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In the Dutch secondary education system, student€T and is often done in multidisciplinary teamssinatural

must carry out at the end of their school careerather
large research or design project to demonstraterthbility
to apply acquired knowledge and skills while punguia
research question or design goal in some depthy Tdre
encouraged to choose the topic themselves andafeyo
some extent free in setting up their work. Ideahg, students
do not only see it as a compulsory subject but elgoy the
stimulating aspects of doing their own researchdesign.
Challenging and authentic projects, which are resgnetative
for actual research and design work done by professs,
seem effective in this respect. The focus of tagepis on
how the use of ICT can contribute to the realisatxd such
projects in mathematics and science education antdaw it
can give students opportunities to take the natune level of
their work close to the characteristics of workexfperts in
the field. Three examples of students’ inquiry wamk ana-
lysed with regard to ICT usage, authenticity andem-
blance with an expert’s approach.

1 INTRODUCTION

to raise the following educational research questidiow
can the use of ICT contribute to the realisatioshwdllenging
cross-disciplinary authentic research projects athmmatics
and science education, which are representativadimmal re-
search done by real scientists, and how can it giudents
opportunities to take the nature and level of tisrk close
to the characteristics of work of experts in tredd?

In order to be able to answer the above questibes,
meaning of the adjectives ‘cross-disciplinary’ aadthentic’
is first explicated in section 2 in the context stident
inquiry work and mathematical modelling. This ipesially
required because there exist competing views oheatit
and realistic student work in research in mathersaséind
science education. The adjective ‘challenging’ aejsevery
much on the level of expertise and motivation o€ th
individual student doing his or her research proged is
discussed only in an exemplary way. In sections 3, three
illuminating examples of students’ inquiry work aealysed
with regard to ICT usage, authenticity and resend#awith
an expert's approach. Two of these examples arengecy

In the Dutch examination programme of upper seconschool students’ final research projects, one atboutgee

dary education, students are obliged to build ypodfolio

consisting of several small practical investigatiasks (4-10
hrs) and one rather large cross-disciplinary redear design
project (80 hrs). The main instructional purposehef small
investigation tasks is to give students opportasitio (1)
build up general competencies such as researcls, SIKIT

skills, communication skills, and so on; (2) deepeenlarge
existing mathematical and scientific knowledge; af®)

become more proficient in applying knowledge anifissin

practice. In the final project, usually done in tlast year
before the final central examination, students nueshon-
strate their achieved level of knowledge, skillsd attitude
by the creation of a masterpiece of independenkveor a
topic of their own choice. For example, in a reskasroject
students must demonstrate their research abilitEsging
from choosing a manageable problem, formulatingoadg
research question and structuring their work towirg

conclusions and presenting the research results. fiftal

project is part of the examination programme asdféicient
mark is needed for obtaining a secondary schodbuti.

Notwithstanding that the final project is an asses
ment, it is seen by many curriculum developers anchany
teachers as a chance to expose students to thevoddl of
research and design, and as an opportunity totlelests
enjoy doing research and development on a subfjetttetr
own choice. ‘Challenge’ and ‘authenticity’ seembi useful
keywords for describing activities that really tustudents
on. Because contemporary R&D work makes heavy tfise

jumping and another one about gait analysis. Adtkkxam-
ple, about the chaotic motion of a spring pendulcomes
from a CAS-supported investigation of a first-yeaiversity
physics student, only three months after entefireguniver-
sity. The analysis of all three projects togetleards to con-
clusions about the use of ICT for realising studesearch
projects that resemble actual research practice.

2 AUTHENTIC INQUIRY BY STUDENTS:

WHAT DOES IT MEAN?

Researchers on mathematics and science education

use terms like authentic science, authentic prctiathentic
learning, authentic inquiry, authentic modellingrdaso on
(see, for example, Edelson & Reiser, 2006; Paln9220
2006; Roth, 1995; Roth et al., 2008; Schwartz &v@oad,
2004; Vos, 2009; Weiss et al., 2009; Wellington98;9
Woolnough, 2000). The meaning of the adjectiveHantic’
is so diverse, even when connected with a single nihat it
is wise to first explicate the meaning of ‘crosseiplinary
authentic student research project’ that is usethis paper
and to compare it with other uses of this termriguiry-
based mathematics and science education.

| refer to an ‘authentic student research projest'a
students’ investigation having the following chaegistics:

0 Students work on a self-selected, challenging, ymekss
defined, open-ended problem that is rooted in hlifea
o Situation instead of a more abstract or ideal Hitna
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Students do not follow some standard recipes, Hey t
examine their problem from different perspectivesng
a variety of resources and high-order skills.

project a success, and one of these abilities kinga
good use of ICT for information gathering, dataldsyg
tion, data processing and analysis, problem-sojviag
porting, and communication with team members;

In research literature on mathematics educatioa,
adjective ‘authentic’ is mostly associated with ligggions of

t

mathematics and with mathematical modelling. Common

A broad range of competencies is required to mhake t ground seems to be Lebow’s (1993) description cdwthen-

tic activity as experiences of personal relevarz permit
learners to practise skills in environments thateheonsider-
able resemblance to those in which the skills aedult is
derived from socio-constructivist and RME principlef

Students’ work is open-ended in the sense thatethetocating learning in the context of reality andadking upon

exist multiple methods or approaches to obtain mangnathematics as a human activity in which sense mgaky
possible or even competing results and answers. Thgudents through participation in the mathematiegkesen-
student researchers actually decide whether the imation process is highly valued. For a review & different

vestigation can be finished for whatever reason;

It offers students the opportunity to be in contadih
contemporary, cross-disciplinary research and &nle
about the nature of mathematics and science;
Students disclose their own understanding through
portfolio and/or a more or less polished produke la
report, paper, or presentation.

A project is called ‘cross-disciplinary’ when mattean one
discipline contributes in an essential way to thecpss of
coming to an understanding of the problem situatibne
student research projects presented in this papemainly
rooted in applied mathematics and physics. Tha teross-
disciplinary’ is used, and not a term like ‘integdiplinary,’
to emphasise that all disciplines are requiredetosgtisfacto-
ry results: The whole is more than the sum of e

In science education literature much has beenenmritt
about authentic inquiry that gives students theoopiity to
learn science by doing science like ‘real’ scidnti®s op-
posed to carrying out practical work that followsokbook
recipes and has hardly any resemblance with expetah
work done in real laboratories (Roth, 1995; Schavait
Crawford, 2004; Woolnough, 2000). It is noted that in-
quiry approach is effective in developing core Iskih stu-
dents, improves their attitudes towards sciencetecianolo-
gy, and allows students to get an honest pictutbehature
of science (Schwartz & Crawford, 2004). Authentiestific
work is linked with the real practice of doing suie rather
than with the methods narratives of published netethat
keep up the myth of the ‘scientific method.” Educaal re-
search literature (cf. Chinn & Malhotra, 2002) oftempha-
sises the differences between the work of experts reov-
ices, and it questions whether authentic scienfeasible in
educational practice because of its complexity aruss-
disciplinary nature, the problems with assessingdest
work, and its requirements regarding content kndgse re-
search abilities, engagement, motivation, and thveilabil-
ity. However, according to Roth et al. (2008) thelpem of
how to organise authentic science lessons doesienatith
the level of agreement between school scienceabutdtory
science but rather with the levels of control, auty, mas-
tery, and authorship that students are enabledx¢ocise.
Following this line of thinking, the emphasis ingipaper is
on the students’ acts, that is, on what the stsdedlly did,
which decisions they made, how they used ICT totpeir
ideas into action, and how their work can be cher&sed as
authentic work, rather than on the details of tfthmmatical
and scientific knowledge that the students applied.
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meanings attached to a words like ‘(in)authentic’mathe-
matics education in general, and in the teachirdylearning
of mathematical modelling in particular, see foraewle
(Palm, 2002, 2006) and (Vos, 2009), respectively.

a

3 PHYSICS OF BUNGEE JUMPING

The work of the student researchers who carried
the bungee jumping project resembles the work exl*rsci-
entists regarding affective and cognitive procegsesithen-
tic inquiry. To begin with, there were (1) the stats’ in-
trinsic motivation to select the subject of theivéstigation;
and (2) the generation of their own research qoe&). The
students wrote in their report that they teamedoumvesti-
gate the physics of bungee jumping, triggered lgjrtbwn
interest and the article of Menz (1993) on www.lesmgom.
In particular, they were intrigued by the allegegteater-
thang acceleration’ of a bungee jumper. The studentmnder
lated the following research question: “How largethe ac-
celeration at a bungee jump and to what exterttissaccel-
eration influenced by the relative mass of the rapd the
jumper?” They hypothesised that the accelerationlevbe
greater thag and that this effect would be more dramatic
case the rope is relatively heavier compared tguimper.

In order to find quantitative support for their logpe-
sis the students designed an experiment in whiely tie-
corded with a webcam the motion of dropped woodeaokis
of various weight attached to ropes of varioudretds and
collected position-time data through video meas@m@s
The students realised that working with a scale ehad a
bungee jumper or a wooden block is not the sanievasti-
gating real bungee jumping, but that it would pdavithem
with enough information on what happens in reahtyd
could lead to a good understanding. This indicatessearch
design in which procedures to address a problendeter-
mined, variables to investigate are selected, obofrvaria-
bles is thought of, and measurements are plannet tHat
not the measured position is the variable of irserbut a
derived quantity, viz., acceleration. The studdmwatd learned
in previous video analysis activities that adequatmerical
derivates could be obtained from measured positida.

After some trials, the students realised that tifé s
ness of the rope plays only a minor role and thatrmass
ratio between rope and objects needs to be largagénto
notice an outstanding result. Therefore they regubahe
experiment with objects of larger mass ratio. Tikignother
aspect of authentic inquiry: Researchers are resiplenfor

out
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detecting flaws in their experimental set-up andsimdecide
how to adjust their original plans. In this cades students
decided to change the mass ratio and to concertdratbe
moment when the object has fallen a distance eguéhe

rest length of the elastic (because they had obdethat the
acceleration is greatest at this point of the nmtiorhey

collected more data and determined the graph obticele-
ration at this moment as a function of the mage @ftelastic
and block. They compared their data plot with thepd of a
theoretical relationship taken from (Kagan & Kai996).

The students noted that these graphs were alikb, the

theoretical values just a bit higher. They attréalthe dif-

ference mainly to the development of heat durirgrtfotion.

Again, this indicates a behaviour of the studeh& tesem-
bles the attitude of competent researchers: Comgawn

results with work of others and trying to explaiffetences
by scientific reasoning.

process, and analyse data. Numerical differentiatio
computing the area under the curve, and functitimdi
were the main mathematical tools used in the deta p
cessing and data analysis.

0 The students used a standard text processor asdrpre
tation tool to report their results.

4 GAIT ANALYSIS

In this project, a high school student collected an
analysed gait data in much the same way movemésn-sc
tists do, namely, via recording and measurememhations
with a video tool and via electromyography, i.egasure-
ment of muscle activity. The authenticity of thedsnt pro-
ject was rooted (1) in the use of inexpensive tdalsveb-
cam, a simple EMG/ECG set and Coach software), waie
on the one hand fit for educational practice andhanother
hand in essence close to the techniques used byeblan-

The student researchers not only investigated the aists; and (2) in the student’s use of the theoatframework,

celeration of a bungee jumper by quantitative mashdout
also tried to explain the greater-thgracceleration both on
qualitative, theory-driven grounds, as well as tigtoa more
detailed mathematical model of the phenomenon. Sthe
dents followed the approach of Kagan and Kott (1986
which it is noted that here one does not deal witfalling
rigid body, but instead with a system consistinghef falling
object and the rope. The interested reader isrezféo (Heck
et al., 2010) for more ICT-supported experimentaémd a
detailed description of a mathematical model of $lstem
that can be implemented in a modelling and simartatool
to compare experimental results with theory. Thénnpaint
to make here is that the students’ work contaiearcsigns of
their understanding that observation, experimert tweory
are related tools for scientific thinking.

The students wrote an article about their work gotd
it published (Dubbelaar & Brantjes, 2003). Thiscet trig-
gered quite a number of reactions in the journa fon al-
most a year on Internet. There were complaints atwe
quality of physics teaching in the Netherlands,uarg that
obviously acceleration of a bungee jumper coul@drtjenot
exceed the acceleration of gravity and that thdestts’ work
proved that the level of physics education in tlethdrlands
had decreased in the last decades. The editomamemtary
on this was subtle, but to the point: “The studevit® wrote
the paper may consider it a compliment that scisptiover-
came professional physicists and physics teachérat's
how (or maybe it is just the point that) experieh@&uition
can be wrong.” In other words, the students’ warkealed
that in practice, scientists are not as rationaibyn-algorith-
mic thinking and having an open mind as commontyyped
in literature about science and scientists.

nomenclature, and research methods of practitioffdwat is
to say, the student conducted many aspects of matia-
lysis herself: She formulated research questionsitad self-
selected gait pattern; gathered information; desigend car-
ried out experiments; processed, analysed andonetied da-
ta; and finally published results (Heck & van Dong2008).

The main research question in this project was:wHo
goes human gait?” It was specialised as follows:

(1) “Which phases are distinguished in the gait cycle?”
(2) “What muscle activity happens during gait?”
(3) “How do bones and joints make gait possible?”

The first and the third sub question were addrebsed
video measurement with a webcam of the planar matio
the leg around the hip and knee joint during normalk on
a motorised treadmill in a sports centre. The r@edrdata
were analysed in a knee angle vs. hip angle diagnaanthe
periodic leg motion was modelled as a force-drikkarmonic
oscillator (Holt et al., 1990). The angular motmurve of the
knee joint is described in this model by a sumved sine
functions, in which one frequency is nearly twicelarge as
the other one. This can be verified via a curvigging re-
gression technique (i.e., repeated sine regressimm)ia
automated sinusoidal regression based on advamigih
resolution methods. Figure 1 shows the knee jangieavs.
time point plot for normal walking at a speed dfrd/h. The
diagram also shows the graph of the best funcitowith a
sum of two sine functions. For a description of theeri-
mental setting of the video recording of the normalk, for
a picture of the measured knee angle vs. hip adiglgram,
and for the connection between points on this patam
curve and the phases of the gait cycles, the réadeferred
to (Heck & van Dongen, 2008).

Regarding the use of ICT in this particular student Muscle activity is typically studied using dynamic

research project, the following main roles candemtified:

o0 Internet gave the students access to many of the sa
sources that professionals use in their researbey T
could gather information and get in contact witpents;

0 The students used video analysis software, inquéati
the video tool of the learning and authoring envinent
named Coach (Heck et al., 2009), to collect, viseal

electromyography (EMG). In case of measurementtifia

ty of superficial muscles, surface electrodes #equ on the
skin surface to detect the electric activity respble for con-
traction of muscles (Kamen & Gabriel, 2010). EMGael-

ing is rather difficult because correct placemdrelectrodes
is critical. Processing and interpreting an EMG domuscle
is also not easy. This research project offeredsthdent the
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opportunity to personally experience such challsnigeed
in gait analysis. She not only learned science exinby
doing science, but also got a valid picture of hemientific
knowledge is obtained and what the nature andssttsci-
entific knowledge is. These are in fact commonlgnitfied
aims of practical work (‘knowing that,” ‘knowing g’ and
‘knowing about;’ cf. Wellington, 1998; Woolnough)@0).

Although the student found it difficult to processd
interpret the recorded EMG data, she managed t offa
from the EMG signal when muscle activity was on affdn
normal walking and to interpret the EMG signal émms of
phases and events in the gait cycle. Essentiasdocessful
analysis is that the data acquisition system allsivailtane-
ous measurement with sensors and video captur@oéch,
the video clip and the measured data are synclednikhis
means that clicking with the mouse on a point @ ghaph
automatically shows the corresponding video frame that
selecting a particular frame highlights the cormsfing
points in diagrams, when scanning mode is on. $ingh
i.e., advancing or reversing the video clip manuahd
simultaneously watching the points in the data lysathat
correspond with the video frame in view, is theneffiective
means to reveal that maxima and minima in the lglgeario-
dic, raw and processed EMG signal are consistdinktgd to
certain gait events. The lower diagram in Figush@ws the
graph of the processed EMG signal during one gaitec
‘Processing’ means here that the absolute valutheofraw
signal is taken with respect to the zero levebhef signal (so-
called full-wave rectification) and that the reit signal is
smoothed via a moving average. These techniquea@ife
the use of basic mathematics in biomechanical joect
Peaks in the diagram correspond with muscle agtiaitd
corresponding gait events have been marked inidgraim.
The most general conclusion of the student, basedhe
processed EMG diagram, was that the gastrocnemipset
dominantly active during stance phase.

The role of ICT in the gait analysis project did dd-
fer much from that in the bungee jumping projegtept that
the hardware and software offered the student hieee
opportunity to collect and work with high-qualitsgal-time

B ITKT

4 2,2[ fitered rectified EMG(1)

foot off

0k terminal stance
terminal ewing

foot flat
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late swing

idswingy |
20 2% 24 26 28 30 32 34 36

Figure 2 Processed EMG signal of the gastrocnemius
muscle for normal walking at low speed

5 MOTION OF THE SPRING PENDULUM

A learning activity can also make use of authentic

software tools, i.e., computer environments that ased by
professional mathematicians and scientists on thrplace.
Computer algebra systems belong to this categotya$. A
popular systemMathematica(www.wolfram.com), is adver-
tised as “an environment for doing anything tecahithat is,
not for computing only, but also for modelling, silation,
visualisation, development, documentation, and aepl
ment.” All of these purposes are relevant for daiegearch
and hardly anyone ignores the advantages of ugigfor
this type of work. At the Science Faculty of theilémsity of
Amsterdam freshmen get the opportunity to expedeihis
in a short (10 hrs) CAS-supported investigatiomdsnts can
choose a project out of a given list, work it autgroups of
two, and finally report on it through Klathematicanote-
book. Other aims of the student projects are tovate the

data about human gait in much the same way movemeligshmen in their first steps in the discipline aadet them

scientists do. Regarding mathematical content, esiptwas
put in the project on data processing, regressisnalisation
and interpretation of graphs in a real world cottex

E knee angle —
Fr. e (s
S ESRRIT A peeangle )

ERE T

.
o
[ e e s L

Figure 1 Knee joint angle vs. time:
collected data and a regression curve.
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experience that their present knowledge of mathiesaind
science, empowered by a computer algebra systesgdsyl
suffices for investigating a phenomenon at a ratlesp lev-
el. The authentic nature of the activity also lissample
choice of exploratory pathways: the students thémsese-
lect the research methodology and the level of dexity to
which they feel themselves challenged; a geners¢areh
guestion is already given to direct the researtte fact that
all projects concern well-known, solved problem&gimot
matter much: the students are unfamiliar with theblems,
they get the opportunity to explore and solve thantheir
own way, or they can follow in the footsteps ofe@shers.

| discuss the work of a physics student who chose t

study the motion of a spring pendulum, for whick tiiven
research question was: “Is the orbit of a giveringppen-
dulum predictable and to what extent is the mofiuftu-
enced by small changes in initial conditions?” T&m@ing
pendulum is an understandable and yet intriguirsgrgste of
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a nonlinear physics problem that shows chaotic Wieha
(van der Weele & de Kleine, 1996). Although its heahati-
cal modelling is often used in mechanics coursesxampli-
fy the Euler-Lagrange formalism, the model can ateo
derived from first principles of Newton mechani€sgure 3
shows the Cartesian and polar coordinate systemd us
studying the motion of the pendulum bob with masthat is
attached to a massless spring of rest lehgithe spring can
make on its turn a two-dimensional pendular motoound
a fixed point that is taken as origin of the conade system.
NY

Figure 3 The spring pendulum configuration

There are two basic forces in the problem when dis

sipation is not taken into account: a constant itydeorce

(where g denotes the acceleration of gravity), and a spring

force that is assumed to obey Hooke’s law, whiclamsethat
the spring force is proportional to the extensibéthe spring
(the proportionality constant is denoted Ky In Cartesian
coordinates, Newton’s second law of motion and degumsi-
tion of the forces acting on the mass in the comdi direc-
tions leads to the following system of differenggjuations:

]

X +Y m X+ y
In order to increase the authenticity of the redegroject,
the student must derive the equations of motions Ehun-
common in secondary school practice: There, mattieaha

equations are often given without much explanation.

-k

-9
m

Hereafter, the student determined the equilibrpon
sitions: there are a stable equilibrium point beltw origin
and an unstable point above the origin under resdsercon-
ditions. The student implemented the equations ation in
Mathematicaand verified that the numerical solution of the
differential equations with the spring pendulum boitially
at rest in one of the equilibrium points remaingstant. He
chose for this and for further computations thdofeing
rational parameter values (which we take as well):
m=1/20kg,g= 981/100th’s k= 1Kg®sg= 981/100C
He motivated his choice of fractions instead o&fing-point
number by the intention to work as much as possibéxact
arithmetic, trying to avoid in this way problemstiivhumeri-
cal precision and reducing errors introduced by ewcal
computation. The noticeable point here is thatstihelent ap-
parently realised that he should distinguish betwgigenom-
ena that inevitably occur in reality and those ta caused
by inexact, numerical computations. This is a geah of
reflection about the quality of research. The stitdechoice
of parameter values actually implies that a remaekhehav-
iour of the spring pendulum can be found, rangnognf peri-
odic to chaotic motion (cf., van der Weele & de iK&
1996). Figure 4 shows rather stable oscillatory emeents in

case the bob starts at position (1.45, -1.45) &nd, 0.4),
respectively, with zero speed. Figure 5 shows theogdic
orbit of the bob when it starts at (0.1, 0.281088hout
speed and at a point nearby, viz., (0.1, 0.281088}x figure
illustrates what is meant by chaos: A small chamgé¢he
initial condition can lead to a dramatic changeb@haviour
of the solution. This is not a consequence of nicakcom-
putations in a given working precision, but a fumeatal
property of the dynamical system.

Being confronted with regular and chaotic behaviour
of solutions of the motion of a spring pendulune #tudent
set himself the task to systematically analyse liatwegions
chaos occurs. For example, he looked at varioudirgia
points on thex-axis. Figure 6 shows how close periodic and
chaotic motions can be: The starting points fordHats are
(1.496, 0) and (1.495, 0), respectively.

0.5

-3

Figure 6 Motions starting at nearby points aloreptaxis

The student explored the motion systematically and
discovered that small deviations from the stableildxium
point and large extensions of the spring pendulumndt
lead to chaotic behaviour. He also concluded thatet are
regions in space where chaos occurs and where tlaadly
occurs. Of course he did not have the backgroumsviadge
to get advanced results. But this was not the ainthe
project and lab assistants better make not mangestigns
in such directions. Instead, they should give sttelample
opportunity and encourage them to discover thingsheir
own, explore ideas, and enjoy doing investigations.

International Journal for Technology in Mathematchication, Volume 17, No X
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6 CONCLUSION

The educational issue in the described studenig'sin
tigative work is the ICT-supported interaction beéem expe-
rimental work and mathematical modelling, in whibtle ob-
tainment and interpretation of results is basednmihods
from mathematics and science. The fact that stsdemnist
apply their mathematical and scientific knowledge imean-
ingful way in a concrete context leads at the same to
consolidation and deepening of this knowledge. &kam-
ples in this paper show that ICT can contributehi® reali-
sation of authentic inquiry and raise its levelahpwing stu-
dents to gather information about the subject amdhbcon-
tact with experts; to collect real-time data of dapality; to
process, analyse and visualise data; to do conipugathat
are otherwise impossible; to build and use compurtedels
of dynamic systems in much the same way as profesis
do; to compare results from experiments, modeld,theory;
and to report results. Besides, students can devplactise
and demonstrate the following research abilities:

Heck

Holt, K. G, Hammill, J., & Andres, R. O. (1990) Tiarce-
driven harmonic oscillator as a model for humaroiootion,
Human Movement Sciend§1), 55-68.

Kamen, G., & Gabriel, D.A. (2010kssentials of Electro-
myography Champaign, IL: Human Kinetics.

Kagan, D., & Kott, A. (1996) The greater-thgracceleration
of a bungee jumpef;he Physics Teache34(9), 368-373.

Lebow, D. (1993) Constructivist values for instional sys-
tems design: Five principles toward a new mindgeljca-
tional Technology Research and Developméi), 4-16.

Menz, P. (1993) The physics of bungee jumpiFtege Physics
Teacher31(8). 483-487.

Palm, T. (2002 he Realism of Mathematical School Tasks —
Features and Consequenc@&gctoral Thesis No 24, Depart-
ment of Mathematics, Umed University, Sweden.

Palm, T. (2006) Word problems as simulations of-vearld
Osituations: A proposed frameworlgor the Learning of
Mathematics26(1) 42-47.

Roth, W.-M. (1995)Authentic School Science: Knowing and
Learning in Open-Inquiry Science Laboratorié€sprdrecht:
Kluwer Academic Publishers.

Roth, W.-M., van Eijck, M., Reis, G., & Hsu, P.-2008)

o formulate good research questions that guide thé&;wo

o0 design and implement an experiment for collectién
relevant data;

o apply mathematical knowledge and techniques, aiRd sc
ence concepts in new situations;

o effectively use a computer in research work;

0 construct, test, evaluate, and improve computeratsod
and have insight in their role in science;

0 interpret, theoretically underpin and reflect esults;

o collaborate with others in an investigation task.

The student-driven experimental design, the mauglpro-
cess, the underlying thinking processes, the diens with
peers, the effective use of ICT, and the improvenoérstu-
dents’ mathematical and scientific literacy in tbsearch are
considered more important than the obtained results
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