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Abstract

This study investigatetie dynamics between scaffoldinfinquiry based learningBL) and intrinsic
motivationfor the task at handVithin the context o&n IBL version of a 1th/12th grade physics
practical (onising Radiation Practicpgla literaturesurvey and analysis efrlier research results was
followed by two cycles of desighased researcBased a scaffolding categorieom literature,
earlier qualitative research was revisjtddmonstrating that during the IBL woskudents were
reportingdifficulties in terms otwo main areas:mpcessknowledgei.e., how to approach the
practicalandnonsalient taskse.g., how to use the equipment involvBdsed on these resultsjo
design cycle iterationsere performegdwith a total ofl7 studentparticipating in cus group
interviews after each iteratioAfter trying out the final redesigisfudentseported an increase in
perceivedcompetene support, while still retaining sense of autonomoreover,studentremarks
suggest thathe scope o$upport forintrinsic motivationwent beyond the scaffolding itsefhe

results suggeshata p pr opri ate scaffolding can increase stu
autonomy thus supporting more autonomous types of motivation in theD@eédfrmnation Theory.
Implications for education and suggestions for furthemgitative researcareproposed

Keywords:Intrinsic motivation, Seldetermination Theory, Inquirgased Learning, scaffolding,
radiation physics education, loniziRadiation Practical
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Introduction

In the science subjects, studies have shown that motivation and attitude have been in decline
in recent years. In their systematic review, Potvin and Hasni (2014) found a decline in
interest, motivation and attitude towlarscience with every schegtar and age. This decline

is especiallypronouncedvhen students transition from elementary to secondary education.
Largescale international studies support these findirgggortinglow levels of interest for

science amongesondary school students, especially in Western European countries
(Organisation for Economic Caperation and Development [OECD], 2007; Sjgberg &
Schreiner 2005; Van Griethuijsehal, 2015). The literature review by Osbomteal (2003)
alreadyhighlightedthe decline in attitude towards scienceearlierdecades, which seems to

have continued in more recent years: the OECD (2016) found that, specifically in The
Netherlands, 1yearo | d0s students motivati onyofeothe sci en
last twelve years, which has led to it becoming one of the lowest in Europe. This decline in
motivation for the sciencas asign of a nascent crisis in scientific education, especially in

The Netherlands.

Of particular interest in the contest theaforementioned crisis igtrinsic motivation,the
driving force that shapes what students (and humans in general) want and will pursue to learn
(Deci & Ryan, 2010). It comes from within the learner themselves, translating into interest,
enjoymentactive participation and sefégulation both within as without the classroom
setting (Ryan & Deci, 2000andeed one might expect aimtrinsically motivaied student to
pursue a career thatin line with their intrinsic interests, such asinterest for sciences
(Jacobs, Finken, Griffin, & Wright, 1998; Lavigne, Vallerand, & Miquelon, 2007).
Additionally, educational research has theorized and found empirical evidence of the
beneficial effects the facilitation of intrinsic motivation can éaw both learner webleing
and academic resul(Peci & Ryan, 2010; Niemiec & Ryan, 2009; Ryan & Deci, 2000a;

Ryan & Deci, 2017; Tayloet al, 2014).

The cevelopment ofintrinsic motivation in learners does not always occur in common
teaching practicaynfortunately. Teachers often implememtrinsicmotivators, in the form
of grades, threats of punishment or extra painttests Research on high school dropts
(Hardre & Reeve, 2003; Vallerand, Fortier, & Guay, 1997) shows that when students are
more extrinsically motivated (by e.g. their teachers) they are more likely to stop, rather than
persist in educatiarFurthermoreRyan and Deci (2017) have explained hbig extrinsic

motivation leads to a decreasantrinsic motivationn andconsequentiallypampers students
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to academically perform as well as they could and diminishes thetibeiely) This further
highlights the need farew methods adupporting intrinsic motivation in teaching.

Onepedagogicadpproach than theorycouldsupportintrinsic motivation during science
experiments is inquirpased learning (IBL). The core aspect of IBL is the requirement of
students to let their own inquisitiveness answer thwin questions. Rather than being
explained curriculum content, as is common in traditional direct instruction, students collect
their own evidence and draw conclusions from their findings to understand the content (Capps
& Crawford, 2013). In their review of various didactical approacheslfaegulation in
science education, Schraw, Crippen and Hart/|
motivation because the student takes greater ownership and shares authority’; (j&.119)
indicating that an | BL s e tauonomgThesday lestarchuppor t
on the effectiveness of IBL has primarily focussed on whether or not conceptual
understanding or academic success improves (e.g. Edelson, Gordin & Pea, 1999; Gormally,
Brickman, Hallar & Armstrong, 2009; Furtak, Seidel, IvergoBriggs, 2012). The field of
research that directly investigates the effects of IBL on motivation is considerably less
extensive, with only few studies reporting on a possible empirical link (e.g. Crow, 2011,
Gallaghar, Stepien & Rosenthal, 1992)

A cleartheoretical link between IBL and intrinsic motivation caoweverbe constructed
by relating IBL to the seltletermination theory (SDTRyan and De¢i200() andthethree
basis psychological needsaimpetency, autonomy and relatedness. These three needs of
learnersshouldbe catered for, in ordéo fosterintrinsic motivation within them. IBlcould
support the needs of competence and autorimngyving learners (a degree of) control on
how they wanto understand the content they are tackling, wfachitateslearnerschoosing
approachethat lie within their field of proximal development (Chaiklin, 2003; Vygotsky,
1980). Autonomy in IBL is facilitated by learndinsding answers to their own lingf inquiry
themselves, granting them ownership of these answers. Relatedness in IBL is facilitated by
learning within a social context, e.g. learning science together with other learners. Thus, in
theory, IBL provides a didactical approach that allowsritinsic motivation, following the
SDT principlegVan Asseldonk, 2019)

Science experiments, especially those employing IBL, can thus be considered interesting
contextsfor researching the empirical link between IBL and SDT. Hofstein and Lunetta
(2004) have highlighted how scieneeperimensg could naturally lend themselves for
studentés inquiry through their engagement w

phenomena. And regarding the effegperimens could have on student motivation; already
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two decades ag@ergin (1999) postulateithe potentialexperimensg could have in
heightening st ud e fotthe SubjectThelfieldrofstudgingsnienica v at i on
experimerg andtheirimpact on motivation has not been investigated extensively, however,
with only several studies showingeenflicting results One study, for example, reports that
the implementation of authentic scientific experiences could arrest the aforementioned decline
in motivation for sciences by having science experiments contribute to scientific studies
(Hellgren & Lindberg, 2017)ln asmallscale quasiexperimental study on differences in
studentsdé intrinsic motivation between an | B
experimeniNooijen (2017)signsof a small but significaré f f ect on student sé
motivationfor the task werefound, studentgavouring theBL versionas compared to a
control group using a diregstructionapproachFollow-up research on the very same
experimend, also the context of the present stuidyled to reproduce these resutswvever
(Nikandros,2020; VanAsseldonk 2019. These findings are further supported by qualitative
researchreporting thatlthough students experienced auton@ugportin the IBL version,
students felthwarted in thie competeny when performing the IBlexperiment (Blekman
2020.

The precise reasons and mechanisms underlying this lack of perceived competence in the
design of theéBL versionremain obscurerThis knowledge gap givarise to the questioas to
which aspects of the IBkersionc ause studentsd perrédmi ved | oss
following this line of inquiry, one wondelrsw an IBLexperimentan be designeid such a
way that students actually perceive to be compe#®rit? t he same ti me studer
autonomy and relatedness should be retained in this design, in order to fadlilitatee basic
psychological need®reviousresearch suggests that the core of designing any IBL activity
lies within thescaffoldingstudents are provided wijtthatguide their inquiry (Hmelesilver,
Duncan, & Chinn, 2007; Quintare al., 2004). Although literature on the link between
scaffoldingscientificexperimend and motivation is scarce, the positive influence correct
scaffolding can have on ssuppateashbesndourslint onomy a
several studies (e.g. Guthrie, Wigfield, & Perencevich, 2004; Meyer & Turner, 2002).

The curent study exterslthe work of Blekman (220), Nikandros (2@0), Nooijen (2017)
and Van Asseldonk (2019 he effects of implementing scaffolding design changes in-1BL

based tasks on the perceived competence of stualenitsvestigatedwvhile aiming to keep

! Relatedness remained unchanged between IBIDanersion of radiatiomxperimentcross the studies of
Nooijen (2017), Van Asseldonk (2019), BlekmanZ@0and Nikandros (220): students worked in pairs for
both versions.
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the student so s ens ¢lencefthedollowiagresdaictpquestivasl ear ni ng
asked:

How can an IBEkbased secondary school radiation physiqgerimente constructed

I n such a way that st udpetentesscateped fporcwhitel ogi c a

also retaining their perception of autonomy?
This researclguestionwasdivided and narrowed dowto two subquestions:

1. What are the causes of perceived lack of competence support in the radiation
physicsexperimen?

2. How can scaffolding be implemented in the radiation phystgerimento

i ncrease studentsd perceived competence?

If scaffolding aspecta/ere to bdound in which both autonomy and competency can be
achieved in an IBlexperimentthese techniques couldsalbe implemented in similar and
ot her contexts, to facilitate studentsdo intr
hopefully help halt, diminish or even alleviate the decline in attitude and motivation for the
sciences. Additionally, this studgsissin bridging the gaps between scaffolding, IBL and

SDT literature and extending on those fields.

Theoretical Background

Intrinsic motivation and Self-Determination Theory

Several decades ago, researchers already struggled in fowtisgnsus for a clear definition

of motivation and the theoretical frameworks surrounding it (Kleinginna & Kleinginna, 1981).
Sincethen,a general trend on certain aspects of motivatas emergedas highlighted by

Huitt (2001), wintinternahstateiorvcantition that dergeis to gctivata or
energize behavi ou(ri menfdi mngii tvi ¥ditnirdearmpgaandac.t i 1o)n 0
education, motivation research follows an academically popular theoretical framework

wherein motivation is splinto and defined by two main typdstrinsic andextrinsic
motivation. Foll owing Ryan and Decibé6s (2000hb
learner undertaking something because of its inherent enjoyment or interest therein. This
contrastswt h extrinsic motivation, which stimul a
external factors or consequences. For example, a learner might start learning the anatomy of a

plant because they enjoy knowing more about plants (intrinsic motivation, coming fro
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within the learner themselves). If, however, the learner learns about the anatomy of the plant
for a grade, is pressurized by their parents or for a higher social $tettioss and/or
consequences from witheuthen it entails extrinsic motivation.
In their SelfDetermination Theory, Ryaand Deci (2000a) further differentiate the two
types of motivation to a range with various levels of motivation. Figure 1 illustrates this
range, and further elaborates it by highlighting the regulatory styles, perceived loci of
causality and relevant relgiory processes associated with each type of motivation. Of
particular note is the contrast between the perceived locus of causality and extrinsic
motivation for the regulatory stylédentified regulation(i) andintegrated regulatiorgii). In
both these cases, the individual experiences extrinsic motivagidit is intrinsic motivation.
Here, (i) the individual identifies the goal or behaviour as being valuable in itself or, even
more internalized, (totheselt whiehymeéinathey havelbéehy a s si
evaluated and brought i nto congruence with o
2000a, p. 73). An example of identified regulation within the context of this study would be a
student completing physicsexperimentin order to pass the exam and retwdr goal of
graduating and moving on to universibut not doing it out of inherent enjoymemntinterest
The student does, however, identify the usefulness of and attributes importance to completing
thephysdcs experimentFurther internalizing this same regulation, i.e. moving towards

integrated regulation, would mean the completion of physiperiment is fully integrated in

Behavior Nonself-Determined Self-Determined

| - Qv
Non-Regulation External Introjected Integrated E
Regulaton Regulation Regulation / :

Motvation

Regulatory
Styles

Perceived Impersonal External Somewhat Somewhat Internal Internal

Locus of External Internal

Causality

Relevant Nonintentional, Compliance, Self-control, Personal Congruence, Interest,

Regulatory MNonvaluing, External Ego-Involvement, Importance, Awareness, Enjoyment,

Processes Incompetence, Rewards and Internal Rewards Conscious Sy'nthems Inhe rent
Lack of Control Punishments and Punishments Valuing With Self Satisfaction

Figure 1. The SelfDetermination continuum showing types of motivation with their regulatory style
loci of causality, and corresponding processes. Reprinted from Ryan and Deci (2000a).
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the life of the student and their belief system (e.g. completing phsgpesiments is in
accordance with their belief that studying daily leads to mastery).

An intrinsic aspect of the theoretical framework is thatdetermination theory proposes
three basic psychol ogi cal neededmdtivattomgnd i f cat
mental health and when thwarted lead to diminished motivation andbveel ng o6 ( Ryan &
Deci, 2000a). These needs are:

1. Competence, i.e. fANthe experience of beha
Ryan, 2009, p. 135).

2. Autonomy,i . e. fAthe experience of belavdioorseas ov
(Niemiec & Ryan, 2009, p.135)

3. Rel atedness, i.e. fAPeople tend to intern
practices of those to whom the feel, or want to feel, eotsa, and from contexts in which

they experience a sense of belonging. o (Niem

The theory that properly addressing competence, autonomy and relatedness (CAR) will
help develop and support intrinsic motivation is backed uplayge body oempirical
studies (see e.g. Niemiec & Ryan, 2009; Ryan & Deci, 2017; Vansteenkiste, Niemiec &
Soenens, 2010), with the link between autonomy and competamdiatrinsic motivation
beingfirmly supported .

In ore study Koestneret al.(1984) found that if a teacher set more controlllimgits
during learning, students became less intrinsically motivated, whereas setting more
autonomysupportiveimitsh ei ght ened their intrinsic motiVve
perceived competenceffectancepromoted feedbaci.e. positive feedback focused on
studentsd6 apaedfohemaakbesnce of demeaning evalu
intrinsic motivation (Ryan & Deci, 2000a). It is important to note that competence and
autonomy also interaevith each other. Studies have shown (Fisher, 1978; Ryan, 1982) that
intrinsic motivation will not be enhanced by perceived competence unless it is supported by a
sense of autonomy.

As aforementioned, in designing the IBL scaffolding ofékperimentsthe aim was to
heighten the competence of students, whilst retaining their sense of autonomy. Thus, the
designwasconstructed from an SDT perspective. Furthermore, during this design phase, the

balancing of competence and autonomy funetttas an overardéhg design principle.
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Inquiry -based learning
Although extensively researched and implemented in teaching, the definition and scope of
IBL vastly varies in literature. In their overview of various inductive didactical approaches,
Prince and Felder (2007) define I BL as fAAny
which the required knowl edge hasldem2007,pbeen pr
15). By doing so, Prince and Felder allow IBL to serve as an umbrella category for various
other forms of inductive learning. Chinn and Malhotra (2002), however, differentiate between
different types of inquiry, namely authentic scientifiquiry and simple scientific inquiry.
Authentic scientific inquiry refers to all aspects of the studies working scientists have to
undertake in their research. Examples of such aspectssang advanced techniques for data
analysis, forming theories amgerating advanced machinery. In theory, simple scientific
inquiry would incorporate core aspects of authentic scientific ingthirgugh teaching or
books within the limitations of the schoabntext Chinn and Malhotra (2002) conclude that,
unfortunatéy, simple scientific inquiry generally in practice does not relate to or has little
resemblance with authentic scientific inquiry.

The National Research Council (2000) has identified eight key aspects of inquiry, which
Capps and Crawford (2013) assemhblgd a matrix (see Appendix Ahat can be employed
to gauge the extent to which af sctewidranttin ad esiog
This matrix guides the assessment as to what degree inquiry is studeaicheinitiated.
For this assesnent, a foupoint scale is implemented per aspect, with the scores 4 being the
most studeninitiated IBL and 1 corresponding with the most teaghgiated inquiry. The
score 0 can be given as well, which entails that the presence of any form of {beuir
teacher or studeninitiated) is absent (i.e. knowledge is shared purely through direct
instruction). The key aspects of inquiry, according to Capps and Crawford (2013), are the
following: a student should
be involved in scieneeriented quesins;
design and conduct an investigation;
determine what constitutes evidence and collect it;
use this evidence to develop an explanation;
connect their explanation to scientific knowledge;
communicate and justify their explanation;

usetools and techniques to gather, analyse, and interpret data;

© N o g s~ w NP

use mathematics in all aspects of inquiry.
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The amount of evidence linking intrinsic motivation and IBL is, as aforementioned, scarce.
Gormallyet al.(2009) found thatalthoughseic onf i dence i n studentsodo s
increase through | BL, suggesting acoydostli ti ve
be experiencing low competency levalan Asseldonk (2019) hypothesized a mechanism of
interadion between the key aspects of IBL as explained by Capps and Crawford (2013) and
Ryan and Deci 0 Figurel0Aedrding toS/BnTAsseldorkg2019), the three
basic psychological needs of SDAufonomycompetencandrelatednessshould be catred
for by these aspectd IBL and thus, as a consequence, lead to intrinsic motivation. As
students are in control as to which questions they pose (aspect 1), how they set up their
investigation (aspect 2) and their method of evidence collection (&pdoe students are
autonomousFurthermore, this autonomy gives the students the ability to regulate the
difficulty of their IBL process and level it to their own zone of proximal development
(Vygot sky, 1980; Chai kI i nwnerghip6nlures thdirfeeliogs her w
of competencare retained. Finallyelatednesso their peers or teachers is facilitated by
students communicating and justifying their explanations (aspect 6) and discussing them.

Van Assel donkdos ( 2hesizédmechanigmdithin thensanteltantextdsy p o
the presentstugy ound t hat, although the ainguoypn omy of
based learningBL) version than théirectinstruction(DI) version of the experiments, there
was not Asufficient support of studentsd conm
motivation.o (p. 11). Van Assel donk suggests
intermediate steps of their inquiry might impeotheir feelings obeingcompetence
supportedas there were several reports of students putting forth the need to know if they are
6on the right tr ac k&L veisidnthy Nikandrosg200) aneé s ear ch on
Blekman (2@0) alsoreportsstudentdeingautonomysuppored, but also thwarted in their
competence. Blekman (20) also reports students remarking that they wanted to know if they
wered oi n g (Blekmani 2020tp5623)

Scaffolding in Scientific Inquiry

Although literature thadlirectly links scaffolding techniques with IBL is rare to find, there are
studies that provide definitions, overviews of strategies and emphasize the importance of
scaffolding for scientific inquiryThe most prominent study linking IBL and scaffolding was
done byQuintanaet al.(2004) In this study, Quintanet al.not onlyattempt to explore

which tasks scaffolding can serve for inquiry (sense making, process management, and

articulation and reflection), but also which challenges each of these tasks may face.
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In IBL, students have the autonomy to formulate
questions and find their own way to answer them . ..

. at a level that fits their ... while engaging with
competence ... their peers and teachers.

Figure 2. Hypothetical mechanism of interaction between aspects of injasgd learning
(IBL) and intrinsic motivation (IM) in terms of the three basic psychological needs fros
determination theory (Ryan & Deci, 2000a). Reprinted from Van Asseldonk (2019).

Furthermore, Quintanet al. (2004) suggest a vast selection ofdglines and strategies one
may implement to tackle these challenges. Altogether, this has led to the construction of a
whole theoretical scaffolding design framework which has been summarized in Table 1.

briefly surmise the scaffolding tasks proposgdduintanaet al.(2004):

1. Sensemakinpef er s to operations that HAmust cont
a process for testing a conjecture and from the empirical data generated in that testing
back to the iIimplicati oneatalf2004, pt3dde phenomen

2. Process managemente f er s t o fimechanisms that direct
needed to control and steer the investigation itself such as implementing an
i nvestigation contr ol plan and keetping tr
al., 2004, p. 38)
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Tablel
Summary otheinquiry scaffoldingdesign frarework Repriried fromQuintana et al. (2004

Scaffolding Guidelines Scaffolding Strategies

Science inquiry component: Sense making
Guideline 1: Use representations and la: Provide visual conceptual organizers to give
language that bridge learners’ understanding access to functionality

1b: Use descriptions of complex concepts that
build on learners’ intuitive ideas
lc: Embed expert guidance to help learners use
and apply science content
Guideline 2: Organize tools and artifacts 2a: Make disciplinary strategies explicit in
around the semantics of the discipline learners’ interactions with the tool
2b: Make disciplinary strategies explicit in the
artifacts learners create
Guideline 3: Use representations that learners 3a: Provide representations that can be inspected
can inspect in different ways to reveal to reveal underlying properties of data
important properties of underlying data
3b: Enable learners to inspect multiple views of
the same object or data
3c: Give learners “malleable representations™
that allow them to directly manipulate

representations
Science inquiry component: Process management
Guideline 4: Provide structure for complex 4a: Restrict a complex task by setting useful
tasks and functionality boundaries for learners

4b: Describe complex tasks by using ordered
and unordered task decompositions
4¢: Constrain the space of activities by using
functional modes
Guideline 5: Embed expert guidance about 5a: Embed expert guidance to clarify
scientific practices characteristics of scientific practices
5b: Embed expert guidance to indicate the
rationales for scientific practices
Guideline 6: Automatically handle nonsalient,  6a: Automate nonsalient portions of tasks to
routine tasks reduce cognitive demands
6b: Facilitate the organization of work products
6¢: Facilitate navigation among tools and

activities
Science inquiry component: Articulation and reflection
Guideline 7: Facilitate ongoing articulation 7a: Provide reminders and guidance to facilitate
and reflection during the investigation productive planning

7b: Provide reminders and guidance to facilitate
productive monitoring

Tc: Provide reminders and guidance to facilitate
articulation during sense-making

7d: Highlight epistemic features of scientific
practices and products

3. Atrticulation and reflectiofii nvol ves constructing and art|
turn involves reviewing, reflecting on, and evaluating results; synthesizing
explanations; and deciding where the weak
(Quintanaet al, 2004, p. 369)

After determiningwhich or what kind of factors created the loss of perceived competence
support inearlierresearch on thionising Radiation Practical (ISWan Asseldonk, 2019;

Blekman, 2@0; Nikandros, 2Q0), these factora/iereput in perspectivéo Quintanaet ald s



SUPPORTING INTRINSIC MOTIVATION THROUGH IBL 12

(2004) theoretical framework to find strategies tt@ild help prevent the perceived

competence support logsdditionally, during the overall design of the scaffolding of the ISP,

the interadbn between competence and autonomy caused by the scaffalascgnsidered.

To elaborate, if the scaffoldingould increase competency too much, it conévecauséd a

sense of |l oss in studentsod aut onomgchallenge t hey
is taken away (Schunk & Zimmerman, 2012, p-118). Similarly, if students/eregiven too

much autonomy via more open or less scaffolding, they rhiaveperceivel a lack of

competence (Schunk & Zimmerman, 2012, p-118). Thusthe aim wado strikean

appropriate balance between autonomy and compesepgertwithin the scaffolding design.

Hypothesis

On the basis of the above consideratidonis, hypothesized that an IBhased secondary

school radiation physiesxperiment an be constructed to cater t
need for competence (while also retaining their perception of autonomy) by implementing and
improving scaffolding rel&d to sense making, process management, and reflection and

articulation.

Methodology

New coding of existing qualtitative daaé&d aquastexperimental design approaciere
employed o modi fy an existing |IBL version of the

perceived competence and autonomy.

Context and Participants

The design and investigation of its effects on competence and autevessayecuted within

the contextofta Dut ch 1 onising Radiation Laboratory
2019). From a large amount and variety of schools across the Netherlands, upper secondary
school students (grade 10 to 12 of general secohdadypreuniversity educatiof) perform
thesehandson experiments related to ionising radiation. This context was chosen due to its
national significance, as up to 20,000 students per year participate in the ISP. Furthermore,

t he |1 SP06s expeanimdndghreseasch lenads a suitabldtsey for inquiry-based

learning. The ISPas been in existenéer over 40 years. Schools that apply for the ISP can

choose whether thexperimers will be performed in class (UBmployees visiting the school

with amobile laboratory unit) or at theniversity itself within a laboratory setting.

1 Dutch: havo 4 en 5
2Dutch: vwo 4,5en 6
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Table 2
Characteristics of the participating schools and students.
Label Student research experienc Size Participants
(# students)
School A Had experience 2900 8 (11th&12th grade)
School B Little to no experience 1100 9 (12th grade)

Furthermore, schools can decide whether their students conduliBt teethe DI ISP
experiments. Students usually work together in duos on the ISP experiments.
Which type of inquirybased learningheIBL ISP experiments incorporate has been
gauged by three members of the ISP statf an independent researcher familiar with the
practica] using Capps and Crawforddés (2013) fr ame
averagescorewas3 (Nooijen, 2017), i.e. the inquilyased approach in the ISP can be
categori zed absasoéegduildeeadr niinnggudi.r y
Two schools were selected for this studytlbe grounds of availability. fotal of
seventeen students (eight and nine per school resp.) were either selected randomly (first
school) or on a teacher perception basis (second school). Half of the students of the first
school (A) were in a general sewlary education class (1grade), whereas the other half
were from a prainiversityeducation class (12grade). All students from the second school
(B) came from two prainiversity education classes (1grade). Most students worked in
pairs, with tle exception of one group of three students at school B.
The teachdr selection of the second schawhs based ohis perception oftudenté
diligence, with half of their selected studgnani r s bawiomg i dlgdr dand t he ot
needing morguidance to get to worlddditionally, students from school A preparpdrt of
their research before the ISP started (research question, hypothesis, methods and fillable
tables/charts), whereas students from school B did not specifically prepare themselves
Students of school B were actually supposed to do seVekadrsion experiments, but our
participants were selected to conductlle versionof this studyinstead.
Studentsd experiences wi aneddbatwtednidifiecentup r es e a
schoolsas well The teacher and students of school A reported that they were used to setting
up a research themselves, while the teacher and students of school B indicated ttzat they

little or no experiencd~urthermore, thesacher of school A had taught the open variant of the
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ISP in earlier years, whereas the teacher of school B only had experience \iitlvén@ant.
Characteristics of the scho@ad students are summarised in Table

Study Design
This study will consist ofwo major phasesRecoding Earlier Researa@nd theDesign
Cycles(see Figure3). As aforementionecarlierr e sear ch hi ghl i ghted stu
perceived competenseipportduring their completion of thiEBL ISP experimers (Blekman,
2020; Nikandros, 2020, Van Asseldonk, 2Dt udent s6 remar ks gat here
studies shed lightosit udent s 6 s cAd 178 dalerdent®fghesaepeceialisstudies
were recoded tegown, along 20 categories: the five main &ading categoriesi{ased on
Quintanaet al, 2009 with each category split into four possible si#ttegories according to
it being perceived as competence or auton@ugporting othwarting(seeAppendix Bfor
coding document)
Then, starting the first design cycle, scaffoldwgsdesigned for twdBL ISP
experimers, following the most prominenscaffolding needs. These desigrerethen tested
by two pairs of students peexperimentfollowed by a focugjroup interviewOpen aiestions
on student sd c¢ o mpedbnghe scaffoldingkreasked to theostmdents
(Appendix Q. Transcripts of these focus groupserecoded for competency, autonomy and

scaffolding following a similarcodingschemgAppendix D. Based onfteresults of these

Recoding Earlier Research
Previous Design Ch
Student Ss'g" _t_a"ge
T uggestions

| Coding-rubric |

IBL Scaffold Scaffolding
Literature Guidelines

Design Cycles

2x

Implement
Design Changes

New Design
Case Study Suggestions

b La

Focus-group - Coding and
Interviews Analysis j

Figure3.Flow-di agram of study design. The O6Previous
(2020) , Ni kandros (2020) and Van Assel donkds
school conducting the changed design of two ISP experiments.
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interviews the scaffoldingvasredesigned and tested again, following the same format as the
first cycle. This completes the second designecyahd finally, conclusionsveredrawn from
thefinal results.

Previ ous R8matksl ent s 0

First, transcripts of Bl ekmands (2019) and N
students on the ISRereselected. More specifically, the statements relatirthecsupport or

thwarting of competencyereof interest, as they could shedHt on which factors cause the
studentsd perceived competence supwp®alsb | oss.
selectedo find out which aspects of thBL ISPsupportst udent s6 percepti on
This additional investigatiowasperformed because wasimportant when facilitating

intrinsic motivation that these autonomy aspewisreretained as much as possible in the

design of the ISP scaffolding. Both competence and autonomy related stateerectsded

by Blekman (2019) and Nikandros (2019) in their studées Asseldonk (2019) also

gat hered student so6 sidnaed tbdd amliBls ISPenperiments vind ey e X
guestionnaire. As the answers to these quest
competency, autonomy and scaffolding, we also selected answers related to any of these

aspects from ik dataset. The amgers on theDl version of the ISP were also analysed, as

students made remarks in relation to lfBe versionfor their argumentation.

Coding

The selection was done by coding the competence and autonomygfpptirtingand

thwarting remarksof theearlierresearch witlQuintanaetaldé s ( 2004) scaf f ol di
(Table 1), assisted by th&Quintanaet al6 s ( @eBcfiplionsFor example, if a student

remarks thathey found the scientific tools too confusing to uses remarkcouldbe

categrizedi nt o scaffolding strategy 6c: AFacilita
(Quintanaet al.,2004, p. 345; se€able ). Thiswould suggesthe creation oscaffoldng

that makes the scientific tools easier to navigatecessaryAdditionally, useful remarks

related to the scaffolding guidelines, but not coded for competence or autonomy, were coded

as 00t herSeéApperdlik Bfar killbcoding document.

DesignCycles
A design research cycle approaeais employedo (re)design scaffolding aspects of the ISP

and qualitatively study its effects on students perceived competency support and autonomy.

This design cycle mode&lasloosely based on the micro cycle model (Van den Akkex,
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2006) and the lesson studycty (De Vries, Verhoef, & Goei, 2016). For this design, the
scaffolding of twolBL ISP experimentsreremodified based on the findings of the two
aforementioned phasésPr evi ous St udent sThe ibexpaiménts waen d Co «
AAbsor ptadanoaf t hrough I eado (#12) and fARadi o
234mo (#20) .

The designsveretested in a quagxperimental setting, wherefaur studentstvo pairs)
per experiment usithe (re)designed scaffolding instead of the udaaiatto finish their
experiment After these studentsadfinished, a focus group interviewasconducted with
guestions related to competence, weeretomedo my an
andtranscibedverbatim, followed by independent coding by two researchers on competence,
autonomy and scaffolding Co h e n 6 s k. ahe ptatementwérelidk&d)to the
aforementioned scaffolding guidelines (Quintahal, 2004), as was done in theding
phase but coding was limited to the specific scaffolding categories that focussed on in the
scaffolding desigriseeAppendix Dfor coding scheme)After determining which scaffolding
aspects could be changdide second design cycle startétie scaffolding of the two ISP
experimentsveremodified again to further increase competence/autonomy support in
scaffolding wherever necessdpee Figure3). The est of the second design cyelenost
completelyfollowed the same format as the first cydeanscripts of the second focus group
interviews were not only coded for the guidelines that were changed, but for other remarks

that could be categorizedforconret ence and autonomy as wel|l (

Interrater Reliability

To check internal reliability of this study,second coder, knowledgeable with intrinsic

motivation literaturealsocoded a portion of the focus group intervieaf the secondesign

cycle (school B)21 items were coded by both coders, using 12 different ¢codds

agreement on 19 of the iterf8% agreement). Interrater reliability was calculated using
Cohenbés Kappaofres88ti Rgl | awian g)dvisiandhiss and K

Kappa value stands within the range of an almost perfect strength of agreememt{0)381

Results

Recoding Earlier Research
Derived from Quintanatald6 s (2004) seven guidelines for s
formedforc odi ng of the previous studentsd remar k:

(quideline 1), Semantics (guideling Representations (guideline 3), Process Knowledge
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Understanding Semantics Representations Process Nonsalient Tasks A&R
Knowledge

Figure 4. Frequency of student remarkem earlier research (Blekman, 2020; Nikand2320; Van Asseldonk
2019) . Remar ks coded for Aut onomy -60r, Gonndp eftoern ct
guideline categories of Quintapdal.( 2004) . O0A&RO6 stands for the g

(guidelines 4 and 5), Nonsalient tasks (guideline 6) and Articulation and Refl@ntideline

7), seeAppendix Bfor a full explanationFigure4 illustrates the frequencies of every code.

Il nterestingly, most remar ks fell into the OP
ONonsalient taskso6é (30). fbuemdotimerstfudemtcdd e
060Semanti csd not e v §ithinlP@dess Enowiedgeta idichoteny caa lbe a |l |
discernedAs for choosing which steps of the research process they undertook, students made

autonomy supportive remarksor example, one student said:

A An @Bhk]eerperiment, you can also put your own ideas into an experiment and

come up with your own experimentsog# mor e creative, so i'd

The student soé f esuppoitfor thesreseafch procesy owewan, evere in

contrast with this positivityjor autonomy As shown by the exemplary remarks in Table 3,

students felt unsure about theirmabilities, whether the steps they chose in their research

were the correct ones. Similarly, students commented on not feeling supported in their
competence for Nonsalient tasks (Table 3). Especially prevalent were the remarks related to
difficulties with the handling of the equipment of their given experimdmtghlighting

confsi on on how to use it. Within etehgrovidedt her F

suggestions on how to improve the instructions for theiuget

AYeah, maybe in the short overview you ca

setup,soyouknw what to expect. o
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Additionally, there were also several remarks relatestudents experiencing time

constraints, for example:

a. ASetting up matmeoods takes a | ot

b. ”MThe time it took, i1todés just [a] big negat

This need for time coulcklate to Nonsalient tasks, as time management showadoogine

task that should not give pressure unnecessarily. Based on the frequency and nature of the
remarks, design of the scaffolding was focused on alleviatinthtrertingexperiences

students had with their competence in Process Knowledge and Nonsalient tasks.

Design Changes

Thedesigness caf f ol ding i mpl emented the strategies
useful boundaries for | earsbygusegordérddand and nDe
unordered task decompetal(20040m359. (4b) from Qui

To give the students more boundaries and further decompaosectiens of their research,

guiding questions were addamithe existingworksheet. These guiding questions were

inspired by the task decomposition in ¢2019) Scientific Graphic Organizer. Examples of

t hese questions ar e: dorintahti swoeuxlpde ryi omue nlti?kée (tf o
guestion) and OHow | ong/often will you measu
not commands, asthatwcd d | mpede st udent stheyc€oeldstiihelpg of au

limit the scope of possibilities that would otherwise demotivate students. Furthermore, by

Table 3
Examples of negative competence remarks given by students on Process Knowledge and Nons
t asks. Remar ks were found in Blekmands (20:
Process Knowledge Nonsalient Tasks
Al | u-afthought, wetl maybe thisiscorreci Because | think th
but maybe not. And then, yeah, I just didn't knc struggle, to actually find out what the, wha
ifitwastherighth i ng | was d o i the devices actually measure, when we we
doing the experi men
Al found it very confiAlt was someti mes d
annoying thatwasdothgidndé how the equi pment w
correctly. o
AAM | doing everythiniThe experi ment was
di dndédt receive a for munclearhowthelevi ces wor k
AWe had difficulties Al found it difficu
hypot hesis and resear explanation how you
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Figure 5. Frequency of student remarkgea first design cycle iteration (school A). Remar
coded for Autonomy or Comped)lenceaend sfu@ip
Knowledge and Nonsalient Tasks guidelines, based on Quiet@hg2004).

answering these guiding questions, they waade a better grasp evhetherthey were
doing it ight.
As for the design of the scaffolding for the Nonsalient task3uickstart guide (QSG)
was designed as a separate new sHe¢t.s desi gn was based on the
navigation among t ool setah 2004, a 86). The QSGiprevsded ( 6 c ;
a visual and stepy-step approach to handling the equipment of the experifrethdwing up
on one studentods suggestion, pictures of the
Furthermorea checklist of importanmesearclstepswith expected time requiresas
added o the O6suggestion sheetdé (a sheet studen:
By reducing the cognitive load managing and estimdting gave students, the guideline
AAut omat e ndmonasl iodntt appkrs t o (bageQ@uintarsetat, o gni t i v e
2004, p. 366yvas followed This would cater to the need of timegnagement for the
students, allowing them to know where they were expected to be at what time during their
experiment.
First Design Cycle
Figure5 displaysthe frequencies of remarks students made on Process Knowledge and
Nonsalient tasks the focus group interviews of school A. These interviews took place after
students had conducted our designs. Interestingly, although the competence support of
Process Kowledge may seem to have improved, a considerable amocminpktence and

autonomy thwarting remarks were mameboth Process Knowledge and Nonsalient tasks.
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Two students reportetd bethwartedin their Process Knowledgautonomy by the

predetermined goals given by the suggestion sheetan be read from thexample:
AWe didnot really need to come up with an

Thiswould indicate studentwantedmore freedomn setting up a research question.
However, when asked i f student theynespantledthavant t

they would not:

Student F: dAWell, if you dondét know what
Student G: Y e ah, tehagsoimndthing to workttotvards.k y ou ha
think. o

3t

On the competence of Process Knowledgere were a number of remaitkighlighting

competence support, for example:

fil think the processing [of the results] will take a considerable amount of time, but |
donétink it will be very difficult.od

Appropriately codingvasdifficult on some occasionsiowever Although the students did
show competence for most of the research process, they also se@aneampetenin some
of their remarksin other words, studenéxperiencedknowing which steps to undertae

being easy, i.e. not beiraglequatelyognitively challengindseeAppendix B:

AY e a h, |l thought it was mostly easy, becalt

just have to measure.o
This over competence could alse found in the Nonsalient tasks, for example:
fé the device measures for you. You only

Even ifthe aim was talleviatecognitive load of the measuring devices, it should not have
led to over competence on the experiment overhlls, these over competent remarks were
coded as competence thwarting.

Concerning the Nonsalient tasks, studetgsstill reported somélifficulties with the

equipmentyreducing their competenci®r example:

~

a. AYou had to figure out how tohe device wc
b. Ailt kind of explained itself, only keepi

every five seconds
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Furthernore, several comments were made on needing to look up information beforehand.
Even though these students seemed capable of finding the information themselves, these
remarks were coded as competetinvearting for example:

ASo we have ktowinfbrmatidn. Qihprwise nitchaturally will be difficult
0

t argue your conclusion. o

Although not coded, it is interesting to note that students also mentioned that the ISP was
doable or even easy because of their preparébon remarks from three fiierent students)
for example:

Al would say that i f you do the preparat

Based on these remarks, several design changes were considered and implamsented
seeAppendix B:

1. The decision was made not to change the 0c
seemed to have hampered their autonomy, the students remarked that they thought the
goals to be necessary to complete the experiments.

2. It was decided to also ntatckle theover competence issues for Process Knowledge
and Nonsalient task3 hese students were clearly used to IBL approaches and may not
have been representative of the average studeriti(agations).

3. The QSGs were reviewed and updated to be imtugive. Clearer languager every
step coloured labels and further decomposition of the separate elements of the
equipmenivere implementedXppendix R2).

4. To addresshe need for informatiosources, expliciteferencestothé i nf or mat i on
b o o kcbneing @ith the experimentas well ago other sourcesvere written on the
6suggestion sheet 6.

5. The old explanation of how the equipment worked was removed frotsubgestion
sheed This was done to prevent redundancy and confusion by havingjffexent
sources for the deviceds instructions

6. To further facilitate navigation through the different sheets (following guideline 6a),
explicit | abels were given to every sheet
start Agorientetodfgrt he t hree sheets was al so pr ¢
sheed

7. After carefully reviewing time management literature, it was decided to remove the

checklist with timetable in its entiretZlaessen, Van Eerde, Rutte and Roe (2007)
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noted in their review that externally controlled time management could have negative
effects on somatic tension. Aiming to prevent such scenarios taking thladane
management cheli&t wasinstead replaced with twgenerakiming prompts orthe

work sheet

Second Design Cycle

Figure6 shows the frequencies of student remarks on Process Knowledge and Nonsalient

tasks in the focus group interviews at school B, after students had conducted the second

design of the experiments contrast to the previous focus group interviews, students

remarked that they experienced auton@ugportor their Process Knowledgejitiv no

single remark reporting autonorbging thwartedFurthermorethe number ofupportiveand
thwartingremarks concerning competence for both Process Knowledge and Nonsalient tasks
have similar frequencie$hus the implemented scaffolding seemed to have ragportive
effect on studentsodé compet enceTherewere,l st r et ai
however, still someemarks which highlighted students were thwarted in their intrinsic

motivationthat reqire examination.

Autonomy
As aforementionedll remarks related to autonomy in Process Knowledge stgrporting

for example:

a. Al noti ced t h abystep,wduekly lose foaus.i Wwill de somathing else

instead. Here, however, | was focused 6 how wi | | I address t hi
continuet®
b. ABut yeah, for the rest very fun, what th

could decide yourself how you approached

These remarks show students experienced autosapportin deciding how to approach the
research process. This contrasismpletely with the remarks given by students in the first
focus groups (school A), where students ti@ltartedin their autonomy. It is important to
note, that some of the students remdri®t this IBL approach was different from what they

normally receivedor a practical

Competencéor Process Knowledge
As for competence for Process Knowledge, some aspects of the research still seemed to have
acompetence thwartingnpact, but there wemaanysupportingeemarks. Some students still

remarked they had difficulty with formulating a research question or #tleads e.g.:
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Studen®b: fiSo, really formulating a research question, but also really creating a plan

is always a bit difficuld

Interviewer:AANnd why is that difficult®

Studen6:iBecause you never really knmow. dbere vy

Regarding the competensepportfor Process Knowledge, studenid appeato be
confident in setting up a research overat example
Al noti ced t habystep,wduiekly lose foaus. Will de somagthing else
instead. Hereh o we v er , I was focused on 6how wild.l
continue. 60
These remarksshadt he st udentsd confidence in and knc
research process. This indicates that the scaffolding implemented might haveupadrairy

effect on their overall competence in setting up and understanding a research.

Competencéor Nonsalient tasks
Similar to Process Knowledge, there was a mix of lmatmpetence thwartingndsupporting
remarks for Nonsalient tasksiterestingly, theeompetence thwartinggmarkswerestruggles

related to creating chartfor example

ASo i f youehad itveeldyr gopw eci sely what t he ve
9
8 B Autonomy
7 O Competence
6
)
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)
=
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Process Knowledge Nonsalient Tasks

Figure 6. Frequencyof student remarkdter second design cycle iteration (school B). Remarks
coded for Autonomy or Compeblencand sfu@mpotrh
and Nonsalient Tasks, based on guidelines of Quirgaah(2004).



SUPPORTING INTRINSIC MOTIVATION THROUGH IBL 24

As for competencsupporton Nosalient tasks, thereaga variety of differentemarks. There

were remarks related to competence in optimizing their measurements:

AYeah, you know, you | earn why a research
had two set ups that didndét go compl etely
the equi pment and then you find out: déoka
And then you write that down. 0

Interestingly there was one remark related specifically to the scaffolding, naroelipetence
support througlhe QSG:

ifYeah, but al so the instructions of how t
done. 0O

Overall competence andautonomy

Figure7 summarises the frequencies of student remarks after the second design cycle

iteration, with the remarks coded as Process Knowledge and Nonsalient tasks combined into
the group 6Guideline Remarksdéd. The 00t her Re
categorised as either Process Knowledge or Nonsalient tasks, but still can béocoded

autonomy or competenc€here were no autonomy thwarting remarks that could be
categorized i n t he The@twhre@utonofgupportikgs Oblcat egor vy .

Remark§ however. An example @ remark highlightinghis autonomy support was
AYeah that we got more freedom. Il thought
As for anexample of competenseipporto f 0 Ret nmaerrk s 0 :

AVery funéAnd because ydunng theevhae efperimens ed on
instead of a couple separate assignments that you constantly have to do after each

other. So, with this, you can go more in

One of the competence t hwiarelatedogowthereneas&k s i n 0O
disconnect between the knowledge the student had before the experiment and the knowledge

required to complete the experiment:

fiWe had halvaluehi ckness and t hat i s of course | c

have a lot of previousegpr i ence with drawing | ogarithmi
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Figure 7. Frequency of student remarki$es second design cycle iteration. Remarks coded for

Autonomy or Competence -@)supploe tPmagce Ds-0Knd
Tasks, based on guidelines of Quintahal.( 2004) , are grouped as
otherremar ks that did not fall within these gu

In summarythe results show thataffoldingon Process Knowledge and Nonsalient tasks
does improve competence support of students, whilst retaining their sense of autonomy. Wha
is also interesting is that the positive effect the scaffolding has on both competence and
autonomysupportgoes beyond the boundaries of the scaffolding thems@hgsre7). There
are, however, still signs scaffolding could be improved further, as @hememarks related to

competencdeing thwarted

Conclusions

The aim of this study was to investigate hine scaffolding ofin IBL-based physics
experiment could be designed in such a way
catered for, while retaining their sense of autonomy. The firsggabtion for this

investigation wasWhat are the causes pérceived lack of competence support in the

radiation physics experimenthe results show that students lacked most competence support

for the scaffolding categories Process Knowledge and NonsalientsGask®rning Process
Knowledge the most prevalergtruggle students reported wast knowing whether they were
taking the correct steps in their researchanfithey were doing those steps correctg. for
Nonsalient tasksstudents mostly experienced difficulties with navigating through the
equipmaet of their experiments. Additionally, there were some issuesneitknowing where

to look up information as well.
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The second suQuestion of this study wadHow can scaffolding be implemented in the

radiation physics experimenttoincreassé udent sé per cuintareaedalcso mpet er

(2004) scaffolding guidelines formed the basis forrtee scaffolding design of the ISP.

After going throughwo iterations of designing, the scaffolds for Process Knowledge and

Nonsalient taski&ok shap in three main ways. First, guiding questions were added to the

wor ksheet to provide stronger boundaries and
process. Secondly, tips and prompts were given on the worksheet as well. A couple of them

were alsaelated to decomposing and limiting the openness of the research pbutessst

of the prompts were there to alleviate cognitive demands of Nonsalient tasks. Navigation

through the different sheets was also made clearer with an overview on the soggjestio

Thirdly, a Quickstart guide was developed for operating the equipment of experiments,

further reducing the demands of Nonsalient tasks.

Although results of the focus groups differed between iterations, the last iteration yielded
promising resulf. Not only hadhe frequency ofompetencsupportedemarkswithin the
scaffolding categories increasedsimilar levels of the competenttevarting remarksbut
student sb per cspgporfemaneddigh aa wellnvestgaiog of remarks that
were not related to scaffoldirgipowedthere wereeven morecompetence supportirtgan
thwartingremarks. Figur&@ stands in stark contrast to the figures of Blekman (2020),
Nikandros (2020) and Van Asseldonk (2019), where ttusdieshad faund (significantly)
morecompetence thwarting dafiar the IBL version of the ISP thasompetence supporting
A reason behind this more positive competesigyportimage could be that the effects of the
new scaffolding went beyond what was scaffolded and contributed to the overall competency
support of the studentEhis could be inferred from the more general nature of the
competencysupportingstatements that calihot be categorized into the different guidelines.

In other wordsthe implementation of prompts, tips, guiding questions and the QSG appears
tobesupportive of studentsd competence.

The main research question of this study wsy can an IBEbased seawary school

radiation physics experiment be constructed

for competence is catered for, while also retaining their perception of autofidray?

hypothess wasthat the implementation and improvement of scdifal related to sense

making, process management, and reflection and articulation would cater to the need of
competence, while not hampering studentsdé au
the subquestionsthe hypothesiss rejectedThe scaffolding strategies for sense making and

articulation and reflection are iIimportant 1in
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crux for supporting intrinsic motivation lies process management. Specifically, by
implementing proper scafiiding for Process Knowledge and Nonsalient tasks will students be
supported in both their competence and autonding.aim of having an appropriate balance
between competency and competence stimulation, following Schunk and Zimmerman (2012),

was achieved.

Discussion

Limitations
Therewere several limitations on the methodology and results of this study. As was made
clear in the Methodology section, the participants of thesmtmols differed considerably.
Whereas the students of school A seemed to bewaeded in setting up their own research,
students of school B were not accustomed to auelsk This could be the reason why
students of school A seemed to be over competecertain areas of the ISP. Furthermore,
school A students were prepared for 8t version ofthe ISP, having already written a
significant portion of the ISP beforehand. Tetectedstudents of school Bere actually
supposed to conduBtl experiments, but werselectedor this study by the teacher. The
teacherdés selection bias might have made our
whole class (as one student estimated of other peofteir class Furthermore, this being a
gualitatve study, the sample size was smBllH{17) and the number of experiments that
were redesigned was relatively small as well (two owef These limiting factors make it
harder to generalise our findings, as thdividual (schoolexperiences probably strongly
influenced the remarks students matee novelty effect of doing an own research could
have raised the intrinsic motivation of scho
students of school Mmayhavereportedto beingover competent due to their preparataom
experiencelt could have also been the case that the experiments chosen for redesign are
difficult to compare to other experiments, not only outside the ISP, but between the different
ISP experimentas well

Furthermore, thecaffolding approach of this study was basedata from three different
sources (Blekman, 2020; Nikandros, 2020; Van Asseldonk, 2019), each with their own
research aim that was not directly related to scaffolding. Thus, although tredingff
aspects that were tackled in this study were the most prevalent from their datasets of remarks,
more specific inquiry on scaffolding might have yielded a different frequency distribution.

For example, none of the earlier researches specificallyinge d on student sbé ex
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Articulation and Reflection. In other words, the earlier research might not have been
completely suitable for finding studentsod sc

Specificallyforpr evi ous studentsd r emarkPocessn being
knowledge, there could be another reason students reported difficultissAke case with
this study schoolsfrom the earlier researaould havealsovastly differedin to what degree
they teach students to conduct research on their own. It could have been the case that many of
the competence thwarting remarks on Process Knowledge were made by students that had
little experience with IBL research. This could have setBheversion of thdSP outside of
thezone of proximal developmefar these studen{®/ygotsky, 1980). It might require a
universal curriculum adjustment across the Netherlands towards more IBL for students to
make the ISP appropriately challenging, aottoo demanding.

Additionally, a specific reason as to wNpnsalient taskeverementioned as thwarting
could be the nature of the ISP itself. As the devibaswere given tgtudents during this
experiment are fairly unique for the schaointext, opeating the equipment could be
especially difficult for students. Measuring devices for radiation require a different approach
than, for example, a simple voltmetémn the other hand, because students aawkth both
material and equipment they would n@itg not be in contact within a scheocbntext, the
| SP6s c¢ har alaveanmadswidentscniore exa@tlahddnotivated for experiments
than they usuallyverefor regular classroom experimentd.e ver t hel ess, t he st
remarks still gavénsight in how they primarily experienced the ISP and which aspects they
were positively challenged by and where they struggled.

Lastly, there werstill aspects of the scaffolding that could be improved for competence
support after the second design ié#ion For Process Knowledge, suggestions or guiding
guestions could still be made for how long and how often students could measure, as they
remarked having difficulty with estimating what was possible. This would help set boundaries
for the learners andot be too distracted by figuring out this timing (following guideline 4a;
Quintaneet al, p. 359). Concerning Nonsalient tasks, the issues students had with setting up a
graph could be alleviated, for example, through organizing the chart paper ierardifiiay,
as well as providing tips on how to chart logarithmically (following guideline 6b. Quirtana

al., p. 366). Thus, the employed scaffolding design approach could still further its reach.

Implications
Our findings have both theoretical and practical implicatidssearlier research has shown
(Blekman, 2020; Gormallgt al, 2009; Nikandros, 2020; Van Asseldonk, 2019), IBL is not
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guaranteedo support intrinsic motivation outright. Our study has hiditkgl possible

mechanisms that interact between IBL and intrinsic motivation, and bridges their connection
through scaffolding. It is scaffolding dependent whether an indpased approach to

| earning supports s tSecaffeddmg adPéocessrKhowledgesandc mot i v a
Nonsalient tasks will serve as the condition that will determine whether learners are

intrinsically motivated or nio The hypothesized mechanism by Van Asseldonk (20ERjufe

2) would require the addition of scaffoldimgmore acarately link IBL and intrinsic

motivation.

Becausehis research has shown the importance of scaffolding in experiments, designers
of future science experiments codiddlow the guidelines and examples used in this study to
support | ear ivaionsobtheiexpérimeniNa ontycomdihis make students
more intrinsically motivated for the experiments, but for sciences in general asovell.
example, Quicistart Guides could be designed for all scientific equipment in schools. Or
research processes for biology and chemistry can be scaffolded with similar prompts, hints
and suggestions, as was done in our ISP desigarn, this couldccortribute towards
alleviating the crisis in motivation for science. Perhaps scaffolded IBL could even become an
intrinsic part of science curricul a, broaden
motivation towards science.

Thechallengéfor futureresearcmow liesin makingsteps towards better understanding
the relationships between scaffolding, IBL and motivation. It would be interesting to increase
the scope of our design methods and investigate its effects quantitively. For example, the
scaffoding techniques employed in this study could be applied to the l@herxperiments
of the ISP. By using questionnaires based on the Intrinsic Motivation Inventory (McAuley,
Duncan, & Tammen, 198@)nd statistical analysis, more generalisable conclusambe
made on the effects of scaffolding IBL for supporting motivation. A similar quantitative
approach could also be fruitful for discovering the effects of scaffolding on the learning
outcome. Following SelDetermination Theory, if the intrinsic motittan of students is
supported, their acadenperformance should improve as well (Niemiec, & Ryan, 2009). The
lack of competence support in the earlier version of the ISP could have been a contributing
factor as to why Verburg(018) did not find any diffences in conceptual understanding
between théBL andDI version of the ISPQuantitative research with newly scaffolded
experiments would make clear if scaffolding increases the conceptual understanding via

intrinsic motivation support.
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Another possible extension on this study would be a qualitative continuation. On a more
fundamental level, it would be interesting to investigate effefotgher scaffolding guidelines
in the ISP. An exampleesearclguestion would behow will scaffoldng in how they
articulate and reflect on their reseaech f ect st ude nt L@dditiomdlly,a nsi ¢ mc
revision of the interviewscheme could lead to other, deeper struggles students experience in
experiments to rise to the surface. The findinghes$e studies might deepen our
understanding of the effects of scaffolding as well.

This study has shown that a inqulvgsed learning approach on its own does not
adequately support studentsd competence for
Process Knowledge and Nonsalient tasks, however, willdaaauitonomyand competece

supportive environment that should support intrinsic motivetostudents.
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Appendix A
Inquiry-based learning tasks evaluation matrix

36

Table Al shows the evaluation matrix devised by Capps and Crawford (2013) on key aspects

of IBL, from studentto teacheiinitiated

Table Al

Shows the aspects @ding inquiry and their variations, from studeid teachesinitiated.

Reprinted from Capps and Crawford (2013).

Doing inquiry (D)

4 pts

3 pts

2 pts

I pt

D1—Involved in sci-oriented question (EFI,
Al)

D2—Design an conduct investigation {A2)

D3—Priority to evidence in resp. to a problem:

observe, describe, record, graph (EF2)

D4—Uses evidence o develop an explanation
(EF3, Ad)

D5—Connects explanation to scientific
knowledge: does evidence support
explanation? Evaluate explain in light of alt
exp., account for anomalies (EF4, A5, A6)

D6—Communicates and justifies (EF5, A7)

D7—Use of tools and technigues to gather,
analyze, and interpret data (A3)

DE—Use of mathematics in all aspecis of
inquiry (A8)

Student poses a question

Student designs and conducts
investigation

Student determines what
constitutes evidence and
collects it

Student formulates explanation
after summarizing evidence

Student determines how
evidence supports explanation
or independently examines
other resources or explanations

Student forms reasonable and
logical argument to
communicate explanation

Student determines tools and
lechniques needed to conduct
the investigation

Student uses math skills to
answer a scientific question

Studenmllluled

Student guided in posing their
own question

Student guided in designing and
conducting an investigation

Student directed to collect
certain data

Student guided in process of
formulating explanations from
evidence

Student guided in determining
how evidence supports
explanation or guided to other
resources or alt explanations

Swdent guided in development
of communication

Student guided in determining
the tools and techniques
needed

Student guided in using math
skills to answer a scientific
question

Who initiated aspects of inquiry?

Student selects among
questions, poses new
questions

Student selects from possible
investigative designs

Student given data and asked to
analyze

Student given possible ways 10
use evidence to formulate
explanation

Student selects from possible
evidence supporting
explanation or given
resources or possible alt
explanations

Student selects from possible
ways to communicate
explanation

Students select from tools and
techniques needed

Student given math problems
related to a scientific question

Student engages in
question provided by
teacher, materials, or
other source

Student given an
investigative plan to
conduct

Student given data and
told how to analyze

Student provided with
evidence

Student told how
evidence supports
explanation or told
about alternative
explanations

Student given steps for
how to communicate
explanation

Student given tools and
technigues needed

Math was used

J—

Teacher initiated
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Appendix B

Coding documentusedforat egor i zing studentsod remarKks
Nikandros (2020) and Van Asseldonk (204@®.for theRecoding Earlier Researghase of
this study.

Coding document for Scaffolding guidelines.

Summary and definitions for main conceggsr(se making, process managenaeak

articulation and reflectiopy guidelines and scaffolding strategies (Quintanal.,2004).

Hmelo-Silveret al.(2007)only provides examples Each gui del i Mo texXpl ane
section explaining generally the criterium/criteria for a remdiRORTANT: Each of these

AN o tsections is written for remarks that highligtituggles But remarks that actually

demonstrate the reversegq@pportiveexperience with a certain guideline) will be categorised

in that guideline as well, to highlight what should be retained in the ISghda@$isslightly

di ffers from the authordés comments attached
6 N o, wisich briefly explains the coding choice.

Remarks relating to Guidelines 4 and 5 have been merged into a single category due to
difficulty in distinguishing between both guidelines, when categorizing student remarks.
Furthermore, guideline 7 will be split infour different types of comments due to its
multifaceted nature.

Highlights:
-First, remarks will be categorized into ttiéerent guidelines, by using headers.

-Using subheaders, remarks are categorized as eRbsitive(supportive)or Negative
(thwarting)experiences.

-After PositiveandNegativedifferentiation, comments are separated into another layer of
categoriesAutonomy, Competenceor Other Feedback Autonomy and competence was
coded by Blekman (2020), Nikandros (2020) and Van Asseldonk (201t89r Feedback
relates to remarks that could still be used to mastiBffoldingto improve competence, even
if it was ot coded as such.

-If a remark is related tautonomyijt has i@l highlight
-If a remark is related toompetencet has ayellow highlight

-If a remark has no highlights, it was not codeddiotonomyorcompetence | n t he aut hi
opinion, however, the remark could still be used to mostdffoldingto improve

competence (even if it was not coded as such). Thus, these remarks are categorized as

AOt her o.

-For overview, each remark will be given a letter in bract@show the source: Van
Asseldonk (A), Blekman (B) and Nikandros (N).

-Student remarks have comments attached to thétalicet o ex pl ain t he aut ho
choice (also start with N o)t e 6



SUPPORTING INTRINSIC MOTIVATION THROUGH IBL 38

Example of coding:
Guideline 1
Positive

Autonomy

omdat je dan de materialen erbij hebt dus dan kan je gelijk je kennis die je krijgt
toepassen op wat je... Kennis die je dus gaat bedenken, toepassen op de materialen. En
dat vind ik wel leuk. (B)

Note: Remark shows connection between krewledge and translation of this knowledge
into practice

Sense making

NnSense making refers to the basic operations
designing comparisons, collecting observations, analyzing data, and constructing

interpretations. Sensmaking operations must connect reasoning about a phenomenon to a
process for testing a conjecture and from the empirical data generated in that testing back to
the implications f or ettalh2804,pB4)nomenon. 0 (Quint

Guideline 1
AUse representations and | anguage edhbat bridg
2004, p.346)
Note: This guideline Iis based on connecting

(scientific) concepts. If a student remark is related to a discetnneb et ween st udent s
ideas and the disciplinary formalisms, it will fall under this guideline (1).

ALearning requires continually accessing and
new expert practi ces rarrcanceptions and withthelrwaysaf h | ear
thinking about ideas in the discipline (e.g., Clement, 1993). Tools can support learners by
using representations that connect with | ear
The representations employkeda tool can shape how people conceive a task (Norman,

1991) . Il n this way, the tool s structure pro

make the connection between their own ways of thinking about problems and the concepts
andformalisms used i n more ex ptal 2004ppr HA&®347)ce. 0 ( Qui n

Strategies:
la: Provide visual conceptual organizers to give access to functionality.

1b: Use descriptions of complex concepts tha

1c: Embed expeduidance to help learners use and apply science content.
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Guideline 2
AOrganize tools and artifacts around the serm

Note: This guideline iIis similar to guideline
preconceptions. Howevehe perspective is different as this guideline focusses on explicating

the language and type of thinking within the set learning context to help the students, rather

than what the students know/think beforehand. Thus, if a student remarks that thdg strugg

with how to approach, work or create within the practical due to disciplinary (i.e. scientific

method and related semantics), then the remark will be categorized into guideline 2.

AHere we discuss a compl ement aingffrongtoeineed | i ne a
for learners to acquire disciplirspecific ways of approaching problems. Because expert

practice relies on specific background knowledge that learners lack, learners need support to
implement general notions of science inquiry in spedfsciplinary contexts (Reiser et al.,

2001; Schauble, Glaser, et al., 1991). Guidelines 1 and 2 both exploit the role of tools in

hel ping shape | earners6é conceptions of tasks
representations that can be produgte | y under stood from the | ear
2 focuses on the other side of the gap, helping bring disciplinary ways of thinking closer to
learners by making such thinking more visible in tool interactions. Such support helps

learners overcomlimitations in their disciplinary knowledge by making disciplinary
semantics and strategies more explicit in th
(Quintanaet al, 2004, p. 351).

Strategies:
2a: Make disciplinary strategies explicitialar ner sé i nteractions with

2b: Make disciplinary strategies explicit in the artifacts learners create.

Guideline 3
AUse representations that | earners can inspe
of underlying data. oo

Note:lnorde t o be categorized into this guideline
struggles with making sense of representations of a scientific phenomenon. An example would

be a student not understanding the meaning of the graph and table they plotted i@Rhei
experiment.

AGui deline 3 continues our focus on | imitatdi
discipline. Here we discuss ways to address obstacles learners face in dealing with the
representations of a phenomenon they need to understdmdamipulate when making sense

of that phenomenon. Access to scientific phenomena is typically mediated through the

creation and understanding of representations such as tables, graphs, equations, and diagrams.
However, these representations impose amtthfichallenges for learners. Guideline 3

addresses these challenges by recommending inspectable representations to simplify the
process of mapping between representations and the aspects of phenomena they encode and
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help learners manipulate and explorpree sent ati ons i n detd,f erent w
2004, p. 353 354)

Strategies:
3a: Provide representations that can be inspected to reveal underlying properties of data.

3b: Enable learners to inspect multiple views of the same object or data.

3c;Give |l earners fimall eable representationso |
representations.

Process management

ACl assic models of problem solving contain b
processes (e.g., Anderson, 1983). Our characterization of scientific inquiry includes the

process management mechanisms that direct the knowledge and strategies remdsal to

and steer the investigation itself such as implementing a investigation plan and keeping track

of hypotheses and results. Process management is particularly critical givesstituetilired

nature of inquiry. A science investigation isstrucured because it lacks a definitively

prescribed manner for how the problem should be tackled (M. Davis, Hawley, McMullan, &

Spilka, 1997) and because one cannot always define in advance the exact process to find a
solution (Newell & Simon, 1972; Simon, 197 . 0 ( &ali 358 n a

Guideline 4
AProvide structure for complex tasks and fun

Note: Although this guideline might seem more relevant for software specifically (as was the
main intent of Quintana et al.), the guideline can, in factided in a more general sense. If
student 6s remarks report struggles with not
(e.g. not knowing where the boundary lies of what they can conduct in their experiment), the
remark will be categorised here.

iGui deline 4 suggests that tools should str uc
be structured to support learners in seeing what steps are possible, relevant, and productive.
Specifically, this guideline looks at how software tools can camsbr describe tasks in ways

that make them more accessible to learners. The strategies associated with this guideline help
learners by limiting the scope of the activity space within which learners work. This is similar

to how apprentices are given gadf an authentic task rather than being expected to work on

the entire task at once dta.a®2004 p.&89YWenger , 1991

Strategies:
4a: Restrict a complex task by setting useful boundaries for learners

4b: Describe complex tasks bynggiordered and unordered task decompositions

4c: Constrain the space of activities by using functional modes
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Guideline 5
AEmbed expert guidance about scientific prac

Note: Rather than focusing on which steps are available and relevant, as ismdsuoeleline

4, Guideline 5 focuses the complexity of the steps themselves. If a student does not understand
the step, how can they know if it is product
related to not understanding a or multiple availabiepgs) due to them being too complex

will be categorised in this guidelinAs mentioned before, as differentiation between

guidelines 4 and 5 for the studentsd remarks
combined into oneowlheedgeoy. (AProcess Kn
AGui deline 4, our first process management g

describe or constrain activity spaces to make tasks more tractable for learners. Now,
Guideline 5 provides another approach for increasing the tractability of tas&kptiearners
manage the processes entailed in the scientific practices. Experts engaging in inquiry may see
clear paths and strategies. Learners, however, rely on less elaborated and sophisticated
understandings of the practice and thus encounter olsstaaladerstanding the specifics of
performing scientific practices. Guideline 5 recommends providing access to expert
knowledge about scientific practices (e.g., explaining, observing, and inferring) so learners
can understand both how and why they sheuahtbark on a particular task and how to
strategically steer their investigation. Expert knowledge can be made available to learners in
tools that parallel the guidance provided in a more traditional, péosoerson cognitive
apprenticeship. This can hdgarners understand the nature and rationale for scientific
practi cesetal 2009 p.i368t3&4Nn a

Strategies:
5a: Embed expert guidance to clarify characteristics of scientific practices

5b: Embed expert guidance to indicate the rationalesdentific for scientific practices

Guideline 6
AAut omatically handle nonsalient, routine ta

Note: Guideline 6 is used to ensure students only work on the important learning tasks in
their inquiry. In other words, the student should not be cogtjtighallenged too much by

tasks that are not very relevant for their learning process. For example, a student should not
spend too much time figuring out how a stopwatch works, as it is probably more important
that they spend their time coming up witheterant research question. Thus, if a student
remarks that they were challenged by a nonsalient, routine task it will be categorised into
Guideline 6.

AWhereas the previous two process management
embedding expert guidae about scientific practices, Guideline 6 provides further process
management support by reducing the cognitive load learners need to bear as they engage in
scientific inquiry. Engaging in complex practices requires concentration on salient activities
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to reach an optimal state of deep cognitive focus (Csikszentmihalyi, 1991). Such a focused

state is important for learning, but to reach such a state, it is especially important to minimize
distractions and disruptions that can interfere with the senseepfad®agement in the work

at hand (Miyata & Norman, 1986). Because potential disruptions for learners can arise from

having to deal with management and navigational tasks, Guideline 6 recommends

automatically handling such nonsalient, routine tasks. Tgpsoach builds on prior

conceptualizations of technology as minimizing the overhead for complex work (e.g.,

arguments for calculators in mathematics learning) and as cognitive tools that offload
nonproductive work, thereby reducing the load on memory agditive resources

(Ander son, Boyle, & Reiser, leaB 2004, PA36E) e r son e

Strategies:
6a: Automate nonsalient portions of tasks to reduce cognitive demands

6b: Facilitate the organization of work products

6c: Facilitate navigation among tools and activities

Articulation and Reflection

AThe articulation and reflection processes s
well as the collaboration needed to make inquiry effective. A critical aspect of inquiry
involvesconstructing and articulating an argument; this in turn involves reviewing, reflecting

on, and evaluating results; synthesizing explanations; and deciding where the weaknesses and
strengths are in oneb6és thinking.Alawid& i ns & B
Linn, 2000; Loh edtal,al369) 2001) .0 (Quintana

Guideline 7

AFacilitate ongoing articulation and refl ect
investigation. o

Note: This guideline encompasses many different struggles students could face. It is important

to note that, within practically all of the challenges addressed by this guideline, students are
unaware of their mistake. This lowers the probability of stuedmyorting struggles with
articulation and reflection. Future observat
struggl eso. Furthermore, students might stil
motivation) whilst being incorrect in theinderstanding. Intrinsic motivatioafter receiving

feedback on their scientific report could be lowered due to being wrong, but again: this is

beyond the scope of this study.

Categorisation of student remarks have therefore been adapted to the intiesisgroup
context:

Studentsd remar ks wi l |l be categorised into t
did not know that they should articulate their ideas or how to articulate correctly. (2) The
student reports that they did not (or did &kabw how to) reconcile or notice mismatches in
group membersdé ideas. (3) The student report
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considering alternatives and focussing too much on the logistics (which might have led to an
illusion of competence whidtampers identification of shortcomings). Or (4) the student
reports that they lack the critical approach needed to support their claims (e.g. they did not
know which details of objects and phenomena to include or which reasons to include when
discussing ausality)

Quotation note: With the other guidelines | copied the text under that specific guideline. As
the Articulation and Reflection guideline section is very brief, however, | now copied the
AObstacles Learners Face tonn Articulation and

AFi rst, |l earners often do not realize that t
1991; Loh et al., 2001; Scardamalia & Bereiter, 1991; van Zee & Minstrell, 1997). In fact,

learners sometimes interpret opportunities for articulation eftetction as merely being

blanks to fill in (E. A. Davis&Linn, 2000; Schauble, Glaser, Duschl, Schulze, & John, 1995).
Furthermore, learners often do not know how to reflect productively (E. A. Davis, 2003a,;

Palincsar & Brown, 1984); thus, they need suppmidentify good ways to reflect on and

articulate their ideas.

A second related challenge is that learners may focus on achieving quick outcomes (Schauble,
Klopfer, & Raghavan, 1991). Learners working collaboratively do not necessarily identify or
recncil e mismatches in group membersdé ideas u
(Cohen, 1994; Webb, 1983) or commit explicitly (Bell, 1998; Golan, Kyza, Reiser, &

Edelson, 2001; Reiser, this issue).

Third, learners have difficulty in planning and mtomning their investigations. They forge
ahead without considering alternatives or ramifications of their decisions, get bogged down in
logistical details of their work (Schauble, Glaser, et al., 1991), and focus on superficial
measures of progress (Lan,989 Palincsar & Brown, 1984; Tien, Rickey, & Stacy, 1999;
White & Frederiksen, 1998). Learners may develop illusions of competence that preclude
them from identifying weaknesses in their knowledge (E. A. Davis, 2003a). Studies have
shown that students whto not appropriately plan their work and monitor their understanding
tend to not perform as well as students who do (Chi, Bassok, Lewis, Reimann, & Glaser,
1989; Flower&Hayes, 1980; Recker&Pirolli, 1995). Thus, learners need support for
articulating and réecting as they plan and monitor their investigations (Bielaczyc, Pirolli, &
Brown, 1995; Linn & Songer, 1991).

A fourth challenge for learners in articulating and reflecting stems from the fact that the form
of the articulated epistemic products of scieis critical (Collins & Ferguson, 1993). For
example, claims need to be supported with evidence, and arguments need to be warranted
(Toulmin, 1958/1964). Descriptions should include observations but exclude inferences.
Explanations should refine or exghon ideas or infer consequences (Chi & Bassok, 1989),
and explanatory arguments should explore multiple hypotheses, present coherent assertions,
provide evidence, and justify connections between claims and evidence (Sandoval, 2003).
However, science leaens have trouble with all of these practices. For example, when

learners describe objects and phenomena, they may not notice important details or they may
confuse description and explanation (Bell, 1997; Driver, Leach, Millar, & Scott, 1996; Gallas,
1995;Songer&Linn, 1991).When they discuss causality, learners may omit justifications or
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reasons (e.g., Bel I, 1997, Kuhnetall20,3;, Sando
36971 370).

Strategies
7a: Provide reminders and guidance to facilitate produeplanning

7b: Provide reminders and guidance to facilitate productive monitoring
7c: Provide reminders and guidance to facilitate articulation during semnaking

7d: Highlight epistemic features of scientific practices and products
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Appendix C
The interview scheme of the focus groups.

Scheme CIFinal interview schem#or thefocus groupsinterview questions are loosely
based on Bl ekmandés (2020) and Ni kandrosdé (20

Questions

1. What did you think of thexperiment? Why?

2. What did you like the most of the experiment? Why? How?

3. What was the most difficult of the experiment? Why? How? An example?

4. What did you think of the material of the experiment? Why?

5. What did you think of thédifficulty) level of the experiment? Why? An example?

6. Did you feel that you had to come up with a lot yourself, for this experiment? How was
that? Why? An example?
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Appendix D
Codingscheme for Competence, Autonomy and relevant scaffolding categories.
Main Scaffolding Intrinsic Type Coding
Category Guideline Need
Positive Prk.Comp + |

Process Competence |
° | I(nowledge Megative H PrK.Comp - |
c
= {4f'5) Positive Pri. Aut + |
2z Autonomy |
= Negative H Pri. Aut - |
o
=Ty —
=
=
(@] _
u: g
o
(] _
m ) {

Positive

Oth.Comp +

Competence

MNegative Oth.Comp -

Positive Oth.Aut +

Autonomy

MNegative Oth.Aut -

@
2
c
o
]
(11]
=%
=
=
o
T
e
=
[=}
=
[=]
=2
= |
=T

Figure D1: Codingscheme for ampetence, autonomy, and the scaffolding guidelines Proce
Knowledge and Nonsalieftas ks. The O0positived type st
Onegatived type stands for a thwarting r
focusgroup transcriptions, after the first and second design cycle.
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Appendix E
Chart with over and under competence of student remarks, after first design cycle.

[y
o

O Over Competence

@ Under Competence

O P N W A O O N 00 ©

Figure E1. Frequency otompetence thwartinggmarksof studentsafter first design cycle
iteration. Remarks coded for Process Knowledge and Nonsalient Tasks, based on gui
of Quintanaet al.(2004), as well as type of competence thwarting (Undengigbence or
Over Competence).
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