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“Critical to eff ective science 
instruction that results in robust 
understanding is a teacher who 

monitors what students think and 
probes that thinking, posing careful 

questions to challenge students’ 
ideas and using that information to 
structure future questions, activities, 

and assessments.”

—Cox-Petersen and Olson (2002)

Introduction

Mrs Jonovich browsed through the book 
Uncovering Student Ideas in Life Science (actu-
ally, this book!) in search of a probe to use 
before planning her sequence of instruction 
on the life processes of plants. She decided to 
use the friendly-talk* probe “Light and Dark” 
(p.  57) to fi nd out what preconceptions her 

* A friendly-talk probe is a question set in the context 
of a group of friends talking about their ideas. The 
answer choices use the names of the friends 
instead of, for example, A, B, C, D. Students often 
fi nd this form of question much more engaging 
than a standard multiple-choice question. The 
friendly-talk probes in this book are #3, 5, 9, 10, 
11, 12, 13, 15, 16, 17, 18, 20, 21 and 23.© H
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secondary school biology students had about 
photosynthesis and plant respiration.

Prior to selecting the probe, Mrs Jonovich 
had examined the middle years curriculum in 
her school to identify the key ideas related to 
photosynthesis and cellular respiration that 
her students had been introduced to in Year 
7. Th en she read the Teacher Notes for “Light 
and Dark” and learned that students some-
times believe that photosynthesis and respi-
ration are opposite processes. Because animal 
and plant processes are often taught sepa-
rately, some students may form the erroneous 
“opposites” belief that respiration is an animal 
process and photosynthesis is a plant pro-
cess. Even students who recognise that plants 
respire continue to use the “rule of opposites” 
in believing that photosynthesis happens only 
in the daytime and respiration happens only 
at night (i.e. that with plants photosynthesis 
takes place in the light and respiration occurs 
in the dark). She also read that the terms light 
reaction and dark reaction – terms commonly 
used by science teachers – may also contrib-
ute to students’ misconceptions. She decided 
that “Light and Dark” would be a good probe 
to use for uncovering some of these areas of 
confusion. She then planned her instruction 
accordingly so that students would learn to 
distinguish between the two processes by com-
paring their similarities and diff erences.

Mrs Jonovich has used formative assess-
ment probes and FACTs (formative assess-
ment classroom techniques) described in 
another one of her resources, Science Formative 
Assessment: 75 Practical Strategies for Linking 
Assessment, Instruction and Learning (Keeley 
2008), quite a bit over the last few years. She 
really likes the way the techniques engage all 
students and encourage them to be aware of 
not only their own ideas and ways of think-
ing but also those of their peers. Since using 
the probes and various FACTs, she has seen 
her students become more confi dent in their 

thinking and more open to sharing their ideas, 
regardless of whether their ideas are right or 
wrong. She feels her classroom has evolved 
into a “thinking classroom” – a place where 
her students continually revisit their ideas and 
work together to discard explanations whose 
implausibility becomes obvious to them in 
light of new scientifi c understandings.

Mrs Jonovich likes to visually display the 
variety of student responses to a probe so that 
all students can see what others in the class 
think. She doesn’t have a set of electronic per-
sonal response units (also called clickers) that 
can be used to display student responses, but 
that is not a problem. She uses low-tech sticky 
notes to build what is called a Sticky Bars Chart 
(Keeley 2008). She gives each student a probe 
handout and a sticky note. Each student writes 
his or her response to the probe on the sticky 
note (e.g., a, b, or c). Th e notes are then col-
lected and posted as a bar graph, showing the 
numbers of responses for each answer choice. 
Th e students really enjoy using this technique 
because it allows them to share their answers 
anonymously, see the variety of responses held 
by class members, and realise that not every-
one knows the right answer initially.

Mrs Jonovich recently attended a science 
formative assessment workshop. Th e workshop 
presenter shared an interesting adaptation 
of the sticky bars technique, developed by a 
secondary school teacher in a diff erent state. 
Instead of using sticky bars only at the begin-
ning of the unit, the teacher uses them at the 
beginning, midway and at the end so that stu-
dents can see how the class collectively modi-
fi ed their ideas as they progressed through the 
unit.

Mrs Jonovich was intrigued by the idea of 
revisiting the probe after students had gained 
more information and experiences in the lab, 
so she decided to try that adaptation of the 
technique. She set up a chart titled “Light 
and Dark – Let’s Keep Th inking!” At the © H
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Figure 1. Sticky Bars Column Graph: Initial Class 
Responses

bottom of the chart, she wrote the students’ 
names from the friendly-talk probe “Light 
and Dark” (Janet, Calvin, Mika, Turner and 
Sophie). On Monday morning, Mrs Jonovich 
announced that the topic of their new unit 
was photosynthesis and respiration. She 
shared her learning goals and the essential 
question: “How are the processes of photo-
synthesis and respiration alike and diff erent?” 
She explained that before they began reading 
about, discussing and investigating the topic 
through various reading assignments, labs 
and computer activities, they were going to 
fi nd out what their ideas were right now about 
photosynthesis and respiration.

She gave each student a copy of the probe 
handout “Light and Dark” (p. 57 in this book) 
and a green sticky note. She asked her stu-
dents to read the probe and then write down 
on the green sticky note the response that best 
matched their current thinking (in this case, 
the response of Janet, Calvin, Mika, Turner 
or Sophie). She collected the sticky notes and 
with the help of a couple of students, made a 
column graph on the chart she had previously 
prepared (see Figure  1). In the upper right-
hand corner, she posted a sticky note with the 
number 1. Th e number would remind the class 
that they were on their fi rst round of respond-
ing to the probe.

Of the 20 students in the class, only three 
students chose the “best” response (Mika’s): 
“Photosynthesis occurs when it is light; respi-
ration occurs both when it is light and when it 
is dark.” Of course, at this time the students 
wanted Mrs Jonovich to tell them the right 
answer! Some students were sure that the right 
answer must be Calvin’s because the majority 
of students selected that response. (Calvin’s 
response was, “Photosynthesis occurs when it 
is light; respiration occurs when it is dark.”) 
Mrs Jonovich remembered how important it is 
for the students to “hang out in ambiguity” for 
a while and keep thinking. She told them that 

over the next several days they would be learn-
ing more about the processes of photosynthe-
sis and respiration and would revisit the probe 
to see if and how their ideas had changed. In 
the meantime, she asked students to write an 
explanation for their answers on the probe 
handouts. She collected these and after school 
read the students’ explanations.

She was surprised to fi nd several miscon-
ceptions that might be traced back to concep-
tual misunderstandings some students might 
have developed during the middle years that 
went unnoticed by their teachers. For example, 
a large number of students selected Calvin’s 
response and explained that photosynthesis and 
respiration are opposite processes – so, if one 
must occur in the light, then the other must 
occur in the dark because they are opposite 
processes. Mrs Jonovich wondered if students 
constructed this rule because they know that 
plants take in carbon dioxide and give off  oxy-
gen during photosynthesis and take in oxygen 
and give off  carbon dioxide during respiration. 
Perhaps they thought that if one opposite rule 
applies then other opposite rules apply as well.
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She also noted that three of her students 
chose Sophie’s response, believing that only 
animals carry out the process of respiration. 
Th is was not really a surprise to Mrs Jonovich 
because she had read the Teacher Notes before 
distributing the probe handouts, which had 
alerted her to this common misconception. 
After giving a great deal of thought to the stu-
dents’ responses, Mrs Jonovich began to plan 
her unit so that her instruction would address 
her students’ ideas.

Fast forward fi ve days later. After a series 
of online activities, labs, readings and dis-
cussions, Mrs Jonovich announced that they 
would revisit the “Light and Dark” probe. 
She returned the original handouts to the 
students and asked them to decide whether 
they still agreed with their initial answers or 
whether their ideas had changed. She pointed 
to the class’s Sticky Bars Column Graph and 
explained that today she would give each 
student a new sticky note of a diff erent col-
our (blue) to record the responses that best 
matched their thinking now.

She said that if their answers today were 
the same as their original answers, they should 
elaborate on their initial explanations or 
explain why their thinking had not changed. 
If they changed their answers, they should 
provide new, revised explanations. She passed 
out the blue sticky notes and then collected 
them after everyone had responded. She cre-
ated a double column graph, placing the blue 
columns next to the green columns (see Figure 
2, where the darker columns are the blue col-
umns). She placed a blue sticky note, labelled 
#2 under the #1 note to indicate that the blue 
sticky notes represented the second time they 
answered the probe.

Th e students had a lively discussion about 
the diff erences in their responses to the probe 
before they started their unit and their responses 
midway into the unit. Several of the students 
mentioned the “light reactions” and “dark reac-

tions” of photosynthesis described in their text, 
even though Mrs Jonovich had been careful not 
to use those terms (which describe two parts of 
the photosynthetic reaction – one that is light 
dependent, one that is not light dependent). 
She made a note that she needed to further 
address the “dark reaction” by referring to it 
as the Calvin cycle, explaining how light is not 
necessary for this phase, yet making sure that 
students understand that the photosynthetic 
process as a whole requires light.

After several spirited arguments, the class 
as a whole decided they could discard Sophie’s 
answer, and all but one student were ready to 
discard Calvin’s answer. Mrs Jonovich made a 
note that she needed to reinforce the idea that 
respiration occurs continuously in plants, just as 
it does in animals. Perhaps if she tied this idea 
more fi rmly to the continuous need for energy, 
her students would be more apt to accept it.

Fast forward to the next week, the end of 
the unit. Mrs Jonovich concluded her unit by 
asking the students to refl ect on what they had 
learned. She pointed to the “Light and Dark – 
Let’s Keep Th inking!” graph and told the class 
they would have one last chance to refl ect on 

Figure 2. Sticky Bars Column Graph: Revisited After 
Five Days
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their previous ideas and either change or keep 
their previous ideas. She again returned their 
original handouts to them and this time gave 
each student a pink sticky note, asking them 
to respond to the probe one more time. She 
told them to refl ect back on all that they had 
learned and experienced and use their present 
understandings and experiences as evidence to 
support their fi nal answers and explanations. 
She collected the sticky notes, added a third, 
pink column to the column graph for the 
third and fi nal response, and a number 3 in 
the upper right-hand corner of the chart (see 
Figure 3, where the darkest column are the 
pink bars).

Wow! She and the class noticed how many 
students now selected Mika’s answer (the best 
answer), even though there were still a few 
students who could not give up their previ-
ous conceptions. Mrs Jonovich asked the stu-
dents who had chosen Mika as their answer 
to share their explanations, including why 
they may have changed their previous answers. 
Th ey supported their explanations with evi-
dence from the lessons they had experienced. 
Hearing them, one of the students who had 
chosen Turner’s answer said, “OK, I get it now. 
I’m willing to accept Mika’s idea.”

Two of the students were still not 
convinced. Mrs Jonovich made note of their 
reluctance to change their answers, knowing 
that some students, even after instruction, 
still cling tenaciously to their original ideas. 
She also knew that merely correcting them and 
moving on wouldn’t change their thinking. She 
planned to bring up these concepts again at an 
appropriate time. Perhaps then those students 
would fi nally be ready to accept the scien-
tifi c idea. In the meantime Mrs Jonovich was 
pleased to see that her instruction resulted in 
conceptual change for a signifi cant number of 
students, and, even more important, the stu-
dents recognised the change as well!

Sometimes the learning bridge is short, 
sometimes it’s long, but the goal is to move 
as many students as possible to the other side 
in the limited school time we have available. 
Assessment probes are a tremendous tool for 
constructing that bridge. However, what about 
the students who don’t make it to the other 
side? Th is vignette from Mrs Jonovich’s class 
reinforces the fact that teaching diffi  cult ideas 
is not a one-shot deal. Diffi  cult ideas need to 
be revisited in diff erent contexts or with dif-
ferent probes whenever the opportunity arises. 
After all, that’s what good teaching is about – 
moving students from where they are to where 
they need to be in order to have a scientifi c 
understanding, while recognizing that every-
one doesn’t move at the same pace.

Th is vignette points out the importance of 
using formative assessment probes to uncover 
students’ existing ideas and then to use that 
information to plan targeted instruction. In 
addition, probes and FACTs can be used to 
continuously monitor students’ thinking and 
their progress toward achieving conceptual 
change. As you use the life science probes 
in this volume, think about the essential 

Figure 3. Sticky Bars Chart: Revisited at End of Unit
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ideas you want to target in your curriculum. 
Th e probes can help you discover barriers to 
learning that often remain hidden if they are 
not deliberately uncovered by the teacher. 
However, merely uncovering students’ alter-
native ideas is not enough. Students must be 
confronted with them and guided through 
a sense-making process that gives them the 
new evidence they need to willingly give up 
or revise their alternative ideas when they real-
ise that these ideas no longer hold explanatory 
power. With this book, you have the tools to 
uncover a variety of alternative ideas (as well 
as correct ones) that your students may have 
about life science concepts. However, the most 
important step is deciding on the actions you 
will take as a teacher to address your students’ 
ideas. And that is the essence of good science 
teaching that supports conceptual change!
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