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Intro Open-Minded

What do you think can students learn in this situation?

Imagine the learning situation
represented by these artefacts.
What can students learn?

Go to pingo.coactum.de!

Use code 583560!

Atypical work sheet that students received in chemistry:

Experimental setup.
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Intro Opennitindid Intro Open-Minded
Hands on vs. minds on? Today‘s agenda
® using cook-book recipes iy o = Competences in (science) education
= doing few experiments in the sense of inquiry ~ = e 13 OA’ ® Bildung and its relation to competences
* neglecting “insights” into authentic research § ~ 54 % = Educational monitoring
= spending much time for side activities ; = US perspective on benchmarks and curricula
= initiating linear rather cyclical cognitive g i

processes
reflecting on the activities/on the cognitive
process very seldom

(Duit, 2005; Prenzel et al., 2003; Seidel et al., 2004)
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(PISA-Konsortium Deutschland, 2007, p. 165)

(visitvejle.de)
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Competences
Defining educational objectives in science

November 18" 2021

Competences in general Open-inded

Perspectives on the term competence

1. 1cies as general i
tasks in different content domains,

2. competencies as context-speci that functionally relate to
specific classes of situations and requlrements (also charactenzed as knowledge skills or routines),

3. competencies in the sense of the motivational orientations necessary for mastering demanding tasks,

4. action competence as an integration of the first three concepts, related to the requirements of a
speclflc field of achon such as a profession,

abilities and skills that enable individuals to master demanding

5. P he ies or motivations that facilitate both the acquisition and
(he icati o' speclﬁc

6. petencles |n the functional sense mentioned under 2. but relevant to a
relatlvely broad range of sif (e.g. mother tongue or mathematical skills).

(cf. Weinert, 2001)
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Competences in general Open-Hinded Competences in general

Open-Hinded

A definition of the term competence The development of national educational standards

Leist According to this
eistungs- definition, competence is e g . §
messungen a disposition that enables In line with Weinert (2001, p. 27f.), we define
people to solve particular
= types of problems, that is,
+- to deal with certain kinds

This expertise initiated the
“dramatic” shift from an
input to an output

orientied school system.

Kompetenzen sind...

,die bei Individuen verfligbaren oder durch sie Schulen

erlernbaren kognitiven Fahigkeiten und

Fertigkeiten, um bestimmte Probleme zu I6sen,

sowie die damit verbundenen motivationalen,

volmonalen und sozialen Bereltschaftsn und
um die Pi g in

competencies as the cognitive abilities and skills
possessed by or able to be learned by individuals
that enable them to solve particular problems,
as well as the motivational, volitional and
social readiness and capacity to use the
solutions successfully and responsibly in variable

» of concrete situations.

Sltua!lonen erfolgreich und verantwortungsvoll situations.”
nutzen zu kénnen.” (Klieme et al., 2004, p. 65) 4
(Weinert, 2001, p. 27) )
(Verlagsgruppe Belz, 2021) (BMBF, 2004)
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Standards in science education Opennitindid Standards in science education Open-Hinded
The national educational standards in science education The basic concepts in chemistry education
e — Concept of structure-property relationships:
- m Bildungsstar — i i i Duroplaste
® Competence areas m im Z::,.Mmg [ = Substance particle relationships Warmoviast o £ rehienshe DRl Horap
= Concrete competences in each competence -~ Schulabschluss \nem'lf‘ = Structure property relationships - g‘;‘f:plas\e
- ef
area Pl o or less new Beschlussvom 16.12:2004 Itleren mrds = Chemical reaction
* Performance level m svom10.12.2004| eren = Energetic considerations in connection with
= Basic content related concepts Svom16.12.2004 chemical reactions
® Examples for learning tasks (KMK, 2005) -
" 3 (S Duroplaste
® Context-based learning g:';{""ﬁvgrs . Fensterheber
Polyurethanschaum
\— lomere. Autositz
Kxbelummmngen
Dichtungen autei
Pumpengehause SlemMM
(KMK, 2004, a, b, c) (Wirtschaftsgesellschaft des Kraftfahrzeuggewerbes mbH, 2008)
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Standards in science education Open.seinced Standards in science education Open-sinded
The competence areas in science education The competences of the competence area scientific inquiry
,Die Schiilerinnen und Schdler...
- B —— E1 erkennen und mnnn die mit Hilfe i Kenntnisse und
Focus on process related competences - P g k . o Untersuchungen .. ]zu beamwonen sind
= Focus on vocational careers ontent knowledge (::nws'"gr; E’:,;c_as:s‘::f:g'e'::;“ E2 planen geeignete Untersuchungen zur Uberpru'ung von Vermutungen und Hypothesen,
= Focus on socially relevant issues to basic concepts E3 ﬁih{eE ualltau&/e und einfache quantitative experimentelle und andere Untersuchungen durch und
protokollieren
Sclentiic oy ::;g;ﬁp;zmml::zd:;ﬁs E4 beachten beim Expenmentleren Sicherheits- und Umwehaspekie
= Dependence between content and process E5 erheben bei Untersuchungen, i in P iten, relevante Daten oder
related competence areas Communication Accessing and exchanging recherchieren sie, ) )
) L information in a factual and E6 finden in erhobenen od Daten, Trends, und Beziehungen, erklaren
= Differentiation between knowledge and professional manner diese und ziehen geelgnete Schlussfolgerungen
competence ‘Socio sclentificissues. Recognizing and evaluating E7 nutzen geeignete Modelle um chemische Fragestellungen 2zu bearbeiten,
chemical facts in different E8 zeigen exemplarlsch 1gen zwischen en Entwicklungen und Erkenntnissen
contexts der Chemie auf.
(KMK, 2005, p. 12)
(KMK, 2004, p.7)
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Standards in science education

The example of measuring

of an understanding of measurement? J:
Go to pingo.coactum.de!
Use code 583560!

Think of a competent student in science:
® The student should measure the size of M&Ms.

Rididihihin

* She has different options to do this.

(pictures from the web)
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Open-Minded

Bildung

Explaining the idea behind students' competences

November 18" 2021 14

Bildung in general Open-iinded

A description of the term Bildung and its different meanings

Differentiation between three dimensions of Bildung:

“In the dimension of behavior, and following
Baron Knigge, education means securing the
expectability of behavior for others,

in the dimension of competences, and that
means: in the dimensions of the debate on
PISA, it means guaranteeing a minimum of
formation and cultivating the learning aptitude,
and in the social dimension, it means the
capacity to act in one’s own culture. On this
note, education allows self-reliant partaking in
society and culture and the ability to construct

Bildung in general Open-Minded

The tension between the terms Competence and Bildung

“When scholars of educational science speak about the general goals of training within modern societies,
they quarrel with finding a balance between [on the one hand] Bildung in the tradition of German philosophy,
i.e. developing personality and allowing individuals to participate in human culture, and [on the other hand]
qualification, i.e. establishing knowledge and skills that are relevant for vocational practice.”

(Klieme et al. 2008, p. 6)

one’s lifetime as learning biography.” (Tenorth, 2009, p. 181)
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Bildung in general Open-tinded Bildung and science education Open-Minded

The meaning of the term Bildung in the present time

“Die empirische Bildungsforschung misst Bildung achlich mit zwei
also dem erworbenen Zertifikat, und mit kognltlven Kompetenzen also den (durch Lelstungslests)
gemessenen Fahigkeiten in Bereichen wie Lesen, oder Natur In beiden Fallen —

Zertifikaten wie Kompetenzen — kann Bildung als etwas verstanden werden, iiber das man verfiigt. Und
wie man bei 6konomischen Giitern feststellen kann, dass sie ungleich verteilt sind, lasst sich auch fur Bildung
die gesellschaftliche Verlellung betrachten: Bildungsreich sind dann mit dem hock

uss, dem Abitur, sind Menschen ohne schulischen Abschluss. Bei den kognitiven
Kompetenzen kénnen Menschen in der untersten Kompetenzstufe — sogenannte 'funktionale Analphabeten’
— als bildungsarm gelten, bildungsreich sind entsprechend Menschen in der héchsten Kompetenzstufe.”

(Allmendinger, 2013, p. 6)
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Bildung and the example of Doing experiments

scientific perspective on Bildung

Doing experiments as a scientific method (= a student can gain new knowledge.)
“classical” perspective on Bildung

Doing experiments as a material Bildung (= a student must know how to do experiments!)
functional Bildung

Doing experiments as an occasion for reflection of own skills (= a student knows his potential.)
methodical Bildung

Doing experiments as a generalizable method (= a student can use this method in other contexts.)
categorial Bildung

Doing experiments as an antinomy between subject and object (= a student’s environment is open

for investigations and the student is ready for investigating the environment.) (Emden et al., 2019)

November 18" 2021 18
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Bildung and science education Open-Hinded

Bildung and the example

scientific perspective on Bildung

Doing experiments as a scientifi
“classical” perspective on Bildung

Doing experiments as a material Bildung (= a student must
functional Bildung

Doing experiments as an occasion for reflection of own skills (= a student
methodical Bildung

Doing experiments as a generalizable method (= a student can use this
categorial Bildung

Doing experiments as an antinomy between subject and object (= a student’s environment is open

for investigations and the student is ready for investigating the environment.) (Emden et al., 2019)
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Bildung and science education Open-Hinded

The example of controlling variabels

Investigating the thermal conductivity of metals:

* How do the metals copper and iron differ in e @ @
their thermal conductivity?

= Copper has a higher conductivity than iron.

Glichosiele  Glechs Stele
o Emzens

Gleches Vomen

What is the educational
value of this learning opportunity?

Go to pingo.coactum.de!
Use code 583560!

(Scheuermann & Ropohl, 2017, p. 20)
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Educational monitoring

Open-inded
Educational monitoring in Germany
® Participation in international large-scale
assessments
= Monitoring and implementation of educational
standards for primary and lower secondary
education as well as the general qualification
Ed . I . . for university entrance
uca tlona mon'tor'ng ® Quality assurance procedures at the individual
Measuring competences schools level
* Educational reporting
(KMK, 2015)
(Autorengruppe Bildungsberichterstattung, 2020)
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Educational monitoring Open-inded e — Educational monitoring Open-inded
« organisieren
’ B « selegieren
When are students’ competences monitored? el Competence models
o] = e ot Ovel_'we_w of test cycles for the educational
monitoring
Gunscle Skl Gumdshie  Seundastutel
Mathe, Nat.  Deu, Englfr Complexity
25 0 O Cognitive processes
son . . . Competence areas
- bereiche
201 . . . .
2016 o .
— [ * Pz
2o o . .
s . < Nneau v Sewmning
: x"'““ 7 « Kommunizieren
2o . . . . el
« Niveau Il o T
(KMK, 2015, p. 18) « Niveau | (Kauertz et al, 2010, S. 145)
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Educational monitoring

Open-Hinded

How are students’ competences measured?

Im Chemieunterricht wird in einem Versuch Salzsaure zu Zink gegeben.

Es soll die Frage geklart werden, ob die Temperatur der Ausgangsstoffe einen
Einfluss auf die Reaktionsgeschwindigkei ha.

Welche der folgenden Kombinationen V-V ist geeignet, um diese Frage zu
beantworten?

Kreuze die richtige Kombination an.

exemplary test task measuring 9" grade students’
competence in the competence area scientific
inquiry

solved the item correctly?

Educational monitoring Open-Minded

How competent are today‘s students?

Mean value, spread of values, percentiles
and percentile bands of 9 grade
students’ competences in chemistry for
the competence area scientific inquiry

Pe— assedes [ Vounenan T Temperaur der Go to pingo.coactum.de!
" 5o oL 30°C Use code 583560!
o ' 5o 70 mL 50°C
5g 70wl 0°C
o ' 00 SmL 50C
09 70 mL 30°C
o ® 09 0wl 0°C
[m] V. s TomL 0 5 anr g s < 0 o i cosran . P 38 1w
59 0wl 50°C 3 i g s < 0) e G o M +
(s, 2018) (Stanat et al, 2019, p. 217)
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550 .
Educational monitoring Openmiinded Educational monitoring Open-Hinded
&
S 540 .
] SN .
. How competent are today’s Summary of the so called Bildungstrend
BB H Htoring? P!
S monitoring?
sT
o
L 20
2 Mean scores for each state in the competence ® The distribution of ninth graders across the proficiency levels for the science
‘—E’ MV area scientific inquiry in chemistry in the 1QB- subjects indicates
E a BY 5 . . .
rPS’ o ég?gef"efgblcr‘ 2012 and the IQB-Bildungstrend * substantial differences between the states,
SH N aw * broad stability between 2012 and 2018 for Germany as a whole,
B * and isolated favorable and several unfavorable developments within the states.
w0 a0 am 40 o s0 s s0 s .
BE SL ® The percentage of students who achieve at least the regular standard for the
°HE 490 qualification after lower secondary school level varies from 56 percent (content
knowledge in chemistry) to nearly 77 percent (scientific inquiry in physics).
) o oW
2 , e 0 (Stanat et al., 2019)
§
& HB
(Stanat etal, 2019, p. 228)
an
Chemie Erkenntnisgewinnung im 1QB-Bildungstrend 2018 November 18th 2021 27 November 18" 2021 28

Educational monitoring

Did the reform change practice?

Profiles of latent classes for 15 year-old
students’ teaching style perceptions in
Germany

Percentage frequencies of instructional
patterns overall

O I ——
e e .3 T Ko v Lt o)

(Schiepe-Tiska et al., 2016, p. 168)

November 18" 2021

Educational monitoring

Did the reform change practice?

Comparison of instructional patterns with
respect to general characteristics of the
quality of teaching

[r—— [r— [rm— Oiszpin

(Schiepe-Tiska et al., 2016, p. 162)
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UNIVERSITAT
The US perspective Open-Hinded
Benchmarks in science education
= Benchmarks are a basis for curriculum
development.
= Benchmarks relate to scientific literacy.
BenChmarks and three = Benchmarks refer to grades (k-2, 3-5, 6-
dimensional learning in science 8,9-12).
X ) = Benchmarks are sequenced within a
Looking at the US perspective grade level.
= Benchmarks progress from one grade
level to the next.
(cf. Ahigren, 1993, p. 49) (Ahlgren, 1993, p. 47)
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The US perspective p—— The US perspective Open-tinded

Students‘ conceptions of evidence and reasoning in inquiry

secondhand sources, not as information produced by experiment.

e with no made to the p evidence.
available evidence conflicts with the students’ beliefs.

= Middle-school students tend to invoke personal experiences as evidence to justify a particular hypothesis.
They seem to think of evidence as selected from what is already known or from personal experience or

(Roseberry et al., 1992)
When asked to use evidence to judge a theory, students of all ages may make only theory-based
i i i this appears to be because the

Conceptual strand maps as a
representation of benchmarks

Scientific inquiry is built on...
the interaction of evidence and logical
reasoning,

the importance of careful observation, the role
of observations in supporting a line of

reasoning,
(Kuhn et al., 1988) = and the value of reasoning in suggesting new
® Most high-school students will accept arguments based on inadequate sample size, accept causality from observations.
contiguous events, and accept conclusions based on statistically insignificant differences.
(Jungwirth & Dreyfus, 1990, 1992; Jungwirth, 1987)
(AAAS, 2007)
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Scientific inquiry: evidence and reasoning in inquiry 1 Scintific and Engineeing Practces —— skl
1. king qestons forscince)and defining proes (o egineerin)
2. Devcloping and using models i —
/ 3. Panning and canying ot investigations The US perspective Opentinded
/ 4. Analying and itepretingdata
A= \ e e
e v o . . P
SomeELT memmmoiy, I G nomnaimedore Three dimensional learning in
o e  frperni 5. Obtining, evluating,and commicaing nforaton : :
A RN T e [ science education
\ tems
\ 2. Cause nd fec Mecharism ad explanaton
3. Scale,propoton,and auanty
and system models . X i o
\ R e = Dimension 1 describes scientific and
\ 7. Stabilty and change: engineering practices.
: —— pineerng precte .
- N ;‘:;‘;;":x;“" e = Dimension 2 describes crosscutting
” \\ PS1: Mater and isineractions concepts—that is, those having applicability
A ol e R across science disciplines.
Ei - & i ioves v thi aplctons i echnlgies fornformaton e = Dimension 3 describes core ideas in the
[t e R — science disciplines and of the relationships
152: Ecosstems: neracions, ey, and dynaics i i aari
) / LS5 retty betance and v of s among science, engineering, and technology.
/nm,m.awm,,/ / CH e Iy (NRC, 2012, p. 29)
Va =~ / e P o
/ - - E5T:Earth's lace i the unverse
/o S 52 s s
(AaAs, 2007) 553 orh nd humon actvity (NRC, 2012, p.3)
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The US perspective

Open-Hinded

Practices: Planning and carrying out investigations

By grade 12, students should be able to
1.

Formulate a question that can be investigated within the scope of the classroom, school laboratory, or
field with available resources and, when appropriate, frame a hypothesis (that is, a possible explanation
that predicts a particular and stable outcome) based on a model or theory.

2. Decide what data are to be gathered, what tools are needed to do the gathering, and how
measurements will be recorded.

3.  Decide how much data are needed to produce reliable measurements and consider any limitations on
the precision of the data.

4. Plan tal or field: h p , identifying relevant independent and dependent
variables and, when appropriate, the need for controls.

5. Consider possible confounding variables or effects and ensure that the investigation’s design has
controlled for them.

(NRC, 2012, p. 60)
November 18 37
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The US perspective

Open-Hinded

Core Ideas: Matter and its interaction End of grade 12
Each atom has a charged
substructure consisting of a nucleus,
which is made of protons and
neutrons, surrounded by electrons. ...
End of grade 8

All substances are made from some 100
different types of atoms, which combine with
one another in various ways. ..

End of grade 5

Matter of any type can be subdivided into particles
that are too small to see, but even then the matter
still exists and can be detected by other means...
End of grade 2

Different kinds of matter exist (e.g., wood, metal, water), and
many of them can be either solid or liquid, depending on
temperature...

= PS1.B: Chemical Reactions
* How do substances combine or change
(react) to make new substances? How does
one characterize and explain these reactions
and make predictions about them?
= PS1.C: Nuclear Processes
* What forces hold nuclei together and
mediate nuclear processes? (NRC, 2012, p. 108-109)
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The US perspective

Open-binded

Crosscutting concepts: patterns

“Observed patterns of forms and events guide
organization and classification, and they prompt
questions about relationships and the factors that
influence them.”

Cause and effect: Mechanism and explanation
Scale, proportion, and quantity

Systems and system models

Energy and matter

Structure and function

Stability and change

s
BMISBURG

Open-Hinded

Some concluding thoughts

Competences in science education

Minds on!

Education is made measurable by operationalizing affordances by items.
Education focuses strongly on linking content or specific contexts and competencies.
Education focuses strongly on subject-specific learning.

Education focuses strongly on social participation and professional careers.

November 18" 2021 a

(NRC, 2012)
(NRC, 2012, p. 84; Spiegel, 2012)
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Concluding thoughts Open-tinded
Theses
Hands on
- goals are set ively. AND

Tak!
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