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THEORETICAL FRAMEWORK

Educational Scenario

/ (Aebersold et al, 2012)

/ Realistic Scenario

(Perkins et al, 2006)

Inquiry-
based
learning

Inquiry-
based
simulations

~

Team group Working

(Hunt et al. 2007; Syynimaa et al, 2022)

Critical Thinking &

Problem solving skills
(Prayogi et al, 2033)



Practical Engagement
Application | | and Motivation

Transferable
Skills

COMPONENTS IN INQUIRY-BASED SIMULATIONS ,



WHAT IS AUTHENTIC INQUIRY?

“Authentic scientific inquiry refers to the research that
scientists actually carry out. Authentic scientific inquiry is
a complex activity, employing expensive equipment,
elaborate procedures and theories, highly specialized
expertise, and advanced techniques for data analysis and
modeling.”

(Chinn & Malhorta, 2002)



“The cognitive models that underlie authentic
experiments are fundamentally different from the
cognitive models that underlie simple experiments, and
the differences in models
help account for why there are differences in cognitive

processes and epistemology”

(Chinn & Malhorta, 2002)

SIMPLE ILLUSTRATIONS
Increasing of Cognitive
SIMPLE OBSERVATIONS Processes Activated in
Reasoning Tasks
SIMPLE EXPERIMENTS

AUTHENTIC INQUIRY EXPERIMENTS .



First research question:

To what extent inquiry-based

simulations resemble
AUTHENTIC SCIENTIFIC INQUIRY?

-

Analysis of selected inquiry-based simulations focusing on
cognitive processes activated, according to the cognitive
models defined by Chinn & Malhorta (2002)



METHOD: COMPARATIVE RESEARCH DESIGN

Focus on six of the fundamental cognitive processes that
scientists engage when they conduct research and concerning
aspects which profile their reasoning process

Comparison of simulations for different PHYSICS
TOPICS considering two different standpoints:

1) GENERAL SIMULATION OVERVIEW
2) TEACHING/LEARNING MATERIAL



ASPECTS OF SCIENTIFIC COGNITIVE PROCESSES

Generating a research question N

Designing a study to address the
research question

Making observations > LEVEL / TYPE
il Explaining results OF INQUIRY

Developing theories

Studying others’ research ~

(Chinn & Malhorta, 2002)



SAMPLE: TOPICS & SIMULATIONS
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MAGNETISM DC CIRCUITS
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7 TOPICS and 15 SIMULATIONS




'COMPARED SIMULATIONS AND DATA COLLECTION
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DATA ANALYSIS OF COMPARED SIMULATIONS
EXAMPLE BY ENERGY TOPIC

Mean value of cognitive
processes involved

Authentic inquiry | 4 points
Simple experiments | 3 points
Simple observations | 2 points
Simple illustrations | 1 point Simulation
. Not inquiry based | 0 points

READING SCALE

Zedia ). 25

mean value;

Teaching/learning i
material mean value: 1.21 £ 0.57

How close simulations gets to authentic inquiry



Main results:
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Inquiry-Value

MEAN VALUE OF COGNITIVE PROCESSES FOR SIMULATION OVERVIEW
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Main results:

TEACHING/LEARNING MATERIALS
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MEAN VALUE OF COGNITIVE PROCESSES FOR TEACHING/LEARNING MATERIALS
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MEAN VALUE OF COGNITIVE PROCESSES ACTIVATED FOR BOTH

EMPTY BAR simulation overview
FULL BAR teaching/learning material
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Discussion

We analysed some inquiry-based simulations using the lens
of focusing on the cognitive processes activated in their use
through the Chinn & Malhorta reference framework (2002) by
the definition of authentic inquiry.

We basically found that most of the simulations
analysed in different physical topics promote a
cognitive processes of inquiry that appears
mostly similar to those concerned simple
observations. This happens both in a general
simulation overview and in the teaching/learning
materials investigated. 18




Implications
FOR RESEARCHERS

When building NEW INQUIRY-BASED
SIMULATIONS researchers could take support by
analysing their products with the lens of cognitive

processes activate in order to improve their
simulations toward a more authentic inquiry
environment

19



Implications
FOR PHYSICS TEACHERS

When selecting which simulations adopt in their
classroom activities try to explore which
level/type of inquiry is activated using the
teaching/learning materials available.

Create/design NEW TEACHING/LEARNING
MATERIALS which let students engage in
cognitive processes of authentic inquiry

20



Second research question:

How could we prepare teaching/learning
materials for inquiry-based simulations

which resemble
AUTHENTIC SCIENTIFIC INQUIRY?

-

Using the framework of the ISLE - INVESTIGATIVE SCIENCE
LEARNING ENVIRONMENT (Etkina et al. 2019) which is an
example of authentic inquiry-based approach (Brookes et al, 2020)

21



METHOD

Start from the analysis conducted

For each topic, select the simulation analysed with
the higher mean value in the inquiry level performed
from the point of view of the cognitive processes
activated

Create/design NEW teaching/learning materials
which empower an ISLE - process

Administer the teaching/learning materials to a group of in-
service physics teachers (training workshop)

22



RESULTS

We prepared the teaching/learning materials in order to
obtain the highest possible level of inquiry (MORE
AUTHENTIC AS POSSIBLE) analysing them with the

lens of the cognitive processes activated.

2.86 = 0.53 SIMPLE EXPERIMENTS

27% PERCENTAGE OF MEAN
IMPROVEMENT IN NEW MATERIALS

23



Conclusions

It is possible to create/design inquiry-based simulations
and their teaching/learning materials in order their use
enact and mirror an experience of authentic scientific

inquiry.

Create/design materials in the framework of the ISLE
approach and process is a possible way activating
learners’ cognitive processes as the ones of scientists
In their reasoning tasks.

24
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