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Critical reflections on temperature change

Kjellrun Hiis Hauge, Maria Astad Serngard, Tor Inge Vethe, Terje André Bringeland, Andreas Austlid

Hagen and Marius Saetren Sumstad

Bergen University College, Faculty of Education, Bergen, Norway, khh@hib.no

Advanced mathematics often plays an important role
in risk evaluation, for example in relation to climate
change. How can mathematics related classroom dis-
cussions enhance critical citizenship when societal is-
sues are accompanied by advanced mathematics? Ina
master course in mathematics didactics, a figure from
IPCC was discussed. The figure shows developments of
the average global temperature changes. In this paper,
we analyse the classroom discussion in accordance with
Skovsmose’s six reflection steps, with focus on societal
aspects. The students reflect critically on the data used
to support the figure, on characteristics of the models,
onthe models’ significance in society and on their own
participation in the classroom discussion. We discuss
the resultsin a broader educational and societal context.

Keywords: Critical mathematics education, climate

change, reflective knowing.

INTRODUCTION

Mathematics often plays an important role in risk
evaluation as support for policy making, for exam-
pleinrelation to climate change. However, risk issues
are often associated with complexity, uncertainty and
conflicting stakes, which implies that mathematics
supporting political decisions is advanced, but also as-
sociated with uncertainty (Funtowicz & Ravetz, 1993).
A consequence of this uncertainty is that mathemat-
ics based arguments can support opposite political
stances.

This is in line with Skovsmose’s claim that mathe-
matics has a formatting power in society in that it in-
fluences how reality is perceived (Skovsmose, 1992).
He further argues that the ability to recognize this
formatting power, and reflect on it, is an essential
democratic competence in order to balance the ex-
perts’ influence on politics and society. He refers to
this ability as reflective knowing. The role of offering
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critique to experts and politicians on societal issues

canbe denoted as critical citizenship (Jablonka, 2003).
Mathematics and science educators offer perspec-
tives on what critique may signify in relation to the

issue of climate change in education. Barwell and

Suurtamm (2010) argue that the mathematising of
climate change makes human activity invisible and

call for more visibility in the modelling process, for

example through information on model assumptions

to help evaluating whether the model fulfils its pur-
pose. They suggest that mathematics education has

aresponsibility in facilitating reflective knowing on

the role of mathematising climate change and call for

research within the area. Barwell (2013) further sup-
ports these arguments by showing how a particular
philosophy of science matches ideas from critical

mathematics education, as for example the format-
ting power of mathematics, reflective knowing and

critical citizenship. Hansen (2010) discusses what

critical democratic competence might be in relation

to predicted sea levels as an effect of global warming.
As Barwell and Suurtam, she links this to the model-
ling process and underlying assumptions, and her

emphasis is on mathematical modelling as a classroom

activity to prepare students for future critical engage-
ment in such issues.

All these three papers are theoretical papers and in-
clude the idea of mathematics education as a prepa-
ration for critical citizenship. Although they suggest
various student activities for enhancing reflective
knowing, they do not suggest how this reflective
knowing may be expressed when facing claims de-
veloped through advanced mathematics of climate
science. Looking to science education, Erstad and
Klevenberg (2011) describe a classroom study where
the student task was to explore topics in “An incon-
venient truth” with Al Gore. The aim of the task was
to learn about aspects on science in society. From
searching the internet, the students discovered that
certain controversies on climate change were linked
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to disagreements between scientists. The paper thus
addresses complexity in climate change through ex-
pert disagreements.

The issue of climate change may be too complex
for students to develop alternative mathematical
approaches that can pinpoint socio-political conse-
quences of mathematized information. A crucial area
of research would therefore be on what kind of crit-
ical reflection non-experts can provide on advanced
mathematized information that is useful for critical
citizenship.

In our study, students of a master course on mathe-
matics educationdiscuss afigure (Figure 1) taken from
areport by the Intergovernmental Panel on Climate
Change (IPCC, 2013) as an introduction to critical
mathematics education. The authors of this paper
are five of the master students and the lecturer. The
IPCC graph presents different modelled courses of
average global temperature changes. The mathemat-
ics supporting the graph is far too advanced for the
students and the lecturer to grasp. Still, can reflecting
on the graph enhance mathematical understanding
that is useful for critical citizenship?

The research question of our study is: 1) What kinds of
reflection related to critical citizenship are expressed
during the classroom discussion on the IPCC graph?
In the following, we describe the data and present
Skovsmose’s (1992) six reflection steps, which we ap-
ply to our data analysis. In the analysis part, we fol-
low the course of the classroom discussion and offer
examples of expressed reflections. Finally, we discuss
the significance of our findings to critical citizenship.

DATA AND METHOD

Asanintroduction to critical mathematics education
in a master course, the nine students and the lectur-
er (Kjellrun) discussed a graph produced by IPCC on
predicted temperature changes (see Figure 1). The
discussion was followed by a lecture on selected litera-
ture from critical mathematics education, where links
between the initial discussion and the literature were
collectively drawn. The lecturer chose this figure be-
cause of its potential for generating reflections about
mathematics and its use: (1) its political relevance and
dispute, (2) it expresses uncertainty through statis-
tical spread, different pathways of future emissions
and implicitly through dissenting model results, (3)

the social construct of “global average surface tem-
perature” and (4) the problem of measuring tempera-
ture in space and time. Her intended role was to keep

the discussion as student driven as possible, but at

the same time ensuring that student reflections took
place. Before the discussion, the lecturer invited the

students to write an academic paper on an analysis

of their discussion together with her. The analytical

tool to be applied was part of the curriculum. Five of
the students accepted the offer and are co-authors of
this paper.

The classroom discussion is analysed by using
Skovsmose’s (1992) six reflection steps, of which five
are later picked up by Gellert, Jablonka and Keitel
(2001) and referred to as five reflection levels. The
steps can be summarised as reflections related to the
following questions: (i) Are the calculations right?
(ii) Was the right algorithm used? (iii) Is the mathe-
matical approach reliable? (iv) Could the problem be
solved without formal mathematics? (v) How does the
mathematical approach affect the specific context of
the problem? (vi) Could we have reflected on this in
another way? The six reflection steps refer to what
Skovsmose calls steps towards reflective knowing
and which is essential for critical citizenship. They
represent steps of students’ reflections while engaged
in problem solving.

The first pair of steps refers to reflective thinking

within pure mathematics, the next within applied

mathematics and the latter within a broader, societal,
understanding of mathematics (Skovsmose, 1992). As

these reflection steps are developed for situations

where students reflect on their own problem solving,
in contrastto our case, we have adjusted the reflection

steps for our purpose. We have chosen (i) and (ii) to

include our reflections on the mathematics expressed

inthe graph, which are developed by others. Since the

underlying mathematics is hidden for us, we have con-
centrated on our understanding of the graph contents,
for example: Have we understood the graph correctly?
Have we understood underlying algorithms? We con-
sider such reflections as a required basis for reflective

knowing and critical citizenship and are therefore

relevant to include in our analysis.

The two classroom discussions on the graph and on
applying the reflection steps on the graph are audio-
taped. Additional data include notes and the lectur-
er’s PowerPoint presentation. We have applied the
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Figure 1: Temperature change. The graph shows modelled developments of the global annual

mean temperature change (IPCC, 2013, p. 89). The change is calculated relative to the period

1986-2005. Four future scenarios are presented with mean (the coloured trajectories) and

90% confidence interval (the coloured shadings). The colours represent different possible

emission levels of greenhouse gases (RCP - representative concentration pathways), which

will depend on today’s and future global climate politics.

authors’ names in the excerpts. The other names are
anonymised. The audiotaped discussions were tran-
scribed and coded by the students in accordance with
the six reflection steps. The coding turned out to be
challenging as the steps were not straight forward to
apply. This was discussed during meetings.

ANALYSIS

In the following, we present some excerpts from the
classroom discussion, which we analyse in accordance
with Skovsmose’s six reflection steps. The beginning
of the discussion was dominated by the students mak-
ing sense of the figure (Figure 1): the general features,
the significance of the colours, the lines etc. Repeated
words are deleted in the excerpts. The first excerpt
takes place early in the discussion.

Tor Inge: Where does the limit go for where the
measurements fall within?

It depends on which scenario is tak-
en into account. If they have calculat-
ed with an RCP value of 8.5, and that
resulted in. Those who achieved the
lowest values at the lowest one, right?
And then they calculated with the same
model with avalue of 2.6. And that could
have resulted in one of the lowest val-

Maria:

ues there. While some with a high value
could have ended down there. What you
can see here is that there’s a lot of vari-
ation here. That here it seems that they

disagree much more.
Tor Inge: More uncertain?
Maria:  Yes,whileattheblue, they quite agreeall

the way, inaway. They are more certain.

Tor Inge seems to misunderstand what the colours
represent, as “limit” may refer to dividing mathe-
matical model output into colour categories. Maria
responds by explaining that the colouring depends
on the input of the model, “which scenario is taken
into account”, determined by specific RCP values (see
Figure 1for an explanation). Further on, she offers a
reason on why the shaded areas vary in magnitude:

“they disagree much more.” When Tor Inge asks “More
uncertain?”, he is probably asking whether Maria re-
fers to the spread in the graph, or uncertainty.

When Tor Inge asks his first question, he is probably
seeking to understand the graph, which can be cate-
gorized as Skovsmose’s reflection step (i). Indirectly,
Maria expresses that the figure is based on several
models that do not produce the same results. The stu-
dents do not discuss further what this disagreement
implies, for example how and why the models are dif-
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ferent, the reliability of the various models or whether
such disagreements can explain why there are climate
change deniers. This means that the excerpt has on-
sets to Skovsmose’s reflection step on reliability (step
iii) and on implications for society (step v).

The next excerpt is taken from a part where the stu-
dents discuss natural temperature fluctuations, ex-
emplified by ice ages. Tor Inge has expressed that he
would have liked to know more about the temperature
back in time.

Tor Inge: Yeah,Iwould have gone further backin
time, and seen. We talk about they only
are natural fluctuations, which also
have taken place before, right? And how
high were the peak temperatures longer
ago, before the measurements?

It is likely that Tor Inge imagines that knowing “the
peak temperatures longer ago” would have strength-
ened his confidence in that the temperature develop-
ment after year 2000 is extraordinary. Since Tor Inge
is addressing the reliability of a conclusion drawn
from the graph, we categorize his utterance to be a
critical reflection in line with Skovsmose’s step (iii).
However, the reflection can also be denoted as step
(v), since the utterance may suggest that a different
mathematical approach could have affected his per-
ception of climate change.

In the following, Kjellrun draws the students’ atten-
tion to a specific feature in the graph.

Kjellrun: [...] But if we look at year 2100, what is
happening there? [pause 16 sec.]

Anne: [inaudible] is a shift?

Kjellrun: Yes, why is that?

Anne: At least the red one.

Kjellrun: Yes, at least the red one, that’s very dis-
tinct.

Anne: There are fewer models, you know.

[.]

Tor Inge: I'mthinking that the most critical until

2010 do not continue further in the mod-

els, [Kjellrun: Yeah, well that’s true.], so

that the curve isn’t as steep when it con-

tinues.

The combination of Anne pointing to that “There are
fewer models” and Tor Inge stating that “the most crit-

ical” models “do not continue” after the drop, suggests
that Tor Inge reflects on how the prediction results
depend on which models are used. We assume that
Tor Inge means 2100 and not 2010, and we interpret
“critical” models in this case to be the models predict-
ing greater and more dramatic temperature changes.
Anne’s statement that “There are fewer models” can
be denoted as reflection step (i), as she seems to be in
the process of making sense of the shifts in the graph.
Tor Inge’s remarks can be categorised as questioning
whether the right algorithm was used in selecting
models (step ii), whether the approach is reliable (step
iii) and whether the selection of models affects the
perception of the severity of the problem (step v).

Later, Kjellrun asks about the relevance of graphs like
the one we had discussed:

Kjellrun: Has it had an impact? Have the climate
panels’- 1 guess we can call it warnings?

Terje: Maybe routines and control measures
have become stricter?
Anne: I'mthinking about the discussion he had

with Vesteralen and Lofoten. The loss of
oil. This model may influence whether
infact there will be oil production there,
because you can see what oil production
causes.

Terje and Anne (and other students) suggest various
impacts of the graph, or maybe IPCC graphs in gen-
eral, and thereby argue that such graphs do have an
impact on society and has certain potentials. Anneis
probably referring to the Minister at the time (“he”)
of the Ministry of Petroleum and Energy in Norway,
who was in favour of oil exploration in the Vesteralen
and Lofoten area. In the continuation of this excerpt,
the students also reflect on how IPCC has had limited
influence, for example in regard to the Kyoto Protocol.
Since these reflections link the graph to societal as-
pects we characterise them as Skovsmose’s reflection
step (v), although the students declare that mathemat-
ics makes a difference rather than discuss how the
mathematics influence ways of understanding.

Towards the end a student started reflecting on the
discussion:

Andreas: Well, I thought that we were trying to

find shortcomings or flaws in all state-
ments, on the graphs you have shown
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us. That we have been very, well, very.
Don’'t know if we've been negative, or ...
Are receptive to flaws in the models.
[Andreas: Yeah. Yeah.]

We had that starting point all the time.
I'mthinking about that the headline for

the lecture is “in a critical”. [Andreas:

Yeah.] I imagine this [Theodor: Yeah.]

goes into that direction.

There have been few positive arguments

for the things that have, the statements,
on the graph. There have been few ar-
guments on that they are right or that

it is correct, and, on, of the researchers,
of the. Yeah. ...

So, we have, in a way, been looking for
shortcomings or flaws? Or how it was

expressed? But are there shortcomings

about what the climate panel does? So, is

our critique completely unreasonable?
No, but you know, it’s. When saying that
there’s a 95% probability, for example.
That there’s a great divergence here.
That maybe that’s why you become so

critical?

The critique has shed light. That, the

critique, by closer inspection, then this

critique will strengthen, you know, the

findings, or what I should call it. Not the

findings, the prognoses. That if we in-
vestigate further, we’ll read more what

was done. Then we maybe: how often do

they measure the temperature, right?
You know, we find: “Yeah! They do the

measurements quite often, which means

that they have quite accurate prognoses”.
Then this would strengthen this graph.
That, when we take a critical stance, it
canalso strengthen our impression. It’s

hard to explain. That they, what we read
here is. We believe it, maybe, [Kjellrun:
Uhum.] that when being critical, you
can. Difficult to explain.

Theodor:

Tor Inge:

Andpreas:

Kjellrun:

Anne:

Marius:

Several of the students express unease about having
been critical during the discussion. For example,
Andreas says “we tried to find shortcomings or flaws”
and expresses a concern for having “been negative”.
When Tor Inge suggests that the topic of the lecture
may have influenced the critical stance, he too indi-
cates that they might have been too critical. When

Anne points to the “great divergence” she may be

suggesting that the lack of certainty to be an explan-
atory factor, although her reference to “95%” is un-
clear. She is probably referring to the 90% confidence

intervals in the figure, or she might be referringto an

IPCC statement that was presented early in the discus-
sion about human influence causing global warming.
While Andreas, Theodor, Tor Inge and Anne seem to

associate “critical” with negative criticism, Marius

suggests that “critique will strengthen [...] the prog-
noses”. He indicates that critique can also increase

confidence in a graph. Since the students are suggest-
ing that they could have reflected in different ways,
the whole excerpt can be categorised as Skovsmose’s

reflection step (vi).

DISCUSSION

The analysis shows that the students reflect in accord-
ance with most of Skovsmose’s six reflection steps,
taking our modifications of the steps into account.
The students help each other interpret the graph, they
question whether the graph supports IPCC’s claim on
the present situation being extraordinary and they
respond to the information about the graph being con-
structed by a number of models and which produce
diverging results. They thereby reflect on the rele-
vance and sufficiency of the mathematical approach,
and they further reflect on how the approach affects
perceptions of climate change. Some students show
resistance to their own critical reflections, expressing
them tobe negative, while one of the students defends
them as critique of the graph rather than criticism.
The analysis suggests that reflecting together on the
graph, helping students to understand its mathemat-
ical contents, was vital for the later reflections linked
to the reliability and the implications of the graph.
This supports Skovsmose’s (1992) reasoning that re-
flective thinking about the mathematics itself and its
application is necessary for reflective knowing.

Skovsmose (1992) further promotes reflective know-
ing as essential for critical citizenship. Although the
students demonstrate reflective knowing, key ques-
tions remain. Do our findings show that these reflec-
tions are significant for critical citizenship? We argue
that in several ways they do. We experienced that the
graphwas challenging to interpret, requiring insights
in statistical concepts and mathematical modelling.
Yet, the discussion demonstrates that although we did
not have the expertise to understand the mathematics
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behind the graph, the students are capable of reflect-
ing on how the mathematics relate to its context. A key
capability for critical citizenship is being able to ques-
tion whether certain data are included, model assump-
tions and whether certain perspectives are taken into
account (Barwell, 2013; Barwell & Suurtamm, 2010;
Hansen, 2010; Funtowicz & Ravetz, 1993), of which
allwere demonstrated in the discussion. On the other
hand, the students had only onsets to expressing a
connection between uncertainty aspects and the role
of this uncertainty in society and policy making. The
students connect uncertainty in the temperature time
series to society’s perception of climate change, but
they do not explicitly reflect on the significance of the
discrepancies between models.

This brings us to another question: What is the role of
thelecturer/teacher in promoting reflective knowing?
Should the lecturer have been more active in making

links between the mathematics and society? She did

bring the students’ attention to some of the features

of the graph, as for example the shift. She also asked

about societal impacts of the graph. Still, she could

have taken a step further and invited the students to

specifically reflect on the formatting power of mathe-
matics, as for example the significance of the shift for
how climate change is perceived, how society can cope

with the uncertainty they had addressed and the dif-
ference between critique and criticism in this context.
This might have led to other crucial aspects of critical

citizenship, as for example uncertainty in science and

why there are disagreements about “facts” and how
we should cope with this uncertainty (Funtowicz &

Ravetz, 1993). We thus conclude that Barwell’s (2013)

call for addressing the formatting power of mathe-
matics in climate change was partly achieved in the

classroom discussion, but that it still had a potential

that was not fulfilled.

With some amendments, Skovsmose’s reflection steps
showed tobe useful as an analytical tool for our study:.
Still, they are quite broad and do not guide a lecturer
or a researcher on what specific attributes of the in-
volved mathematics that can be connected with soci-
etal aspects and how. In our case, the time series, the
predictions, the spread, the number of models and
the drop were significant mathematical features for
the discussion. We therefore recommend the devel-
opment of a framework that captures attributes of
various mathematical models in society, of which stu-
dents/citizens would benefit from gaining insights

in. Jablonka’s (2003) paper on mathematical literacy
shows a potential for such a framework as she char-
acterises ahandful of mathematical model categories
accompanied with their limitations.

Taken together, the classroom discussion demon-
strates that students are capable of reflecting on
mathematical information although the underlying
mathematics is too advanced to grasp. There are var-
ious attributes to the involved mathematics which
non-experts, like us, could critically reflect on. We
find such reflections useful for critical citizenship
because it shows that non-experts can contribute by
posing crucial questions about mathematics ina given
context. As a final remark, we would like to add that
discussions on IPCC graphs can also facilitate learn-
ing about climate change and that there are several
other ways to discuss climate change in classrooms
which complement our approach. We welcome re-
search onrelated issues in classrooms, spanning both
primary and secondary school levels.
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