on the 
concept matrix charts. A single concept may 
be addressed by multiple probes as indicated 
on the concept matrix. You may fi nd it useful 
to use a cluster of probes to target a concept or 
specifi c ideas within a concept. For example, 
there are six probes that relate to Newton’s fi rst 
law of motion.

3. Explanation

A brief scientifi c explanation accompanies 
each probe and clarifi es the scientifi c content 
that underlies the probe. Th e explanations are 
designed to help you identify what the “best” 
or most scientifi cally acceptable answers are 
(sometimes there is an “it depends” answer) 
as well as clarify any misunderstandings you 
might have about the content.

Th e explanations are not intended to pro-
vide detailed background knowledge about the 
content nor are they written for an audience 
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of physicists. In writing these explanations, we 
were careful to keep in mind that our audi-
ence will include teachers who have little or 
no physics background. We tried not to over-
simplify the science but at the same time we 
wanted to provide the science content a novice 
teacher would need.

4. Administering the Probe

In this section, we suggest ways to administer 
the probe to students, including appropriate 
year-level spans and, in some cases, modifi ca-
tions to make a probe that is intended for one 
year-level span useful for another. A modifi -
cation might be to eliminate certain choices 
from the list of possible answers for younger 
students, who may not be familiar with par-
ticular words or examples. In other probes, 
we might recommend using the word weight 
instead of mass as a “stepping-stone” concept 
with younger primary students, who frequently 
confuse the word mass with the phonetically 
similar word massive. (See a description of 
stepping-stone ideas in the introduction.) Th e 
Administering the Probe section also tells 
teachers when it is a good idea to establish the 
context for the probe by showing students the 
various items that are referred to in the probe 
(e.g. a ramp, a ball). Also, although the probes 
were designed to be used by individual stu-
dents, this section occasionally recommends 
that a probe be used in small groups.

Th e suggested year levels, which appear 
in the concept matrices that precede each 
section, are intended to be suggestions only. 
Your decision about whether or not to use 
a probe depends on why you are using the 
probe and on your students’ readiness. Do you 
want to know about the ideas your students 
are expected to learn in your year-level stand-
ards? Are you interested in how preconceived 
ideas develop and change across multiple year 
levels in your school whether or not they are 

formally taught? Are you interested in whether 
students achieved a scientifi c understanding of 
previous year-level ideas before you introduce 
higher-level concepts? Do you have students 
who are ready for advanced concepts? We rec-
ommend that you weigh the suggested year 
levels against the knowledge you have of your 
own students, your school’s curriculum and 
your relevant standards.

5. Related Ideas in the Australian 

Curriculum: Science and Mathematics

In recent years, the Australian Federal 
Government has been working closely with 
state and territory educational offi  ces in an 
eff ort to implement a national curriculum 
for all Australian schools. Th is Australian 
Curriculum sets consistent national standards, 
in an eff ort to improve learning outcomes for 
all students, as well as laying the foundations 
for future learning, growth and active partici-
pation in the community.

Eff ective science instruction is crucial to 
all students, as the skills they learn and cul-
tivate in the science classroom are not only 
important tools for use in other subject areas, 
but also in everyday life. Th e Australian 
Curriculum: Science emphasises the need for 
students to apply their scientifi c thinking in 
all aspects of their studies, encouraging explo-
ration, investigation, observation and problem 
solving. Th e curriculum also prompts students 
to look back at the infl uence science has had 
on their own lives, as well as on society as a 
whole. Ultimately, the Australian Curriculum: 
Science is designed to provide students with 
the knowledge, skills and reasoning abilities 
to make informed decisions not only about 
their own lives, but about global issues and 
concerns.

Th e disciplines of science and mathematics 
are closely related to each other in many ways, 
including the construction of various graphs 
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and interpreting diff erent sets of data. To 
refl ect this, multiple lessons in Section 1 also 
include select correlations to the Australian 
Curriculum: Mathematics.

Th ese sections list the content descrip-
tions in the Australian Curriculum: Science 
and Mathematics that most closely relate to 
the ideas and concepts being explored in each 
probe, to ease adherence to the curriculum 
and provide details on how each can fi t with it. 
Because the probes are not designed to be sum-
mative assessments, the content descriptions in 
this section are not intended to be considered 
alignments but rather ideas that they correlate 
in some way to the probe.

For a full overview of the Australian 
Curriculum please visit www.australiancurriculum.
edu.au/.

6. Related Research

Each probe is informed by research regarding 
students’ typical preconceptions about force 
and motion. Th e authors primarily drew on 
two comprehensive research summaries com-
monly available to educators: Chapter 15 in 
Benchmarks for Science Literacy (AAAS 1993) 
and Driver’s Making Sense of Secondary Science: 
Research Into Children’s Ideas (Driver et al. 
1994). We also examined physics education 
research. Th e research fi ndings will help you 
better understand the intent of the probes and 
the kinds of thinking your students are likely to 
reveal when they respond to them. We encour-
age you to seek new and additional published 
research. Th e Curriculum Topic Study (Keeley 
2005) website at www.curriculumtopicstudy.org 
has a searchable database to access additional 
current research articles on learning.

7. Suggestions for Instruction and 

Assessment

A probe remains simply diagnostic, not form-
ative, unless you use the information acquired 
from your students to inform your instruction. 

After analysing your students’ responses, the 
most important step is to decide on the stu-
dent interventions and instructional paths that 
would work best for you, based on your stu-
dents’ thinking. We have included suggestions 
gathered from the wisdom of teachers, the 
knowledge base on eff ective science teaching, 
research and our own collective experiences 
working with students and teachers. In the 
“Suggestions for Instruction and Assessment” 
section, you will not fi nd extensive lists of 
detailed instructional strategies but rather 
brief suggestions for planning or modifying 
your curriculum or instruction to help stu-
dents learn ideas that they may be struggling 
with. After administering a probe, you may 
fi nd that you need to provide an eff ective con-
text for certain topics or that using a bridging 
analogy would work for you and your students. 
Eff ective contexts and bridging analogies are 
among the suggestions in this section.

Learning is a very complex process and no 
single suggestion will help all students learn. 
But formative assessment encourages you to 
think carefully about the variety of instructional 
strategies and experiences needed to help stu-
dents learn scientifi c ideas. As you become more 
familiar with the ideas your students have and 
the many factors that may have contributed to 
their misunderstandings, you will identify addi-
tional strategies to teach for conceptual change.

8. References

References are provided for the research fi nd-
ings and some of the suggestions cited in the 
Teacher Notes. You might want to read the 
full research summary or access a copy of the 
research paper or resource cited in the Related 
Research section.
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Using the Probes
Unlike most summative assessments, the 
probes in this book are not limited to one year 
level. What makes them interesting and useful 
is that they provide insights into the knowledge 
and thinking students may acquire as they 
progress from one year-level span to the next. 
Sometimes the same idea comes up at diff er-
ent year levels in a diff erent context. Teachers 
in the middle years or secondary school year 
levels might ask teachers in the primary year 
levels to give a probe to younger students, who 
may already have ideas about a particular con-
cept before they formally encounter the con-
cept in later year levels. Primary teachers can 
share the results with middle years or second-
ary school teachers so those teachers learn the 
kinds of ideas younger students have already 
formed that may aff ect their learning of more 
sophisticated concepts in later year levels. Some 
probes can be used across primary, middle 
years and secondary school year levels; others 
may cross over just a few year levels; and a few 
are designed specifi cally for secondary school 
physics students or for primary students.

Formative Assessment 
Reminder
Now that you have the background on this 
book, let’s not forget the formative purpose of 
these probes. Remember – a probe is not form-
ative unless you use the information from the 
probe to modify, adapt or change your instruc-
tion so that students have increased opportu-
nities to learn the important ideas related to 
force and motion. As a companion to this 
book, Hawker Brownlow Education has pub-
lished the book Science Formative Assessment: 
75 Practical Strategies for Linking Assessment, 
Instruction, and Learning (Keeley 2008, 
2009). In this book you will fi nd strategies 
to use with the probes to facilitate elicitation 
of student thinking, support metacognition, 
spark inquiry, encourage discussion, monitor 

progress toward conceptual change, encour-
age feedback, and promote self-assessment 
and refl ection. We hope these probes and the 
techniques you can use along with them will 
stimulate new ways of assessing your students, 
create conducive environments for learning, 
promote richer discussions, and help you dis-
cover and use new knowledge about teaching 
and learning.
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How Far Did It Go?
Teacher Notes

Purpose
Th e purpose of this assessment probe is to see 
whether students recognise that units of dis-
tance travelled must be measured with a meas-
urement device from the starting point to the 
ending point. Th e probe reveals whether stu-
dents take into account the non-zero origin on 
a measurement scale or if they merely read off  
the number on the end point.

Related Concepts
distance, measurement, position

Explanation
Th e best answer is C: 6. Th e toy car’s starting 
point is positioned at the 2-unit mark – that is, 
the car did not begin at the zero mark on the 
measurement scale. In this probe, distance is 
measured from the back of the car at the start-
ing point of 2 units to the back of the car at 
the ending point (8-unit mark). Th e distance 
travelled equalled 6 units, between the 2-unit 
mark and the 8-unit mark.

Administering the Probe
Th is probe can be used with primary students 
who are learning and practising linear measure-
ment skills. Th e teacher can model the probe by 
using a measuring tape or by drawing a picture 
for the students; a class discussion can follow.

Related Ideas in the Australian 
Curriculum: Science

Year 1/2 Planning and Conducting

•  Use informal measurements in the collec-
tion and recording of observations, with 
the assistance of digital technologies as 
appropriate

Year 3/4 Planning and Conducting

•  Safely use appropriate materials, tools or 
equipment to make and record observa-
tions, using formal measurements and dig-
ital technologies as appropriate)

1 2 3 4 5 6 7 8 9 10 11 12

Before the car moves

After the car moves and stops

1 2 3 4 5 6 7 8 9 10 11 12
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Related Ideas in the Australian 
Curriculum: Mathematics

Year 4 Using Units of Measurement

•  Use scaled instruments to measure and 
compare lengths, masses, capacities and 
temperatures

Related Research
• Mathematical studies reveal that few chil-

dren recognise that any point on a meas-
urement scale can serve as a starting point. 
Th ey tend to read off  whatever number is 
the end point. Even students up to year 
six have been shown to have this tendency 
(Lindquist and Kouba 1989).

• When students are asked to measure the 
length of an object, they often begin their 
measurement on 1 rather than at the 0 
point (Rose, Minton and Arline 2007).

Suggestions for Instruction and 
Assessment
• Give students opportunities to measure 

the same length or distance from diff erent 
starting points so that they realise that the 
units of length or distance are the same, 
regardless of diff erent ending points when 
the starting point changes.

• Encourage students to focus on the lengths 
of the units rather than only on the num-
bers on the measurement scale.

• Encourage students to diff erentiate between 
where an object ends up (i.e. is now) from 
how far that object has gone.

• Explicitly point out to students who are 
just learning to use rulers and other length 
devices where the zero starting point is. 
Also, help them understand what the other 
markings on a length device, such as a 
ruler, represent.

• Consider modifying the probe so that 
the starting point is at the 1-unit mark. 
Because the research indicates that some 
students start their measurements on the 
1-mark, rather than the 0-mark, a mod-

ifi ed version of this probe may indicate 
whether students are using this intuitive, 
though incorrect, measurement rule.

• By the end of Year 5, teachers should have 
given students many opportunities to use 
diff erent measurement tools, techniques 
and units for measuring distance and time.
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