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1. Introduction

As argued in a previous talk (plenary: Viennot,stheroceedings), alarming reports in
several countries ([1], [2]) give credit to the ad¢hat it is important to stress links and
consistency when teaching physics, instead of taolusively centering on students’
competencies. The objective of fostering critigauity in our students, in particular, should be
seen as interlaced with that of developing cona@mtructuring. This idea is backed up by
recent and converging experiments suggesting thlaén confronted with very incomplete
explanations, students need to reach a threshottraprehension of the topic in play before
liberating their critical ability. Although the iatest of aiming at a co-development of critical
stance and comprehension seems nearly obvioussatidiimed in many official reports, it is
often denied in current practice at secondary dclevel, particularly in France, as witnessed
by the reports just quoted.

2. A teaching format: concept-driven interactive pathways

The expression “Concept-driven interactive pathwdZDIP) designates a type of
teaching sequence with the following charactesdiss.

- It is designed with the goal of facilitating samds’ access to the understanding of a given
conceptual content.

- It is interactive, implying teacher-student oadber-group interaction. It may comprise
phases like: exploring and discussing studentsisdasking for argued predictions or diagrams
and discussing these with students, letting stiwdemstruct and analyze experimental results,
injecting new ideas in a transmissive style, hagglents’ criticize documents, etc.

- It organizes a pathway, that is, a step-by-stepgss designed to help students progress
toward the desired target. Although the structuréhe pathway is mainly concept-driven, the
development of transversal abilities, such ascatifiaculty, is also favoured.

With such a format, the particular spotlightingtbé content is of crucial importance, as
illustrated below. Two CDIPs on the absorption ight, each intended for an interaction of
about one hour, have been designed and implemebéxknding on the targeted audience and
school constraints, the first one, centering onatsorption of light by pigments ([4], [5]), may
constitute a preparatory step for the second drmytdiltering process ([3], [6]), or each may be
implemented alone. Here, for sake of brevity, weufbon the conceptual structure of these
CDIPs, while giving an idea of the students’ regaim terms of critique.

2.1  The absorption of light: core ideas

Globally these two pathways are intended to sgutlige following conceptual targets.

- The absorption of light by pigments or filtersigt an all-or-nothing process. This idea is
contrary to what is suggested by the current ridesolour phenomena, such as “red pigments
absorb blue light”, etc.

- It is a multiplicative process, involving multigation by numbers smaller than 1.

- It is selective, that is, it depends on the weargth.
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Theseinvestigations were conducted on the basis of vigars with prospective teache
at university, the first on€CDIP1) with 8 students in the third yedhe second on(CDIP2)
with 6 students in théourth yea. Our investigation with the first pathwaCDIP1) revealed
that the interviewees were destabilized when thengon binary rule— a pigment absorbs,
does not, such and such a part of the spectrunhidé light —turned out to be inapproate, as
when the impact of a red laser beam on a greenguigia quite visibl. Moreover, we observe
that they had considerable difficulty in undersiagdwhat it means to use percentage:
analyze the process of absorption. These resuligided thearguments at the basis of |
construction of the second pathwiCDIP2), which is briefly described hereal.

2.2 Lights and filters (CDIP2)

The results of the first experimentation inspired usrneestigate possible ways to hi
students understand thaultiplicative status of absorpti. We chose to use filters, and made
hypothesis that the dependence of absorption ckrtegs might be an anchoring aspect foi
targeted comprehensiondeed, to understand the role of the successiialky thick, layers of
a filter, one has to understand that if one layattiplies the incident intensity of light by, s
0,95, the second will let 0,95*0,95 of this initiatensity pas.

Table 1 displays the steps of an interview (alan hour)designed on this bas During
the first phase, the interviewees re reminded of the classical rules, and were gise
corresponding tabl&hen they wre asked which mathematical operation came to theid in
this respect. All responded “subtrac”. Then, they were shown a slide with a slit crossg
filtering strips of increasing thicknesses, madewé, two, three, etc., layers of a light yell
plastic sheet (Figure 1).

Figure 1. Aslide (5cmx5cr with a vertical slit (width about Immgpvered with one, two, three, ..., ¢
horizontal strips made of transparent and thintjgalsght yellow, or light pinl

Then, they wergiven a curve of transmission for one layer ancedsb draw the curv
for a strip with two or three superposlayers (Figure 2).
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a One layer [ b Two layer ¢ Three layer
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Figure 2. Given the transmission curve for oneffiitg layer, strips with two or three superimpoksers
don’t have a transmission curve of a similar sl

The drawings and the comments that were collecatetthis phase show how salient
idea of nonselective subtraction was, in other terms, the dwavd translation of th
transmission curvproposed for one lay (5 students out of 6].he following conceptual targ
was to ue the idea of multiplication to realize and expldie deformation of the transmissi
curves with thicknes§ hen an experiment proposed by the interviewer pearmed to sho
the spectra of light transmitted each strip of the slide shown in FigureWith this object, an
also another one made of p-magenta plastic, some parts of the spectrum (rddgegen) o
the transmitted light seemed nearly unaffectedhnigkhess whereas the blue part disappe
with the three-layer strig-{gure3).

Figure 3. Photos of spectra obtained for two slits equipp@H tansversal strips (resp. yellow and magent:
increasinghickness: one, two, three, ... layers superposettifg 600 I/mr)

The discussion with the interviewer was more os laborious, until all the interviewes
manifested their comprehension of the conceptugkl. The subsequent phases were dev
to the transfer of this new knowledge to other &itins, a liqui and a gaseous filte
respectively pumpkin seeds oil athe atmosphere. In these two cases, the changeour af
the transmitted light was explained by the intemées, after discussic on the basis of th
initially provided transmission cur (Fig. 4a: simplified curve after [7], Fig 4b after ). Once
the possibility of seeing oil or the atmosphere #srf was admitted, it became clear to
students that successive multiplications would cdmen to selecting the part of the specti
where the rate of transmission was the highestnilgoth casethe “red” part
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1 Transmission curve of one, two, three, four, f
ten successive layers of pumpkin seed:

| Pictures of thinner or thicker layers illuminai
in white light:

0000

t Transmission curve of one, two, three, four, fies,

thirty successive layers of atmosph(“One layer” is the

atmospheric path traveled by light when the Suat Benith
| Picture of a sunset

IEigure 4 Transforming the transmission cunof a “thin” layer of fluid (a:
to find that of a thick layer.

Table 1. Structure of concegtiven interactive pathweCDIP 2

pumpkin seeds §1], b: atmosphere [8])

Phase  Our conceptual targets and questior Material setting Main aspects of the interactiol
(planned and/or expectec
Rem Students are reminded of the class The studentsppropriate the classical rule

rules

First observation of their reactio
Question: which operation comes
your mind:+,-,*,/?

N

\

A colour mixer

predictions on this basis, observati
discussion, recapitulatic
Table of rules left to studen

Question “which operation ...

Filt-a -Draw the curves accounting for t
transmission of light through two, th /N
three layers of the same mater Predictions with argumer
Do students just translate the first cu >
downwards, or do they/how do th
change the shape of the cur + Device to project

spectra of the light

Filt-b Performing the experiment: transmitted through each  Students asked to reconsider the curve:
Do they change their curves? Formu strip account for the disappearance of “the blu
a conclusion explicitly using selecti Spectra observed strongly guided discussic
multiplication?

Oil Observe colours of the oil, then appl 1 The interviewer
multiplicative procedure to the cur -provides help for calculatic
proposed by the interviewer to acco -explains how to use the sensitivity cur
for these colours 0 | of the cones..

+ Sensitivity curves of the
cones on transparency.

Atm See the situation as a filtering ce 1 - The interviewer provides help -
Transform the curve provided by t ; -interpretation of the situation as a case
interviewer for “one layer” filtering

- calculation
o |

Gene  Ask about a function accounting for t Input from the interviewel
changes of intensity observ (selective)exponential decrea

Mca Global evaluation of the desi Interviewees express feelir
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2.3 Students’ response: from common ideas to restrospidee critique

In terms of comprehension, the prevalence anddhistance of the idea of — implicitly
uniform - subtraction was very impressive.

- Int (Interviewer) What did you use when constructing your answdinea of
reasoning founded on which type of operation?

- Subtraction, mainly.

Or else

- We add subtractions.

The comments finally attesting to a real comprelwenaere all the more striking.

- Given that it is proportional, ..(adding filters)we will end by selecting the
spectral band of greatest transmission factor.

- Even after having done thfa multiplication)right from the beginning, | wouldn't
have interpreted this as a multiplication.
A final observation is worth pinpointing here. Begb numerous expressions of
satisfaction, we note the emergence of some mefaitdge judgments.
- We've just seen that differences were majorednalbgers were added. | wouldn’t
have spontaneously used the word multiplicatiodidl not reason like that before
coming here. (...) Perhaps, | would use the operatitimthe right data, but if | was
asked for an explanation, | would never have usednord multiplication.
We find here an echo of several comments colledtethg a subsequent workshop in a
meeting of the European Science Education Res@asattiation [9], which was framed on this
CDIP.

-The use of different thicknesses, we usually deith only one and | had the idea
of subtraction.

-It made me think about things | knew about intgity perhaps, but | still think it
was as if | did not know about them previously.

3. Recapitulation and final remarks

These two concept-driven interactive pathways reaxeral common features. They are
designed on the basis of a very fundamental ideaesmes referred to by the interviewees as a
“tough idea”. The multiplicative nature of the pess of absorption ultimately leads to the
exponential dependence of intensity on the crogbétkness. Although this was hardly
discussed in the short time we had, the procesabsbrption is multiplicative because it is
statistical. For all of that, the formal complexityhich may seem very little, comes down to
that of successive multiplications. It may alsonsemsot to constitute the least “new idea”,
despite the students’ recurrent comments. It is“netv physics”, but it is a spotlighting of
physics that takes some distance from the mostfmeat teaching rituals, i.e. the binary rules of
the absorption of light by filters or pigments Istised without any discussion [10]. Students’
ideas are taken into account, with the goal ofreditey the range of their line of reasoning when
they pass from a view limited to subtraction to arenfruitful multiplicative approach. The
decision was also taken to underline the links tphysics enables us to establish: A
multiplicative process accounts for changes intlighich interacts with solids, liquids and
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gases. In terms of formal complexity, the pricepty is moderate. Simplicity is still favoured
via the choice of equally thick layers and a diser@pproach to exponential function. At the
same time, simplification is kept under controtassistency is not seriously at risk.

The content driven interactive pathways just désctiillustrate, we think, the merits of a
design emphasizing consistency and conceptual, lasksvell as spurring an active engagement
on the part of the students. Although the adjecth@n” may seem deceptive, it means that
attention is given to aspects of physics that Haen commonly disregarded, or kept implicit.
One may wonder what possible obstacles may bloik dpen reconsideration of content.
Among good candidates, we suggest: a lack of distamth respect to rituals, axclusive
centering on students’ ideasxcessivébelief in (and focusing on) the power of new melto
the possible identification of « more rigorous sshwv boring », and the common view that what
is good for teachers cannot be good for their sttedeClearly, more research is needed to give
more substance to these assertions.
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