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HOw CAN STUDY AND RESEARCH PATHS CONTRIBUTE TO THE
TEACHING OF MATHEMATICS IN AN INTERDISCIPLINARY SETTING?

Abstract. This study investigates the perspectives of usindysand research paths (SRP)
as a design tool for bidisciplinary work at uppecandary level. This study is using a
special kind of diagrams both as tool for SRP desigd as a tool to analyse the actual SRP
realised with students. Specifically | presentdiesign and realisation of a SRP combining
mathematics and biology. The results point to athges of the SRP approach in terms of
the way bidisciplinary work is organised, but aldmallenges in relation to the design
process. As for the last point, the test of thdgiesraises the question to what degree of
detail is it necessary to know the practice andmpheof both disciplines in order to
formulate questions that help students to deveéiepritended praxeologies, and also for the
weak students to discover the need of mathematicssélving problems in other
disciplines.
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Résumé. Comment les Parcours d’Etude et de Recheklpeuvent-ils contribuer a
I'enseignement des mathématiques dans un contextetérdisciplinaire ? Cette étude
examine les perspectives d'utilisation des Parcdiiside et de Recherche (PER) comme
outil de conception pour du travail bidisciplinaia® niveau secondaire supérieur. Cette
étude utilise un type spécial de schémas commealaifois pour la conception de PER et
pour analyser le PER réellement réalisé avec kgeél Plus précisément, je présente la
conception et la réalisation d'un PER combinantheragtiques et biologie. Les résultats
montrent les avantages de l'approche PER en terd'egjanisation du travall
bidisciplinaire, mais signalent aussi les condgi@nremplir pour la conception. En ce qui
concerne le dernier point, le test des réalisatmmgéve la question du niveau de détalil
auquel il est nécessaire de connaitre la pratitle théorie des deux disciplines, afin de
formuler des questions qui aident les éléves aldpper les praxéologies voulues, et aussi
permettent aux éléves faibles de découvrir le Inedei mathématiques pour résoudre des
problemes d'autres disciplines.

INTRODUCTION

This study presents the results of testing thegdetsiol calledStudy and Research
Paths (SRP) at upper secondary level. The basic idea &8RP is to organise
students’ approach to a field of knowledge throwmgganingful and challenging
questions. | describe this tool in more detailhie theory section. SRP has been
tested in both monodisciplinary settings (e.g.\&#eslgw, Matheron & Mercier, in
press) and in bidisciplinary settings (Barqueros®o & Gascon, 2007; Thrane,
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2009). The SRP developed by Barquero, Bosch andd@g®2007) concerned the
growth of a population of geese on an isolatechil@ does not require students to
develop substantial knowledge on population bioldmgyt the motivating problem
is clearly extra-mathematical. Thrane (2009) experted a series of SRP
concerning analysis of curves in different spotivities actually, which involve
students knowledge of how to perform different s@mtivities, and the students
were supposed to use the mathematical analysi©ouimgr their own performance
in these activities. In this sense the latter seeni®e integrating the two concrete
school disciplines more than the first one. Thiglgtexplores the use of SRP in a
bidisciplinary setting combining mathematics andoldgy where the two
disciplines are given equal importance. | am paldidy interested in how the
bidisciplinary setting can help developing matheocshtknowledge — and more
concretely, in how a SRP combining mathematics wittliscipline like biology
could support the learning of mathematics. Thisasa new idea and similar ones
are presented in (Davison, Miller & Metheny, 199md (Czemiak, Weber,
Sandmann & Ahern, 1999WWhat this study offers is a thorough analysis @& th
students detailed outcomes in terms of presentedeplogies, which illustrates the
disciplines and their possible connections regdlat®y the potentials and
limitations of ATD and study and research paths.

This paper is a natural continuation of previouskMgiansen & Winslgw, 2011
and Hansen, 2009), which presented a method to SRE for analysing
bidisciplinary written assignments combining math#ios and history. The study
revealed severe challenges for creating bidis@pjinprojects, that are well
functioning both from the viewpoint of students amdchers. The reason for the
identified shortcomings were not just caused by renifest distance between
mathematics and history as disciplines, but alsothay fact that the teachers’
formulation of the assignments were often leadimgatparallel structure in the
students’ work where the two disciplines were mb¢riacting at all. This was clear
already from ara priori analysis of the assignments. How the a prioriyasisilis
carried out will be elaborated in the section orthodology.

Context of the study

The institutional frame for the experiments withFSBresented in this paper, was
general high school (upper secondary level) in Dakimin this context, a certain
amount of time and lessons are devoted to bidiseigt work. There are many
formal regulations of the bidisciplinary work, whicacted as constraints and
conditions for the testing of the SRP. The mostdrtgnt condition for our
experiment was that the SRP should combine mathesratd biology and that the
students should write a bidisciplinary report a ttonclusion of their work. The
report described in this experiment should preghee students for writing an
autonomous report combining to disciplines (cattesl“study line project”), which
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represents a high stake exam at the end of highokchnd so it is heavily
regulated. Similar the report and this experimeas Wighly regulated; | give some
details in order to allow the reader to grasp #térgy of our design. After handing
in the report, the students get feedback on theting from the teachers and they
rewrote their report as a 3 pages synopsis to fended in an oral exam months
later. The students must do all work on the fistsion of the report along with
their mandatory classes; after six weeks theywetdays off for the final writing.
They are allowed to write the report in groupswdb tstudents. Each student must
hand in at most 10 pages.

After handing in the reports, students should rsoree kind of evaluation of their
work. The rules require that students get a gradetHeir reports along with
comments. These comments must reflect what is ¢agheaf the student in their
“study line project”. Therefore a sheet of comments created for each student.
The comments were formulated with explicit refeeetw the ministerial guidelines
for grading study line projects. This means that students would get comments
from both teachers on the following sentences:

“To what extent are the questions answered? To wkent does the report
fulfil the ministerial aims of the biology teachihgilo what extent does the
report fulfil the ministerial aims of the matheneatiteaching? To what extent
are the sections of the assignment mutually colterisnthe use of notes and
citations in the text appropriate? Is the list&flerences satisfying? What is the
overall impression of the assignment?”

Based on the comments, they rewrote their reporth&o synopsis — a paper
containing introduction, research questions, ansvierthese, conclusion and a
section putting the problematique in a broaderpgetve — used at the oral exam.

On the side of the teachers, none of them havecadeanic background in both
mathematics and biology. The biology teacher isxperienced teacher of biology
and geography. He is involved with didactic deveiepts in Danish high school,
but not a researcher and without any experiencehiteg SRP. The mathematics
teacher has some years experience in teaching maties and physics in Danish
High school. She is also a researcher in the fiéldidactics of mathematics and
the author of this paper. Both teachers are theydag teachers of the class in
biology and mathematics respectively. The resepachwas only conducted by the
mathematics teacher, which is reflected in theyamal The choice of disciplines
depends on the disciplines the class specialiseBhiarefore it is not likely both

disciplines are in the academic background of oma&cher. The experiment
included the entire class of 25 students.
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Theory

The theoretical framework of this study is the aoiological theory (ATD). The
key notion isstudy and research pativhich is used as a design tool as well as for
analysing the outcomes of the student reports, whidh we now proceed to
explain in more detalil.

The notion of SRP was presented by Chevallard ar@@94 and he describes it
as based on what he callg@nerating questignwhich will be denoted § This
question must be so strdrhat students can derive new questiofisf@m it —
here, each index represent a branch of inquiry. The answers to dbeved
questions add up to an answer for the original tpre<), (Chevallard, 2006, p.
28). Another requirement for the generating ques@pformulated by Barquero,
Bosch & Gascén, is that it must be “of real intétesthe students (“alive”) [...]”
(2007, p. 3). The research and study process teatiee diagram of pairs (QA)
of question and answers (Barquero, Bosch et Gas26@7 and Hansen &
Winslgw, 2010), such as the example shown in figBire for simplicity the
answers to each question (arising from praxeolodgeeloped by the students) are
left out of the diagram.

The notion of inquiry can be interpreted as in ingidbased mathematics education
(IBME), which has been conceptualized by Artiquel &lomhgj (2013). As they
argue “ATD is also a theoretical frame whose degigrspective seems especially
adapted to IBME” (Artigue & Blomhgj, 2013, p. 80@nd further discusses the
potentials and limitations regarding the inquirfleeting the choice of study and
research activity or programme as they call it. $tvreng link between study and
research paths and inquiry-based learning is aseldes (Winslgw, Matheron &
Mercier, 2013), although they stress the importamicéhe study process, which
cannot be discarded from the inquiry process.

We now return to our context to explain how SRPwiith the conditions for the
bidisciplinary work leading to a synopsis for themloexam. The students are
supposed to get training in applying existing krexge. In terms of ATD this
means activating existingraxeologiesa term which indicates a complex system
of practical and theoretical knowledge (Chevallarfl99). The students knew a
little on first order differential equations andrhan physiology, including the
nervous system. They are supposed to apply thewleadge in new contexts and

! However there has been made different suggestmmthé translation oparcours d’étude et de
recherchéln this paper | have chose to w&ady and research paths.

2 A strong question means that students are ablexderstand it but unable to deliver a complete
answer before studying works of others and usesthaswers in the formulation of an answer to the

generating question
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hopefully get a wider picture of both fields. Imrtes of ATD this is to develop new
(mathematical, biological or bidisciplinary) praxegies from the existing ones
(Barquero, Bosch & Gascon, 2007, pp. 9; Hansen,92@0 53). Another
requirement for the assignment is that the studsintsild gain experience with
searching for information and resources for angwetihe assignment questions —
and also, where possible, develop answers on tivair This is consistent with
what Chevallard calls the dialectic of media andieui (2006, p. 9) where the
student on the one hand is studying existing “wbrksid at the same time is
exploring a problem (in this case, mathematical eflowy of the distribution of a
drug). It is important to point out the necessitydadelicacy of this dialectics
(Winslgw, 2011, p. 129): a SRP must incluxt#h study (of works) andesearch
(on problems). The students are supposed to dosthi® the answers were not
directly available in the textbooks. On the contrétrte students must study the
works of others (the textbooks, new materials ftdorary, internet and likewise),
and they have to deconstruct this knowledge, coenbihis with existing
praxeologies in order to develop new praxeologiesaaswers to questions —
formulated by themselves or the assignment question

The teaching design

The starting point for testing SRP in the bidisicigty setting was to formulate a
generating question fulfilling the conditions sgtthe school regulations.

The design was created on the basis of a teachabgrial for mathematics at upper
secondary level, published by Technical Universitpenmark. The material deals
with the function of painkillers in the body and’itmodelling by differential
equations (Jonsdottir et al., 2009). The reason cfuwosing this material as
inspiration for the generating question is that ynahthe students involved in the
experiment were interested in biology and wanteddik in the health care system
later on. Hence the teachers assumed that thedenssuwould find a problem on
the dosing of medicine relevant and interestings Thight not give students a
better mastery of their immediately lived world litutould help them relate their
school knowledge to real uses which, in the end|dcéulfil the higher goal of a
better mastery of their lived worlds.

Based on the material, the generating question feamulated. It starts by
questioning how one of the most common drugs uselbiuseholds can relieve
patients from their pain, how the functioning candescribed from a mathematical
perspective and how that description can be usetksan a correct dosing. The
full formulation is shown below:

Qo: How can a patient be relieved from his pain binki#lers like paracetamol
— how does deposit medication work and how can s modelled
mathematically? @ Explain the biological functioning and consequeEnof
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taking paracetamol orally versus taking it intramesly. Q: Create a
mathematical model using differential equationst thlustrates the two
processes and solve the equations in the genesal € Give a concrete
example, where the patient is relieved from paid astimate from your own
model how often paracetamol has to be dosed — wiachmeters (absorption,
elimination factor, bioavailability) are importatd be aware of? £: Does it
make any difference whether the dose is given arahtravenously? Use your
models while giving your answer. (translated froamizh)

Notice that some of the derived questions are djregiven along with the
generating question in order to guide the inquirthe students (Chevallard, 2012,
p. 11). It is crucial for the SRP to be successhat the students gets some
guidance and are not left alone with a too openauaawhelming question. In this
setting, the regulation of students’ and teachemstk further necessitates that
some of the “guiding” is provided from the outsktshould be possible for the
students to see, from the outset, that their plagémal equipment in biology and
mathematics can help them answer the generatirgtigngeand the given derived
questions serve this purpose, asking for more Bpea@ses to guide and delimit
the student inquiry.

The formulation of the questions was followed by arpriori analysis before
handing out the assignment. This a priori analysisbe presented in section on
results.

Methodology

To carry out ama priori analysis means to explore what derived questionks a
answers could occur from the particular formulatdrg), i.e. what possible paths
the students could follow based on their expectekgwlogical equipment and
available media; concretely, a complete “tree” efided questions and answers is
produced. Figure 1 and 2 show the diagrams of thaoa analysis for the SRP
considered in this study. In this case, #ghpriori analysis led to minor corrections
of the design before it was tried out with students

The school does not allow the use of lessons fatagice or classroom debate on
the progress of the students work. Therefore, ot@ys to keep track of the

students’ work with the SRP were developed. Tonetioe students’ first thoughts

on the generating question, they were asked tagdieir spontaneous answer to
the question in writing immediately after readingTiwo and four weeks later the

students were asked to answer the following questio

What is your answer to the generating questiort mghv? What have you done
to answer the question? What are you planning toet in order to come up
with more fulfilled answers?
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The teachers were only allowed to answer quesfirams the students after class.
These conditions for guidance made it hard to tthek exact progress of each
student. Therefore the students were told onlystocuestions if they gave them in
writing by e-mail before meeting the teachers. dtually turned out that most
questions could also be answered by e-mail. Exagflguestions are given in the
section on results.

Because of the little data available from the stislevorking process, it is the
outcome of the students’ writings which is the maindence of their study and
research process. The reports were analysed asuSRB,the method developed
earlier (cf. Hansen, 2009, pp. 60) and which | misscribe. While reading the
reports every small section was identified with ¢terived) question it treats. An
example could be “how to model a one-compartmestesy when knowing the
diffusion of the drug from the vein alone reliesthe elimination factor?” This can
be answered by the praxeology of “setting up & farsler differential equation
from given conditions”. This is a praxeology on hexnhatical modelling using
differential equations. In this way the entire ngpmas split up in small pieces of
guestions and answers;(®;). The organisation and relation between praxeekgi
can be depicted by tree diagrams (see figure 3).rékations were identified from
the way the student referred to or drew on preWopsesented praxeologies ie.
sections or part of sections. When it comes toptés of the reports consisting of
pure biology, the praxeologies were only identifeesia question and the answer
given by the student — that is, | did not modehpalyse biological praxeologies in
detail, due to lack of knowledge in the field obloigy.

The analysis of the students’ reports was comptoetie a priori analysis. The

comparison of the diagrams showed to what extensthdents had developed the
intended praxeologies and maybe some unexpectesl dtehe same time the

diagrams show to what extent the two disciplineseviecorporated and combined
in the report and solutions. This helps to answer drucial question: Does the
formulation of the generating question functionadsidisciplinary task and do the

student use and combine both disciplines while angg the assignment?

For the last part of the project the students wackto continue to ask questions by
e-mail while rewriting their reports. The synopsesre handed in electronically
and during the oral exam written notes were takeom this the new praxeologies
were identified even though the synopsis formahas$ suitable for a thorough
praxeological tree diagram analysi$irough these steps of analysis the results of
the design and the students activities can be piesde

Results

As expected, there was a great diversity in theestts’ reports. Some students
worked thoroughly with the questions and were ébli®rmulate derived questions
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themselves — even explicitly. Others were not éblgee the use of mathematics in
the assignments and tried to answer the exactignsedormally, without further
inquiry. This was expected as the class was notticplarly “strong”
(mathematically and academically) — but many ofrttveere hard working and for
them the study phase seemed very enriching. Thewgrlgl developed new
mathematical praxeologies during their work wite B8RP, as will be explained in
detail in this section

The analysis of the formulation of the assignmemiss the tree diagram figure 1
which shows the connections between the generatiagtion and derived ones.

Figure 1: Tree diagram showing the formulation of he assignment

The dotted line indicates that question numbgr @raws on the knowledge
worked out as answers to questionsa@d Q. The solid lines indicates that the
questions are derived questions in the sense Hedcky Chevallard (2006); in
short, derived questions are natural prolonginthefformer in order to achieve a
more detailed inquiryThe tree diagram in figure 1 is part of theriori analysis
of the assignment. To get a more complete pictfirthe» potentials of the SRP
design, a fulla priori analysis was made. This analysis is presentetiantree
diagram of figure 2. Question numbers refer todhme as those in figure 1. The
rest of the questions are derived questions, whrehthe questions students are
intended to work with in this particular SRP. Theswaers to those questions are
the praxeologies the students are supposed toagevelthe field of differential
equations and nerve physiology in relation to thfusion of a drug in the body.
The lines connecting the questions have the sat@gnetation as in figure 1.
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Figure 2: Tree diagram of the a priori analysis ofthe assignment. See the text
below for the contents of each question.

The questions formulated by the aufhamly having an academic background in
mathematics, during the a priori analysis is tHfdng where question numbers
corresponds to those of figure 2. The questiongesgmting the expected
praxeologies are written in italic (these are ramded out to the students):

Qo: How can a patient be relieved from pain, usindrag like paracetamol?
How does deposit medication work and how can thies tnodelled
mathematically?

Q1 Explain the biological functioning and consequenof taking paracetamol
orally versus intravenously.

Q1.1 What is the biological mechanism underlying tbaaept of pain?

Q12 What kind of drug is paracetamol?

Q.12 How does paracetamol function in the body?

3As mentioned earlier, this research was conducyetidauthor, who is the mathematics teacher and
a didactic researcher. This means that the pergpett the questions is considered only from the
standpoint of the mathematician. Tagriori analysis would look differently, if it was carrieait by
others, with a different academic background.
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Qi.1.1.# How does paracetamol function when it is doseadlg?

Qi111i How is paracetamol transported from the stomach the vein
biochemically seen?

person is relieved from his pain?

Q111,32 How does paracetamol function when it is dosécuenously?
Q11123 What is the biochemical functioning of paracethmdhe vein?

Q.: Set up a mathematical model using differentialagipns that illustrates the
two processes and solve them in the general case.

Q.1 What is a differential equation?

Q21,2 What can the differential equation y’ = ky mode&ld what is the general
solution?

Q.11+ How do we model a one compartment system modelk#ty the
elimination factor?

Q.12 What can the differential equation y’(t) 3 z(t) — ¢ y(t) model and what
is the general solution?

Q.12: How can we model the effects of the absorptiomguslifferential
equations?

Q2122 How can we model the effects of the bioavailgbilising differential
equations?

Qs: Give a concrete example, where the patient ieved from pain and
estimate from your own model how often paracetamaas! to be dosed — which
parameters (absorptivity, elimination factor, biaitability) are important to
notice?

Qs0.+ What numbers can be put on the relevant notiorsvehat do they tell?
Q3,02 How can we model multiple dosing using the existhodels?

Q302+ How often must the doses be given in order ferghtient not to feel
any pain?

Qs Does it make any difference whether the dose iieeng oral or
intravenously? Use your models to support your @answ

Qs;11 What does the model of multiple dosing look likethe case of
intravenous dosing?

Qs12 What does the model of multiple dosing look likehe case of oral
dosing?

Q511 What differences appear while comparing the gregiresentation of
the two functions of multiple dosing?

The diagram of figure 2 is satisfactory in termdlwd requirements for the design,
as it shows several paths for the students to puraith possibilities for the
students to work interdisciplinarily, to activatdeir initial praxeological
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equipment, and potentially to develop new praxeeka the field of differential
equations and nervous physiology.

Results of the students writings

I will now present the outcomes of this teachingige. | will do so by presenting a
well written report richly unfolding the intendedageologies. After this | present a
report written by a weak student only poorly unfotdthe potentials of the design
and finally | give some of the outcomes of the $8i® and oral exam.

As mentioned some of the students were able ttsestiiese potentials and wrote
mathematically rich and substantially bi-disciptypaeports. Figure 3 shows a tree
diagram of the analysis of one of these reporissifinal state. We can say a little
about the process of the author of this report framat she wrote as spontaneous
and intermediate responses to the generating quesliust after seeing the
question, she noted that she needed to know samgedtiiout the dosing of the
drug in relation to the weight of a given persohe $alls it the “strength” of the
drug. And she needs to know something about hog tba drug stays in the body,
and refers to what she calls “the half-life of threg™. This she planned to use to
find out how to relieve a patient from pain foromder time period. This indicates
that she believed from the start that the modeblires an exponential function,
without knowing anything else about this question.

Two weeks later (when again asked for her ideathergenerating question), this
student also wants to know more about how paraadtais functioning
biologically, and she indicates that she needs rkamvledge on mathematical
modelling. This is what she is planning to study tiext weeks. This indicates that
she is narrowing down to more specific questiond&r to answer.

The notion model or modeling in the students wgsiprobably refer to the one the
student encounters in her textbook and officialutieents for Danish high school,
which is somehow close to the notion in mathembéiompetence theory (see Niss
et al., 2002 and Blum & Fermi, 2009, p 46). Howethexr approach to modeling in
ATD is that it is the development of praxeologiestivo domains answering a
generating question.

In the text below several technical terms are u3déety are translations of the
notions the student used. Many of them comes frieenkiological field being
modelled and therefore will not be explained furthAs to differ questions
formulated by the student from those she has addpben the assignment handed
out, the students’ questions and formulations ateno squared brackets.

4 She knows this notion from previous work on exptiat function and from radio activity
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Figure 3: Tree diagram of the analysis of a handedn report. Question
contents are detailed in the text.

This student actually formulated a number of detigeestions in her report and
used them as headings, e.g.:;*(How is pain registered? ,QHow does
paracetamol relieve pain (pharmaco dynamic)? Kow can the dosing be
modelled mathematically based on the biologicalWedge?” (Appendix A)
Other headings were not phrased as questions bt wienply a word as
“Absorption”. Derived questions not phrased as &bave identified through
further discourse analysis of the text. Examples @r,: How does paracetamol
relieve pain relative to the amount of dose? Ang: How does paracetamol
relieve diffuse pain. The student relates her answhis question to Q: How are
diffuse pains registered and what are diffuse @airtss is indicated in figure 3 by
a dotted line. | will now give a short review ofghreport, for an extensive list of
the questions the student treats see Appendix A.

The student starts by posing and answering the tiqnes “How is pain
registered?” (@ and divides this into the treatment of what afeuse pains and
how they are registered as well as what are diffoams and how they are
registered (@, and Q). Then she poses the question: How does paracktamo
relieve pain (pharmacodynamic)?,JQrhis is dealt with through questioning how
paracetamol relieves pain relative to the amoundaxfe, how it relieves diffuse
pain, what effect the drug has on the nervous systed what is known about the

drug in general (&, Q2 Q1and Q119).

After this the student poses the question: Howaispetamol transported through
the body (pharmacokinetics)? QThis is investigated through the study of how
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drug is transported in the case of orally dosimayy ldrug is transported in the case
of intravenous dosing. The former is further exptbby showing how the drug is
absorbed in the body, how this process runs il intestine and how the drug
is distributed in the body, which leads to a dedimn of the biochemical
conditions and mechanisms that are relevant fos ioblem, hence how
substances are transported through cell membr&hes @z, Q113 1.2 Q3121
and Qi.:19. Finally the metabolism of paracetamol includitite chemical
reactions occurring and the elimination with th&erof the kidneys and timescale
of the process is presentets (@ 131 @14 Q141a8nd Q1 4). These questions
and answers all represent pure biological praxeedogvhich are found relevant in
order to model the processes of dosing paracetanfardig with the discussion of
how should be used....

Next the student poses question nhumbegr “Blow can the dosing be modelled
mathematically based on the biological knowledgestie finds the answer by
looking at the form of the model in the case ofrdaaenous dosing, how the
proportionality between added amount of paracetaamul elimination can be

modelled, what can be described by the equ&%e?n:—K.A , the biological

interpretation of —K with respect to the formeratesd questions (Q, Q1.1 Q111
and Q1119. These are all bidisciplinary praxeologies whitie student alternates
between using the established biological praxeekdn the construction and
justification of a first order differential equatic- a mathematical object. She ends
this section by finding the complete solution usam@AS tool and showing by

two questions are identified as pure mathematical.

After treating the more simple case she looks atdfal case and performs the
same praxeologies though taking into account that rseeds to treat the two
compartments separately and combine these reauttsei equation describing the
entire system (&, Qu21 Q211 Qu2112and Q.. She further argues how the
added amount of paracetamol can be described bgdinéon to the differential

equation of the stomach compartment and how theemdattorporates the

bioavailability (Q2..: and Q..). Again, this is denoted bidisciplinary
praxeologies. The student investigates what camdseribed by the equation:

gA =A.K_A™"K A | finds the solution and argues that the modelesolv

dt

The student uses the two models to form functiasidbing the concentration of
paracetamol in the blood, she gives all parametenserical values and discusses
both the mathematical and the biological intergi@aof K>K (Qs3 Qu31, Qu32
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Qs321and Q32 19. Finally she discusses the knowledge of the nigwersions of

the functions and its graphical representation.nFthiese representations she
discusses the long term effects, high amount doaimgdy how patients can be
relieved from their pain through multiple dosingdamow this can be carried out

mathematical but constantly links to her knowledgéhe biological field and she
concludes on the biological issues from the mathiealamodels. Hence These
praxeologies are regarded bidisciplinary. The siuderther notes that multiple
dosing leads to a concentration alternating araungean called steady state. She
uses the mathematical models to determine steadg Bvel and whereas the
patient feel a constant relieve of pain when maximmrecommended dose is given

Q4,3,2,1,2,1,1,_1,2,1;_1 Q4,3,2,1,2,_1,1,1,2,1,1:1 (24,3,2,1,2,1,1,1,2,1,1,2a_-n(?I Q,3,2,1,2,1,1,1,2,1,1)3 As the
praxeologies just mentioned these are regardedipiatgry for the same reasons.

In the end the student compares the two ways dhddbe drug with respect the
type of pain it is supposed to relieve. This iselby a comparing the concentration
profiles, discussing similarities and differenc€, (Qs1, Qs11, Qs12and Qq19.
These praxeologies are likewise bidsciplinary sinicdogical results are based on
mathematical models treated by mathematical tddis. treatment of Qends in a
further investigation of intravenous dosing, asvttat kind of situations and what
kind of lack in health condition among patientds#&br this kind of dosing (€,
Q5211 X212 and Q,12). These praxeologies are mainly biological. They
discusses some of the results showed in the gaphépresentations of the
concentration function, but it is only treated imialogical context. The last two
biological praxeologies performed are examining thelation between
concentration functions and the recommendationshenpainkiller packages and
further discusses whether the functions impliebange of recommendationss(§)

and Q3.

After this the students returns to the models amdctions she has created
discussing the limitations of these 4Q- the choice of numbering reflects
praxeologies relation the rest of the SRP andhwthronology of the report). She
starts by discussing in general terms the mearfimgodlelling the real world, then
she turns to biological conditions effecting absiorp bioavailability and the
pharmacokinetics in general due to the patientgppiegnant, a child or elderly.
This is supported by listing the consequences &ingaother drugs, eating,
vomiting or having diarrhea while taking paracetb@@ 41, Qs a2 Qua25 Q1422
Qaas Quazy Quaza Quas Quassy Quasr and Qaa9. These praxeologies are
mainly biological though they are all used in digtie of the models created by the
student.



STUDY AND RESEARCH PATHS IN AN INTERDISCIPLINARY SETTING 213

As indicated, the path starting from, @& mainly treating the mathematical
organisation. The answers are constantly refetortge biologically field which is
being modelled. Still the student uses pure matkieally praxeologies such as

praxeologies which the student has developed workith this specific SRP.

Comparing figure 2 and 3 it is obvious that thedetit has followed most of the
intended path and even added necessary detailden t answer the question in a
where she treats the notion of steady state coratimt both mathemati’céyll‘y’énd
biologically.

The student asks three questions during the wrghogess and they concerns her
critigue of the mathematical models — she listsatts and asks if they are
reasonable — the notion of deposit medication awd ihis interpreted and finally
she asks if she can put her mathematical calcaktio appendix due to many
pages of text. This means that her study of thecesus done without help from
the teachers and the tree diagram is showing hekingpprocess with the SRP.
This diagram and others like it (based on othedestti reports) show that it is
possible to create bidisciplinary assignments enbiisis of SRP that function well
for some students.

Rich outcomes were found in other reports as witiidents normally having
difficulties working on the theoretical level engagthemselves in the SRP and
managed to develop arguments on how to model amsgortation of a drug in the
vein. One student explains that when you are miodethe change of the amount
of drug in the vein, differential equations aretabie since they model how fast
something changes. In a particular case she nedda®tw how much drug is added
and how fast it eliminates from the vekrom this she presents the model, with the
factors representing added and eliminated amouditugf. This student is normally
quick at solving simple standard tasks, but shelyaargues precisely at the
theoretical level. The reason for the change instténg of the SRP could be that
the student consulted classmates and was inspyjredelr work. Another reason
could be that the entire assignment makes it olsvioun her that she needs to
justify her model explicitly — it is not possibleo tanswer the questions
“mechanically”.

The students having difficulties to engage seripusth the SRP were those who
generally find mathematics and biology hard. Somt&hase students did not find
the topic interesting. They were able to solve $nguestions involving simple
praxeologies. Some of them did not succeed to aoenmhathematical and
biological praxeologies, these students mainlyrrefg the source (Jonsdottir et
al., 2009) and some textbooks on the biologicaktdfyhen they were supposed to
interpret the models, they would invent two persémsorder to compare the
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amount of drug in the bodies — comparing a child an adult, and, ignoring that
the biological factors are different from childrém adults. This shows that they
were merely able to study the handouts based ocaraeppraxeologies already
developed during mathematics and biology classégy Tdid not develop the
intended new praxeologies and so they were only eibkolve simple tasks in the
field of differential equations and human physiglogn example of a tree diagram
of a report handed in by one of the weak studesmggown in Figure 4.

- x\ P m\\“
{Qsz2} {Qsa} Q.1 Q Q) CNIN ».‘-‘.'_Qn i

w i m\ i SO

QH;QH Ql 1 Ql,. QH,,.QH Q“. Q” Q1 QH; Q( l;f\Q,, Q, ,)

¥

an

Figure 4: Tree diagram of the analysis of a reporthanded in by a weak
student. An outline of the questions is presented ithe text

The diagram of Figure 4 shows that the studentasbieer attention on many

different directions (subquestions) but none ofdhestions are treated thoroughly
or connected to others. The path starting frogrisQthe only one which involves

mathematics. The student presents some equatiorealitulating the amount of

drug in the vein of an “average person”, the maxmaoncentration of drug in the

case of intravenous dosing, the time it takes &mhienaximum concentration and
finally an equation of the steady state concemmatiShe does not mention
differential equations at all or how to deduce thedels from them. This implies

that the student has not developed the intendetemmtical praxeologies. The
same goes for biology. The presentation of the olgiobl answers is very

superficial and the text only cites sources in ganéerms. The praxeologies
coloured grey in figure 4 actually short versiofgjeestion number QQ, Q,, Qi 3,
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Q.4 — nothing new is added to the text book presemtatf the notions of

absorption, distribution, metabolism and eliminaticOnly once the student
combines two answers (@, and Q411 on how the kidneys contribute to the
elimination of the drug). The rest of the repordhe parallel structure, which
indicates that the student was not able to comlbiree different answers to
subquestions. The teacher proposed, as an exglantiat this student is often
doing her work in last minute, and so she did m& sow much effort she had to
invest to properly answer the questions. This ssiggéhat working with SRP
requires adaptation through more than one expearjetdeast for some students.

Other students simply were not able to see thevaatee of mathematics in the
response to the generating question. An exampie student who answer the
question on modelling by citing the handout with@atmmenting or using the
model. This indicates that the student only seé&s dhestion as a way to add
mathematics to the report or project, but not amething necessary from the
theoretical point of view. She spends several pagesirug developmehind
obviously finds this interesting. Maybe she did matve enough time for the
mathematical part because she spent her time ohskikafound most interesting.
This student usually was able to combine simplexqwbpgies but was not
theoretically strong. This supports the hypothéisé the student did not see the
need of mathematics to answer the generating guedtow to deal with this
concern will be discussed later.

Outcomes of the synopses and oral exam

To begin with, the focus was put on the reports,ibieresting findings occurred
during the students’ work with synopses and atdita exam. The students who
did well on the reports were still performing weill the synopsis and at the oral
exam. Some students who made acceptable reporsalvler to improve their work

after the written feedback. As mentioned earliedidl not get equivalently

systematic evidence from this part of the studewtsrk. The findings presented
below are therefore simple and tentative descrgtiof student work in this phase.

One of the most interesting observations occurritd avstudent who had made a
nice report using differential equations and expfaj them using knowledge from

biology. When asked to place the case of usingcetamol in a broader context

she did an Internet search and found articlesenritty Danish researchers on the
use of the drug during pregnancy. The article dised whether there was a
significant amount of degeneration of the genitdl®aby boys when the mothers
had taken paracetamol during pregnancy. The resdtnot clear and in fact there

5 As part of the teaching the class visited FacultyPbarmaceutical Sciences at University of
Copenhagen to learn about drug development resaacthow drugs are distributed and functioning
in the body.
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is no recommendation against the drug during pregn#oday. The article gave
the numbers of women tested, the expected peraemtiagegenerations and the
actual number of boys born with these problems. rElsearchers used a statistical
test with level of significance at 5 %. The studeidt not know the particular type
test therefor she performedya-test instead, which gave a p-value just above the
level of significance. She used this in a discussid the recommendations on
whether the drug should be available outside phaiesaShe further referred to
articles found in journals and on the Internet.sTétudy was very surprising for
both teachers. They did not know the relation tegpancy nor hag?-test been
part of the intended mathematical praxeologiesttier SRP, but it was a tool the
student knew from classes and put to use in a r@text. This is a nice example
of a potential of SRP: “that the contents learnt] [have not been planned in
advance” (Chevallard, 2012, p. 7).

The student who did the report represented in Ei@ucontinued her work on the
effect of paracetamol in the brain and the nensystem. She was able to explain
how new ideas could be modelled and tested, atosheed on the problematique
of mentally ill people whose abuse of paracetanaoise long-term damages. She
discussed this in relation to question of the dheing sold legally outside
pharmacies.

The results mentioned above from the oral exam examples of students

combining the study of works of others combinechvaib autonomous treatment of
results. In this sense a more general aim for RE @as reached. On the other
hand, the students who handed in poorer reports netr able to improve for the

synopsis and did not perform well at the oral exather. There remains, thus, a
considerable challenge in making this SRP succkfsfall students.

Discussion

Many students engaged in a real study processdahswers on their own rather
than just citing the works of others, which on ttleer hand seems to be the pitfall
for other students. The real world problem seemsativate the students for an
inquiry where they can use and combine their previknowledge and experience
from both mathematics and biology.

The SRP enables most students to make the twoliiigs interact. As already
said it is crucial to choose a strong generatingstian that engages the students to
develop the intended praxeologies, and the quafithis choice could secure the
possibility of actual interdisciplinary work. Thimeans that a thoroug priori
analysis must be the starting point of all bidiogry SRP designs since the
interaction between disciplines is clearly not @ox or automatic.



STUDY AND RESEARCH PATHS IN AN INTERDISCIPLINARY SETTING 217

But there are still issues to deal with if SRP dtidae successful for all students.
The interplay between the two disciplines was waalibsent in the work of some
students. These students fail to see the need ef discipline (primarily
mathematics) or were not able to realise it ingiven setting. Probably it requires
more directions, by way of concise questions irhbdisciplines, to secure that
students develop new intended praxeologies. Thissgan in the report written by
the student focusing on drug development as welhagseport depicted in Figure
4. The big question is how to detect and treatettmsstacles while creating the
design. This relates to the priori analysis of the SRP designs and to a more
theoretical study of the possible interplays of meatatics and biology. Is it
sufficient that two teachers (representing eachigliae) formulate the design? or
is it necessary for the teachers to do an anabfsise didactic transposition (e.qg.
see Bosch & Gascon, 2006, pp. 55) of the intergiighe involved scientific
disciplines in order to identify interdisciplinapraxeologies combining the school
disciplines? What are the scientific interactioe$ween biology and mathematics
and how can they be transposed to interactions degtvwthe secondary school
subjects? To identify bidisciplinary praxeologiesdavhat questions they answer
we need to know more about what a biological prepgois (and more generally,
what are praxeologies in the natural sciences)s Thiformulated by Mortensen
(2011) and Madsen & Winslgw (2009) but in otherteats.

Another approach to bidisciplinarity is found by riden (2009, p. 35) who
suggests that what constitutes a discipline (asl ves interdisciplinary
praxeologies) is the methods of the disciplinesdusethe particular praxeology
together with the objects of knowledge. This mehas in order to formulate more
concise questions, it is needed to identify thehmds of mathematics and biology
respectively as well as the relevant objects oflkadge. From this one can form
the didactic transposition of the bidisciplinaryokviedge, which can be used in a
reference model for the SRP while carrying outdhgriori analysis. In this way
one might be able to create the more concise lydiisary questions which seem
to be needed by some students.

The general hypothesis is that after identifying thossible interdisciplinary
praxeologies, one will be able to formulate moraatxquestions which allow
students to see the need of combining the two plisels, and to develop more
precise and complete answers. Also, by focusingheninterplay between the
disciplines we might be able to make the studest®ldp new monodisciplinary
(e.g. mathematical) praxeologies.

Another concern regarding the students who wrote ghor reports is if the
generating question hinders their engagement.dbigous it is almost impossible
to find generating questions which everybody fimdgially exiting. Maybe the
question seemed too vague compared to what thaysarkto. This obstacle can be
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handled using SRP in every day teaching so theestacknow the concept and
what is required of them.

Knowing how students generate these new or deguedtions would certainly be
another way to overcome this challenge formulagngd generating questions. It
is an open problem in ATD. It is assumed that gguba generating question within
reach of the students existing praxeological eqeitnthey are able to consult
relevant medias — or in this study they know, tttegy need to study more
advanced differential equations or exponential nwd&herefor they consult
medias on these topics and from the media posemm@e concrete questions. It is
assumed if the generating question is more guidearder to secure the student
develop certain praxeologies, some of the potentidlthe design and inquiry
process disappear. This is also discussed in aelat inquiry in (Artigue &
Blomhgj, 2013, 806). Further study in this matteuld be interesting to pursue.

Some of the difficulties among the weak studentghinhave been avoided, if the
external conditions and constraints had been éiffterin the study of Barquero,
Bosch and Gascon (2007) and Thrane (2009) the gwoe®f carrying out the SRP
is that students share their findings. They preghetr findings and discuss
academically what path tends to be the most progisne, and then everybody
follows it. These sequences secure that no oneimerstuck, with no ideas of how
to progress. There are several reasons for orggnteie SRP process this way.
When the student argues that one praxeology isterlm more general solution to
a certain task they learn the scope and limitatafresach praxeology, which helps
them developing the intended knowledge.

The reason for not creating these sessions dunmgesting of the teaching design
was that the requirements set by the institutidrzahe prescribed that the project
should not use mathematics or biology lessonsHerwork. The students were
supposed to work autonomously or in groups of twmot as a whole class
together. This condition makes sense since theysapposed to get training for
their final autonomous project. But the student$ aitually meet after classes to
discuss their findings. This process seemed fiuigtill some of the students who
needed it the most did not attend. Because ofoimescould argue for a loosening
of the constraints so that it is allowed for thacteer to organise such sessions and
to guide the debate. If the students engaged theessin this process one could
argue that they still work autonomously — just imare collective manner.

A final point: for the bidisciplinary assignments function, the teachers must
engage themselves in what could be called a bjlisary SRP for themselves as
well. It is not evident that both teachers know Kmowledge field of the other
discipline. Therefore, in order to form questiomsicerning the interplay between
the disciplines, the teachers must study a ceat@iount of the other discipline. For
an academically trained person, this task is ress#enand crucial for the SRP to
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function as bidisciplinary assignment. The gainedvidedge should be used to
perform the a priori analysis and reveal the pdlitiis and limitations of the two
disciplines in treating a given problematique aneyating question.

Conclusion

The experiment and open issues with the SRP dehignved clear evidence for the
advantages of using SRP as a model for designtigdiplinary assignments. The
a priori analysis secures that the possible paths of mane connected in the
sense that the disciplines are interacting — mgitijutheory but also in reality. The
reports the students handed in substantiated th@in§ since most students
actually pursued the intended paths and even fd=htinew directions,
corresponding to substantial new derived questi®hs. students even succeeded
in giving more detailed arguments and rich matheaabsections of their reports.
Still the format of an academic-like autonomougten report is a difficult task for
the students, therefor it is suggested that stgsdemtounter these types of reports
more often in order to deliver rich and detaileccutoentation for their inquiry
process, which these SRP’s represents.

The experiment also showed that the teachers mesprbpared to engage
themselves in a SRP as well. For the teacher wy cart thea priori analysis she
must cross disciplinary boundaries in order to pessibilities and pitfalls in the
SRP design. The teachers must do the inquiry ofbttesciplinary field before
formulating the assignment. Though it should beeddhat boundaries between
mathematics and biology are historical and evoldagstructions that do not have
to be taken from granted outside school institiiennor in the praxeological
analysis done here in the case of mathematicaltinesextended to biological
phenomena treated in the SRP.

Moreover the tree diagrams shows to be a strondg foo depicting the
praxeologies presented in the reports as the refutie discourse analysis. This
diagram compared with the one from the a prioriysis gives a more clear view
to what extend the intended praxeologies are présestudents work. Concretely
the two presented tree diagrams show two very reifiereports. It could be a
question for further study to what extend the tegrams can be direct indicators
for the richness of students writings.

The experiment suggests that some of the condif@mrnsarrying out this particular
design were not to the advantage of all studertts. fact that almost all work on
the SRP was placed outside school, and the laclelbate on particular paths to
take during the inquiry, were problematic to sonadents. On the other hand
many students were successful in engaging thensselitk the SRP.

The experiment finally revealed questions for farthinquiry. It is still an
unresolved task to formulate bidisciplinary quessiovhich all students see as
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such. Moreover the notion of bidisciplinary pra>ap needs further exploration in
terms of how to define and identify them, and inm® of their role for students’
success with monodisciplinary praxeologies. Furthisrsuggested that in order to
carry out a sufficient a priori analysis it woule enriching to formulate an
reference epistemological model as described indttactic transposition. It is
supposed that this could enlighten some discororeategarding the students
inability to see the full need of mathematics imithanswer to the generating
question.
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Appendix A

The entire report treats the questions listed atiogically in Appendix A. The
question numbers refer to those of figure 3:

Q1: How is pain registered?

Q.1 “What are diffuse pains and how are they regestet

Q.2 What are acute pains and how are they registered?

Q.: How does paracetamol relieve pain (pharmacodyzi@mi

Q.,1: How does paracetamol relieve pain relative toatmeunt of dose?

Q.2 How does paracetamol relieve diffuse pain?

Q2.1 :What is known about the effect of paracetamolrenrtervous system?
Q2.1.1.¢ What is known about paracetamol in general?

Qs: How is paracetamol transported through the bptiaimacokinetics)?

Qs How is the drug transported in the case of orddiging?

Qs 2 How is the drug transported in the case of irgreus dosing?

Q31+ How is the drug absorbed in the body?

Qs,1.1,1How does this process function in the small inmest

Qs12 How is the drug distributed in the body?

Qs12: What biochemical conditions and mechanisms atevaet for this
process?

Q312,11 How are substances transported through cell memeisf?

Q313 How is paracetamol metabolized?

Qs.1.3.¢ Which chemical reactions occur during the metisbobf paracetamol?
Q314 How is paracetamol eliminated in the body?

Qs14: What is the role of the kidneys, with respedti® metabolites?

Q3143 What is the timescale or half-life of paracetamnahe body?

Q4 How can the dosing be modelled mathematicallyetasn the biological
knowledge? @:: What does the model look like in the case ofawnous
dosing?

Q41+ How can the proportionality between added amadirgaracetamol and
the elimination be modeled?

Q411 What is described in by the equat%}:n= —k-A?

Qs11.1i What is the biological interpretation of —k?

Q41,113 What is the complete solution to the differenégliation?

Q11121 How can one check the validity of a given solnfo

Q.2 What does the model look like in the case of @asing with a two-
compartment system?

Q42+ How can the stomach compartment be modeled?

Qs21,: What is described by the equatdre}‘qlﬁc\in:E = —k, - AMave?
Qs21.1i What is described byk,?
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Qs2.1.12 What is the solution to the differential equafon

Q.22 How can the dosing be modeled from the perspectf the vein
compartment?

Q221 How can it be argued that the added amount chgatamol can be
described by the solution to the differential eguat of the stomach
compartment?

Q4224 How is the bioavailability incorporated in the ded?

Q42221 What is described by the equatié;if\:z F -k, -Am%¢ —k-A?
Qs2221.1 What is the complete solution to the differenégliation?

Q.3 How can the concentration of paracetamol in tbedbbe modeled?

Q.3+ How does this look in the case of intravenousrdyis

Q432 How does this look in the case of oral dosing?

Qs32,: What numbers are reasonable for the constants; K,and V?

Q3213 What is the biological interpretation of#K?

Qs32.123 What function describes the concentration?

Q43212 How does the function look graphically?

yyyyy

yyyyyy

yyyyyyy

yyyyyyy
yyyyyyyy
yyyyyyyyy

yyyyyyyyyy

yyyyyyyyyy

Qs: When and why is orally and intravenous dosinglusspectively?

Qs - How can the two concentration profiles be comgare

Qs.1.2 When do the two profiles reach their maximum @mmations?

Qs.12 When does the effect of paracetamol die out?

Qs.1.1.¢ When is there an effective difference betweenwteforms of dosing?
Qs 2: When is intravenous dosing preferable?

Qs21: In which cases will time be the determining facfor choosing
intravenous dosing?

Q52,12 Under what health conditions are the intraverdnsng preferable?
Q52123 What kind of conditions of the stomach makesittievenous dosing
preferable?

Qs What is the dosing profiles telling about the idgsof paracetamol
compared to the recommendations on the painkilekgges?
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Qs 3.+ How should paracetamol be dosed according tpibides?

Q.4 What biological factors are disregarded in thehmmatic models?
Qs42 What is the relation between a (mathematical) ehadd the real world?
Q.42 What other biological factors affect the absanptk,?

Qs.4.2,: What effect causes other drugs taken a long patcetamol?
Qs.422 What effects are caused by eating while takimggetamol?
Q.43 What factors can effect the bioavailability?

Q421 What are the consequences of vomiting?

Qs432 What are the consequences of diarrhea?

Q.44 What other factors affect the pharmacokinetics?

Q441 What effects are caused by pregnancy?

Qs.4.43 What effects are due to the person being a child?

Qs.4.43 What effects are due to the person being elderly?



