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Kristen Anne Poindexter

DETERMINING THE USEFULNESS OF FAIRY TALES, IMMERSIVE EXPERIENCES, AND DIGIT
SCIENCE NOTEBOOKS TO INCREASE THE UNDERSTANDING OF NATURE OF SCIENCE IN

KINDERGARTEN STUDENTS

The purpose of this study was to determine the usefulness of fairy tales, immersive
experiences, and digital science notebooks in increasing the understanding of specific Nature of
Science (NOS) aspects in kindergarten students and aimed to fill a dpplitetature where
bh{ IyR OKAft RNEB yREntdekind&duitet sedts & @SibEbanLId
classroom patrticipated in this study.is difficult for classroom teachers to find scientifically
I OOdzNY 6 S OKAf RNBy Qa fomischriddptiodgMibbit sclelcd iSyoung I £ £ & f
children. Previous research (Akerson et al., 2019a; Akerson et al., 2019b; Alan et al., 2018; Avsar
Erumit & Akerson, 2022; Buck et al., 2019) has shown that young children are able to attain
some understanding dpecific NOS aspects including observation, inference, creativity,
subjectivity, empirical evidence, and the tentativeness of science. Expfieittive instruction
is a model that has been studied and has been determined to be a strategy classrobterseac
can use to help increase student understanding of NOS aspects (KhishfeEimmlick, 2002,
Akerson et. al., 2011). The exphflective model that has been effective in teaching NOS
aspects and parallels the work of Vygotsky, where students lgam older, more skilled peers
and persist in inquiry (Zuckerman et al., 1998, Trudge, 1990). These models helped the

researcheito develop a framework to allow students to be explicitly taught specific NOS



aspects, use them as a whole group in practice, discuss with peers, and then reflect upon their
learning through weekly reflection and inferring sheets. In this action research, qualitative
study, fairy tales combined with immersive experiences (mock csiceees), and digital

science notebooks were used using the exptieftective teaching model to increase student
understanding of specific NOS aspects. The validddOSEwas administered as a
pre/posttest/delayed posttest to determine the increase in student understanding anconde

the longevity of the understanding and use of specific NOS aspects. Usingvaéikieng
intervention consisting of five fairy tale centered crimes, students were able to increase their
use and understanding of specific NOS aspects as indicated by growth éN@fEEand

student recording and inferring sheets.
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Determining the Usefulness of Fairy Tales, Immersive Experiences and Digital Science
Notebooks to Increase the Understanding of Nature of Science in Kindergarten Students

Introduction

The purpose of this study was to build on my previous research that indicated that the
use of fairy tales combined with immersive experiences increased Kindergarten students'
understanding and use of observation and inferencing, two aspects of natureeaEeqNOS)
(Poindexter, 2022) After completing my previous research, | noticed that though the
intervention, students increased their use of observation and inference along with other NOS
aspects. | wondered that if | increased the length of the irgation from one week to five
weeks if students would continue to increase their use of observation and inference along with
identifying and using empirical evidence, sharing tentative ideas, learn about subjectndgty,
use creativity when developing inferencds the initial study, | also noted that students
increased their use of observation and inference, however, as that study lasted for one week, |
was curious to know how many exposures to NOS aspects students needed to begin to use
them consistentlyand accurately.

| chose to focus on the aspects of observation and inference in my initial study, as they
are the most accessible aspects for young childechildren use their senses to help them
learn about the world, beginning at a young d@derson, et al., 2010, Akerson et al., 2019a).
After finding that this method increased student understanding and use of observation and
inference in addition to other NOS aspects, in this study, | studied the effectiveness of the

additional NOS aspectisat are accessible to ymg children (observation, inference, creativity,



the tentativeness of science, empirical evidence, and subjectivity). This method did increase
student understanding of all these NOS aspects.
Using the fairy taleThe Little Red HdiGaldone, 1985) and an immersive experience,

students in my earlier study were able to learn about observation and inference with explicit

NEFTt SOGADBS AyaldNHzOUGA2Y T a GKS& g2NJ SR G2 TFAyYy

Findings from that stdy indicated that pairinghe Little Red Hemith an immersive experience
increased students' overall use and knowledge of observation and inference.

/| KAt RNBYyQa fAOGSNI G0dzNBE Aa |y STFSOGAGS (22f
Science. Immersive experiences increase student understanding of NOS. Science notebooks are
a place for children to document the understandings that they have about N@3ny
assumptionthatl( Sy OKAf RNBy Qa f AGSNI GdzZNBX AYYSNRBAGS

used together, students will attain a better understanding of NOS aspects.

NOS and Kindergarten

Why is this approach important to try with kindergarten students? Significant research
has already shown that students as young as kindergarten are abléaio some NOS
understanding when it is taught using expli@flective instruction (Akerson et al., 2010;

Akerson et al., 2019a; Akerson et al., 2019b; Alan et al., 2018; Avsar Erumit & Akerson, 2022;
Buck et al., 2019Khishfe & AbeEFKhalick (2002) and Akerson et. al., (2011) studied children
aged 58 and determined that the most effective way for children to learn about NOS was
through explicitreflective instruction by the teacher. The nature of explreiflective

instruction allows young childreto be taught explicitly about NOS aspects, engage in a hands

on investigation that allows students to explore the NOS aspects, and reflect upon how and

'daty



why they were used. The hand® investigations allow students to interact with and learn new
ideas from peers as they learn to use each NOS aspleist method of instruction, and the
cyclical nature of teaching about NOS, helps children, especially young children, build on
existing knowledge and learn from teachers and peers to incorporate new understandings.
Additionally, young children can praaiand experience the NOS aspects in action and reflect
on them, which allows for the assimilation of nevateing and input from peer reflections to
form a better understanding of each NOS aspect.
In teaching NOS aspects to young children, tteaybegin building a thinking system
that will help them become scientifically literate adults who in turn, can make educated
decisions as they use each NOS aspect to help them.
Many national reform documents in the U.S. and beyond provide guidance on the NOS
expectations for U.S. early elementary students (grades kindergarten through fourth).
These documents include the NGSS, Benchmarks for Science Literacy, and
corresponding Aases of Science Literacy, and the NSTA position statement on NOS
(Sweeney & McComas, ZB2. 1547.
Each of these documents inclugine NOS aspects, down to the kindergarten level, so that
classroom teachers can begin introducing them to their students in early childhood classrooms.
Additionally, Hansson, et al., (2021), in alignment with Bybee (2018), argue that NOS can
contribute toan early childhood education science that prioritizes the aims and values of
democracy and social justice. Hasson, et al., (2021) and Bybee (2018), also have similar views
that introducing NOS in early childhood educaticreace teaching can change future

stereotyping of scientists and show the importance of participating in science as citizens in the



future.2 KSy A O0ASYyOS AyaidNHzGA2y o6S3IAya SIENIe Ay |
people can be scientists and can work to solve problefosing children need to learn how to

examine evidence, make observations and inferences, and determine trustwortlohess

evidence when makingformed decisions. Early childhood educators must be involved in

laying this important groundwork that stretches far beyond the bounds of science education

and into social and political realms to equip our studentwlite tools they need to make

informed decisions and choices as they grow.

Explicit teachepre-service and irserviceeducation about NOS is an important piece of
ensuring students receive instruction about NOS in their classroom (Akerson et al., 2019c).
When teachers receive explicit instruction about NOS, they are more likely to include NOS
aspects in their science tehing over colleagues who are not familiar with NOS. Explicit
NEFt SOGADS AyaiaNWzOiAzy AyOfdzRSa | @I NASGe 27
notebooks, classroom discussions, inquiry and hasdactivities, and debriefing activities to
give students opportunities to apply and experience NOS aspects as scieBKptit
reflective instruction allows teacheropportunities toteachexplicitlyabout NOS aspects
through the use of the previously mentioned strategs®l then allow for students to reflect
upon their use at the conclusion of the less@weeney & McComas (2022), surveyed 374, K
early career elementary teachers to determine their perceptions about the importance and
developmental appropriateness of all 12 NOS aspects. They found that surveyed teachers
identified inference, empirical dat and observation aspects as those to be most attainable by
young learners and would help students understahd imore abstract ideas of subjectivity,

creativity, and the tentative nature of science as they progressed in elementary school.



According to the 377eachers surveyedhere is much about NOS that younger children can
understand. With Kindergarterbeing thefirst year offormal schooling that many children

experience, NOS should be included in science instruttipnovide studentswith anearly

understandingof what NOS is to they can continue to build on their understanding as they dig

more deeply into science contetit ¢ ¢ KS F2dzy RFGA2Y F2NJ FTdzidzNB St
grades, so we must learn more about what is algeadcurring there and what the potential

YAIKG 68 (2 SELIYR bh{ AyadaNdHzOGA2Yy F2NJ &2dzy3
early childhood teachers agree that the inclusion of NOS aspects is important, however, they

lack the training and knowledge ®2 423 2NJ aOASY A FAOFf & | OOdzN

¢

etaloHnmMpO F2dzyR GKIG 2yS ¢gl& 2F FRRNBaaiAy3d GKS

GO2YyaARSNI LISRIFI323A0Ff FLILINRFOKSa GKFG dza&S OKA

concepts, but rather, as apringboardh Yy 12 LI GSY dAlf A @BEY OS Ayl dzh NE
I KAt RNBy Qa f A (S Ne pasehd®ngége and éx&t& ghilddzaadet A Y

scientific concepts, however classroom teachers often struggle with how to select appropriate

OKAf RNBYyQa tAGSNY GdzNB GKFG A& | OOdzNY, BHuy, ' YR LIN

2010. Educators also struggle to find time to include science instruction in their school day

(Binns et al., 2020). One way that teachers can make sure science instruction is included is to

O2Y0AYyS OKAfRNBYQa f AdGSNI i dgNdanylegueatomvanhtSusedS Ay &

highly engaging teaching methods and strategies that will capture the attention of their

students in the use of NOS aspects in authentic ways, however, this can be difficult to do with

younger children.



/| KAt RNBYQa fAGSNI GdzNBE 2FFSNAR | gF& F2NJ GS|I
topic, however, the process of selecting scientifically accurate texts can be daunting. This is
especially the case for the many teachers who are not experienced\@th ananay not know

how to adequately correctly share NOS aspects with students as they read (Hugk@fail0

O«
>

HAnncod Ly OK22aAy3 FIANEB (1IftSa 20SN) Y2NB a
that fairy tales can be used as a springboatd introducing and explicitly teaching about NOS
aspects, even though there is little to no science content within them. | chose fairy tales over
V2YFAOQOGA2Y 2NJ aOASyOS F20dzaSR FTAOGA2YyLFf OKAfR
in workingwith fairy tales and STEM challenges. It seemed natural to me to pivot fairy tales
from stories tied to STEM challenges to stories connected to fictional problems | created. Itis
my hope that because | approached teaching NOS aspects in this way t¢laghar who was
less experienced with teaching NOS could access these lessons and feel more confident in
teaching about NOS.
In this study, | increased the NOS aspects that | will explore from observation and
inference to also include, subjectivity, empirical evidence, the tentativeness of science, and
creativity. As | reviewed data from my previous study (Poindexter, 202&ed growth on the
VNOSEE post assessment the use of subjectivity, empirical evidence, developing tentative
ideas, and using creativity to do,deading me to believe that this method of intervention is
effective at increasing student understandingneére than observation and inference.
| incorporated the use of digital/interactive science notebooks as a tool to better
understand student thinking regarding nature of science aspects, and to examine the growth

and understanding of more nature of scieraspectsspecifically observation, inference,



subjectivity, the tentativeness of science, creativity and empirical evidence. Science notebooks
are a tool that many teachers use in their classrooms as a place for students to record their
findings, questions, wonderings, data, and evidence (Campbellt&nf-2003). Interactive

science notebooks typically contdihputQnformation from the teacher that students enter
Ayidz2z GKSANI aOASyOS y2iS062214a G2 KStLI G4KSY dz¥R
students generate from investigations equiries (FriesGaither, 2022). The output pages are

the most valuable to teachers as they can offer insight into student thinking, understanding,
and misunderstandings. Teachers can use the findings, data, evidence, questions, and
wonderings to help infon instruction, understand student thinking, clear up student
misunderstandings, and to discover how students are using NOS aspects in their work as
scientists.

Most importantly, science notebooks allow students to mirror the practices of actual
scientists through the use of NOS aspects (Kaather, 2022). | used the Seesaw app as the
digital science notebook platform. This app allows students to create dgawecord videos,
annotations, and take pictures as a way to collect data, evidence, and reflect upon it. | asked
that students use whichever of these options is the best fit for them, however they needed to
include either a video recording with voiceavar drawing/picture with a voiceover.

Annotations were used in each entry and specific directions on their esegiven by
the teacher. The use of a digital science notebook enabled me to find out about student
thinking, even when students were not present, given that they each made a voice recording
with each of their entries that accompanied their drawing, pictiuwevideo. The process of

adding digital voice recording was more difficult than | had expected for students, and as a



result, I would include some more intentional practice and teaching in the future. We have
access to a classroom set of iPads and each student had a dedicated iPad with which to use
when making their digital science notebook entries.

Finally, | used an immersive experience to help students physicahact with the
mock crime scene. Immersive experiences are used to help participants be physically active in
their learning The Immersive Experience Institute, n.d.). In my previous study, the use of the
mock crime scene helped students to make observations and inferences based on the
information in front of them. Studentsouldwalk around all sides of the crime scene and
gather observations and inferences that helped them makaerttiecisions. Several students
commented on their excitement about the mock crime scene and how the clues inside it helped
GKSY aaz2t @S GKS OlFasSé¢o ¢tKS oAfAlGe G2 Sy3ar3as
scene helped students use observatiordanference in a way that igke practicing scientists. |
believe that the presence of a tangible crime scene helped to bring to life the application of
NOS aspects for the students and engage them in a meaningful activity that was of high
interest.

Central to all these strategies is the use of peer learning. In each area included in this
didRer OKAftRNBYyQa fAGSNI GdzNB=Z AYYSNBAOGS SELISN
students can talk with and learn from their peers. Regular wholegdiscussions, carefully
placed after each new element is introduced, allow students to share their thinking and hear
the ideas of peers. When children work wiéthd hear from more skilled peers, thegnhone
their own ideas and thinkinfvygotsky, 1978)Siller& Alanig2022)found in working with pre

1 A YRS NH I NIy dbiN@n ate iven thexogportunity to learn with a partner, they can



verbalize what they are learning, exchange ideas, enhance their social skills, and apply their
understanding. In this study, as childreinteracted with each other in whole group

discussions, they listened to the ideas of their peers and often changed their initial thinking
after hearing other students thinking. This also occurred when students were recording digital
science notebook entrig many students paused in speaking to listen to what other students

were recording and incorporated those ideas itheir own.

Rationale and Parameters of the Study

My intent in this study was to determine the effectiveness of fairy tales partnered with
immersive experiences to increase student understanding and application of NOS aspects.
Increases were determined through responses to the \AN38&ident reflection pages, and
digital science notebook entries. As | researched methods and interventions that have
previously been explored when teaching NOS aspects to young children, | found a gap in the
literature about fairy tales and NOS aspecdighen developing idesas to how to use fairy tales
to teach NOS aspects, | initially developed the mock crime scene idea to physically demonstrate
to my students how we could first observe the crime scene and then make inferences from our
observations. In this study, | expdad the NOS aspects | included in my explafiective
instruction as well as the fairy tales used, however, | limited the NOS aspects introduced due to
them not being as attainable by young children and several other limitations that I initially

consideed for inclusion in this study.



Research Question

The following research question guided this action research study and helpadidate this
method of explicireflective instruction. Thexplicit-reflective instructionncluded whole class
discussions and debriefings, digital science notebook entries, andpdgpostassessments
that determined the effectiveness of this study.
RQ:Howcanfairy tales, immersive experiences, and digital science notebooks increase
Kindergarten student understanding of observation, inference, subjectivity, empirical

evidence, the tentativeness of science, and creativity?

Defining Terminology

Important terminology is included below to better define some components of this study. Itis
important to note that the NOS aspects listed do not encompass all aspects, rather | have only
included those that were included in this study.

Nature of Science¢ KS y I G dzNES 2F AO0ASyOS obh{0 AyOf dzRSa
as a way of knowing, and the values and beliefs inherent to scientific knowledge and its

RSOSt2LIYSYyGé O[] SRSNXYIYZ HAanTI LI yoolL®

Immersive ExperiencesAn immersive experience is one that allows students to physically be
part of an investigation or experience. This could include being part of an escape room, virtual
simulation, or classroom transformation where students would feel as if they wereithggaim

another place to add excitement and interest. An immersive experience gives students the

10



ability to be in the space where the event is happening and use their five senses to make

meaning and allow the application of NOS aspects to occur.

NOS aspects(as defined by Schwartz, 2004)
Tentativeness Scientific knowledge is subject to change with new observations and
with the re-interpretations of existing observations. All other aspects of NOS provide

rationale for the tentativeness of scientific knowledge.

Empirical basisScientific knowledge is based on and/or derived from observations of

the natural world.

Subjectivity- Science is influenced and driven by the presently accepted scientific
theories andaws. Thedevelopment of questionsnvestigations, andhterpretations of

data are filtered through the lens of current theory. This is an unavoidable subjectivity
that allows science to progress and remain consistent, yet also contributes to change in
science when previous evidence is examined from the matsge of new knowledge.
Personal subjectivity is also unavoidable. Personal values, agendas, and prior

experiences dictate what and how scientists conduct their work.

Creativity Scientifieknowledge is created from human imaginations and logical

reasoning. This creation is based on observations and inferences of the

11



Observation and inferenceScience is based on both observation and inference.

Observations are gathered through human senses or extensions of those senses.

Inferences are interpretations of those observations.

Gb2yS 2F GKS&aS bh{ [aLlsSoia OFy ©6S O2yaiRSN.
is influenced by the culture and society in which gwogence is practiced as well as by the

GKS2NBGAOFE FNIXYSE2N] YR LISNEB2YIf &adzowaSOoui.

ExplicitReflective InstructionExplicitreflective instruction, where NOS aspects are taught
explicitly by the teacher and students have time to test them out and reflect upon them, has
been proven to be an excellent strategy for teaching students NOS aspects as evidenced by

Alan & Erdgan, (2018) and Akerson et al., (2011).

Theoretical Framework

CKAA addzRe ¢4l a FNIYSR o0& [S@O +e32Ga1eQa az
Oly tfSIFENYy FTNRY Y2NB ajiAfftSR LISSNB FyR xe320aj]
engage in and persist in inquiry (Zuckerman et al., 1998, Trudge, 1880yygotskian
approach states that the following three factors are important for students to engage in and
LISNBAAG AYy AYlidzi NBE O GLYadGNHzOGA2Y adGFNLa o& A
discipline, students invent and adapt cultural tedbr thinking about these ideas and problems
are solved in cooperation with peers, helping students to present explicitly their own naive

theories of growth and development and to see the phenomena being studied from the other's
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LAY 2F OAS6E 6%dzO1SNXYIFY SiG Ff o mpyyZ LD HA

GKS YSNB fSINYyAy3 2F &aLISOATFAO (y2sftSR3IS YR a
abilities¢ that is their capacity to think clearly and creathy, plan and implement their plans,
FYR G2 02YYdzyAOIGS GKSANI dzy RSNRGIYRAY3 Ay || @

| used three seminal pieces of literature to guide my theoretical framework, each piece
of literature demonstrates that children learn best when they are able to work in a
collaborative learning environment where they can construct new knowledge by initegac
with and learning from peers (Jaramillo, 1996, Lederman et al., 2014b, Lederman, 2007). As
evidenced in the themes that emerged in my literature review, children need learning
environments that will help them construct their own understandings of ld€&cts. Through
the use of explicitNB Ff SOGA GBS AyaidNUWzOGA2YyX GSIFOKSNAR OFy d
notebooks, and immersive experiences to create the ideal learning environment for their
students.

a® FTNIYS62N)] o1& o6FaSR 2y GKS 62N 2F [ SO
work done by Lederman (2007) and Akerson et al., (2019b) regarding esgfliettive
instruction. There are overlapping ideas between the two concepts that work together t
SyadaNBF GKFG &adGddzRSyida FNB fSFNYyAy3a FNRY LISSNE
theory states that children learn best through a collective learning environment, one that
supports constructivism while the widely accepted way to teach NOScexpfiective
instruction, also promotes children learning together, constructing new knowledge through

each NOS cycle of instruction.
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As children engage in hands NOS activities witheers,they actively construct
1y26t SRAS® CKAAZ LINIEESta xe3al20a1eQa 0GKS2NRE
through selfdiscovery with peers. Both ideas advocate for children to work together to engage
in learning, just as practicing scientists agg in learning from each other. Each time children
engage in handsn learning with each other, especially when learning about science and NOS,
they are actively engaging in the use of NOS aspaaisare solidifying their understanding
about them. Scientists do not generally engage in their work independently in the same way
that children should not work independently to form new thinking and learning. Children
should work together to constructnowledge and seek to understand how to apply it to new
aalddz GAz2yao /| 2Y0AYAYy 3 =& 32 delldciveiastruatidrealotO dzf i dzN.
for children, even young children, to engage in the process of making meaning and making
sense of scatific information presented to them alongside their peers. Both ideas speak
strongly to learning done in a social manner, by listening to and interacting with peers to
construct new knowledge or add to existing knowledge.
¢FrofS mMmdH aK2¢ga GKS NBflFiA2yaKALl 0S-6SSy =
reflective instruction. As | compared both ideas, similarities became apparent that clearly
showed the connection and overlap that children learn best by working akdadiseir peers
when constructing new knowledge. Vygotsky advocates for children learning in a collective
learning environment, very similar to how exphogflective instruction encourages children to

work with peers to construct new knowledge througletNOS cycle of instruction.
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Table 11

[ 2YLI NR&2Y 2F x@3204a1 & Qa -Reflrodve th<irdefion dzNJ f ¢ KS 2 NEB

n

+23J20a1eQa az2o0Az ExplicitReflective instruction

Children learn best through a collective | Children are learning together throug
learning environment, one that supports | explicitreflective instruction and the
constructivism. repeated NOS cycle of instruction,
constructing knowledge through each
cycle.

Social experiences shape the ways that| Scientists are not siloed; they use NC
children interpret and think about thevorld. aspects to help them think about the
world through interactions with other
scientists (creativity, subjectivity, ang

sociocultural embeddedness).

Children construct their own knowledge | As children use NOS aspects to enga

throughselfdiscovery. in handson learning experiences, the)
actively construct knowledge

(knowledge is empirically based).

Children are actively involved in hands Children are actively involved Irands
learning. on learning.

The child must socially negotiate concepts| bh{ aiN} G§S3IASa o
the authentic context of a complex learning science notebooks, discussions) enal
environment. children to negotiate concepts in the

authentic context of a complex learnin
environment.
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Children make sense of the world via learni
experiences.

Explicitreflective instruction provides
opportunities for children to examine
naturally occurring phenomena and
experiences that will helghem
understand how they work/occur.

Children learn by doing; most experiences :
normative and occur more than once, devia
experiences help children learn and try ne
ideas. Children learn what is socially and
culturally appropriate.

Throughexplicitreflective instruction,
children develop skills to become
scientifically literate, allowing them to
participate in society and culture as
educated individuals.

The Zone of Proximal Development (ZPD)
the distance between what a child is able t
do independently and what they can do wit
the help of a more experienced or older
peer/adult. The zone moves forward with
each learning experience.

NOS understandings develop with
explicitreflective instruction over time
and in each NOS teaching cycle.

Children construct meaning from their
interpretive experiences.

Children construct meaning from thei
explicitreflective experiences.

+23J20a1eQa az20Az2(
Source: Jaramillo, 1996

ExplicitReflective instruction
Source: Lederman 200&kerson, et.
al., 2019a

When thinking back to the strategies that have been studied and found to be effective
in teaching young children about NOS aspects, Akerson et al., (2010) determined that the
explicit introduction of NOS aspects to children, through the use of a NOS poster, before
instruction begins, is a necessary part of the expligitective instruction model. Vygotskian
theory also includes this explicit introduction to ideas that areti@no the discipline as a first

step. Other strategies that Akerson et al., (2010) found to be important to student success in
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understanding NOS aspects include a concrete to abstract cycle of activities, allowing young
children to use their senses to interact with the world around them, discuss their findings with
peers and teachers to help make sense, while also applying teesppal experiences and
backgrounds.

The cyclical nature of these activities allows children to be introduced to a NOS
aspect(s), complete an inquiry activity, and debrief and assimilate their new learning and
understanding while hearing other perspectives from peers. Similarly, Vygotbigarytshares
that students use their personal experiences and background along with the perspective of
peers to make sense of new learning. As this study uses individual response formats (digital
science notebook, student reflection sheets) and wholesctasponses, children will have the
opportunity to learn from peers and use the new learning to modify their existing schema

(Poindexter, 2022).

Nature of Science

It is important that children learn about the nature of science (NOS) beginning from an
early age (Akerson et al., 2019a; Akerson et al., 2019b; Alan et al., 2018; Avsar Erumit &
Akerson, 2022; Buck et al., 2014). Each NOS aspect works together to enifirga n ways
to explore the world around them and better understand naturally occurring phenomena.
When children understand NGSpectsthey become scientifically literate and are later able to
make more informed and important social and cultural demis in their communities. The
inclusion of NOS aspects in school curricular materials, especially those in elementary schools

has taken a backseat to science standards, which are equally important, but standards alone do
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not help children more fully learn about the world around them (Hoéttecke & Silva, 2011,
Summers et al., 2019).

In an endeavor to help practicing classroom teachers successfully include the nature of
science in their science lessons, Akerson et al., (2019a) investigated strategies that can be
useful to teachers to introduce their students to the nature of sciengeets. Their findings
aK2¢g UGUKF(O adGNIGS3IASa adzOK | &refléckv® inddmict®n, and OK A £ R
science notebooks are all effective ways that can be used to increase student understanding of
NOS aspects. In this study, | willlduipon the use of these proven strategies by showing that
the specific genre of fairy tales can be used to increase student understanding of observation,
inference, subjectivity, empirical evidence, the tentativeness of science, and creativity when
pairedwith an immersive experience and that the explicit introduction of NOS aspects followed
by the reflective use of an immersive experience along with a science notebook allows
classroom teachers to determine student understanding of NOS aspects.

As students move through their educational careers, it is important that we, as
educators, not only share science related content with our students, but that we show them
how to use it effectively so that they grow into scientifically literate citizenbeBy2018),
AKIFNBa GKFEG Ay 2NRSNI 2 3INIRdzZr §S aOASYGATAOL ¢
a0dzRSyGaQ O02YLISGSyOASa GKIFG gAftf ASNBS (GKS ylI
of citizenship. These competenciesludeunderstanding the nature of science, cultivating an
understanding and ability to use evidence and form reasonable arguments, engaging in civil

discourse, and developing 2SSy G dzNE ¢ 2 NJ F2NOS a1 At f aodé

18



Understanding NOS is a large part of thosl;however, it is routinely left out of lessons
and materials that are used to teach students about science. NOS aspects are typically not
included in curricular materials, rather textbook publishers focus on the content standards and
ignore the other backgund information, including NOS, that is considered to be not as
important (Hottecke & Silva, 2011). As curricular materials are being written and designed for
elementary classrooms, publishers are focusinghe inclusion of the NGSS in their materials
and not including NOS in lessons or other high visibility areas in teacher materials where they
can be easily incorporated into lessons (Akerson et al., 2019c, Akerson et al., 2010).
Abd-EIKhalick et al., (1998) found that in the 1960s and 1970s that curricular publishers
I dadzYSR aitdzRSyida ¢2dz R f SI NY Ilod &ctivilieshrid fid 6 8 G R2
not include information for teachers about NOS in curricular materialeradtthat continues
today. Additionally, Summers et al., (2019) established that through a thorough study of state
science standards that little improvement has been made=gard tothe inclusion of NOS
from the 1980s through 2016. The findings alsoveid that the NGSS standards included
more NOS aspects when compared to state science standards, however, they did not fully
address NOS aspects. With the NOS aspects not being included explicitly in curricular materials,
teachers need other strategiesahcan be used to introduce their students to NOS.

| KAt RNByQa [ AUGSNI GdzNB

(0p))

/| KAt RNByQa fAOGSNY GdzNB KFa GKS FoAftAabe (2
AYONRRdzOS GKSY G2 | aOASYGAFTFAO G2LAO GKSe@ YI @&
suggested that preervice and practicing classroom teachers often find ditffan selecting

F OOdzN> GS YR FLILINRPLINAIFGS OKAf RNByQa € AdSNI G dzN.
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gKSY OKAfRNBYyQa 02214 INB NAGISY 6A0GK ALISOAT
Oliveria (2021) discovered that only teachers with more informed views of NOS themselves
GSNE | RSljdzr iSte oftS G2 dzasS 0K/ ful deckssionRNSy Qa f
NOS with their students. Teachers who had a more limited understanding of NOS were only
able to introduce NOS aspects very superficially to their students and were not able to hold
meaningful discussions with students.

CKSNBE INBE a0ASYyOS OdzNNR Odzf dzy 2FFSNAy3Ia (KL
investigation or used to introduce@henomenonto children. For instance, Ford (2006) found
that out of 44 randomly selected science trade books very few represented NOS, and out of
those that did, observation and the tentative nature of science were the most accurately
represented aspects. Ford reomnends that teachers should use science themed trade books
as long as they are carefully screened for accuracy,gpeesentation of science, and if the
teacher using them is able to accurately modify or connect any missing parts of the trade book
for children.

Fairy tales, although not generally scientifically based, can help children learn to think
critically about thefar-fetchedideas presented in them (Tan & Wong, 2007). Additionally,
Poindexter (2022) found that extending fairy tales into introductory NOS activities helped
students attain some understanding of NOS aspects, specifically observation and inference. If a
teacherreading a fairy tale to their students were to stop before the problem in the story was
fully solved, an opportunity for the tig of an immersive experience presents itself as well as
the ability to introduce NOS aspects and allow for children to use them when collecting

AVF2NXEGAZ2Y FTNRBY SIFEOK AYYSNEBAGS SELSNASYyOSO®
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include NOS aspects or are not easily accessible, teachers need to be able to find alternatives

that demonstrate for their students the NOS aspects. Fairy tales can help teachers fill the gap in
GKS RAFTFAOdA G Gl a1l 27F OwKeanalgwdstudebds doldpaeh G S OK
NOS (Tan & Wong, 2007). Further, Zarnowski and Turkel (2013) recommended that children

FYR GSIFOKSNER ySSR O00Saa G2 OKAfRNByQa fAdSNI

is able to naturally emerge from thexts.

Science notebooks

Science notebooks have also proven to be an effective strategy in capturing student
learning and thinking, allowing students to reflect and extend their learning and thinking
(Constantine & Jung, 2019; Frésither, 2022; Frisch, 2019; Rodgers & BascHl )2&cience
notebooks are a place for students to capture their thinking and understanding of science
content and record findings, data, evidence, questions, wonderings, and reflections. Teachers
can use the findings, data, evidence, questions, and wangsito help inform instruction,
understand student thinking, clear up student misunderstandings, and to discover how
students are using NOS aspects in their work as scientists. Most importantly, science
notebooks allow students to mirror the practicesautual scientists through the use of NOS
aspects (Frie§aither, 2022).

Traditional paper science notebooks can provide valuable insight into sttidieking;
however, it is sometimes difficult for teachers to discern student thinking when reviewing
student notebooks at a later time. Many classroom teachers may not be able to confer with

each student as they make entries into their science notebooks, additing tpossibility that
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student and teacher may misunderstand each other's thinking. In recent years, many teachers
are turning to digital science notebooks to allow students to make notebook entries in a variety
of formats (e.g. drawing, recording, voice recording, annotatigRagk & Fulton, 2021).

Digital science notebooks allow teachers to hear student voices as they create videos,
voice recordings, and annotate over their drawings, even when students are not present. The
use of science notebooks, in digital form, allow students to express theessilha variety of
ways and share their understanding and interpretation of the content. Teachers can review
digital notebook entries and code the student responses to better understand student use of
NOS aspects. Additionally, digital science notebodksvdor notebook formats to be adjusted
to meet the needs of the students (Rodgers & Basca, 2011).

In this study, digital science notebooksre used to capture student thinking,
annotations,andvoice recordings as they complete a student recording and inferring sheet
each week. After considering the advantages of paper and digital science notebdegisied
to use digital science notebooks during this study. This edahks as the researcher, to collect
important data from students anceviewit with the student to probe for more information or
to reviewit after the childrenwere no longer presenin the classroom for the day.

Additionally, studenthiadthe ability to revisit their own recordings to review prior thinking or
to record changes in their past thinking.
Immersive Experiences

Current literature on immersive experiences is difficult to find. Many educators are

dzaAy 3 GKAA& GSNY (2 -KREBEYAX?RBYE&SZ R d2 NI BRRIEY d

students in high levels of learning, however, there is little to no discovedébrature that

22



applies to educational contexts available. Any literature found regarding immersive

experiences is linked directly to virtual reality or alternate realities, both being one of a few

ways one can engage in an immersive experience. | arrived at the ten@argive experiences

after reviewing the definitions and characteristics for scendased learning, placbased

learning, engaging scenarios, provocations, and experiential learning. Each had components

(Table 12) that could be used to partially describe fairy tale/immersive experience

intervention. However, immersive experience was the term that best destihmeuse of

OKAf RNBy Qa € AGSNI (i dzdBdockconiefs@meSAs sim@d bicd | IA Y I 4 A
LYYSNBEADPS 9ELISNASYOS LyaidAaiddziSs aLYYSNBRAOS SE
onto the same level as the action or environment. The aim of an immersive experience is to
ONBI(GS (KS AftRNBEAAQRYKE TL W0 SN KRE inB&give y OS L y:
experience allowd students to be in the action or environment of the mock crime scene,

helping to solve the mystery, and engage in the authentic use of NOS aspects and engage in

discussions with peers to clarify and make sense of their thinking.
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Table 12

Comparisons of Immersive Type Experiences

Name of strategy

Characteristics

Uses

Aspects used in my
research

Scenariebased
learning/Engaging
scenario

Source: (2022)Massey
University, Scenario
Based Learning
https://www.massey.ac.
nz/massey/fms/AVC%2(
Academic/Teaching%20Q
and%20Learning%20Ce
rtres/Scenariebased

SBL uses interactive
scenarios to support
active learning
strategies such as
problembased or
casebased learning.
Students work their
way through a
storyline based on a
problem, which they
must solve. Students
must apply subject

Based on the principles
of situated learning
theory.

Effective when used to
simulate realworld
practice, providing
opportunities which may
be difficult for students
to experience otherwise
or within the confines of
a course.

Storyline and real
world practice

Students must apply
subject knowledge (ir|
my case NOS aspect
along with critical
thinking and
problem-solving skills

learning.pdf knowledge, critical
thinking, and
problem-solving Can be used as both a
skills. formative and
summative assessment
Provocations Provocations are Provocations allow and | Mock crime scenes a

Source: Team, O. C.
(2023, May 29)How
provocations help your
child become a critical
thinker- OWIS
SingaporeOne World
International School
Singapore.
https://owis.org/sg/blog
[critical-thinking-how-
provocationshelp-your-
childbecomea-critical

thinker/

often an open
minded exercise that
teachers use at the
beginning of an
individual lesson to
encourage students
to think creatively
and critically about
what they are going
to be learning in the
next unit.

encourage children to
experience the world
through openended
activities autonomously.
The teachers suggest
starting points for ideas
and allow the students
to follow their own train
of thought.

a provocation to
excite and invite
children to use NOS
FaLlsSoda G2
ONAYS¢ o
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https://www.massey.ac.nz/massey/fms/AVC%20Academic/Teaching%20and%20Learning%20Cenrtres/Scenario-based-learning.pdf
https://www.massey.ac.nz/massey/fms/AVC%20Academic/Teaching%20and%20Learning%20Cenrtres/Scenario-based-learning.pdf
https://www.massey.ac.nz/massey/fms/AVC%20Academic/Teaching%20and%20Learning%20Cenrtres/Scenario-based-learning.pdf
https://www.massey.ac.nz/massey/fms/AVC%20Academic/Teaching%20and%20Learning%20Cenrtres/Scenario-based-learning.pdf
https://www.massey.ac.nz/massey/fms/AVC%20Academic/Teaching%20and%20Learning%20Cenrtres/Scenario-based-learning.pdf
https://www.massey.ac.nz/massey/fms/AVC%20Academic/Teaching%20and%20Learning%20Cenrtres/Scenario-based-learning.pdf
https://www.massey.ac.nz/massey/fms/AVC%20Academic/Teaching%20and%20Learning%20Cenrtres/Scenario-based-learning.pdf
https://www.massey.ac.nz/massey/fms/AVC%20Academic/Teaching%20and%20Learning%20Cenrtres/Scenario-based-learning.pdf
https://owis.org/sg/blog/critical-thinking-how-provocations-help-your-child-become-a-critical-thinker/
https://owis.org/sg/blog/critical-thinking-how-provocations-help-your-child-become-a-critical-thinker/
https://owis.org/sg/blog/critical-thinking-how-provocations-help-your-child-become-a-critical-thinker/
https://owis.org/sg/blog/critical-thinking-how-provocations-help-your-child-become-a-critical-thinker/
https://owis.org/sg/blog/critical-thinking-how-provocations-help-your-child-become-a-critical-thinker/
https://owis.org/sg/blog/critical-thinking-how-provocations-help-your-child-become-a-critical-thinker/
https://owis.org/sg/blog/critical-thinking-how-provocations-help-your-child-become-a-critical-thinker/

Placebased learning

SourceCenter for Place
aSR 9RdzO!I
Antioch University
Antioch University |
Center for Plac®ased
Instruction. (2023, June
22).
https://www.antioch.ed
u/centers
institutes/centerplace
basededucation/

Placebased
education is the
process of using the
local community and
environment as a
starting point to
teach concepts in
language arts,
mathematics, social
studies, science and
other concepts
across the
curriculum.

Emphasizing hanesn,
realworld learning
experiences, this
approach to education
increases academic
achievement, helps
students develop
stronger ties to their
community, enhances
dGdzRSydaQ
for the natural world,
and creates a
heightened comntiment
to serving as active,
contributing citizens.

Handson, realworld
learning experience

Experientiallearning

Source:
https://experientiallearn
inginstitute.org/resourc
es/whatis-experientiat

learning/

Experiential learning
describes the ideal
process of learning,
invites you to
understand yourself
as a learner, and
empowers you to
take charge of your
own learning and
development.

The experiential
learning cycle is a
four-step learning
process that is
applied multiple
times in every
interaction and
experience:

Used to help individuals
and teams discover how|
they work and function
together and
independently and parts
that each individual
brings to the team.

The four step
learning process
occurs naturally
within an inquiry
cycle. Students will
ExperienceReflect
ThinkAct each day ag
we explore each new|
fairy tale.

Immersive experience

Source:

Definitions The
Immersive Experience
Institute.
https://www.immersive
experience.org/definitio
ns

Immersive
experiences draw
you into their reality,
putting youonto the
same level as the
action or
environment.

The aim of an immersive
experience is to create
GKS Affdzaaiz
G§KSNB ¢

A mock crime scene
that allows students
G2 a0S (KS
detectives solving the
crime. Allows
students to observe
the same set of
objects in the crime
scene putting them
on the same level
and in the same
environment.
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https://www.antioch.edu/centers-institutes/center-place-based-education/
https://www.antioch.edu/centers-institutes/center-place-based-education/
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https://experientiallearninginstitute.org/resources/what-is-experiential-learning/
https://experientiallearninginstitute.org/resources/what-is-experiential-learning/
https://experientiallearninginstitute.org/resources/what-is-experiential-learning/
https://experientiallearninginstitute.org/resources/what-is-experiential-learning/
https://experientiallearninginstitute.org/resources/what-is-experiential-learning/
https://experientiallearninginstitute.org/resources/what-is-experiential-learning/
https://www.immersiveexperience.org/definitions
https://www.immersiveexperience.org/definitions
https://www.immersiveexperience.org/definitions
https://www.immersiveexperience.org/definitions
https://www.immersiveexperience.org/definitions

Literature Review

The purpose of this chapter is to provide an overview of the literature regarding what
has been researched about nature of science (NOS) and the understandings young children can
FGdFrAyZ K2g OKAf RNByQa f AdGSNI (dzads, havadigiaSt SO0 SR
science notebooks can be used as a tool to measure students understanding, and finally how
immersive experiences can engage children in the use of NOS aspects to solve problems.
Severaldeasemerged in the literature as it was revieweHirst, there is some variance in what
age children can learn about NOS aspects, although research has been done by Akerson et al.,
(2019b) to show that children as younglkasdergartencan attain understanding about NOS
aspects.

The seconddeabrings to light the difficulty classroom teachers have in finding and
aStSOGAY3 FLIWNRPLNRFGS OKAf RNBYyQa f AGSNI (dzNB
found that educating preservice teachers about NOS aspects and by asking them teecreat
GKSANI 26y bh{ OKAfRNBYyQa o06221ax AYyONBlFIaSR (KS
ONBIGS | OKAf RNBY QA 0221 niddaBlstediokhS & theglSchNdB RA T FA
teacher knowledge about teaching NOS aspectseiteacherainderstandNOS aspects, they
are effectively able to include them in their lessons to ensure their students are receiving NOS
aspects included in science instruction. In much of the literature about NOS, ergdlmitive
instruction was referenced as being theogt accepted method to teach about NOS aspects,

specifically when taught using the NOS cycle (Lederman & Lederman, 2014a, Lederman &

Lederman, 2014). When exploring research about NOS and its inclusion in curricular
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materials, it became clear that although NOS is an important part of each science lesson, it is
very rarely included in any curricular materials citation here.

Fairy tales are found in nearly every elementary classroom and help students use critical
thinking skills (Tripp et al., 2023a). Their use, and the problems created as a springboard off
them, make natural connections to the NGSS (National Academies P0&83, McNett (2016)
found that the use of stories in classrooms provides children the chance to use good storytelling
elements, specifically problems that occur before, during, and after a story. The use of fairy
tales in this study will allow teachets use the problems implied or extended from the existing
problems to create immersive experiences that allow students to physically be part of solving
the problem. Fairy tales are often used to help children engage in the use of STEM standards
(Nelson & @ldfein, 2023, Tripp & Burton, 2023b), but are not often connected to NOS aspects.

| KAt RNByQa fAGSNI GdzNBE Aa 2F0Sy dzaSR Fa
O2y OSLJia ¢6A0GK @2dzy3d OKAf RNBy® alyd@ NBaSI NOKS
literature is one of several effective strategies to increase studedetstanding of Nature of
Science (NOS), when linked with explieflective instruction (Akerson et al., 2019a; Akerson et
al., 2019b; Alan et al., 2018; Avsar Erumit & Akerson, 2022; Buck et al., 2044 )and
Erdogan (2018nvestigated the use of @kcitNBS Ff SOUA BS Ay ailiNHzOGA2Yy fAY
literature to increase understanding of NOS aspects with a group of eight kindergarten
students. Akerson et al., (2011) studied 10 first grade students during a Saturday science
program to determine theage at which children can begin to learn about NOS aspects. Each
f Saazy Ay GKS {FGdz2NRIed a0ASyOS LINRPINIY gl a fA

the lesson. Buck et al., (2014) also investigated a classroom of 23 first grade students to
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determine the effectiveness of a contextualized and decontextualized science unit, each day of
GKS fSaazy o0SaAAYyyAy3a gAGK OKAf RNBYyQa f AdGSNI Gdz
that day. In a study of 2¢hird grade students, Akerson et al., (2019¢e) again found that
FYOK2NAY3I bh{ fSadazya gA0K OKAftRNByQa fAGSNI
GKSANI dzy RSNE Gl YRAY3I 2F bh{ FaLlsSoiao Ly SI OK
strategy to increase student undstanding of NOS. Data from each study showed that the
kindergarten through third grade students who participated increased their understanding of
NOS aspects after their participation.

Science notebooks have also proven to be an effective strategy in capturing student
learning and thinkingallowing students to reflect and extend their learning and thinking
(Constantine & Jung, 2019; Frésither, 2022; Frisch, 2019). When these proven strategies
are combined with immersive experiences, students can increase their understanding of NOS
aspets (Poindexter, 2022). Although there is a body of research available about the use of
OKAf RNByQa ftAGSNI Gd2NB yR aOASyOS y2iSo02214az
experiences is very limited and there does seem to be a variety of ndraethese
experiences are searched for including, engaging scenarios, provocations, immersive
experiences, and immersive experiences (Table 1.1). This made it difficult for them to be linked
to Nature of Science.

Many of the above strategies (i.e., fairy tales, use of science notebooks) are in use in
classrooms, however, there is no formal research that | was able to find regarding the

effectiveness of immersive experiences with the aim to increase NOS undergjandioung
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OKAf RNByYy @ ae NBaSI NOK dzaAy3d AYYSNBAODS SELISNA
science notebooks added to the body of research that is just beginning to emerge.

Research has shown that students as younkisdergartenare able to attain some NOS
understanding when it is taught using exphi@flective instruction (Akerson et al., 2019a,;
Akerson et al., 2019b; Alan et al., 2018; Avsar Erumit & Akerson, 2022; Buck et al., 2014).
Additionally, the use of specific stragiees have been proven to aid in the teaching of NOS
aspects through expliciteflective instruction. These strategies include the use of classroom
discussions, teacher modeling of thinking/ R 1j dz=Sa G A2y Ay 3 F62dzi bh{X O
visual aids, science notebooks, charts and graphs, and inquiry and-baratsivities to more
effectively teach NOS aspects (Akerson et al., 2019a).

/| KAt RNByQa tAGSNIY Gd2NBE Kl & 0SSy F2dzyR G2 0S5

puli

FaLSOlas SOSYy sKSYy GKS OKAf RNByQa € AdSNI (dzNB
bh{ aLSoGaod alygd OflraaNR2yYy (GSlIW@WeSNB dzaS OKA
understanding of NOS and can unintentionally share misleading or false scientific or NOS
information with their students. In her seminal work, Ford (2006) examined the
NEBLINSBASYGlraAz2ya 2F aOASYOS gA0GKAY QKK RRINES/AXAS
books for accuracy and the representation of science within them, along with careful
Y2RAFTAOIGA2ya 2N O2yySOiA2ya YIRS o0& GSIFOKSNa
used to teach students about science and NOS aspects. Zarrawiskurkel (2013) examined

GKNBES OKAf RNByQa a0ASYyOS GKSYSR o6221a (2 TFAYR
OfraaNR2yY (SFOKSNJ O2dZ R aKIFINB ¢gAUGK GKSANI addzR

books, there were many ways in which NOS aspesetg included butmight not be obvious to
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children unless pointed out by a teacher sharing the books with them. Additionally, Zarnowski
YR ¢Ndzl St oNR1S GKSANI SEIFYAYylLGAz2ya 2F SIOK O
could easily find NOS aspects within them. They also provided g@cdiout how to use that
1y26ft SRAS (G2 FTAYR 2G0KSNJ OKAf RNByQa o0221ax yz2i
teaching NOS aspects to their students. In this dissertation study, | also explored the idea of
noni NI RAGA2YFE OKAf RABYSOBOB2BhA bBBRIFDGEE SBRKSY
books are not available.

Science notebooks can be in a more traditional format using a composition or spiral
notebook or they can be digital. | explored the use of digital science notebooks in this chapter,
while still including many of the more traditional ways that science boté entries can be
made. Science notebooks are a tool that elementary students can use to record their thinking,
evidence, and data as they engage in inquiry and hamdactivities. Paek et al. (2021) found
that when students created science notebookrégs that included photo, video or voice
recordings, students were able to recall and access the information more readily at a later time.
¢S OKSNR 2F OKAfRNBY Ay F2dz2NIK 3INIRS GASgAy3
able to listen to studnt thinking and view annotations students made and form better
understandings of student thinking and misunderstandings, even when students were not
present, enabling teachers to change future lessons to meet student needs (Zacharia et al.,
2016).

An immersive experience is a relatively newer idea used to engage students and adults
in the use of handsn activities to solve problema/hen designing the interventions for this

study,| was not able to locate any previous research that had been done combining immersive
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experiences and NOS or immersive experiences and fairy tales. There are many approaches

that are similar to immersive experiences (Table 1.1), however, when thinking about the

specific experiences | created for this study, an immersive experience isodtectosely

aligned idea that | was able to find. One of the other experiences | strongly considered was
scenaried A SR f S NYy Ay 3 RdzS { dnnatr&of hid apprd@achy ThE E (€ | y |
limited research available on scenabased learning comesom New Zealand and Turkey and

is just beginning to be applied to classrooms to engage students in problem solving activities.
Massey University (2022) defidscenariebased learning as the use of interactive scenarios to

support active learning strategies such as problemsed or caséased learning. Generally,
scenariebased learning has been used in the medical, trade, and judicial fields to simulate

potential situations those employees may be involved in. In these cases, the students work

their way through a storyline that contains a problem which the students will be working to

solve. Students must apply what they know about the content and background knowledge to

help them solve a problem and arrive at a solution, although many solutions ae aito

possible in immersive experiencésldrk, 2009) | was interested in using immersive
SELISNASYyOSa (2 Sy3l3S vye &adGddRSyida Ay GKS ao6SA
problems based on popular fairy tales. In choosing the immersive expetidacgpproach

overscenaried F AaSR f SIENYyAyYy3I>X L FSt0 GKI-Basell K8ning 2 NJ & A
definition made the final decision. When considering how the mock csoemes were set up

in each lesson, they were not interactive, ratheeyhwere there for students to observe and be
immersed in, but students did not interact (e.g., pick up and examine objects) within the crime

scene.
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Finally, | brought these topics together to demonstrate how linking expédiective
AYAGNHzOGA2Y 6AGK OKATftRNByQa fAGSNY GdZNBE ' yR RA
dzy RSNRUGIFI YR Y2NB | 02dzi &@2dzy3d OKAf RNBYyQa dzy RSNA
immersive experiences (e.g., a mock crime scene). There is a gap in the NOS literature where
bh{ IyR (KS OKAfRNBYyQa ftAGSNI §dz2NS 3ISYNB 2F FI
typically chosen to teach children about NOS as most do not conmecig¢nce in any way,
however, they do offer the opportunity for students to engage in solving a problem (e.g., who
G221 GKS [AGGES wSR 1SyQa t21F 2F oNBIFIROO® L
explicitreflective instruction, immersive expences, fairy tales, and digital science notebooks
are used together, teachexsangain more insight into student understanding of NOS. As a
result, students who learn about NOS through these strategies were able to increase their
understanding of sevetdNOS aspects and engaged in +walld problem-solvingstrategies

that they will be able to employ in other situations.

CA3IdzZNBE HdmM DFLI AY fAGSNI GdzNB 0SiG6SSYy bh{=

Nature of Children’s
Science Literature
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What Understandings Can Young Children Attain About Nature of Science

Many believe that it is essential to begin teaching NOS to elementary aged students
(Akerson et al., 2019a, Akerson et al., 2019b, Alan and Erodgan, 2018, Buck et al., 2014). Those
children who understand NOS are better able to have a more developed eENs®S and can
apply NOS aspects for the rest of their school careers (Akerson et al., 2019a, Akerson et al.,

2014). Hansson et al., (2021) shared that there are many reasons to teach NOS to young

children, especially those in early childhood settingsk S& Ay Of dzZRS dabh{ o6SAy3
the learning of scientific concepts and models to NOS being an important part of science
0SIHOKAY3 (KIFIG O2yiNRO6dziSR (2 RSY2ONI Oéz OAGAT
NOS aspects beginning at a yougg aill be able to intelligently engage in sciemetated

issues, now and in the future.

To have avell-developedidea of NOS aspects, children as youngiadergarten
should begin to learn about each aspesingexplicitreflective instruction (Akerson et al.,

2011 Alan & Erdogan, 2018; At this young age, Kindergarten students may not be able to fully
understand all NOS aspects, however, they are able to begin to understand and form some
understanding of many NOS aspects. Akerson et al. (2011) found that creativity, observation,
inference, tentativeness, and empirical aspects wererttast accessible of the NOS aspects to
young children.

In their qualitative study, Alan and Erdogan (2018) used an exmit#ictive approach
to determine kindergarten students' developmental abilities to understand NOS aspects. Each

OKAfR 6148 I RYAYAAGSNBR (KS |/ +hpfeaddp&sdzy 3 / KA R
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assessment to determine growth before and after 10 NOS activities that were shared with the
participating students. Many of the 8 children participating in the study had inadequate views
of NOS before the intervention occurred. The post CVOS individealiews showed that
GKSNE gl a I 3ISYSNIf AYLNROGSYSyid 2F GKS OKAf RN
young as kindergarten are developmentally ready to learn about and engage with NOS aspects.
Additionally, this study showed that almost all aspects of NOS are accessible to kindergarten
students, however the subjective and empirical aspects were more difficult for this group of
kindergarten students to access over other aspects. The authorsl hatelimitations of their
study were the sample size of 8 students and the inability to determine if contextualized or
decontextualized instruction was more effective as they used both in this study. Alan &
Edrogan (2018) recommend that researchersifivésa | G Ay 3 &2dzy3d OKAf RNBYy Q2
NOS conduct research over a longeriodto track the development over time. This study will
0S O2yRdzOGSR 20SNJ p ¢6SS1azr KSftLAy3 (2 RR G2
NOS over time.

Akerson et al. (2019b) conducted a thorough literature review of their own and others
research and found that elementary students can conceptualize NOS aspects when taught using
explicitreflective instruction strategies. Additionally, the literature mvishowed that
students as young as 5 can conceptualize observation and inference, creativity, tentativeness,
and empirical NOS aspects as they are more concrete than other aspects. Teachers should
explicitly introduce NOS aspects and then have studengsge in an inquiry activity so that

they can use each aspect in a scientific context. Teachers also need to include time for students

to reflect on the use of NOS aspects. This can be done in a variety of ways including responding
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in a science notebook, completing a student reflection paper, or engaging in a discussion. If
time for reflection is not included, students may continue to hold on to existing misconceptions
about NOS aspects (Akerson et al., 2019a).

Interestingly, Alan and Edrogan (2018) and Akerson et al., (2019a) found that young
children could attain understandings of observation, inference, creativity, and tentativeness,
however, while Akerson et al., (2019b) found that empirical evidence wasstage by young
children, Alan and Edrogan found that it was more difficult for young children to understand
along with subjectivity. Akerson et al., and Alan and Edrogan both noted that even as some NOS
aspects are more difficult for young children tordeaeducators should consistently include
them in their teaching so that young children can improve their understanding of them over
time.

In their participatory action research study, Buck et al., (2014) investigated how NOS
aspects could be taught to students who live in underserved communities. UEleely
contextualizedand decontextualized instructional units of study to engage students in explicit
NETt SOGAGS ftSaaz2zya GASR (2 OKAfRNByYyQa fAGSNI
proved to be the most successful and most students made positive gains inseeaf
observation and inference. Contextualized instruction helpedents to use observation and
inference and collecting evidence to support their claims. The research team noted that the
use of contextualized instruction may have lessened students' use of observation and
inference, in this case by sharing a diverseugrof scientists, it may have lessened the
& G dzR 8bylity 1@ &ngage in more handm investigations, hindering their use of observation

and inference. The authors report that further research is needed to understand elementary
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daGdzRSy i aQ dzyRSNEGIYRAY3I 2F AYyFSNByOSao Ly @K
information to students' understanding of inferences.

Akerson et al., (2019d) conducted a qualitative study, and determined the success of a
four-week long contextualized unit about gravity, using expligitective instruction, on third
graders' science identities. All areas of NOS were included in thandivere explicitly used
to help thethird-gradestudents develop NOS understanding and build their science identities.
It is important to note that thehird-gradestudents were engaged in several activities to help
them conceptualize various NOS cohdié & ® {GdzRSyia tA&aGSYSR G2 LI I
books and engaged in conversation with the teacher before being asked to try the idea that was
LINBaSYGdSR Ay (KS 06221 2y UKSAN 28y o [ 2y ySOUGA
the explicily designed lesson that allowed the students to try out the science presented to
GKSY Ay SIOK 2F GKS OKAfRNByQa o06221ad ¢KS NBa
introduced and explored through activities, as that is a guiding factor in helpingrggigeow
science identities and in helping students make #gatld connections to NOS. Additionally,
the inclusion of writing in science journals and the use of mathematics to determine timing and
distance showed students how science and their scieneetiiies are connected to other
content areas.

In an older, yet seminal study, Akerson et al., (2011) conducted research to determine
the age at which children can begin to understand NOS aspects. This study has been pivotal to
research about young children and their ability to learn about NOS asp&césauthors
contend that instruction of NOS aspects should begin as soon as children enter school. Through

the use of common instructional strategies, the authors were able to discover what NOS
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aspects young children can develop and understand. Three settings were used to gather data,

an informal Saturday science program, an urban, low=Bk3ddadedy, and a suburban low

SES public school, demonstrating that young children in a variety of settings can attain NOS

understandings. Each group was administered the VRQB8ews of Nature of Science @)

YCVO$Young

/| KAt RNBY Q& +td detériinegfowth cDROBYirtdl& siandings. Similar explicit

reflective strategies were used ineachet y 3> Ay Of dzZRAy 3 O&h f RNBy Qa f

activities, discussions, questioning, and time for students to reflect on their new learning.
Before the interventions in the Akerson et al. (2011) study, children in all settings held

inadequate views of NOS. The authors determined that all students made growth in the various

aspects of NOS, however, those understandings and levels of growthoiffenent in each

setting. They found that creativity, observation inference, tentativeness, and empirical aspects

were most accessible to young children and subjective and social cultural NOS were more

difficult for them to understand. This is consistenth later research conducted by Akerson et

al., (2019b). It was difficult for the authors to determine if the differences in teaching or the age

of the children made some aspects of NOS more difficult for some students to understand.

Explicitreflectiveinstruction was used in all three settings, however some settirsgsl

combinationsof contextualized and decontextualized instruction for different periods of time,

all finding levels of improved understanding of NOS. The authors contend that NOS iostruct

should begin as soon as children ergehool,and that explicHreflective instruction paired

gAGK O2yiSElGdzZ t ATSR AyadNuzOiArAzy Aa 1S& Ay AYL

aspects. These findings are nearly identical to those that Buck et al., (2014) found regarding
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explicitreflective instruction and contextualized instruction with third grade students in an
underserved community. Theig, however, a place for decontextualized instruction in learning
about NOS aspects. Students, particularly those with little to no previous experience with NOS
aspects, need to be explicitly introduced to NOS aspects before they can be used in a
contextualzed setting.

Explicitreflective instruction, where NOS aspects are taught explicitly by the teacher
and students have time to test them out and reflect upon them, has been proven to be an
excellent strategy for teaching students NOS aspects as evidenced by Alamlagar-2018)
and Akerson et al., (2011). Itis this explicit teaching of NOS aspects, where they are
decontextualized from other content or activities, students are able to be introduced to NOS
terms in a clear, concise manner. As mentioned in muchefiterature about NOSp teach
using explicireflective instruction, teachers will need to use a variety of strategies to learn
about specific NOS aspects and then apply them to learn more about how they work (Akerson
et al., 2019b, Lederman et al., 2014a). Additionally, tlseaechers concludedis also
important for the classroom teacher to cycle students back to revisiting NOS aspects at the
beginning and end of each lesson after they are introduced, along with any place they may fit
within the lesson, so that students are keeping aspects in their minds as they work through
investigations and handsn activities (Akerson et al., (2019b). Children will need repeated
introductions and use of NOS aspects over a significant amount of time to delexppand

useful understandings that they can apply in all science contexts.
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Teacher Understandings of Nature of Science

Teachers need to be familiar with NOS aspéztse effective in teaching them to their
students. Usingexplicitreflective instruction and professional development led by instructors
who have strong pedagogical content knowledge about NOS, classroom teachers can increase
their understanding of NOS and incorporate their understanding into classroom lessons.
Developing a bank of strategies is an important step in ensuring that classroom teachers can
effectively teach NOS aspects to their students. One such strategy is the use of children's books
2NJ OKAf RNBy Qa € AGSNI ( dzNSittive respabcNBegigh toStidy thd &~ 0 H
most effective way to support prservice teachers in learning about NOS aspects and creating
OKAf RNByQa o0221a GKIGO GKS& O2dzZ R dzasS G2 GSI OK
instruction began, students were atdnistered the VNOS8 to determine their current
understanding of NOS. During weekly class sessions, the instructor (Akerson), incorporated NOS
activities and strategies through explicéflective instruction into her lessons each week during
the class metings. The activities included reading children’s literature, participating in a
connecting activity, and reflecting and discussing the activity with the larger class group. After
participating in these activities for the semester, preservice teachers weministered the
VNOSB as a post test to determine if this model of instruction helped them to gain NOS
understandings. The post test showed that the use of literacy to teach NOS aspects is an
effective strategy in increasing preservice teachers' uatierdings about NOS. The
O2YO0OAYlFUA2Y 2F LINBASNIAOS (GSIOKSNAE ¢gNARGAY3T (K
lessons and teaching proved to also be a successful strategy for increasing preservice teachers'

understanding of NOS. The authors date that the preservice teachers had difficulty in
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OGN yatlrdAy3a GKSANI dzyRSNRGEFYRAY3 2F bh{ Ayid2 O
The preservice teachers who did not include NOS in their reflections also did not include them
Ay GKSANI f Saazya 2NJ OKAf RNBHQaTasg| dz20S OKR ORN.
literature to introduce topics to their students and with exphcgflective professional
development about the NOS aspects, they too, could not only increase their understanding of
NOS aspects, but begin to include NOS aspeti®inclassroom lessons.

In a case study, Bilican et al., (2021) examined the effectiveness dktaatong
arrangement where one teacher wa$gearveteran who had experience teaching and
researching NOS daught a Saturday science class with-ygearveteran who had no
experience teaching NOS. The study examined how theamhing context influenced the
second teacher's knowledge and understanding of NOS. After each class;tdeekers would
RSONAST (GKS aS0O2yR (St OKENGE and plé foQieNowiag | Yy R dzy R
pSS1Qa fSaazyo ¢tKS aSO2yR GSIFOKSNBEQ dzy RSNE |
children, other aspects were more attainable than others due to use during the Saturday
science class, time spent with the-teacher, and lack agxperiencewith NOS aspects. Bilican
et al., (2021) believed that e@aching is an effective strategy to increasé& I OK S NA Q
understandings of NOS, as long as one of thteachers has an excellent understanding of
NOS and has taught NOS aspects to childrethatdhey can guide their cteaching partner as
they work to increase their own understanding of NOS and bring NOS into their classroom
lessons.

In each case, the expligieflective nature of instruction that was delivered to teachers

provided them with more pedagogical content knowledge regarding NOS and helped to
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increase their understanding. When classroom teachers have a good understanding of NOS
aspects, they are more likely to incorporate NOS aspects into their classroom lessons, leading to
an increased understanding by their students.

There is some hesitation by teachers and curriculum developers to include NOS aspects
in lessons and curricular materials as they thieught to not be developmentally appropriate
for K-4 students. Sweeny and McComas (2022) studied a groug afckence teachers to
determine their perceptions about the developmental appropriateness of teaching NOS
aspects. They found that teacher bédieabout NOS tied directly to them being shared and
explored in classrooms. If a teacher was comfortable with NOS aspects and valued their
inclusion, they would include them in their lessons, likewise, if a teacher did not know about
NOS aspects or was tneomfortable teaching them, they would not include them in lessons.
The authors recommend that teachers, batiaserviceand preservice, receive professional
development to increase their pedagogical content knowledge about NOS with the hopes that

teachers who understand NOS will share NOS aspects with their students.

Strategies for Teachers to Teach Nature of Science

Lederman et al., (2014a) and Akerson et al., (2019b) offer a variety of strategies that
classroom teachers can use to introduce and talk about NOS aspects with their students. These
strategies include: the use of classroom discussions, teacher modelinigpkihg and
jdzSadA2yAy3a o62dzi bh{X OKAfRNBYyQa fAUGSNI Gdz2NE=X

and inquiry and handsn activities.
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Classroom discussions are an effective strategy for introducing students to NOS aspects
as it allows for one of the most explicit ways of introducing them to students (Akerson et.al.,
2019b). Often a chart or poster listing each of the NOS aspects isaiskdre them with
students and then allows for students to revisit the poster throughout investigations to find out
GKAOK | alLlsoida GKSe KIFE@S 0SSy 2NJIINB dzaAy3a o! ]
LINE A RS& SELF YLX S& rfofceshdw{sciehtigts usd e@ah Aspegtof NDSIih NB A
GKSANI g2NJ @ ¢CKSNE I NE OKAfRNByQa o6221a oNRODG
Y240 OKAfRNBYyQa 062214 IINB y200e tKAa Aa B KSNB
KSt L) { dzNs}pooksHdt irikéo\addiress NOS into a scerhdeed learning
experience for students to help use and reflect upon NOS aspects, which helps to increase their
understanding.

Science notebooks are another tool that allow students to record their thoughts about
NOS aspects as they collect evidence and data during investigations. Teachers can use science
notebooks to guide classroom discussions back to NOS aspects and toanhwengat students
understand about NOS (Akerson et al., 2019b). Instruction about NOS does not need to wait
until children are older, however, the use of exphaflective instruction along with strategies
adzOK Fax GUKS dza$S 2 ¥ liteddturepand sélence Oalehodis, g an> O K A £ R N.
effective way to introduce NOS to young children (Alan & Erdogan, 2018).

An emerging area that supports previously mentioned strategies to teach NOS is the use
of immersive experiences (problebased learning, scenarimased learning, etc.) When

students engage in an immersive experience, they are investigating real worlgmp®bnd

how to solve them. Students engaged in an immersive experience are able to experience how
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scientists collect information and data and build scientific knowledge (Immersive Experience
Institute n.d., Moutinho et al., 2015). As students engage in the process of solving problems,

teachers are able to ask students targeted questions that directtiress students' use of NOS

O

FaLlSotasr adzOK Fa (K24aS adaA3SaidSR o6& ! {SNaR2Y S
you able to make any inferences right now based on your observations? Do you think that your
ideas about what is occurring mightch&hé 2 KF 4 YA3IKG YIFI1S GKSY OKIly
facilitates theproblem-solvingprocess, these questions are important to not only find out
student thinking, but to also prompt students to think about how NOS is being used in finding a
solution to their problem (Moutinho et al., 2015).

Buck et al. (2014) examined the use of contextualized and decontextualized
instructional units with first gradéfrican Americastudents and found that the contextualized
part of the unit increased student understanding of observation and inference whereas the
decontextualized unit helped students increase understandings of empirical evidence.
Poindexter (2022) found similar rdssiwhen introducing observation and inference to
kindergartenstudents during a contextualized unit. Decontextualized unitsevweore
effective in both cases in increasing student understanding of observation and inference, two
aspects of NOS that are more easily attained by young children. Students learned about
observation and inference through class discussion and then i tunderstandings to
engage in expliciteflective activities with their teachers. In the case of Buck et al., the
contextualized unit helped students to apply what they had learned about NOS, however,

student use of observation and inference decreasdtle understanding related to empirical

evidence increased.
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It could be necessary for a teacher, when using contextualized units of study, to
explicitly bring students back to the specific NOS aspects they wish students to think about.
Explicitreflective instruction was more successful when used within a dectuézed unit
where students were able to learn about NOS aspects and use them to investigate (Buck et al.,
2014; Poindexter, 2022). Young children should have interactions with both contextualized and
decontextualized lessons or units to more fully deyetheir understanding of NOS aspects and
to have the chance to apply them in each setting, where some aspects are shared with students
outright, in a decontextualized lesson, and then allow students to practice using those aspects
in a contextualized less (Akerson et al., 2019b).

When Quigley et al., (2010), used explietiective instruction during a Saturday science
program, they used lessons in a more contextualized way, due to the fact that they were not
teaching the lessons in a more traditional classroom setting. Stugkant€ipating in the
Saturday science program increased their knowledge of many NOS aspects, however, in the
areasof socialand cultural embeddedness, students made less growth than anticipated. Is this
a result of students not being able to apply the®8 learning to social and cultural contexts? It
is the explicit connections made to NOS aspects that most help students learn about them and

embrace the aspects as part of who they are as scientists and connections to other subjects.

| KAt RNByQa [ AUGSNY GdzNB

/| KAt RNByQa fAOGSNIGAz2NBE A& | KAIKEe@ Sy3al3aiy3
hook their interest, and to help them build background knowledge around a particular topic.

/| KAt RNBYQa fAGSNI (dzNB | f 42 LINBe@dnteriatherSI OK S N&
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school day when time is at a premium (Cesljarev & Akerson, 2022). Teachers often choose

OKAf RNByQa o6221a (2 KSfLI AYGNRRdzOS aiddzRRSyida
scientifically accurate or not, sometimes leading to students hearing or leamatcurate
AYTF2NXYEFGAZY ® Ly |y 2f RSNE SEOStfSyid 3IdzA RS T2
books can be used to teach children as long as they are screened for scientific accuracy, have
representation of science in some way, and are medifis needed by the classroom teacher to

ensure they are tied to the science topic and that the teacher makes the necessary connections

to science content.

I GSIFOKSNJ gAaKAY3I (G2 dzaS OKAf RNByQa f AdSNI
pedagogical content knowledge of NOS to aid them in selecting appropriate texts or amending
OKAft RNByQa fAGSNI GdzZNBE (GKIFG 3IAOBSEAComgnin@ OdzNI S 2
OKAf RNByQa fAGSNI GdzNB FyR a0OASyOS KIa 0SSy ak
along with student attitudes about science and reading (Binns et al., 2020). May et al., (2020)

posits that teachers who are purposeful in theirude o OKA f RNBy Qa f A G SNJI { dzNB

P
w

aGdzRSyita G2 GKS aKdzYryrxAaidiao aaARS 2F a0OASyOS R
A0ASYOS AYIljdzANEE¢ @

PAAYy3 OKAfRNBYyQa fAGSNIGAz2NB Ay StSYSyidl NE
content into a school day, especially when teaching science is not a priority in many elementary
schools. Rivera and Oliveria (2021) encouraged teacheisetaarefully selected NOS
OKAf RNBYyQa tAGSNYI GdzZNBS a | NBIFIR Ff2dzR G2 KSf LI

Sy GSI O

X<

O2yOSLliad Ly O2yedzyQliAz2y 6AOK OGKAA A
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books that represent a variety of scientists in various roles so as to not perpetuate gender and
race stereotypes.

Binns et al., (2020) found that 80% of teachers who teach mukigbgects spend 60
minutes a week on science instruction with their students. During this study, Binns et al.,
examined ways that teachers could combine ELA instruction with science, to find ways that
science content could be taught even with the limitédssroom day. Prservice teachers
GSNBE | Aa1SR G2 dzaS OKAf RNBYyQa GUNIXYRS 02214z (K2
create combined science/ELA lessons using the 5E model of instruction. The research team was
able to show that this model workedhen the lessons were taught by the pservice teachers
who created the lessons and could prove to be a good model for making sure science
instruction occurs more often in elementary classrooms. The development of these lessons,
using the 5E model of ingtzO G A 2y > Ffft26a FT2NJ GKS dzasS 2F OKAf |
interest and also allows classroom teachers to introduce NOS aspects even when time might be
limited for science instruction.

¢tKS dzaS 2F a2YS OKAfRNByQa fAGSNI GdzZNB OF y
FOUAZ2Yy D alyed OKAfRNBYyQa o0221a GKFEG O2yidl Ay a
explain their practices or how they conduct research, allowing studehts might not
otherwise have access to this information to be able to experience science in practice (Ford,
HANncO® ¢KSNBE FNB | LX SGK2NI 2F aOASyOS NXfIdS
some, even though they are written about a sciéntiopic, do not explain or demonstrate the
tentativeness of science, the creativity that scientists use when researching new ideas, or how

adz0 2SO A QS aOASYyOS OFly 6S® C2NR o0HnncO F2dzyR



provide questions that encouraged children to explore a topic more deeply or ask any questions
GKFG YAIKEG LINRP@21S || OKAfR (G2 62yRSNI Y2NB | 62
(2006) reviewed presented science as matter of fact and unchangimgn\8bmbined, each of
0KSaS AaadzsSa OFy YIF1S A0 RAFFAOdAA G F2NI I Of I a
book that would be suitable for sharing with their students.

Both Brunner and Ab&HKhalick (2020) and Akerson et al., (2019c) engaged either
practicing classroom teachers or preservice teachers in research to determine how teachers can
Y2aid SFFSOGA@Ste FAYR | LILINE LidsudenisSlite@tiira thak NS y Q &
introduces, reinforces, or engages students in wanting to know more. Brunner anBAbd
Khalick used three-levelapproach to help classroom teachers increase their knowledge of
bh{ 6KATfS dzaAy3 OKthely &hkB tgaRhiers fo leadaNld a skidted EarttC A NA&
YR { LI OS aOASYyOS OKAftRNByQa 06221 (2 aiddzRSyida
respond to the text using a free response writing. The level two intervention also had teachers
readabook f 2dzR (12 GKSANI alidzRSy(az K26SOSNE GKAa
include explicit references to NOS. The third level intervention was similar to the second, with
the addition of educational curriculum materials that would increase teadneerstanding of
NOS aspects that they would be teaching. In each intervention level, students were reluctant to
respond freely or did not have enough information to respond adequately. Their knowledge of
NOS aspects increased, along with those of ttegichers, however, neither group had a truly
adequate view of NOS aspects, as this was their first introduction to NOS. If more training was

given to these teachers about NOS and was used consistently, Brunner aditl ittalick
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(2020), believe that both students and teachers would have more informed views of NOS
aspects.
Akerson et al. (2019c), Avsar et al., (2022) engaged their elementary and middle school
preed SNIDA OS (GSFOKSNB AY ONBIFOGAY3I YR gNAGAY3T (K
NOS aspects; with the exception of theories and laws, as they are ndbgeventally
FLILINBLINRAF OGS F2NJ @2dzy3 fSENYSNE® . ST2NBE gNAGAY
instructors used NOS activities and strategies in class to increasepiee teachers'
knowledge of NOS, so that they had an adequate view of eacltcilsptore writing their own
OKAf RNByQa o6221ad® Ly GKS OlFasS 27F ! {SNazy Si
strategies in class with the piservice teachers proved to be successful, however, the authors
did note that preservice teachers hadfticulty translating their understanding of NOS into
I 00SaaArofS OKAfRNBYQa o0221ad ¢KS O2dzZNESE2N] ¢
childhood preservice teachers, however, these pervice teachers engaged in a constant
stream of feedback &m both their instructors and in class peers to improve upon their NOS
OKAf RNByQa o6221a FYR YI1S adaNBF GKS& AyOf dzRSR
Avsar et al., (2022), also asked theirgezvice middle school teachers to write a NOS
OK A f RodBayidaraate a lesson to accompany it using the 5E model. These examples show
GKIFG S@Sy 6KSYy KAIK ljdzZ f AG& b ksérvicOdod ifsdride&S y Qa 0 2
teachers can write their own examples to help bridge that gap.
| y20KSNIJ gl & GKIG GSFOKSNB OFy KSfLI FAfE GK
f AGSNI Gdz2NB GKIF G gAff KSfLI addzRSyda dzyRSNBRUOI YR

that might not usually be chosen to teach NOS aspects. Tan and (2007) asked a
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classroom of middle school aged girls to each choose a fairy tale and develop a research
guestion to prove if the science in the fairy tale could happen or if it was fictional. The students
created a research question and had 15 weeks to find sciemtficrnation that supported or
disputed the science in fairy tales. During this ongoing activity, students were able to engage in
actively participating in science, further creating their identities as scientists, and asking
guestions to discover more inforation. While fairy tales may not contain any specific NOS
aspects, when students use them as a catalyst to be in the role of the scientist, they can actively
discover how those aspects work together in science.

Poindexter (2022) used fairy tales as a beginning point to help students engage in using
observation and inference. Students reBide Little Red Hei(Galdone, 1985) as part of their
literacy curriculum and became familiar with the characters and the problems and solutions
occurring in the story. Poindexter developed a w4ahkg unit that engaged Kindergarten
students in using observation and infe@nto determine which character(s) may have stolen
GKS [AGGHES wSR | SyQa f ain®nidfersiveNekpkrierbe (e.gh &S OKA f
mock crime scene) to make observations and inferences that were used to solve this case.
Students shared observations and inferences each day about the mock crime scene,
information they were able to glean thatwasfadzr f 6 S®3d G¢KSNB | NS 06413
A0SYySoé 0 YR AYF2NNIOGA2Y GKFIG 61 a AYFSNNBR TN
OKAST 0SOlFdzaS (GKS F2204LINAyda t221 Y2NB tA1S R

Poindexter (2022) usetihe Little Red Heas a jumping off point to engage students in
learning about NOS aspects and to help them experience their use in science. Ford (2006),

Brunner and AbdEFKhalick (2020), Zarnowski and Turkel, (2013) and Tan and Wong (2007)

49



SIFOK F2dzyR (KId 6KSYy OKAfRNBYQa fAGSNI GdzNB A a
O2NNBOGA2Z2Yya (G2 o6SGUSNIFEAIY GKSY SAGK bh{ I &Ll
literature that can be used to teach young children about scientific gptscand NOS aspects.

9RdzOF GAy3 GSIFOKSNAR K2g (G2 OK22aS OKAf RNByQa f

important step in ensuring that more students are learning NOS aspects at a young age.

Science Notebooks

Science notebooks are a tool that many teachers use in their classrooms as a place for
students to record their findings, questions, wonderings, data, and evidence (Campbell &
Fulton, 2003). Cesljarev and Akerson (2022), recommended that teachers wokugef R NB y Q &
literature in their classrooms should also pair them with science notebooks as an additional tool
to help teachers analyze conceptual understandings in science as well as in other areas of
literacy. Studentnotebooks are used during stihand whole group discussion, prior to, during
and after an investigation, and contain the processes that students used to complete their
investigations.

Science notebooks are personal to the student, and are different from a lab notebook,
log, or a field journal (FrieGaither, 2022). In many classrooms, teachers use interactive
science notebooks to bring together elements from each kind of science nokeleach kind
being more applicable to different parts of investigations. Interactive science notebooks
GeLIAOFEte O2yldlFAyYy aGAYLWzié>S AYF2NXNIGA2Y FNRY
y2GS0221a G2 KStLI 0§KSY dzy, RiSridtionlthdtRtudentsO2 y OS LIG |

generated from investigations or inquiries (Fri@aither, 2022). The output pages are the most
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valuable to teachers as they can offer insight into student thinking, understanding, and
misunderstandings. Teachers can use the findings, data, evidence, questions, and wonderings
to help inform instruction, understand student thinking, clear up studamunderstandings,

and to discover how students are using NOS aspects in their work as scientists. Most
importantly, science notebooks allow students to mirror the practices of actual scientists
through the use of NOS aspects (FH@ather, 2022).

Traditional paper science notebooks can provide valuable insight into sttidieking;
however, it is sometimes difficult for teachers to discern student thinking when reviewing
student notebooks at a later time. Many classroom teachers may not be able to confer with
each student as they make entries into their science notebooks, addithg fpossibility that
student and teacher may misunderstand each other's thinking. In recent years, many teachers
are turning to digital science notebooks as a way to allow students to make notebook entries in
a variety of formats (e.g. drawing, recordjngice recording, annotations). Digital science
notebooks allow teachers to hear student voices as they create videos, voice recordings, and
annotate over their drawings, even when students are not present. In one example, Zacharia et
al., (2016) allowd one group of students to use mobile devices to create digital science
notebook entries, while a second group used a more traditional paper science notebook, as
both groups studied pollination of plants. In this case, students who captured their data by
mobile device were able to provide more detailed examples about the plants and pollination
they studied in their school garden. Students who used paper science notebooks, although
they could also explain plants and pollination, had more difficulty in fkegcdrawings than

those students who were able to refer back to images and videos of plants in the school garden.
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Constantine and Jung (2019) had similar findings when investigating hfilv-grade
teacher used digital science notebooks with his students. In this case, the teacher was learning
about digital student notebooks along with his students which required both students and the
teacher to be flexible in the use of a digital science notebolikis teacher used thidotability
app as the platform for student digital science notebooks and found that there was an increase
in student learning due to the use of d@ science notebooks, specifically, the ability of
students to explain their claims through the use of video and audio recordings. Students were
also able to tune into their learning lsingtechnology to help them record their findings and
collect more data rather than by technology being a distraction.

Miller and Martin (2016) explored an app calleducreationshat allowed early
childhood students to add audio and video recordings to their digital science notebooks. They
were able to collect many samples from students as they created digital notebook entries and
were able to gain insight into student thinkiegen when students were not present. Miller
and Martin found that the use of digital science notebooks can directly support the use of
models to represent scientific ideas, beyond what studeats typically draw on paper.

For digital science notebooks to be valuatdels both to teachers and students, they must
contain certain elements, such as a drawing tool, keyboard, camera, a way to upload
photographs, a way for students to add annotations to pictures or videos, and ways to audio
record (Paek & Fulton, 2021). ele elements allow students to share their thoughts and ideas
verbally through voice recordings and videos along with annotations or drawings. In their study
to determine the effectiveness of paper versus digital science notebooks, Paek and Fulton

(2021)noted that two struggling students were able to practice and play back their digital
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science notebook recordings to help them make sense. Additionally, another student was able
to capture ideas verbally and then transfer them to a paper science notebook. The ability to
record student voices and videos make the recording feature a dngard of a digital science
notebook along with the benefit that teachers can listen to them when students are not
physically present.

Fulton and Paek (2017) used tNetability app with preservice teachers, both while
they were in their methods course and when the fm@rvice teachers taught during a STEM
camp. It was evident early on, that the pservice teachers needed guidance to help them
make thoughtful entries in theidigital science notebooks, as they were initially being used as a
place to document observations and data, without backing them up with claims or evidence.
Once this was addressed with the gervice teachers, fon and Paek noted that although
claims and evidence were more prevalent than in the beginning, entries containing evidence
were not as high as theumberof entries made containing claims.

With regards to NOS aspects being used in a digital science notebook, Frisch (2019)
found that many times digital science notebook entries created by thekspreice teachers
using the Seesaw app, lacked creativity and empirical evidence. When Hogsadadtudents
to choose to use either a digital science notebook or a traditional paper science notebook,
many students who chose to use the traditional science notebook were more focused on the
appearance of the notebook than the content. It is impottdrat classroom teachers carefully
model for students how to make a full science notebook entry, regardless of format, so that

students focus on the work they are doing as scientists rather than appearance. Science
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notebooks will be different for students at different age levels working alongside a gradual
release of teacher entries to more student entries.

Rodgers and Basca (2011) created specific paper science notebooks for their
Kindergarten students, making them accessible to students and allowing teachers to model
how each type of entry looks before turning that responsibility over to their students.
Additionally, with this format of notebooks, Rodgers and Basca were able to differentiate

SYyiuNrRSa (GKIG addzRSyda YIRS SLWISYRAYy3A dzl2y SI O
evidence. Science notebooks not only allow students to have a placddgot@nd record data,
guestions, ideas, and reflections, they offer a place for teachers to help students understand

NOS aspects by asking questions of student responses and notebook entries (Akerson et al.,

2019b).

Immersive Experiences

Immersive experiences are a relatively newer way to learn in education. Similar
experiences (Table 1.1) have been used in other contexts such as medical fields, judicial
courses, and when learning to operate machinery. The term immersive experienceedda® us
give a name to the mock crime scene Poindexter used for students to observe and make
AYVFSNBYyOSa FTNRY 0t 2AYRSEGSNE HAHHOD wS&aSI NDK
S E LIS NR Sy @8steit asiofyet.yTBeyimmersive Experience Institute.mvas the only
resource found that had similar aims and descriptors.

Zeidler et al., (2022) used the term immersive scenario to describe the study of the

YSGS2NJ GKIFG GONF aKSRE 2yia2 GKSANI a0K22t 3 NP dzy
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engage with volunteers posing as NASA scientists who were invited to be there to establish a
more realistic crash site. Students worked around the crash site throughout the week to
determine where the meteor may have come from and what it was composekkathers
planned activities to help students engage in the discovery of the meteor as if they were field
scientists.

There are several other learning experiences that have similar outcomes, however,
there was not one of the experiences that clearly defined the learning experience that these
students engaged in. In the case of Poindexter (2022), kindergarten studehtgdes engaged
in decontextualized instruction; the explicit learning of observation and inference, the teacher
gathered the students together and used a poster to help explain what observation and
inference are and a few examples of how they can be usedience. Next, students viewed a
mock crime scene, the immersive experience portion of the unit, and were able to gather and
list both observations and inferences from what they viewed in the crime scene. Finally,
students received three additional @s to guide their thinking and then were tasked with using
all the knowledge they gained to determine who the character(s) was/were that took the Little
wSR 1 SyQa f21FF 2F oNBIRO®

In Poindexter (2022), the teacher acted as the facilitator and prompted students to talk
more about the observations and inferences they made, asked students to provide evidence of
their claims, and added in new information periodically to give students inéormation to
consider. Poindexter was deliberate to not give information, rather she guided students by
asking questions to clarify thinking and reminded them throughout how to use observation and

inference to help them solve this problem. There wiasone correct answer that was clear to
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students, and this was by design by the teacher, so that students could form their own
conclusions with the observations and inferences thede,and so students could begin to
understand that even with the same information, scientists often arrive at different
conclusions.

Although the use of an immersive experience is a relatively new idea to education, its
counterparts have been used in other contexts to help individuals learn more about their
industry through problem solving activities. Data that was located about tleetefeness of
scenariebased learning and other pladmsed learning experiences, indicated that students
who engage with their learning in this way have a more positive academic outcome and

academic success over peers who learn in more traditional method

Summary

Thedza § 2 F OKA f RNB y Qeefledtive inS&riNdtiain dzNd8Ip yoyh&rchiiterJt A OA
begin to learn about NOS in a way that is developmentally appropriate to them and allowed
students to begin to build their identities as scientists. This thinkiggsbwith others who
KIS NXaSINOKSR KAa ARSI Ay RSLIWK FYR KIFI@S LI
reflective instruction do, in fact, increase student understanding of NOS aspects, even in young
children (Akerson et al., 2010; Aken et al., 2019a; Akerson et al., 2019b; Alan et al., 2018;
Avsar Erumit & Akerson, 2022; Buck et al., 2019). There is a body of research that also exists
about the use of science notebooks to help students put NOS aspects into practice and allows
teachers to better understand student thinking or student misunderstandings (Akerson et al.,

2019b, Paek & Fulton, 2021). The use of digital science notebooks as a tool for engaging
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students in the work of scientists can help them discover how NOS aspects function in practice,
leading to a better understanding of the tentativeness of scierlnghis study, students were
able to share their thinking through a student reflection sheet, student inferring sheet, and
voice recordings to explain their thinking and share their newly formed ideas.

Immersive experiences, although newer to the field of education, are proving to be an
additional way that teachers can engage their students in the work of scientists, helping them
to put NOS into practice. Information gathered from immersive experiecaede reinforced
GAOK (G0KS NBFRAY3I 2F OKATftRNByQa fAOGSNY GddzZNB YR
g2y RSNAYy3IaA Ay I &0 dzRS yhe indk dirheZdedelused i tBid sBugyOS vy 2
provided kindergarten students with the ability to mtace using NOS aspects with the help of
their peers. During whole class discussions, the students were able to infer together, create
tentative ideas, use creativity, and realize that their ideas are subjective based on empirical
evidence and the thoughtof their peers.

L O2Y0AYSR OKAfRNBYyQa fAGSNY G§dzZNBE YR AYYSN
understanding of NOS aspects. | used expilidiective instruction and digital science
notebooks as two strategies to support this intervention. Each of these areas have some
existing research about them, however, at the time of writing, | was unable to find any research
that connected these ideas together, suggesting that more research is needed to determine the
effectiveness of this model. This study aims to fill the gap éxists in the literature and
provide additional strategies that classroom teachers can use to teach their students about NOS
aspects through the examination of fairy tales and immersive experiences. In chapter 3, you

will read about how I carried ouhts qualitative, mixednethods study, using th¢NOSEand
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science notebook entrie® gauge Kindergarten student understanding of NOS aspects before

and after this intervention.
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Research Methodology

The focus for this study was to determine whether fairy tales that are commonly known
to many elementary students can help to effectively teach them about NOS, specifically
observation, inference, subjectivity, the tentativeness of science, creativity and empirical
evidence, when paired with an immersive experience, such as a mock crimeiseestigation
and the use of science notebooks. Were students better able to communicate how observation,
inference, subjectivity, the tentativeness of science, creativity and empirical evidence are used
in sciencecontexts?

The study was driven by this research question:
RQ:How can fairy tales, immersive experiences, and digital science notebooks increase
Kindergarten student understanding of observation, inference, subjectivity, empirical

evidence, the tentativeness of science, and creativity?

As | am a practicing classroom educator, | chose to use an action research study along
with qualitative research methods to determine my actions as a teacher on my students'
conceptions of NOS. In addition to the intervention | used, this stadbconducted using
gualitative research methods as defined by Yin (2016), using five features of qualitative

research:

1. G{GdzReAy3 GKS YSIyAy3d widroeiS2 L) SQa A QD

2. Representing the views and perspectives of the people (participantsturds.
3. Explicitly attending to and accounting for reabrld contextualconditions.

4. Contributing insights from existing or new concepts that may hekxain
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social behavior anthinking.
5. Acknowledging the potential relevance of multiple sources of evidence rather
GKFYy NBfteAy3a 2y | aAy3datsS az2daNOS |f2ySoé

During this study, | researched the effects of the intervention on increasing young
OKAf RNBYyQa dzy RSNBROGFYRAYy3a 2F &aLISOAFAO bh{ I aL)s
(2011), Akerson et al., (2019a), Akerson et al., (2019b), Akerson eDabcj2Poindexter,

2022. | studied Kindergarten students (participants) in their regular classroom environment,

JdzA RSR o0& +xeée3dJ20al1eQa a20A20dzZ (dzNFf GKS2NRBRX | a
peers to solve each case. The information that pgodiots shared on each reflection or

inferring sheet or in video or voieavers allowed me to gain new insights into their thinking

and understanding of NOS aspects. While participating in the immersive experience, the

participants applied NOS aspects irealworld context, just as practicing scientists use in their

day to day lives.

The study took place over seven weeks with an instrument known as the Views & NOS
(VNOSE) (Appendix A) being administered the week before the first lesson took place as well as
immediately after the last lesson took place, in the seventh week of the study. A deldN©&

Ewas administered to students 1 %2 months after the last lesson concluded to determine the
longevity of students retaining and using NOS aspects. Students completed an inferring sheet
each week as well as a reflection sheet where theyndthe mock crime scene and circled any
clues that helped them observe or infer clues to solve the daslso kept a field notebook

where | recorded my own thoughts, observations, and questions after each lesson. Finally, I

recorded each whole group session to help me hear conversations | may not have been able to
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hear as | visited with students. | set my microphone up in the middle of the classroom and was
able to capture whole class conversations, students agreeing or disagreeing with peers, and
conversations between peers when they were able to view crime slwetgere turning and

talking with each other.

Intervention

Students engaged in five NOS less@xspendix Dpased on fivavel-knownOK A £ RNB y Q&
fairy tales; The.ittle Red HeXGaldone, 1985)Jack and the BeanstdlMelson, 2021)The
Gingerbread MariGaldone, 2011 )Little Red Riding Hod@aldone, 2012), anch€ True Story
of the Three Little Pig$cieszka, 1996), each lesson lasted five days (Tableée349ns are
defined as lasting five days, with a part of each lesson being taught each day. Each lesson
involved a case that students use NOS aspects to work together to solve. ThaeWiausly
read several of these textsvithin one month from the study beginningnd hal studied the
words within them extensively as part of their reading instruction. All fairy tales thdihba
previously been shared with students were shared on the first day of each lesson.

5d2NAy3 S OK tSaaz2yz 2y RIé o3 aGdRSyida SEI
staged to represent a scene from each fairy tale that could have happened just after the book
ended. Students used observation, inference, subjectivity, the tentativenesseoice,
creativity and empirical evidence to find clues to lead them to solving each case. Students also
completed a recording sheet on day 3 to share the observations they made while observing the
mock crime scene. All lessons followed the same gefienalat shared below, with the

exception that after the first lesson, NOS aspects were reviewed instead of introduced.

61



Table 3.1

Intervention Timeline

Week/Lesson Fairy Tale Purpose

Week 1 The Little Red Hen 2 K2 G221 GUKS [AGGf

Lesson 1 bread?

NOS aspects are introduced (observatior
inference, creativity, empirical evidence,
tentativeness, and subjectivity)

Week 2 Jack and the Beanstalk What happened to the giant after the

Lesson 2 beanstalk fell?

NOS aspects are reviewed (observation,
inference, creativity, empirical evidence,
tentativeness, and subjectivity)

Week 3 The Gingerbread Man Did the fox actually eat the Gingerbread

Lesson 3 Man?

NOS aspects are reviewed (observation,
inference, creativity, empirical evidence,
tentativeness, and subjectivity)

Week 4 Little RedRiding Hood Did she escape the wolf?

Lesson 4 NOS aspects are reviewed (observation,
inference, creativity, empirical evidence,
tentativeness, and subjectivity)

Week 5 The True Story of The Three| Did the wolf actually blow down the

Lesson 5 Little Pigs houses or was it a cold?

NOS aspects are reviewed (observation,
inference, creativity, empirical evidence,
tentativeness, and subjectivity)
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Instruments

| administered the/NOSE, a validated assessment, Lederman (2007) and Lederman et
al., (2014a) as a pre/post assessment for this research. This is applicable to my area of focus as
it is designed for use with young childrer3K It is the only such tool that | was able to find
GKIFG ¢2dd R FraasSaa e2dzy3 OKAf RNByQa dzyRSNARGI YR
format. TheVNOSE,and all other versions, were designed to be an opaded questionnaire,
in contrast to forcechoiceinstruments that had previously been used tetermine student
understanding of NOS.

| took voice recordings while administering tM&lOSE sathat | could capture any ideas
| missed while scribing during the initial and final administrations. The pre and/pii3gE
assessmenthelped me understand participant views and perspectives of NOS aspects before
and after the intervention, and helped to determine if this intervention method was effective at
increasing student understanding of NOS.

In addition to individual voice recordings, | also recorded our whole group conversations
to help me hear student conversations | was not participating in. As shared previously, | set the
microphone up in the middle of the classroom and used it to capirele group
conversations, conversations between peers, and students agreeing or disagreeing with their
peers during turn and talk time3he recordings helped me rehear information | may have
missed out on noting in my field notebook and also helped metonsider any flaws in the
lesson design.

Additionally, 1 used two forms of student data, specifically a teacheated recording

sheet that allowed students to draw each mock crime scene and circle evidence/clues that
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were helpful to them in solving the case. A second inference sheet was used that allows
students to record information about their inferences along with their ideas regarding who was

responsible for each crime. The addition of the teacher created recostiagt and inference

AaKSSU 6SNB | aSO2yR FYyR GKANR RFGF &2dz2NOS dzas

aspects.

Each recording sheet was shared with students digitally in the Seesaw app so that all
student annotations, video and voice recordings were captured and reviewed, even when
students were not present. In the Seesaw app, students were able to annotate gioacthe
recording and inferring sheets and could add a video or voice recording as they completed
them or after they completed them.

In my previous research (Poindexter, 2022), | found that the recording sheet and
inference sheet were an additional way for students to provide information on their thinking
about NOS, and as | coded their responses, | was able to note growth in studeardis
understanding of observation and inference. The recording sheets (see Appendices B & C) were
coded in a similar coding scheme to MBIOSE; uninformed, adequate, and informed views of
NOS (Tables 3.2, 3.3, and 3Eyamples of student responsediie following tables are
responses given by kindergarten students who participated in my initial study (Poindexter,
2022).The recording sheet was assigned digitally on day 3 and the inference sheet was assigned
digitally on day 5 of each of the lessons. Following the conclusion of the five lessou$| @&

Ewas again administered as a post assessment to determine growth specifically in the areas of
observation, inference, subjectivity, the tentativeness of science, creativity and empirical

evidence. Theesearch took approximately seven weeks to completavo weeks were allotted
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for the administration of the VNGB, one week before the interventions and one week after
and the other five weeks were used for delivering each of the lessons.

Table 3.2

VNOSE Codingscheme and Example Student Responses

VNOSE Codingscheme Example of Student Response

Uninformedstudent response is not | Do you think the science in books will ever chan
consistent with any part of NOSaspea b 2> L R2yQd GKAYy{( Al
al YSodeg

Adequatestudent response is Do you think the science in books will ever chan
consistent with some, but notall parts| ¢ , Sasx (KSe& OFy OKIFy3S
of NOS aspect

Informed-student response is Do you think the science in books will ever chan
consistent and addresses ALL partsg &, Sas> ¢gKSy aOASyidAada
NOS aspect science, they can write a new book or tell about

(KS y86 40ASyOS 2yiAySs
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Table 3.3

Student Reflection Coding Scheme

StudentReflection Coding
Scheme

Example of Student Response

Uninformedstudent response is
not consistent with any part of
NOS aspect

What clues in the crime scene did you observe and ug
make inferences?

G¢KS R23I3 KSQa
GKSANI NBO2NRAY 3

0 K BotpRiritsR® &
AKSSO0 D¢

Adequatestudent response is
consistent with some, but not all
parts of NOS aspect

What clues in the crime scene did you observe and ug
make inferences?
G¢KS R23 KIFR |
a0SySu ¢

O2ft I NJ Iy

Informed-student response is
consistent and addresses ALL
parts of NOS aspect

What clues in the crime scene did you observe and ug
make inferences?

G¢KS R23 G221 AG 06SOFdzaS
the crime scene. Dogs are bigger than a cat or pig, sq
was the only one that could have taken the loaf of
ONBI Rdé
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Table 3.4

Student Inference Coding Scheme

Student Inference Coding Scheme

Example of Student Responses

Uninformedstudent response is not
consistent with any part dNOS aspect

2 K2 R2 @2dz GKAY] (221
of bread?

GLO f 22 fobtprints, dnd He méde & mess
08 | OOARSYyl ®¢

Adequatestudent response is consister
with some, but not all parts of NOS
aspect

Who do you think took The Litle SR 1 Sy (
of bread?

GL al ¢ R23 LINAYyGa FyR
0KS OFG 2N LA Ide

Informed-student response is consisten
and addresses ALL parts of NOS aspe

2 K2 R2 @2dz GKAY]l (221
of bread?

G¢KS R23I RAR Al 0SOI df
sniffing good smells all day. The dog is the biggd
FYAYLFE (22 dé

Reliability and Validity

TheVNOSE isthe result of several iterations of NOS assessments (Lederman, 2007,

Lederman et al., (2014a) that were extensively reviewed by Ayidlimil & GarcidMartinez,

(2020) and determined to be the only NOS assessments developed and validated for use with

young children. Th& NOSE wasvalidated by a group of ten primary teachers and their

students, with questions about NOS suited to language and terms that younger children would

be able to better understand (Lederman,

2007). Dr. Akerson, who has extensiaadis

knowledge of the administration of théNOSE,validated the coding for th NOSE resultsn
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this current study for interrater reliabilityOur results were nearly identical and dissenting
opinions were resolved through further discussion.

Each student inferring sheet and reflection sheet was epeded, as is th’ NOSE,so
that studentscanshare items in each mock crime scene that they observe and used to make
inferences. Students were also able to write about (or have scribed) their ideas about solving
each case. They shared observations, inferences, empirical evidence, new thinkifigabnd
thoughts. The inclusion of the student recording sheet and student inference sheet provided
additional data sources that added to the validitydareliability of the findings on theNOSE

by confirming student understanding of NOS aspects.

Daily Lesson Format

See Appendi® for more detailed daily lessons

As shared previously, each of the whole group discussion times in these lessons was
captured by voice recording on my microphone. | wantetetmord any student thoughts or
ideas that | may not have heard in real time. Many of the whole group discussions lasted
fifteen or more minutes with students discussing back and forth the entire time. | was careful
to observe students to also determinehen their attention was no longer focused and helped

to summarize the discussion each day.

Day 1:The teacheNB 8 S| NOKSNJ 6 KSYOSTF2NI K (y2s6y | & ai
what they knew about the word observation and engaged students in a discussion about what
the word observation means and how they can observe. The teacher repeated the same activity

using the words inference, subjectivity, the tentativeness of science, creativity and empirical
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evidence. After asking students their knowledge of each of these words, the teacher created a
chart with each NOS aspect and studérgndly language of each aspect (Figure 3f1).

students had difficulty in responding, the teacher provided some exangblebservation
inference, subjectivity, the tentativeness of science, creativity and empirical evidenceagean
appropriatelevel. The chart was used throughout all the lessons so that the children were able
to referto it as needed to clarify theirnderstanding about these aspects of NAHh

subsequent day 1 lessons, the teacher introduced the new fairy tale to the students or
rereading one that students had previously studied and after presenting the question the
children would work to solve that week, reminded the students to refer hladcke NOS aspect

chart as needed.
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Figure 3.1

NOS aspects chart created during this study with students

Day 2:Students gathered on the floor and the teacher read to them the chosen version
2F GKIG 6SS1Qa FIANE GFfSo ' TGSNJ NBI RAYy3 GKS
be using observation, inference, subjectivity, the tentativeness of sciereatjvity and
empirical evidence to help solve each case. The teacher led a discussion reminding children
(and gave examples as needed) of what each NOS aspect is. The teacher reminded students

they can refer to theNOS aspeathart as they try tsolve each case.
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Day 3:Students gathered around the crime scene. The teacher asked them to observe
what they were able to see and wrote down their observations on a large chart paper. Once all
observations were collected, the teacher asked students to make inferences abatit wh
happened within the crime scene. Inferences were recorded on another large chart paper.
Students were asked follow up questions to share what evidence they had from their
observations that help to make their inferences true. Students discuss@dideas with
partners before being invited back to the larger group to share their thinking. As students
shared their ideas, students were reminded that science is subjective, tentative and helps us
collect empirical evidence. Students were askalafe were any ideas from peers that
changed their thinking or affirmed it, and how their thinking may have been chargedlents
shared these ideas aloud with the group, stating the specific student(s) and the ideas they
shared to change their thinkingdditionally, the teacher asked students to talk about how they
were creative in using science during the crime scene activity. Students were able to take video
and still photographs of the crime scene and add annotations and/or yewerdings to share
their thinking to that point in solving each case.

Day 4:The teacher began this part of the lesson by introducing three new clues or alibis
that were developed to remind students that science is tentative and subjective. Each clue or
alibi was written in a way that creates new thinking about previously kndvaekvations and
inferences. Additionally, students were introduced to a case file about each of the main
OKIF N}X O0SNAR FTNRBY SIFOK FIFIANB (FtS G2 3IAQGS a2YS
past. The teacher gathered students back as algrgup to review and debrief the case files

on each character and gave students time to share any new thinking with a partner. The
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teacher led a discussion with the whole group about making sense of the new information. The
teacher asked students if their thinking was changed based on the new information and
reminded students that science is subjective and tentative and that sdieatie creative. The
children used the case files along with their observations and inferences to determine their
solution to each case. Students were asked to support their claims with evidence from their
observations and inference$he teacher askedigS & G A 2y a &adzOK | ax> a2 KFd R
G2 KFEG RAR @2dz AYTBAXFNRXYFENYII BREGYKOKI yISR &2
@€2dz ONBIlI GA@BS Ay a2t @ay3a GKAA Ol aSK¢

Day 5:The teacher began this lesson by asking if there were any students who wanted
to share any final thoughts with the whole class. Students then completed a digital recording
sheet designed by their teacher where students had the opportunity to draw, reconhice

over a photograph indicating how they solved the case.

Study Participants

The setting for this study was a Kindergarten classroom, composa#,d and 6year
old students. The elementary school that houses this classroom is in a suburban setting, 15
minutes outside a major city. It has a diverse student population including varied SES levels
represented and ove20 different languages being spoken. | was both researcher and teacher
in this classroom, and | anm28-yearveteran Kindergarten teacher.

Study participants were recruited from my Kindergarten classroom. Consent forms were
sent home with each student along with a cover letter explaining the study and asked families

G2 O2YyaARSNI Fft2gAy3a YS (G2 dzaS aycéseNSfomEAf RQa
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were sent home, a recorded video answering parent questions was shared via the school
communication platform so that families could make a more educated decision about giving

consent for participation. There were several families who wanted their childrgarticipate

fully butdid not want any data collected or used in this study. Regardless of if families gave

consent or not, all children were able to participate in the intervention activities, as they are

part of our usual classroom lessons. Anyfandla G KIF 0 RAR y20 3IAGBS 0O2ya.
data excluded fronall data analysis. 3 students moved out of the class in the month before the

study began and 1 student joined the class after the study began. These studentslseere

excluded from this studgs | was not able to obtain pNOSE datafrom them before the

intervention took place.

In this study, there were a total of 17 original participants whose guardians gave
consent, all current students in this kindergarten classroom. One student moved immediately
after the VNOSE pretestwas given, so their data is not included in the study results.
Additionally, 2 participating students are special education students. One of the students with
special education needs has data included in this study as they are highly verbal and were abl
to respond to questions. The second student was fss kerbal and was able to answer one
question on the/NOSE pretest 1'a | NBadAg# § GKFdG addzRSyiaQ R
the study results.After subtracting out these three students, there were 14 students whose
data was included in theesultsof this study.11 students participating wer€aucasiaand 5
were black. Thirteen students attended some sort of preschool before kindergarten and 3
students had no prior educational experience. One student was multilingual, speaking Haitian

Creole athome and English at school.
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In thinking about the peer learning that occurred during this stuaiyere children

learned from older, more skilled peers, it became most noticeable when reviewing the data

collected in this study. As I reviewed the data, | noticed when the younger students would

pause to listen to their older, skilled peers, both dgriwhole group discussions and when

recording digital science notebook entriesable 35 shows the age of each student during this

study, along with their gender and race.

Table 35

Student demographic information during study

Student number

Student age during study

Student race/gender

Student 1 5 Caucasian, Male
Student 2 5 Caucasian, Male
Student 3 6 Caucasian, Male
Student 4 6 Caucasian, Male
Student 5 6 Caucasian, Female
Student 6 6 Caucasian, Female
Student 7 5 Black, Female
Student 8 6 Caucasian, Male
Student 9 6 Black, Female
Student 10 5 Caucasian, Female
Student 11 6 Caucasian, Male
Student 12 5 Multi-Racial, Male
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Student 13 5 Black, Female
Student 14 6 Caucasian, Male
Student 15 6 Black, Male
Student 16 6 Caucasian, Male
Student 17 5 Black, Female

When the study was conducted, 10 of the participating students were already six years
old and 6 of the students were five years old. 5 oftheyearold students were oldesixyear
olds, as their birthdays occurred before school began in August or shortly after into November.
The 5 remainingixyearoldshad their birthdays between December and January. This data is
important when reviewing th&/ NOSE,reflection and inferring data as | was able to observe
the range of responses from children who had turned five during the school year to those who
had already turned six. The oldgkyearold students served as the more skilled peers (Tudge,
1990) for the youndive- and sixyearold students. Often, the youngdive-yearold students
would pause when recording their reflections and inferences to listen to what the more skilled
sixyearold students were sharing and then adjust their thinking. Tleisame evident when
fAaGSyAy3 (2 SIHOK aiddzRSyidiaQ 92A0S NBO2NRAy3:
and older students' voices could be heard in the background. When the younger students

began speaking again, their words reflected those thatesheard in the background.
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Data Collection

In this study, qualitative data was collected to show the impact of this intervention
strategy orkindergartenstudents' understanding of NOS aspects (observation, inference,
subjectivity, empirical evidence, the tentativeness of science, and creativity). In choosing a
jdz f AGFO0ADS YSGK2R&a &addzRé> L dzaASR Ay Qa OHnAMC
demonstate that children, especially young children, learn best from sociocultural interactions
with their peersusingexplicitreflective instruction.
The timeline for procedures and data collection is shared in TabjevBich includes
information regarding what happened in each phase of the study, the expectations or actions
that occurred during each phase, and the timeline for each phase. | conducted a qualitative
interview (Yin, 2016) using tRdNOSE,an openrended questionnaire. THdNOSEwas
administered hree timeto students, once, before any intervention began to determine what
students already knew and understood about NOS aspects, andadseéme after all five
f Saazya KFIR 0SSy O2YLX SGSR (G2 aKz2g GKS, AyONSI
and a third time, 1 ¥2 months after the lessons concluded to determine the longevity of
students use of the specific NOS aspects.
Students completed a reflection sheet (Appendix B) and inference sheet (Appendix C)
after each lesson to show their thinking behind solving each case. The reflection sheet was
created to allow the teacher tdetermine what observations students were making and which
items within the mock crime scene were guiding their observations and ultimately, their
inferences. In creating the reflection sheet, | wanted to have a second data source where

students could showheir thinking, current use of NOS aspects, and to help me understand
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how their NOS understandings were changing. The students completed a reflection sheet five
times, once during day three of each lesson. The data collected and coded from these reflection
sheets will show how students' use of observation is being useohjuection with other NOS
aspects to make a more informed decision regarding the solving of each case.

The inference sheet was completed on day five of each lesson, for a total of five times,
as a third data collection and analysis piece. The inference sheet was completed on the final
RFe 2F SIFEOK fS&aaz2zy G2 OF LI dzZNB SllacoitiodaardzRSy (1 Qa
explanation for each crime scene. When creating the inference sheet and the questions on it, |
g yiSR (2 0SS ofS G2 OF LJWidzNBE SI OK addzRSydQa
behind selecting a suspect(s), and how they were &bletermine which suspect(s) to name.
At the top of each inferring sheet, students first circled the suspect they had chosen, then, they
wrote or had scribed their reason for selecting that suspect, and finally, they wrote or had
scribed the inferencedhat led them to that decision.

L faz2 1SLIWKG | FASER y2iS0221 6KSNB L NBO2N
interactions, thinking they shared, or other changes that | needed to make to the lessons. My
field notebook was a place where | recorded my reflections of the study andneduo those
NEFfSOGA2ya | FGUSNI GKS aiddzRe O2y Of dZRSR (2 2048
The entries in my field notebook were not codasithey were my observations, however, when
reviewing student data and my field notebook entridsgre were entries that | made that were
mirrored in the work the children were sharing with me. Entries from my field notebook are

shared in chapter 4 along wittorrelating student dataln addition to a field notebook, where |

collected thoughts, ideas, and questions as | taught each lesson, | used a microphone, set up in
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the middle of the classroom, to record whole group discussions. As with the field notebook, I
did not code the recordings, rather | used them to replay the conversations students had with
me and their peers to determine how students were using NOS aspetttsir conversations

and to listen to how students were learning from each other as more evidence was presented.

The reflection sheet and inference sheets were coded in the same way thaiNRSE
is, (uninformed, adequate, and informed views of NOS) to provide consistency amongst all
forms of data being used to inform the success of the intervention. Example student responses
for each coded area (uninformed, adequate, and informed) are shared irsTald, 3.3, & 3.4.

My intent in administering th& NOSE andn asking students to complete a recording
sheet and inference sheet was to create three points of data that could be triangulated to show
student growth in understanding NOS aspects. There will be some inferring done on my part,
mainly when scoring thetisdent recording and inference sheets, as they are not currently
validated instruments. They do both provide data on student understanding of NOS aspects
and due to the repeatedse,they will offer aweekbyweek 2 21 | 0 K2g SI OK & dzf
understanding is progressing.

Data Analysis and Coding

Data analysis and coding began immediately after the first administration of H@SE
andcontinued through each of the lessons and into the final administration oMKOSE
Analyzing and coding data as the study occurs allowed me to track the data in a timely manner
ensuring that the data is collected and reported accurately and to record any additional student
responses on the correct instrument. In the interest of prawdprivacy to alstudents,

studentswere asked to write their names on the recording sheet and inference sheet and
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names will be translated into numbers to ensure anonymity when the results are shared.

Names were added to théNOSEeach time it wasadministeredand those names were also

translated into numbers to match those on the recording sheet and inference sheet. Students

were asked to write their names on each data collection instrument so that | can ensure that

each data point is matched tothe corre®€ & f RQa ydzYoSNJ a2 GKFG L g1t a
across all instruments.

VNOSEE preépost responses were coded in accordance with the validated VRIOS
assessmenprotocols (AbeEHKhalick et al., 2001) and then tabulated. As indicated byEbd
Khalick et al., (2001) each student will be administered the VE@®8ividuallyduring a one
on-one interview. | used a questiaesponse format, where | asked a child a question and
recorded their responses on the VN@$aper copy. | continued asking a question and
recording student responses until all questions on the VIE®@vebeen completed. Ab¢E}
Khalick et al., (2001) shared that with older participants, respondents will complete the VNOS
individually and 2@25% of respondents should be interviewed to determine more clarification
of their responses and understanding of each\&pect. As these Kindergarten students were
generally unable to write or record responses to questions on their own, | simultaneously
scribed their responses and probed each child for more information about their responses, as
needed for clarification, féectively combining the procedures that are used separately when
administering the VNOS to older respondents.

Abd-EIKhalick et al., (2001) suggested that teachers who are less familiar with
administering the VNOS, interview a larger majority or all respondents. Interviewing a larger

group of respondents allows the teacher to view many types of responses antiroeer

79



develop a better understanding for how to score each response. | administeradNESEand

interviewed each child during both the pre atwio post assessment cycles, to ensure that |

wasl OOdzNJ G St & O2RAyYy3A S| OK -EfXKalick & &.4(200TbsiateR thlah S & ©

expertise in coding VNOS responses comes when the teacher can correlate the coding of initial

responses on the VNOS, typically written by the participant theraselwith the coding of

responses given during the follewp interview. If the coding and inferring of the responses

correlates between the written and interview responses, Atikhalick et al. suggested that

the teacher is accurate at scoring the VNOS. As an additional source of validating the results of

the VNOSE Dr. Valarie Akerson conducted a blind coding of studn®SEresponses. The

results werereviewed,and any discrepancies were discussed and resolmsetrater reliability

g a mnmrg: FAINBSYSYylG 0SG6SSy 5N ! {SNE2yQa O2RA
Each question of th¥ NOSEis designed to give the teacher specific information

regarding each aspect of NOS, allowing teachers to determine which areas of NOS stadents

understand fully and which aspects they still may have uninformed or adequate views of.

Table 36 shows the alignment between questions thre VNOSEto each of the aspects of NOS

the question probes about.
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Table 3.6

Correlation between questions on the VNE&nd NOS aspects addressed

VNOSE Question Nature of Science Aspects
Question 1 Empirical NOS

Question 2 Empirical NOS

Question 3 Tentative NOS

Question 4a Observation and Inference NOS
Question 4b Tentative and Creative NOS
Question 4c Subjective NOS

Question 5a Creative NOS

Question 5b Observation and Inference NOS

Source: Madsen, A., & McKagan, S. (n.@hysPort assessments: Views of Nature of
Science Questionnaire

| created and used a table (Tabl&@)3where | recordedgtudenttabulations. Each time a
student response was color coded, | added a tally mark to the corresponding column. For
example, when a student shared an adequate response, | highlighted it blue on either the
VNOEE, the student recording sheet or student inference sheet and placed one tally mark in
GKS | RSljdzr 4SS O2ftdzvy ySEG G2 (KIFG addzRSyidQa
was collected, | printed a new copy of this table and code and tabulated each gtida Q

responses.
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Table 37

Example Tabulations Table

Instrument Name Uninformed Adequate Informed

Student Number

Student Number

Student Number

Student Number

Student Number

Student Number

Once the responses were tabulated, the pre/post assessments were compared to
determine any change in understanding, as | was able to observe movement in groups of tally
YEN]J & FONR&da SIFOK addzRSydaqQ O2fdzvya a ¢S Y20
sheets and inference sheets were coded as well, using the same coding protocols8/aKxBe
(Tables 3.2, 3.3, and 3.4), to maintain consistency across all forms of data that will be collected.
| used ahree-color coding system when reviewing the ddtam my previous study
(Poindexter, 2022), pink was used to code uninformed responses, green indicated adequate
responses, and blue indicated informed responses. ddigs-codingsystem was again used on
the VNO&Ethe recording sheet and the inference sheet. When coding responses ArNGS
E | used the same recording papers for each administration and used highlighters to code them

according to thecolor-codingsystem shared below (TableBR. The recording sheet and
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inference sheet were color coded in the same way, based on student responses, and used to
show the current NOS understanding of students after participating in each lesson.

Table 38

Color Coding System

Color Code Student Response
Pink Uninformed Student Response
Green Adequate Student Response
Blue Informed Student Response

The study was completed within the timeline shatezlow (Table 39), with the
exception of lesson 5 being taught in 3 dagise to a holiday and fieldlip, instead of the five
that each of the other lessons were taught in. Coding of the student reflection and inferring
sheets was more difficult at first as some students did not use the voice recording feature.
Expectations for submitting entries were reght and during the subsequent entries, students
used more voice recordings on their reflection and inferring sheets. It was noted on the coding
AaKSSGZX AYRAOFGSR o6& Iy awés AT addzRSyda NBaLR
voice recodings.
Table 3.9

Procedures and Timeline

Phase Expectation/Action Data Analysis Time Frame
Phase One: Send home consent forms/cover lette January
Participant to families 2024
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Identification

Review consent information

Two weeks

Phase Two: Datg
Collection

Administer VNO& preassessment
individually

Lesson 1
-Student reflection sheet
-Student inference sheet

Lesson 2
-Student reflection sheet
-Student inference sheet

Lesson 3
-Student reflection sheet
-Student inference sheet

Lesson 4
- Student reflection sheet
-Student inference sheet

Lesson 5
-Student reflection sheet
-Student inference sheet

Administer VNO& postassessment
individually

Teacher kept a field notebook to
capture thoughts and ideas as the
intervention took place

VNOSE (administered individually
to each student before
interventions begin)

Lesson 1 Student reflection and
inference sheets

Lesson 2 Student reflection and
inference sheets

Lesson 3 Student reflection and
inference sheets

Lesson 4 Studemeflection and
inference sheets

Lesson 5 Student reflection and
inference sheets

VNOSE (administered individually
to students directly after
interventions ended)

Review notes made in field
notebook to look for patterns or
interesting occurrences in study

January
March 2024
Seven
weeks

Phase Three:
Data Analysis

Administer delayed VNGE post
assessment individually

Coding of VNOBE pre/post
assessment, lessonsslstudent
reflection and inference sheets

Coding of student reflection and
inferring sheets in the Seesaw app

VNOSEE (administered individually
to students 1 %2 months after
intervention ended)

Coding using VNGEScoding
scheme for VNOB, reflection, and
inference sheet

Coding Scheme:

uninformed, adequate, informed
views of NOS (semxamples in
Table. 3.2)

March-April
2024
Five weeks

Phase Four:
Findings

Review data from study

Report data from the study
-Indicate data from each NOS area
studied

-Data collected from student inferring

and reflection sheets

May/June
2024
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As one of the purposes of this study was to use digital science notebooks, coding was
able to occur even when students were not present, which did lend validity to their use as well
as learning more about their thinking and use of NOS. An unexpectedgfidaéa that was
collected, was hearing students as they recorded their observations and inferences who
stopped and paused to listen to what other students around them were thinking. Students
were learning and listening from peers as they usedahielen®, they had to make meaning
whenrecording2 KSy L y20SR GKFG GKA& KFLILWISYSR Ay
recording, | reviewed the ages of each student during this study and compared them to the
voices | could hear in the recordings. | found that more often than not, students who were
pausing to listen were younger students and the students they were listening to were older, 6
yearold students. This demonstrated the necessary inclusion of peer learning in this and
future interventions so thayounger studentganlisten to older, more skilled peers and learn

from them and their thinking to consider and change their own thinking.
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Findings and Results

In the next two chapters, you will read about the success of this intervention and the
increased use and understanding of NOS aspects among the participants, using this model of
explicitreflective instruction. Students initially had uninformed views affimNOS aspects,
however, with explicireflective instruction through fairy tales and immersive experiences,
students were able to move from uninformed views to adequate or informed views of NOS
aspects.

| found that the use of fairy talegnmersive experiencesnd digital science notebooks
did increase Kindergarten students' understanding of observation, inference, subjectivity,
empirical evidence, the tentativeness of science, and creativity. All student participants
increased their understanding and use of each NOS aspect on thepogitést andwere able
to demonstrate their use and knowledge an additional 1 ¥2 months after the intervention had
ended as indicated in the delay®NOSE posttest. Additionally, the use of peer learning
allowed students to learn from older, more skilled peers and to reconsider their initial,

tentative ideas.The research in this study was based on the following research question:

RQ:How can fairy tales, immersive experiences, and digital science notebooks increase
Kindergarten student understanding of observation, inference, subjectivity, empirical

evidence, the tentativeness of science, and creativity?

The data below shows how the use of fairy talesnersive experiencesand digital

science notebookdid increase Kindergarten student understanding of the following NOS
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aspects: observation, inference, subjectivity, empirical evidence, the tentativeness of science,
and creativity.The inclusion of peer learning through whole group class discussions helped
students to also change their initial ideas as they listened to the ideas of older gtedents

grew in their understanding of the developmentally appropriate NOS aspects as well as how to
explicitly state which aspects they were using. Students participating in the study were given
the VNOSE todetermine previous NS understanding. TRéNOSE isa validated instrument

that allows educators or assessors to determine growth of NOS aspects (Lederman, 2007).
To confirm my coding of théNOSE,Dr. Valarie Akerson also reviewed #BIOSE datato

provide interrater reliability. We had interrater agreement of 100% on all ttiME©SE
administrations further validating the strength of the results. The MNOSE isshared in
Appendix A.

Each of the activities included in the daily lessons was intentionally designed and
included to ensure that students had practice with each of the specific NOS aspects. Table 4.
below shows the activities that were included along with the NOS aspects aligned with them.
Including this variety of activities made certain that explieflective instruction wouldccur,
and that each NOS aspect included in this study would be taught explicitly and then used in
practice by students allowing them to reflect on their learning. Many of the included activities
allowed students to use several NOS aspects in conjunction wigrgitfurther demonstrating
that even as they are separate aspects, they cannot be used without many of the others. Over

(0KS FAOS RIFHreaQ fSaazyas OKAfRNBY KIR Fd tSIad

ety

and the activities were chosen based their ability to align with a NOS aspect.
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When moving through each of these activitaly, | intentionally and explicitly
NEOASHESR SIFOK bh{ FaLSOG G2 1SSLI GKSY Ay GKS
would use them in the activity that immediately followed. | also created a mix of listening,
handson, discussion, and reflectiactivities so that students would not be sitting for a long
length of time, but rather, engaging in handa work, much like scientists would. Drawing the
lesson out over five days allowed students to@ctiinew evidence and assimilate it with prior
1y26t SRAST Ay aYlFftftSNI LI NLIaod 91 OK RlI&aQ tSa
that students were practicing reflection as a skill and to help them make sense with their peers

each time they lemned new evidence.
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Table 4.2

Lesson activity correlation with NOS aspects

Activity

NOS aspect alignment

Introduction/Review of NOS aspects

Observation, inference, creativity, empirical
evidence, tentativeness, subjectivity

Reading of fairy tale

Observation, creativity, empirical evidence

Introduction of the problem/case

Inference, creativity, empirical evidence,
tentativeness

Whole/partner discussions

Creativity, empirical evidence, tentativenes
subjectivity

Immersive crime scene

Observation, inference, creativity, empirical
evidence, tentativeness, subjectivity

Case files

Observation, inference, creativity, empirical
evidencetentativeness, subjectivity

Student reflection sheet (digital science
notebook)

Observation, inference, creativity, empirical
evidence, tentativeness, subjectivity

Voiceovers/annotations

Creativity, empirical evidence, tentativenes
subjectivity

Additional clues

Creativity, empirical evidence, tentativenes
subjectivity

Student inferring sheet (digital science
notebook)

Observation, inference, creativity, empirical
evidence, tentativeness, subjectivity

Anchor chart of NOS aspects

Observation, inference, creativity, empirical
evidence, tentativeness, subjectivity

The results of the VNG pretest show (Table?).that many students do not have

previous knowledge of NOS aspects. When presented with a picture for questions 5a and 5b,

students were able to demonstrate that they were able to think creatively about what they
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observed in the picture and make some inferences about what might happen, however, when
FA1SR G2 YIS 20aSNBIGA2ya o2dzi Y2NB | 6aidNr O
were mainly uninformed. As observation and inference are the most acceddib aspects to

younger children, and they are able to practice that with concrete pictures and experiences first
before the more abstract, these results were not surprising. Responses to question 1 given that
SSNE O2Y3a3ARSNBER dzyAKXFRARNERIAFOCdZRSRYz dz2& S| LR & A
O2t2NBR® ,2dz YI 1S SELX28A2ya 2N a2YSGKAYy3IdEsT a

a

&

322Rd¢ vdzSailiAz2y H dzyAyF2NX¥SR NBalLlkyasSa oSN

u»
(0p))

LRRGA2yaéds a. SONBASAAUKS FYLIUWER®AGS 2F aOASyO
Table 42

VNOSE PretesData

Uninformed Adequate Informed
Question Empirical NOS | 8 7 1
Question2-Empirical NOS | 14 1 0
Question 3Tentative NOS | 10 2 3
Question 4a0bservation |11 2 2
and Inference NOS
Question 4bTentative and | 13 2 0
Creative NOS
Question 4eSubjective 9 2 4
NOS
Question 5aCreative NOS| 0 1 14
Question 5BObservation |0 3 12
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and Inference NOS

Totals 65 20 36

Questions 5a and 5b showed that students already had some adequate knowledge of
ONBIGABS bh{ YR K2g (G2 20aSNIBBS I yR AYTFTSNW o
could goflying off their snowboard and get hurt, but there are things to hold their fee€ on
"Someone is sliding on the snow mountain. They might fall down the hill into the trees and
KdzNII GKSYaStTo CKSYy (KSeé gAtft KIFI@S (G2 F2tt2¢0
coded as uninformed on the pretest were vague and lacked the sggcithat would indicate
an understanding of NOS aspects.

As shared in Table3ibelow, after completingthe  SS{1 Ay i SNBSSy A2y > ai
all NOS aspects increased and shifted to more adequate and informed NOS use and thinking.

There were some students who continued to hold on to misconceptions about NOS aspects, as
demonstrded on the VNO&E posttest, particularly when thinking about how certain scientists
were about the existence of dinosaurs and how dinosaurs may have looked. This could indicate
that although more students are understanding that sceerstentative, several are holding on

to prior beliefs. Students also grappled with ways that science is different from math, writing,

reading, or other subjects.
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Table 43

VNOSE Posttes#1 Data (given immediately following intervention)

Uninformed Adequate Informed
Question Empirical NOS | 2 5 7
Question 2Empirical NOS | 5 8 2
Question3-Tentative NOS | 2 8 5
Question 4a0bservation |5 8 1
and Inference NOS
Question 4bTentative and | 6 5 3
Creative NOS
Question 4eSubjective NOY 3 2 9
Question 5aCreative NOS | 0 15 0
Question 5BObservation | 2 0 14
and Inference NOS
Totals 25 51 41

The delayed posttest was administered to further determine the length of time students
would retain the benefits of this intervention. The data gathered from the delayed MNOS
posttest (Table 41) shows that overall students were able to maintain the use of NOS aspects
at the adequate or informed levels. Interestingly, the question about tentative and creative
NOS remained the area that was more challenging for students to increase their use and
knowledge of across all three administrations of the VNED®uring the initial posttest, several
students had just begun to demonstrate how science was tentative and creative, however, that

was the first area that students also displayed a decrease intbeof these areas.
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Table 44

VNOESE Posttest #2 Data (given 1 %2 months following intervention)

Uninformed Adequate Informed
Question Empirical NOS | 4 6 5
Question 2Empirical NOS | 2 6 7
Question 3Tentative NOS | 2 2 11
Question4aObservation |3 2 10
and Inference NOS
Question 4bTentative and | 10 4 1
Creative NOS
Question 4eSubjective NOY 4 11 0
Question 5aCreative NOS | 0 15 0
Question 5BObservation |0 10 5
and Inference NOS
Totals 25 56 34

In addition to assessing student understanding of NOS aspects WithNSE,
students completed weekly reflection and inferring sheets. Each of these sheets (Appendix A &
B) was shared with students digitally through the Seesaw app we used as our digital science
notebook platform. Several student samples are shared as screerabaty with examples of
uniformed, adequate, and informed student transcripts beldlese examples were selected
as exemplars after reviewing all student work that was subrdittEach exampleearly

demonstratel either uninformed, adequate, or informed used of NOS aspects, either in the

drawings submitted or the accompanying voice recording or annotation.
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Below are images from each of the mock crime scefvében reviewing student
drawings and recordings, it is helpful to have the image of what the students were able to view
and the evidence that helped them to make their observations and inferences. Each crime
scene was carefully designed with multiple pieoésvidence that could implicate one or more

suspects. Each crime scene measured around 5 feet by 6 feet and was created while students

were not in the classroom.
Figure 41

Mock Crime Scene for The Little Red Hen
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Figure 42

Mock Crime Scene for The Gingerbread Man
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Figure 43

Mock CrimeScene for The Three Little Pigs
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Figure 44

Mock Crime Scene for Little Red Riding Hood
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Figure 45

Mock Crime Scene for Jack and the Beanstalk
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Figure 46

Examining Case Files

99



Figure 47

InformedStudent Reflection Shefr Jack and the Beanstalk

Draw the crime scene below and circle any clues that helped you
solve tha crime. Place a question mark next to any clues you
| have questions about.

Initially when looking at this student reflection sheet that accompanied Jack and the
Beanstalk, Figure dAwascoded as uninformed due to the lack of evidence directly taken from
the crime scene. Several details in the drawing are hard to discern, other than the beanstalk
itself. The evidence is difficult to interpret unless you compare it with the original cbee

andlisten to the recording that accompanied this reflection sheet.

Qi
(0p))

{GdzRSyGY aL OGKAy{1l GKFaG wkHOl FStt R2gy GKS
the castle, and then chopped it when he came down right away. [pause] The beanstallefell
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and he (the giant) fell and bumped his hegohiise] anche (Jack) asked for the ax for the giant
and the giant got hurt. Jackjumpgd all trje way up aAnq he, he, he tried to jump to th,e giant'As o
house,and he start'ed tgump,F YR KS UNASR 2dzYLIAYy3dXZ o0dzi KS RAR)
2dzYlLJ uUKFEd KAZIKE D

After listening to the recording that accompanies this reflection sheet, there are many
details that are further explained or that can be inferred, such as the large brown area to the
right. That is the space where the gideli andwas indicated as such with the outline of a
large figure in our mock crime scene. The question mark next to it could indicate that this
student was still making sense of what happened to the giant after falling from the beanstalk or
was wondering who theharacter was, as was not ever explicitly stated. When reviewing the
recordings, this student has some more adequate and informed views of NOS aspects. They
used the evidence observed to make inferences about what they think happened, and although
tentative at this pointthey were creative in their explanation of the evidence. This student
paused several times during the recording to listen to peers nearby, further indicating that they

may have wanted to listen to the ideas of others, realizing that their own ideas wetatiiee

and subjective.
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Figure 48

AdequateStudent Reflection Sheet for The Little Red Hen

Draw the crime scene below and circle any clues that helped you |
solve the crime. Place a question mark next to any clues you
have questions about. I

Figure 48 shows an initial adequate response on this recording sheet. This recording
sheet is from the lesson The Little Red Hen and depicts the bowl (gray area, bottom left), the
footprints (left side), the curly pig tail (top center), thaotprint (center, black), several feathers
(red) that are scattered around the crime scene, and the blue scarf (bottom right). This student
circled evidence that helped them to make their tentative inference and placed question marks

next to other evidence they &re not able 6 assimilate yet. Unfortunately, there was no
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recording accompanying this reflection sheet, however, the student did submit a recording with

their inferring sheet and indicated that from all the evidence, they believe it was the dog that

6221 GKS wSR | SyQa f 21 F 27T scerdldreRhelmgirRpiederolS T2 2
evidence that helped them to make this decision. This student used adequate and more

informed ways of thinking about NOS, however, a recording with the reflection sheet would

KIS LINRPGARSR Of SI NSNdkingy A IKG Ayid2 GKAA addzRS
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Figure 49

UninformedStudent Reflection Sheet for The Gingerbread Man

Draw the crime scene below and circle any clues that helped you |
solve the crime. Place a question mark next to any clues you I

have questions about.

~

a

This reflection sheet (Figure®}.was submitted without a voice recording, however,
there is little evidence here to share what the student may have been considering. There is no
evidence circled and no question marks were placed to indicate anything the student was still
considering ashey made their inferences. When listening to the recording that accompanied

the inferring sheet, the student indicated that most of their evidence came from the fairy tale
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text and the case file sheet about the fox. Generally, this student appears to have uninformed
views of most NOS aspects.

Student: | think the Gingerbread Man did not [pause] um, cross the river, because in the

book the fox said that his job is chasing Gingerbread Men, eating gingerbread cookies,

and his suspect sheet (case file) said that he chases gingerbread men.

The reflection sheet was coded as uninformed as the student simply provided a drawing
of the crimescene,and no other evidence was presented with it. When the recording from the
inferring sheet is taken into consideration, the student did use some evidence from multiple
sources to draw their inferences, indicating that this student, although detailed in the
drawings, has some uninformed ideas of some areas of NOS being used. The student used the
evidence sources presented, nevertheless, they were restose in developing their
inferences, taking evidence mainly from the fairy tale text. The reflection sheet and recording
from the inferring sheet do not indicate that any ideas were potenti@htative butbased off
observations and the case file alone.

During the study, particularly in weeks 1, 2, and 3, there were a number of students
absent from my classroom due to illness. Numbers of students' responses on both the
recording sheets and inferring sheets during those weeks fluctuated and are noted éati
table. Interestingly, when looking at the data from week 1 to wedaleardless oif students
were absent at any time during the study, their ability to use NOS aspects continued to
increase, again validating the effectiveness of this interventiven if students were absent
for one week out of the five in this study, they still grew in their understanding and use of NOS

aspects. Absences did not affect MBIOSEpretest or posttest administration.
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The student reflection sheets demonstrate the increase in quality of responses students
provided over the five lessons. Initially, students struggled with completing the drawing and
recording, however, with reteaching and modeling of the mechanics, stgdeeate able to
provide more adequate and informed responses. Uninformed responses included vague
drawings with few to no clues indicated and no voice recording, whereas, informed responses,
included detailed illustrations with a detailed accompanying &oecording. When coding
responses, it was of note that students who were six and oldeyesaxolds were more
successful in providing adequate and informed responses than their peers who were younger
five-yearolds.

Table 45 shows student growth in use of NOS aspects over the five lessons, moving
from uninformed thinking to more adequate and informed thinking. Students shared the
reflection sheet with me on day 3 of each lesson and many had yet to fully establish the answer
to each case questions and the suspect they would indicate as the one(s) at fault.

Table 45

Student Reflection Sheet CodfDyger Five Interventions

Uninformed Adequate Informed
The Little Red Hen 3 6 3
The Gingerbread Man |5 3 3
Little RedRiding Hood | 7 5 2
The Three Little Pigs 6 3 4
Jack and the Beanstalk | 1 6 6
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Table 46 shows the fluctuations in student thinking during each lesson, demonstrating
that they were tentative in their initial thinking and may have needed the evidence that was
presented after day 3 to help them come to a more concrete conclusichd SNJ G KS FA NA U
lesson, we had more absences in the three weeks that followed, which could explain the
decrease in some student scores. Several students missed the reading of the fairy tale or
viewing of the crime scene and the whole class disonsdhat follaved, leaving them with
less evidence to use to make inferences.
Table 46

Reflection Sheet Coding by Student Over Five Lessons

The True Story of
The Little Red Little Red Riding the Three Little Jack and the
Student Hen Gingerbread Man Hood Pigs Beanstalk
Student 1 3 v P hd 1 hd 1 - 2 b
Student 2 2 v 3 v 3 v 2 v 3 v
Student 3 2 v 1 v 3 v 3 v 2 v
Student 4 2 A 1 v 1 v 3 v 3 v
Student 5 2 A 2 v 2 v 3 v 2 v
Student 6 2 hd 2 v 1 v 2 v 2 ~
Student 7 1 A 1 v 3 v 1 v 3 v
Student 8 3 - Absent ¥ 3 - Absent  ~
Student 9 Absent ¥ 3 - 1 - 3 v
Student 10 ) v Absent - 1 v 3 v 2 7
Student 11 Absent ~ 1 v 1 - 3 v
Student 12 2 v Did Not Re... ¥
Student 13 2 - 3 - 1 - 1 -
Student 14 1 hd 3 v 2 v 1 v 3 v
Student 15
Student 16 1 v 2~ 2 v
Student 17 1 v 1 v 1 v

1 ¥  Uninformed

2 ¥  Adequate

2 ¥  Informed
Absent ¥  Absent

Did Not Respond
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Uninformed student voice response example from The Little Red Hen reflection sheet:
Teacher: Talk to me about yoarime scene, what did you put in your crime scene?
Student: | put a plant
Teacher: Why did you put the plant in your crime scene?
Student: Because it is green and then | circled the plant and circled the spoon.
¢SFOKSNY 2K2 R2 @&2dz GKAYy]l adaz2tsS G4KS [AGGE S
Student: | think it was the cat.
Teacher: Why do you think it was the cat?

Student: Because | just know.

Adequate student voice response example from The Gingerbread Man reflection sheet:
{GdzRSYdY L GKAYy]l GKS F2E IGS GKS 3IAYy3ISNDNES
not sure yet.

Informed student voice response example from The True Story of the Three Little Pigs reflection

sheet:

{GdzZRSYyGY L GKAY]l GKS g2tF Aa GNBAYy3 (2 23S0
O2dz RYQU FAYR lyeés a2 KS ¢Syl 2dziaARS | yR
destroyed the straw and stick house (evidence from the fairy tale text). Then it went

really hard, the ceiling of the brick house went down and one of the walls of the brick

house fell down (it was that way in our mock crime scene). So, then he went through

the wall and then he got some sugar, but then he realized that his house wasfezall

42 KS NIy GKSNXB:I IyR KS {(2fR KA&a 3INIYRYI 0
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walk that well (evidence from case file) and the cake turned out really bad and the

AN} YRYlF RARYQG tA1S AGO

CKAA AYFSNNAY3I aKSSG 6CATdzNB nomnO g2dZ R 0
voice recording that accompanied it. The drawing above indicates that the student thinks that
the gingerbread man did not make it across because the bridge was brdkenblue lines and
squares are representing the river, and the brown shapes represent the planks that made up
the bridge over the river. The student also circled the gingerbread man and shared with me that

Al gl a GKS 3 Ay3SND NS litBerogslayroken bfidgaedzt G F2NJ y2aG Y

Student: [Long pause] I think that the gingerbread man did not make it across. [Long

LJ dza S8 @ L 2dzad GKAY]l KS RARYyQil YIF1S Ad IO

109



Figure 410

Uninformed Student Inferring Sheet Response

The Case of the Missing Gingerbread Man

SUSPECTS:

Fox

| think that yes/no the Gingerbread Man made it

across the river, because...:

&
pEw
D
\ >

I'm inferring this because:
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This inferring sheet (Figure 4.11) wa®sen as it demonstrated an adequate view of
NOS. The student was prompted by the teacher to share their inferences after the student
appealed for help in making the recording. The student gave very limited information in their
response; however, it waall based on the evidence in the crime scene and from the clues that
were presented to the students.

¢SFOKSNY 2K2 R2 @&2dz GKAYy]l (221 GKS [AGGHfE S

Student: The dog.

Teacher: Why do you think it was the dog?

Student: Because of the footprints.

Teacher: Was there any other evidence that helped you decide?

Student: Yes.

Teacher: What else?

Student: Because he was smelling all day.

¢SIFOKSNY hKX &Sasx (KFG stra 2yS 2F GKS Of dz8

Student. Mmmhmm.
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Figure 411

Adequate Student Inferring Sheet Response

The Case of the Missing Loaf of Bread

SUSPECTS:

Dog

T T \

. >

I'm inferring this because:

I
I
I
I
I
I
I
I
I
I
| This is who | think took the loaf of bread:
I
I
I
I
I
I
I
I
I
I
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Figure 4.12 shows that this student used more informed views of NOS. On the inferring
sheet, they indicated that the gingerbread man did not make it across the river due to the
bridge falling apart and that there were crumbs on the ground around wherngr bigably
escaped. This student did let me know that they accidentally circled the wrong suspect picture
and meant to circle the picture of the fox instead because the evidence showed that he was the
one who ate the gingerbread man. The student was untab&rase the circle around the
gingerbread man.

Student: | think the gingerbread man did not make it across the river [long pause] because the
book said, and the fox, and the fox, and the fox said in his clue that his job is chasing
gingerbread men, eating gingerbread cookies, and his suspect sheeffilexsaid he has done

that before.
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Figure 412

Informed Student Inferring Sheet Response

Do g Fox Gingerbread

I

I

I

I

I

I

I

I

I

| Man

| think that yes/no the Gingerbread Man

| across the river, because...:
I
I
I
I
I
I
I
I
I
I

~

GICE)

I'm inferring this because:
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When submitting inferring sheets, students were more consistent in also submitting a
voice recording along with it to explain their thinking. Older students were generally able to
write in their final suspects name on the spaces provided, however, yowstgaents always
chose to record their ideas. By the time the inferring sheets were submitted on day 5 of each,
students were confident in their responses, thus accounting for the higher number of adequate
and informed responses. They included many mooftevidence they used when making their
decisions and used it to confirm their initial, tentative and subjective inferences, and could
verbally explain their thinking and what made them certain in their findings.

Table 47 shows the growth over time by the students based on the coding scheme
discussed earlier. Over the five lessons, students increased their use of NOS aspects from
uninformed/adequate thinking to more adequate/informed thinking. Towards the end of the
lesons,apart fromthe last lesson, student thinking and use of NOS aspects had shifted more

towards informed, with a few students maintaining more adequate coded thinking.

Table 47

Student Inferring Sheet Coding

Uninformed Adequate Informed
The Little Red Hen 1 5 6
The Gingerbread Man | 2 1 8
Little Red Riding Hood | 2 7 5
The Three Little Pigs 1 4 9
Jack and the Beanstalk | 3 6 5
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Table 48 breaks down each students coded score by lesson to show their use over time.
The boxes with the darker colored backgrounds indicate a decrease in a student score from the
previous inferring sheet. This change in the use of NOS aspects could be dudettstu
continuing to explore and make sense of each aspect and how it is used in each lesson. It could
alsobe due to the clues and information that were presented to the students by the teacher
and how the students interpreted those pieces of informati@uring the lesson centered
I NRPdzy R a[ AdGfS wSR wARAY3 |1 22Ré FT2NJ SEI YLX S=2
as suspects, the children had a more difficult time deciding who had committed the crime than
in other weeks. | presented the chiéh with the option of Little Red Riding Hood, thelf, or
the lumberjackas the suspects. We were working to find out what happened to Little Red
Riding Hood. The children saw Little Red as a suspect that we could dismiss right away due to
any lack oevidence that she may have harmed herself. They also dismissed the lumberjack as
a potential suspedbecause he helped Little Red Riding Hood in the fairy tale we read together.
This left little room for discussion about the main suspect being the wolf, as he was the only
suspect remaining. In the middle of teaching this lesson, | noted the need ngelihe
suspects and/or the overall question we were aiming to solve as this lesson did not seem as

strongly tied together as the two previous and the tihat followed.
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Table 48

Inferring Sheet Coding by Student Over Five Lessons

The True Story of
The Little Red Little Red Riding  the Three Little Jack and the
Student Hen Gingerbread Man Hood Pigs Beanstalk
Student 1 3 v 3 v 2 v 3 v 2 v
Student 2 3 v 2 - 8 v 8 - 2 v
Student 3 3 v 3 v 3 - 2 v
Student 4 3 v 1 A 3 v 3 v 3 A
Student 5 2 v 3 hd 2 v 2 N 3 A
Student 6 2 v 3 A 2 v = o 2 v
Student 7 2 v 2 v 1 - 1 -
Student 8 Absent ~ 3 v z) v Absent hd 2 v
Student 9 Absent 1 A 2 v 2 v 1 v
Student 10 3 v 3 A 3 v 3 v 3 v
Student 11 Absent ~ 3 A 2 v 3 > S -
Student 12 hd v A v v
Student 13 3 v 3 - 1 v 2 - 2 -
Student 14 2 v 3 hd 2 v = hd & -
Student 15 No Respo... ¥ Absent ¥
Student 16 1 v Absent ¥ 2 v
Student 17 2 v Absent hd 1 A = A 1 s

1 ¥ Uninformed

2 ¥  Adequate

3 ¥  Informed
Absent ¥ Absent

CEITED Did Not Respond

During the last week of this intervention, our school week was shortened by two days,
one for a national holiday and the other was due to a field, wpich could account for the
slight decrease in student scoreshe day 1 lesson was unaffected and occurred on a Tuesday
instead of MondayDay 2, which happened on a Wednesday, the observation and inferring of
the crime scene, was part of oarorning meeting followed by the examination of the case files
later in the afternoon which was usually included as part of day 3. Day 4 and day 5 occurred on
Friday, with students completing the reflection sheet in the morning and hearing clues and

compleing the inferring sheet in the afternoon the same day. Even with the changes made to
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this lesson, students were able to demonstrate their use of NOS aspects on the reflection and
inferring sheets.

Below is an excerpt from the whole class discussion we engaged in on day 2 of the first
5SS Qa ThisSécdrding game from a voice recording | took from this sesEran.
students engaged in wonderful dialogue that helped several students to solidify some initially
tentative ideas and other students were able to build on the ideas of peers. As this was one of
the initial discussions, | drew the children back sevenags$i to making observations of the
crime scene. Many students wanted to begin bgrafg their inferences, however, | felt it best
to explicitly teach them what observation meant before moving on to inferring. | also noted
the ages of the children as it does give some context to who was developing and sharing ideas
near the beginning athe conversation and those students who were more tentative in sharing
their ideas until they had listened to their peers.

Teacher: (children are seated around the mock crime scene for The Little Red Hen) |
would like for you to tell me what you're observing in this crime scene. I'll give you a few
seconds to observe and when you have something you want to share, raise ymlr ha

and then I'll make a note of what you're observing. Studetwhat are you observing?
Student 1 (oldeB-yearold): | see cat prints, it's hard to say though they might be dog
prints. | think the cat and the dog ran off with the loaf of bread and The Little Red Hen is

chasing them.

TeacherSo,you're inferring that the cat and the dog ran off with her loaf of bread and

she's chasing them? (student nods head yes in agreement)
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Student 2 (oldeB-yearoldd Y . S&X L F3INBS>E AdGQa KIFINR G2

or the dog, but it's hard to tell because of the footprints.

Teacher: So either a cat or dog Butiih&rd to tell with the footprints in the powder
(another student slides over next to student 2 to continue to talk about this idea in a
whisper) Remember observing is what we see with our eyes or experience with our
senses, inferring is when we make senéhe observations and the ideas we develop
with after we look at what we observe. Any more observations? (teacher calls on
student 2) What else are you observing? | know earlier you said it was the cat, and

students 4 and 5 chimed in and said that they could be cat or dog prints.

{GdzZRSY 0 HY wWAIKOGZ LQY adGatt y20 adz2NBz o0 dzi

the prints could be theat, or the dog has me still working to figure it out.

Teacher: Science is tentative and subjective, thank you for sharing your ideas

Student 3 (oldeB-yearold): | think the dog went back to get theead;he was taking it.

| found the spoon too.

TeacherSo,let's go back to just observations, we will share our inferences in a minute.

(other students not included in the study share some more inferences)

Teacher: Okay, | want to get all your observations first so remember your observations
are. Whatcan yousee in our crime scene? 80,6 SQ@S &aKI NBR GKI GO ¢S a
prints, what else do we observe in our crime scene? What else is in there?

Teacher calls on student 3: What's something you observed?

{GdzRSYy 0 oY 2SS KI@SyQi alrAR Fye@aKAYy3 | o62dzi
think he just dropped it.
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Student 4 (oldeb-yearold): | bet the bowl fell because of the way the flour fell on the

ground.

Teacher: Can you tell me more about that?

Student 6 (oldefive-yearold): Yeah, | think they were chasing the Little Riesh,and
they ran into her bowl and knocked it down that way (indicated a direction) because

GKIFIidQa (KS gl e (GKS FTf2dzNJ Aa aLAffSRO®

{0dzRSYy i nY L GKAYy]l GKS LA3I Aa Ay@2ft 3SR o

(indicated the same direction as the previous student) and there is a curly tail there.

Student 5 (oldeb-yearold): Yeah, | think the plant got knocked over and that shows
that she (The Little Red Hen) is running away.

Student 3: | think that the Little Red Hen went inside and was checking on her bread and
she saw the empty bread thing (loaf pan) and then she saw the mouse, the dog, and the
cat all eating it.

Student 6: And then they all raaway,and the Little Red Hen dropped the spoon.

Student 7 (oldeb-yearold): | see a dog collar and theotprints, and | think they

match.

Student 8 (oldeB-yearold): | see dog prints and | think the dog ate the bread because

he was hungry.

Student 9 (oldeB-yearoldd Y D2Ay 3 o6l 01 G2 éKIFG addzRSyld

dog collar, it looks too small to be a dog collar. And | agree with student 4 about the
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flour spilling. 1 think it spilled that way (indicated the direction thatdents3 and 4

did). | know this because bowls have flour in them.

Teacher: Can you tell me more about that?

{ G§dzZRSYy 0 oY L KI@S 4l GOKSR Y& Y2Y o6F1S |yR

where flour is when baking.

TeacherSog 2dz KIF @S KIR &2YS SELISNASYOS gA0GK Fft2

own experiences to help you make inferences here?

Student 9: Yes.

Student 10 (younges-yearold): | think the cat went back to help take the bread and
GKFiQa ¢Keé GKSNBQa GKIFG O2ff N LGiQa GKS

bread on his own.

Student 11 (younges-yearold): | think what student 10 thinks because that pan is big
and the dog could not have taken the corn bread (loaf of bread) on his own, he had to

have help.

Field Notebook

During this study, | kept a field notebook so that | could note my observations and
thoughts about how each lesson was progressing. Introducing the idea of observation and
inference was difficult at first with this group of students. Over time, wherewewig the
entries, | was able to observe growth in the quality of responses my students were sharing

along with their growth in the use of NOS aspects. Each day, when | made an entry into my
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FASER y20S062212 L F2dzy R Al KStLJFdzZ G2 NBTFE SO
revisit or reteach in the following lessons.

As noted in my field notebook, | found it interesting introducing the crime scene during
the first lesson, second day, as students struggled with the differences between observation
and inference. Each time | asked for observations, the children natbedlgn sharing their
AYFSNBYOSas RAGAY3I NRIKG Ayd2 GKS oKz R2YyS A
discussions to pure observations until we were able to list out all the objects in our crime scene.
| understand that developmentally & their tendencies may be to jump right into telling what
happened, however, | also think it is important to intentionally step back and make the
distinction between observation and inference (Poindexter, 1/23/2024).

On the third day of the first lessonsing the fairy tal@he Litle Red Heh y 2 i SR 0 K i
gl a AYyuSNBadGAy3da (2 KSFENIyS¢ ARSIFa G2RF& | 62 dz
collected from the children after we read the case files. Students seem to be streamlining their
ideas more and a few changed the inferencesytebared yesterday, especially after hearing
that the R 2 Jeiofcrimes included stealing other food. That clue seemed to help cement
some of the initial tentative ideas. There were also many more discussions that included other
students noddinginag®@Y Sy 4 2NJ aleAy3d aeSIKésx gKSYy | ySg
agreed with the idea being shared (Poindexter, 1/24/2024).

During the second week lesson, on day one, we reviewed the NOS aspects and their
meanings after we read the fairy taldhe Gingerbread ManBy that point, the children had
already started being creative in their thinking even before seeing the crime scene, they know

they will be trying to figure out if the Gingerbread Man made it across the river and have begun
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developing ideas to determine if he made it or not (Poindexter, 1/29/2024). By the end of this
56881 L y2GS8SR GKIiG a0KS T2E as8Svya (G2 oS GkS O
think that the GBM (Gingerbread Man) did make it across. They citertimebs as their
evidence and the swimming lessons clue. They also concluded that the clue about swimming
lessons cannot be about the GBM because student 1 knew that cookies would get soggy and
not crumbly in water. Student 2 shared that theymemberedthat the GBM said in a past
0221 6S NBIR GKFd KS 60GKS T2E0 RARYyQU NBIffe
gingerbread men was probably about him, so he couldn't have eaten himself. Many students
concluded that the GBM made it safely acrossyéweer, several disputed that with the
SOARSYOS 2F (GKS ONdHzyoaé o0t 2AYRSEUGSNI HKHKHAHND
and their observations along with previous knowledge to develop creative, tentative ideas,
however, they were still subgtive as they could not come to one definitive conclusion.

As we started the lessons the third week abaiitle Red Riding Hoothe lessons on
day 1 and 2 had to be modified to allow for me being out of the classroom on day 1. | noted
OKFGZ aL KIFIR 2 Y2RATe (KS fSaazy | fAGGES oA
text in the morning during our morning meetingéthen shared the crime scene in the
afternoon, on the same day. It was a necessary modification to make and could be helpful if a

classroom teacher needed these lessons to fitintedayg SS1 Ay aidSIR 2F pé ot ;
HKCKHANHNO ® 5/l o 2F GKS fSaazy F2tt286SR GKS
we looked at the case files and the children are all mostly confident that LRRH (Little Red Riding

Hood) did not escape fronhé wolfthere are a few students who still believe that she did and

escaped butiropped her cloak and basket while she was running away. There is very little
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mention of what happened to granny in any of the tentative ideas. It was interesting to listen to
0KS OKAf RNByQa ARSlIa OKFIy3aS |a GKSe fAaidSySR
how they share tentative ideas and after listening to theughbts of classmates, several
children changed their ideas and stated that they were specifically changing them because of
'y ARSEF | LISSNI KIFIRéE 0t2AYRSEGSNI HKTKHAHNU ®
The whole class discussions played a large part in helping many fofetyearold
students further develop their final inference3he whole class discussions were recorded by
the microphone | set up in the middle of the classroom during each whole group discussion.
This allowed me to capture all the thinking and ideas students were sharing during these times,
even when | was not able write them all down in real timeThe following week as we studied
The True Story of the Three Little Plgsrote,d KS+ NAy 3 (K2dzaKdia FNRBY LISS
even for the students who have not shared their own ideas aloud yet, they are listening and
YFE1{Ay3a 02yySOlAizya IyR gAfft aKINB gKSy (GKSe& K
The ability to hear fronpeers about their thinking helped students who may not yet be able to
developmentally combine and sift through all the evidence a place to begin thinking. They
provided a starting place for the younger students to begin forming tentative ideas about what
may have happened. | did also make a note below this entry that shared that | usually
introduce more versions of the same fairy tale, however, during this study, as to not confuse
the children, | held those alternate versions back for reading after theysivas complete. In

the future, | would like to include some alternate versions of each fairy tale and determine if

the addition of more perspectives is helpful to this model.
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During the study oThe True Story of the Three Little Piggsi KS OKA f RNBY 6 SNB
to the idea that the big, bad wolf, who was in the last story and this one, had to be a big clue in
solving this case. The children used what they knew about the wolf from the last fairy tale and
brought that forward to the slving of this case. It was very interesting to them! The children
wondered how the wolf could cause so much trouble in two different stories. The fairy tale,

Little Red Riding Hopgainted tre wolf as big and bad, however,Tine True Story of the Three

Little Pigsp SOl dz&a S G KS FFANE GFES gla gNARGGSY FNRBY
some empathy for him. | thought this was an interesting point that the children were bringing
evidence forward from a previous experience and seeing it in a different ligén gnat we

GSNE y2¢ NBIRAY3I | FIFEANE GIfS FTNRBY (GKS ¢g2f FQa

The last week of the study, we read the fairy talack and the BeanstalkThis week the
intervention was formatted a little differently because we missed one day of school due to a
holiday and one day due to a field trip. The children were introduced to the fairy tale, viewed
the crime scene, and examined the case files on2ld adjusted the usual introduction of the
ONAYS &a0SyS (G2 GKS Y2NYyAy3a 2F RIF& HX NI} IGKSNI
interesting to listen to students discuge crime scene more informally, as they ate breakfast,

NF G§KSN) 0KIFy 2dzNJ dzddzl £ 2 Y2NB F2NXYIFf 3IFGKSNRAY3
Students came and went from the crime scene and began discussing their inferences with each
other, without any gidance or direction from me, before we read the fairy tale together. |

thought this was important to note as it showed the flexibility of this intervention. | also made
y20S GKIFIGX GaGKSNB gFa 'y AYONBFrasS AgwithidzRSy (a

0KS ¢gK2fS ANRdAzLIE ¢9K2 &aKIFINBR YdzZ AL S GAYSa Rdz
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| continued to make notes in my field notebook after the intervention was over.
G{GdzZRSyda IINB dzaAy3d bh{ |aLISOG @20l o6dz I NB Ay
literacy how we can observe, infer, use empirical evidence, be subjective, and bevemtat
2dzNJ GKAY1AYy3® ¢CKS yIFGdz2NE 2F a0ASyOS |aLlsSoia
HKHCKHANHNOU® L y20A0SR aiddzRSyida adlNuIAy3a asSyias
engage in whole group math and literacy discussions. As epelstasas used, | talked with
students about how we used the same aspect in science, versus how we used them in other
content areas.

My finalfieldy 2 1 S6221 SYyuNB AyOf dzZRSR | [[jdzSadAzy T2
the future, should | also study the social/cultural NOS aspect even though it was not part of my

~ A N s oA

2NRAIAYLFE Ad0GdzReé¢ 6t 2AYRSEGSNI HKHYKHNHthé K L

Qi
(s}

study, as students listened to the ideas of more sophisticated peers and changed their thinking.

L F2dzyR YeaStF NBGdNYyAy3a G2 xe3dz2daieqQa ARSHa
the study. The interactions the children had wahch otter, and their own background

experiences were brought into each of our discussions and helped the children in forming their
ideas about each crime scene. The social/cultural aspect is not measured 6N OEE

however, | think it would be helpful to measure it in some way in the future.

Nature of Science

In a typical classroom year, after this intervention ended, the classroom teacher would
have provided more ongoing explicgflective instruction in NOS for the remainder of the year.

As | wanted to effectively measure the outcomes of this interventioafrained from other
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NOS expliciteflective teaching in the 1 Y2 months that immediately followed this intervention.
The results from th& NOSE posttest #2 demonstrate the effectiveness of this intervention and
how students were able to retain and further expand their understanding and use of NOS
aspects. Students continued to use NOS specific terminology in science and other content area
discus#sya ¢6A0K YS YR 6AGK SIFOK 20KSNX ¢KSANI dza S
SPOARSYOS aKz2gaxz Si aldity of thdadayedpusitas Goatiauldy SR 1 K S
instruction using the expliciteflective methods in this way, would help students to continue to
increase their use and understanding of NOS aspects. When used in this intervention, the
consistent use of explicieflective instruction, allowed students to explicitly learn about NOS
aspects, have NOS aspects modeled for them, use them in practice, and finally reflect on their
use through the immersive mock crime scenes, reflection sheets, and inferring sheets.
Observation and Inference

As shared in field notebook entries, observing and inferring were aspects that needed
repeated modeling to better help students, especially those with little to no previous
understanding, how to make accurate observations and then inferences based ugon th
was intentional after the first introduction of observation amderence ancdased on feedback
| was receiving in students' reflection and inferring sheets, that students needed more
modeling and practice in using observation and inference. Bawhwe gathered around a
new crime scene, | began by asking students to share their observations. If students shared an
inference, | made a note of which students to return to and asked them to hold on to their

inferences until we were ready to share therhwanted students to understand how
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observation and inference intertwine with each other, however, | also wanted them to take the
time to intentionally practice both aspects, so they could learn about how they are different.
Evidence

Students cited evidence in their voice recordings and participation in whole group
discussions. The included evidence was most often from the crime scene, followed by the case
files and clues, and then peer interactions. Some students relied on fég; fowever, most
students used evidence outside of the fairy tales to develop their inferences and tentative
ideas. Students would change their thinking during each lesson, however, anytime they shared
their thinking it was based on empirical evidence.
Creativity

Most students stayed true to keeping their creative ideas within the inferences they
made and supported them with empirical evidence. There were two students who were
already known for being imaginative and creative who always added in more details éman w
included in any of our evidence. The extra details they included helped us to have a good
conversation about observed evidence and the inferences that come from that versus added
details that did not help us come to a decision.
Tentativeness

Students' tentative ideas were best captured during whole group discussion where
students shared their thinking, listened to peers, and then asked to share their new, revised
thinking again with the class. Most students remained open to the idea thatitheas did not
need to be absolute, rather they could be open and subject to change based on new evidence.

2 KSY | NB@GAASR ARSI OFYS dzLlJ Ay RA&AOdzAaaAz2ys
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odzi y26 L GKAY1X FYR KSNB A&d Y& SOARSYyOSo¢ ¢K
free to change their thinking as they assimilated new evidence.
Subjective
Each student's submitted reflection sheets were very subjective initially as they did not
provide much detail or insight into how they were using NOS aspects, however, when paired
with voice recordings, the reflection drawings took on new meaning. lin tloéce recordings,
students were able to explain more of their thinking making the reflections less subjective and
based on more empirical evidence. Additionally, many times students' initial responses were
subjective as they were being recorded. Syided ¢2dz R LJ dzaS G KSA NI 62 NR

thinking and would often incorporate those new ideas into their own responses.

/| KAt RNBy Qa [ AGSNI (dzNB

In choosing to use fairy tales in this study, the children were always captivated by
becoming detectives and solving each case. Even as the fairy tales contained no science related
content within them, using them as a springboard, as Ford (2006) sugbekisd draw
students into the expliciteflective teaching of NOS aspects. Engagement continued to stay
high even in the last week of the intervention, students asked daily when it was time to
investigate. The fairy tales provided the hook to engagdestts, allowing them to use NOS
aspects each step of the way. When sharing the fairy tales with students, | read to the end of
each story. My initial thinking was that the children would not hold on to the details in the fairy
tales as much as they endeg doing so. Students oftaeferredto the clues in the fairy tales

in some way as an additional piece of evidence that added to their observations and inferences.
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In the future, | would consider marking a page to stop reading the fairy tale at or change some

of the wording at the end so that students were not givecoaclusion butvere able to

springboard into solving each caseeferringto each fairy tale and using them as evidence is

y20 LINROfSYIFIUGAOI K26SOSNE SEtAYAYIlIGAYy3a GKS | dzi

their own, would be a way to further use their NOS aspects.

Science Notebooks

In the beginning, the reflection and inferring sheets did not include many voice
recordings, even though it was modeled how to add a voice recording. To collect data on these
sheets without voice recordings, | use MBIOSEcoding scheme to determine the
sophistication of the drawings. Occasionally, some recordings were difficult to hear or
understand due to the proximity of students sitting too close to each otfi¢rere were a few
instances where more uninformed students were recording their voice®ice overs neared a
student with more informed views of NOS and | was able to hear the pause in their recordings
as they stopped tdisten to their peers.

Much like Fulton and Paek (2017) and Frisch (2019) discovered when asking elementary
and preservice teachers to create digital science notebook entries, | tightened up the
NBIjdZANBYSyGa F2NJ SYdNASa yR g6+ a @Shdkourda LISOA FA
main suspect is angthy you are thinking that. What evidence supports you? What evidence do
82dz K gSKE @

Interestingly, when filling out their inferring forms, some students went beyond just

including information from the crime scenes and incorporated evidence from all the sources
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that were part of each lesson; fairy tale, crime scene, clues, case files, and whole class
discussions, to come up with their version of events and why they selected the suspect they
did. Other students gave very limited information in their science novéspfurther
demonstrating the need for whole group discussions. This group of students had no previous
background knowledge ddOSand their thinking overall remained in the uninformed areas
throughout the entirety of the study. Included in the grougat gave more limited information
were the students who were yourfiye-year-oldsup to olderfive-yearolds.

Digital £ience notebooks were an important part of this study as they yielded an
additional source of data which could be coded to determine NOS understandings. When
listening to student recordings for the Gingerbread Man reflection and inferring entries
specific f f 82 L y2G4SR d(KFd Ylyeée &adGddzRSyida aAryYLX e
whole group discussions however, those same students were able to provide evidence that
backed up their voice recorded statements. | do wonder if feodevelopmental standpoint if
they fully understood what the task was and tildormation, | was asking them for. Would
modeling with a different fairy tale help to increase the quality of recordings? Based on
recorded whole class conversations compared to individual recordings, | would presume that
future modeling of individual entries woulielp increase the quality.

| also noted that there were several students who relied on older, more skilled peers
when they were recording reflections and inferences on their digital recording sheets. The
example below is from our investigation diie Gingerbread MarThis example is important as
it demonstrates the power of older more skilled peers in helping younger, less skilled peers.

Additionally, it speaks to the value in having voice recordings of children that are more

131



informal. In this instance it was easy to hear the tentativeness in her decision and how she was
willing to change that based on the thoughts of more skilled peers sitting close by.

{GdzRSYGY aL FY Ay@SadAraradAy3a G§KS ONRYS o6SO
YIRS Al | ONEéé 2N y2i¢ o

wf2y3 LI dzaSXtAaadSyAy3a G2 | aGdzRSyid ySI Nbe
fox].

GL GKAY ] hin&&i TR Eﬁemyﬁslﬁ ly2é¢ odzi L GKA Al 0KS
LI dza SXt AadSyAy3a (2 23G§KSNI aiheR&ikioditivo SOI dza S
GKS 06221 aNBE®d® t 2AYRSEGSNI RARY QG (dzNYy GKS
pause to listen to other students that can be heard in the background].

Talks with another student nearby (who is an ol@grear-old) who made crumbs as a

piece of evidence in their drawing and says that they also made crumbs in their drawing.
{GdzRSyGY daL YIRS Ittt 2F (GKSY fA1S GKAAEdD 6
that indicates iPad being turned) [long pause]

owSiddzNya G2 NBO2NRAYy3IB8 a!yR L GKAYy]l GKS T2
the book and then | knew what happened, so it happened when the Gingerbread Man

was running. He saw the lake and then, and then, the fox ate him, he caught him and

ateKA Y¢E O

This student was an oldéive-yearold, who did not turn six until May. They paused
repeatedly while recording to listen to two students sitting near them. In the first part of their
recording, the student paused to hear what céidi dzR Sbgeiivations and inferences were

A

YR NBLSIFGESR GKSANI GKAY1AYy3IZ aL GKAYy]l GKS F2E
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1y26 o0dzi L GKAYy]l GKS R23 IS KAYéZ 0ST2NB
they thought the Gingerbreaan did not m&e it across the river because of what happened
in the book and this student shared a very similar line of thinking in their voice recording.
Two weeks into this study, | considered sharing photographs in Seesaw of each crime
scene with the children. | noticed that one barrier that several students were having was the
drawing of the crime scene. | wondered if having the picture of the crimeeseach week

included on the reflection page that students completed would help uninformed students use

132



more of the evidence when making their inferences. Each week, | displayed a picture of the
crime scene on our large classroom whiteboard so that students could refer to it to create their
own drawings.

As there is a feature in Seesaw to share photos, in the future | would make the
photographs of each mock crime scene part of the reflection sheet so that students did not
have to draw that element. | wanted to hear more about what observations and irdesen
were being made and | believe some of that got lost, especially with more uniformed students,
because they had to create their owdnawings,and their attention focused on the drawing and
not the voice recording portion. In contrast, | do think thia¢ act of drawing asking students
to draw the elements in each crime scene that they feel are most important is a powerful part
in learning more about how children are using what they observe to make inferences. | am
undecided as to which method would beost effective;however, this is an area that could be

further investigated to determine which method garners more fruitful responses.

Immersive Experiences

The mock crime scenes were a key part in helping students make observations and

inferences based on the evidence in front of them. To immerse students fully in the role of

- A

GRSISOGADGSE: 9K2 g2dz R 62N (2 az2ft gBatsSII OK Ol a

(Figure 413) when engaging in this work.
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Figure 413

Students wearing detective hats during one intervention lesson

Each week, the discussions grew richer with more detailed examples based on evidence
and between peers who listened to each other and encouraged ideas or used theiooven
to cast doubt or introduce a new thought. There were many times when students shared their
version of what they thought had happened in the crime scene and after listening to peers,
asked to be called on again to share new understandings. Eachversat around a crime
scene, | asked students to first make observations and share what they were observing.
Students then shared their inferences, and as they shared, | included explicit feedback, making
adz2NB G2 Ay Of dzRS &G (S WéewhéndyouShea@dyour iaférendes 2 dz ¥ S NB
because, It sounds like you have a tentative idea of what may have happened here and some
new evidence may help you make a decision, | appreciate you sharing a different viewpoint

than those we have heard already, remeentthat the evidence is subjective, and we can have
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RAFFSNBYG ARSI&a | 02dzi GKS alYS SOARSYOSéd
discussions to include the NOS aspects and refer back to them often so that students had more
concrete examples of what each NOS aspect included.

By design, the case files and additional clues provided an extra layer of the immersive
experience to help students feel as if they were part of deciding who the suspect(s) is/are and
how the crime happened and the result. The immersive experience ethahleents to be
creative and test out the tentativeness and subjective nature of their initial thinking. Students
were told in the beginning of the lessons that there was no one right or wrong answer or
solution, allowing them to potentially bieeer in their thinking and sharing of tentative ideas.
Summary

Each data source provided additional layers of understanding of kindergarten students'
use of NOS aspects and how their use grew durinditlésveekintervention. The fairy tales,
immersive experiences, and digital science notebooks, along with whole group discussions,
provided a rich look into how kindergarten students were able to access developmentally
appropriate NOS aspects and incorporate thiewo their own oral vocabulary and use them in
other content areasFigure 4.14 shows how each of the aities, skills, and strategies of this
intervention worked together to allow students to develop their understanding and use of NOS
aspect.With continued use of this method, students would certainly continue to demonstrate
their use of observation, inference, subjectivity, empirical evidence, creativity, and the

tentativeness of science and develop adequate and informed views of these N&x$sasp
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Figure 4.14

Activities, Skills, and Strategies Used in this Study
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engagement of the students throughout the intervention. Students were engaged in the

process of making new discoveries and making sense of how each new piece of evidemte adde
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and expanded their thinking, often changing their initial, tentative ideas. Each fairy tale

LINE BARSR Fy | yOK2NJ F2NJ SIFOK $SS1Qa fSaaz2y I yR
more than one fairy tale, there were several students who were quick tic@ohis and use

previous knowledge about the wolf to help make future decisions.

When each new mock crime scene was presented to the students, they immediately
tasked themselves with pulling out as much information as they were able in order to help one
of their beloved fairy tale characters. Being able to sit in front of the croeaesand observe
the evidence helped students to make inferences, use creativity, and form some tentative ideas
about what may have happened. The students looked forward to viewing the crime scene each
week and swept them up in the immediate need to begiaking observations and inferences.

Discussions were quiet at first, but within minutes, the noise level indicated that
students were excitedly sharing their observations and inferences with each other.

Photographs of the crime scene were taken each week so that we were atafetdo them

for whole group discussions and deliberations as well as when students were asked to draw the
crime scene. The addition of the case files, which listed information about each suspect,
further engaged students and helped give weight to some temaideas, but also shifted some
ideas towards being more subjective. Each case file gave information that gave one suspect
more probable cause than the others, however, the three clues that were shared the next day,
often gave an alibi for those particular chaters. When students examined the case file and
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eaten the Gingerbread Man because the clue said that he learned to take swimming lessons, so
KS a¢lY | ONRaa FyR YIRS Al oé

The use of digital science notebooks, in this case the Seesaw app, helped to capture
student thinking and shared a glimpse into how they were processing the evidence and using
creativity, to develop tentative ideas twelp solve each case. The initial voice responses were
not as strong as anticipated, however, when modeled several more times for students, the
guantity and quality of the voice recordings and drawings increased. Using digital science
notebooks helped inease student participation, as students were able to report their thinking
in a variety of ways through the Seesaw app. Students who might not outwardly be confident in
sharing during a whole group discussion were more inclined to record their voicarne steir
thinking. Students who may have had more difficulty with drawing the crime scene were able
to use the voiceaecording feature to add another layer of thinking, providing the teacher with
more information about their thinking. The teacher wadeato listen to students' recordings
even when students were not present in the classroom, or when there was not enough class
time to confer with each child. Other students who may not have had the capacity to write in
full sentences had the option to real their voice, allowing them to feel as if they were part of
the decisiormakingprocess along with their peers.

When interwoven in this method together, fairy tales, immersive experiences, and
digital science notebooks increased student understanding and use of developmentally
appropriate and accessible NOS aspects, including observation, inference, using empirical

evidence, employing creativity, and understanding the tentativeness and subjectivity of science.
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Discussion and Conclusion

In this chapter, you will read about the themes that were introduced in chapter 1 and
that guided this study, and how they were effective in helping kindergarten students grow in
OKSANI dzy RSNRE Gl YRAY3Ia 2F bh{ I aL)diaes I YR dzaSo
immersive experiences, and digital science notebooks together, along with exglieittive
instruction, engaged the kindergarten students in wanting to help solve each probigiield
notebookwas used to makaotes to capture some of thlearning the children were
demonstrating along with some of their ideas and feelings. | also documented my feelings and
changes | made to the lessons, when they were necessary.
Impact of Results

The work in this study helps to further examine at what age young children can begin to
develop understanding of NOS aspects, how teachers can use fairy tales to teach NOS aspects,
how digital science notebooks can be a tool students can use for refleeia how immersive
experiences engage students in the use of NOS aspects.

Building on the work that was done previously by Alan & Erdogan (2018); and Akerson
et al., (2011) regarding the age young children are able to understand NOS aspects and the
work that Akerson et al., (2019a) shared about exptieitective teaching striggies, this study
confirms the research found previously and adds to it with a new strategy. Exefleittive
instruction was used in this study as an effective means to teaching young children about
specific NOS aspects, the same NOS aspects theadhkE2019a) found to be attainable by
young children. | explored a new strategy, immersive experiences, to add to this work and

continue to allow young children to engage in an experience where they can practice using NOS
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aspects. The mock crime scene engaged students in wanting to help solve each case and

allowed students to have evidence right in front of them so they could practice using each NOS
aspect. Adding the element of the crime scene, surrounded by crime sapaghelped each

f Saaz2yaQ FFEANEB GFfS LINRofSY O02YS (2 ftAFS | yR
and additional clues that were shared each week with students provided another layer of
immersion for the students.

/| KAt RNByQa fAOGSNIGAz2NBE A& Fy20KSNJ adN)» GS3e8
young children about NOS due to its engaging nature and content (Akerson, 2019a), however,
GKAETS L SELX 2NBR dzaAy3a OKAf RNBasaspringboarddd § dzNB
GSIFOKAY3 Fo2dzi bh{ IaLlS0OoGta yR y2i -E+kn8lickOKAf RN.
(2020), Zarnowski and Turkel, (2013) and Tan and Wong (2007) found that other genres outside
of explicit science themed texts can becsassfully used to teach children about science
concepts if the texts are carefully chosen and used by the classroom teacher. Each of the
selected fairy tales in this study were chosen for their ability to contain a problem that could be
solved throught® dzaS 2F bh{ | aLSO0Gad 'aAy3 OKAf RNBYQ
specifically on science content, but that could be used as a springboard into science content,
could help some classroom teachers who may not have access to a wide range of science texts
or feel comfortable using them to share science with their students.

Science notebooks have been used for years to capture student thinking, understanding,
and ideas they wonder about (Constantine & Jung, 2019;-B&ther, 2022; Frisch, 2019;

Rodgers & Basca, 2011). Most of this work has been done with paper scierbeoksd,

allowing students to take notes during a science lesson and collect data. In this study, |
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explored the use of digital science notebooks, allowing students to have the ability to annotate
and voiceover their illustrations to provide more context and insight into their thinking. | was
able to analyze student digital science notebooks when sitgleere not present and follow

up with questions. The voieavers allowed me to hear what most of my students were

thinking and understanding at each point in the lessons, even when | may not have been able to
confer with each one of them every day. §Hid present a problem when implemented with

young children, as their voieavers were wildly different from older peers and many were not
developmentally ready to draw an illustration and record a vaiger, so | did miss out on
collectingsomeof myytzy 3SNJ a0 dzRSy 14 Q (K2dzaAKia (§KNRdIZAK (K
found that students making digital science notebook entries lacked creativity and empirical
evidence and for my younger students | would agree with this research, however, | wonder if
this is due to lack of modeling on my part or if they were not developmentally able to add

creativity and empirical evidence into their digital science notebooks at this point.

Implications and Benefits

This study contributes to the field of science education in several ways. First, this study
aimed to continue the work that Akerson et al., (2010) and Poindexter (2022) have already
O2y GNROGdzi SR (2 GKS FAStR NBIlodlRAgachinglyiBg dza S 2 F
children about NOS alongside expitiS Ff SOGA S Ay aldNHzOGA2Yy @ | KAt R
students into learning about science, making it a way to peak student interest or provide more
information about a topic. Secondly, it expdolthe idea of immersive experiences as a means

G2 AYONBlIasS &2dzy3a OKAf RNBYyQa dzyRSNBRGFYRAYy3a 27

141



When children are able to actively be immersed in the fairy tale crime scene, they can
use NOS aspects in a manner that is similar to how they are used by scientists. Immersive
experiencesre a teaching strategy that teachers are using to engage their students in
authentic, handson learning. Next, the use of science notebooks were used as a tool to help
further identify student understanding of NOS, as students create digital scienebauk
entries sharing their thinking. Digital science noteboalsimportant as an additional tool to
make sense of student understanding of NOS, even when students may not be present in the
classroom. Finally, this study allowed me to examine the effectiveness of the use of fairy tales
as a conduit for teaching abotOS aspects. When a classroom teacher is not able to find
OKAf RNByQa fAGSNI GdzZNB GGKIFIG O20SNB bh{ | aLISOGa
scientifically accurate, fairy tales can fill the gap that teachers need, providimghneeded
vehick for teachers to incorporate NOS aspects into their teaching practices and for students to
learn about NOS aspects in a developmentally appropriate context.

Recommendations

| would be recommended replitiag this studyother classrooms, both in classrooms
where the teacher has more experience with NOS aspects and classrooms where teachers may
not have had much experience with NOS to test the transference of this intervertius.
would allow us to better understand the effectiveness of this method and how much teacher
background knowledge of NOS is needed for it to be effeclikie.use of this intervention
should also be studied in first and second grade classrooms, as they are considered early
childhood classrooms & Ol'y | RR (2 | &addzZRSydaQ (yz2¢ft SR3IS

intervention should be used in classrooms widitially and economicallyiverse student
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populations to test its strength among students with existing degrees of science and NOS

background knowledge.

5dzZNAy3 SIHFOK ¢SS1Qa fSaazys FFUSNI GASsAy3

to share inferences right away and | pulled them back to help them discern the difference
between observations and inferences. From a developmental standgwning students

SELX AOAGte &adlGAy3a 20aSNDIGA2ya 62df R aSSy
understanding of NOS aspect® that they are able to distinguish between an observation and
an inferenceln the future, some research should be considered to deteenif young children

need the step of explicitly stating observations or if they are able to process that cognitively
and report only inferences. At what age might students no longer need to explicitly share
observations and move directly into sharingeirences?

Use and practice with the Seesaw app would be a must in asking students to respond
using the digital reflection and inferring sheets, so that students had time to explore how each
tool worked before being asked to use them in this way. In future use skthessons, | would
explore asking students to draw the crime scene on the day it is introduced to students, to
determine if more use of NOS aspects would be captured in the initial reflection sheets and
voice recordings. Finally, if possible, it is reomnded that studentsit as far apart as possible
when drawing and recording their reflections. This would provide an opportunity for a teacher
to hear the reflections and ask questions or clarifying statements as needed.

Limitations

There are several areas where this study was limited that | considered when designing

the parameters that were used.
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The first limitation was that once these lessons were developed and shared with other
teachers, | considered that teachers may not have access to the exact versions of fairy tales
used in this study. To circumvent this from being a problem, | designddsbkens so that
multiple versions of each fairy tale can be used. Any version of these fairy tales could be
substituted in place of the titles that were used as long as the classroom teacher was able to
connect the fairy tale to the case question. Aduliglly, | created a list of the materials | used
in my study and created a list of potential substitutes to take away as many barriers as possible
for teachers who would like to use this method.

The second limitation was with my particular selection of fairy tales and the use of mock
crime scenes. Would this intervention work if used with other fairy tales where something
drastic did not happen to a fairy tale character? | used fairy tales whees easily able to find
a solvable problem and wonder if fairy tales without problems, that were simply just stories,
would have the same results. Additionally, could a crime be solved through the use of a
different immersive experience? Would an expeide such as an escape room or visiting other
spaces within a school building allow for similar outcomes and use of NOS aspects?

The final limitation is that due to the scope of the study currently, | was not able to
include other interventions that could also increase student understanding about NOS, for
SEI YLX S5 dzAAYy3a OKAft RNBYyQa 06221 & senfbriall NORE & LISO
aspects and immersive experiences. In future research, | would like to also examine this idea to

determine if the results are similar to the use of fairy tales.

144



Future Research

In this intervention, fairy tales were used as the vehicle to springboard each lesson.
Cdz(i dz2NB NB &SI NDK aKz2dzZ R F20dza 2y SEIFYAYyAYy3a AT
have similar results when used in this manner. In future research, | wsddecommend that
that person reading the fairy tale to the students stop reading before the ending of the story.
This would give students an opportunity to not hear how the author of each fairytale ended the
story and would make the springboarding irgach lesson more likely, especially when working
with children who were more sophisticated in their NOS thinking. Continued exglilgttive
instruction would be necessary after this intervention ended to help students maintain and
continue to developnore adequate and informed use of NOS aspects.

As noted in my final field notebook entry, there should be some attempt to measure the
d20Af kOdzf GdzNI £ FaLISOG yR K2g OkdckithmEkiyigQa LINS
process. The whole group class discussions provide an excellent place for this to be studied

along with recordings of the interactions between students as they examine the crime scene.

Conclusion

Fairy tales are an effective vehicle for introducing kindergarten students to NOS aspects.
Mock crime scenes allowed students to visualize the problem, they were able to see the
evidence in front of them, resulting in richer whole class discussions. The discussions allowed
students to hear different perspectives from peers, especially thoselvaldomore informed
views of NOS, and potentially adjust their initial thoughts based on new information from more

skilled peers. Whole class discussions allowed peers that were not fully finished forming their
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ideas to listen and learn from peers who had already solidified their ideas based on their

observations and inferences. As shared previously, children learn best when they can learn

from older, more skilled peers. When reading the literature regardingetpicitreflective

teaching of NOS aspects, one can easily see how the two ideas go hand in hand and help

children to first develop ideas on their own, confer with peers and investigate the ideas in a

social setting, and finally, share their findings amdlerstandings with peers and teachers. The

Vygotskian approach states that the following three factors are important for students to

Sy3aFr3aS Ay |yR LISNBRA&G Ay Ayl dzA NEBO® GLY &l NHzOG A

general to the discipli®, students invent and adapt cultural tools for thinking about these ideas

and problems are solved in cooperation with peers, helping students to present explicitly their

own naive theories of growth and development and to see the phenomena being studrad f

0KS 20KSNHa LRAYyG 2F GASgéE 6%dzO1 SNXYIFyY Si I o3
S5AIAGFET AYFSNBYOS IyR NBFiSOlAz2y akSSda |If

thinking and understanding about NOS aspects even when the student was not present, or the

teacher was not able to confer with all students. Student descriptions grew al @ster time

for students who held adequate and informed views of NOS and began to grow for students

who were uninformed.
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Appendix AVNOSE

Views of NOS
Kindergarten Version (  VNOS- E)

Name:

Date:

Instructions

0 Please record as accurately as possible how the students respond to the
guestions as you ask them.

0 Some questions have more than one part. Please make certain that you fill in

each answer in the appropriate section.
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1. What do you think science is?

2. How do you think science is different from math, reading, writing, or other
lessons in school?

3. Sometimes you hear about science when people read books. Do you think that
science in books will ever change? Why or why not?
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4. (a.) How do scientists know that dinosaurs really existed?

(b.) How certain are scientists about the way dinosaurs looked?

(c.) Have you ever heard that dinosaurs have become extinct?

What do you think that means? ( Ex glikagreen
about what had caused this extinction. Why do you think they disagree even though
they all have the same information?

5. (a) What do you see in this picture?

(b) What could happen in this picture?
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Appendix B

Student Recording Sheet

Draw the crime scene below and circle any clues that helped you |
solve the crime. Place a question mark next to any clues you
have questions about. I

4 N
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Appendix C

Student Inferring Sheet

The Case of the Missing Loaf of Bread

SUSPECTS:
A

Cat

4 )

. J

I'm inferring this because:
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Appendix D

Lessons

Title: The Little Red Hepmy Paul Galdone

Investigation Question2 K2 (221 GKS [AGGHfS wSR | SyQj

Overview:!! A Ay 3 G KS OKelittldRedHe®ssan int@ddudtion, students will
SEIFIYAYS |y 38 [LWLNBLNAIIGS 4ONAYS aodSyS§
of bread that the Little Red Hen baked. Students will learn to use observation and infer
to find clues to lead them to the thie

Materials:

-fake feathers (5 red feathers)

-copy of The Little Red Hen

-empty bread pan

-dog or cat collar

LAYl LIALIS Of SIYySN) 600dzNI SR (2 t221 tA1S
-case file (see below)

-suspect information sheet

-ONAYS &a0SyS GlILIS 62N Fy20KSNJI gl & G2 NI
-mixing bowl

-mixing spoon

-scarf

-fake plant (and planter if desired)

-stencil of paw print cut out of cardstock (dog paw print)

-baby powder

-3 manilla file folders

-3 small envelopes (to place clues into), label with Clue 1, Clue 2, Clue 3
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Prep:Before students enter the classroom, set up the crime scene. Begin by wrapping
scene tape or rope/yarn around the legs/holes in the back of chairs (one can be knocke
over) to cordon off an area where all of the artifacts will be placed. Plackkieefeathers in
the crime scene area, scattered around to look like a scuffle happened between the Litt
Hen and the thief. Place these artifacts in the crime scene as well: bread pan, dog or ¢
collar, pink pipe cleaner, mixing bowl, mixsgoon, scarf, fake plant. Use the paw print
stencil to create a line of paw prints through the crime scene. Place the paw print steng
the ground and sprinkle baby powder on it to create a print on the ground, repeat as de
t £ OS S| OsKCag® Kile payednio% MiEnilla folder and paper clip it toigihe-hand
side of the file folder. Place each clue into the correctly labeled envelope.

Day 1:The instructor will ask students what they know about the word observation and
create a tchart with the student responses on one side. The instructor will repeat the sa
activity using the words inference, subjectivity, the tentativeness of sciencatiwitg and
empirical evidence. If students have difficulty responding, the instructor will provide sor
examplesof observation inference, subjectivity, the tentativeness of science, creativity a
empirical evidence at aage-appropriatelevel. This cart will be used throughout all the
lessons so that the children are able to refer back to it as needed to clarify their
understanding about these aspects of NOS.

Day 2:Students will gather on the floor and the teacher will read to them the chosen ver
2F GKIG ©6SS1Qa FIFLANER GlfSo I FGSNI NBI RA
observation, inference, subjectivity, the tentativeness of science, creatvitl empirical
evidence to help solve each case. Lead a discussion reminding children (and give exan
needed) of what each NOS aspect is. Remind students they can refer tolibg fas they
try to solve each case.
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Day 3:Invite students to gather around the crime scene. Ask them to observe what they
see and write down their observations on a large chart paper. Once all observations h3
been collected, ask students to make inferences about what happened in the scene.
Record inferences on another large chart paper. Follow up asking students to tell you
evidence they have from their observations that help to make their inferences true. Hay
students discuss their ideas with partners before inviting stusiéack to the larger group tq
share their thinking. As students share their ideas, remind students that science is subj
tentative and helps us collect empirical evidence. Ask students if there were any ideas
peers that changed their thinkingr affirmed it, and how their thinking was changed.
Additionally, the teacher will ask students to talk about how they were creative in using
science during the crime scene activity. Students are able to take video and still photog
of the crime scee and add annotations or voigecordings to share their thinking thus far i
solving each case. Finally, students will complete the recording sheet where they can d
items from the mock crime scene that they are observing that are leading them to makeg
inferences about the crime that occurred.

Day 4:The teacher will begin this part of the lesson by introducing three new clues or ali
that were developed to remind students that science is tentative and subjective. Each ¢
alibi is written in a way that creates new thinking about previouslywkmobservations and
inferences. Additionally, students will be introduced to a case file about each of the ma
OKIF NX OGSNBR FTNBY SIFOK FTIANEB GFES G2 3IAQS
past. The teacher will gather students bacladarge group to review and debrief the case
files on each character and after giving students time to share with a partner, will lead a
discussion with the whole group about making sense of the new information. The teach
will ask students if their thiking has changed based on the new information and remind
students that science is subjective and tentative and that scientists are creative. The c}
can use the case files along with their observations and inferences to determine the sol
to eachcase. Ask students to support their claims with evidence from their observations
inferences¢ KS Ay aidNHzOG2N) gAtt | al ljdzSaltAazya
@2dz AY TSN TNRA&? KIKI GA WRTFLANKIEGAZ2Y OKFy3aSR
ONBIlI GABS Ay az2ft @dAay3a GKA& Ol aSK¢é

Day 5:The teacher will begin this lesson by asking if there are any students who would |
share their final thoughts with the whole class. Students will then complete a digital
inference sheet designed by their instructor where the students have the oppibytto
draw, record, or voice over a photograph indicating how they solved the case.
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Title: Jack and the Beanstaltly Thomas Nelson

Overview:! & Ay 3 (1 KS QH&ck &nRtiNdBgaDstadisa? igtrpduction, students will
SEFYAYS |y 38 | LIWINRBLNAXAIFGS aONRYS aodSyS§
fallen from the sky. Students will learn to use observation and inference to find clues to

determine if the giant is still alive.

Investigation QuestionWhat happened to the giant after the beanstalk fell?

Materials:

-giant cut out (trace around a tall person on butcher paper and cut out)
-hen

-plastic egg painted gold

-gold harp

W01 Qa FR2GLINAYyGa n

-plastic ax

-small parachute

-3 manilla file folders

-3 small envelopes (to place clues into), label with Clue 1, Clue 2, Clue 3

Prep:Before students enter the classroom, set up the crime scene. Beginapping crime

scene tape or rope/yarn around the legs/holes in the back of chairs (one can be knocke
over) to cordon off an area where all of the artifacts will be placed. Place the giant cuto
the crime scene area. Place these artifacts in the €sicene as well: hen, plastic egg, gold
KENLIE WEO1Qa F220LINAyGaz LXIFAGAO | ES |y
al'YS RANBOGAZ2YS a4 AT GKSe& YAIAKG 06S oI ¢
manilla folder and pagr clip it to theright-handside of the file folder. Place each clue into
the correctly labeled envelope.

Day 1:The instructor will ask or review with students what they know about the word
observation and create adhart with the student responses on one side. The instructor w
repeat the same activity using the words inference, subjectivity, the tentativenfessence,
creativity and empirical evidence. If students have difficulty responding, the instructor \
provide some examplesf observation inference, subjectivity, the tentativeness of science
creativity and empirical evidence at ageappropriate level. This chart will be used
throughout all the lessons so that the children are able to refer back to it as needed to g
their understanding about these aspects of NOS.
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Day 2:Students will gather on the floor and the teacher will read to them the chosen ver
2F GKIG 6SS1Qa FIFLANEB GlfSo I FG4SNI NBI RA
observation, inference, subjectivity, the tentativeness of science, creatwvitl empirical
evidence to help solve each case. Lead a discussion reminding children (and give exan
needed) of what each NOS aspect is. Remind students they can refer tolibe &as they
try to solve each case.

Day 3:Invite students to gather around the crime scene. Ask them to observe what they
see and write down their observations on a large chart paper. Once all observations h3
been collected, ask students to make inferences about what happened in the stene.
Record inferences on another large chart paper. Follow up asking students to tell you
evidence they have from their observations that help to make their inferences true. Hay
students discuss their ideas with partners before inviting stasgiéack to the larger group tq
share their thinking. As students share their ideas, remind students that science is subj
tentative and helps us collect empirical evidence. Ask students if there were any ideas
peers that changed their thinkingr affirmed it, and how their thinking was changed. The
teacher can use the following questions to prompt students if needed:

G2 KIFId RAR @2dz 20aSNIISKE

G2 KFG RAR @2dz AYFSNI FNRY GKFG RFEGFKE

G2 KFEG AYyTF2NXYIFGA2Y OKFYy3ISR @2dzNJ 6KAY (1 Ay3
Gl 26 6SNB @2dz ONBI GAQGS Ay az2f @Ay3a GKAA

Additionally, the teacher will ask students to talk about how they were creative in using

science during the crime scene activity. Students are able to take video and still photog
of the crime scene and add annotations or veieeordings to share #ir thinking thus far in
solving each case. Finally, students will complete the recording sheet where they can d
items from the mock crime scene that they are observing that are leading them to make
inferences about the crime that occurred.
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Day 4:The teacher will begin this part of the lesson by introducing three new clues or ali
that were developed to remind students that science is tentative and subjective. Each ¢
alibi is written in a way that creates new thinking about previouslywkmobservations and
inferences. Additionally, students will be introduced to a case file about each of the ma
OKI NX OGSNBR FTNBY SIFOK FIANEB GFfES G2 3IAQS
past. The teacher will gather students back as elgrm@up to review and debrief the case
files on each character and after giving students time to share with a partner, will lead a
discussion with the whole group about making sense of the new information. The teach
will ask students if their thinkingas changed based on the new information and remind
students that science is subjective and tentative and that scientists are creative. The c}
can use the case files along with their observations and inferences to determine the sol
to each caseAsk students to support their claims with evidence from their observations
inferences¢ KS GSIF OKSNJ gAtf a1l ljdzSaagAaz2ya &adzO
@2dz AYTFSNI TNRA& KIKI GA WRFLNKIEGAZ2Y OKFy3aSR
ONBIlI GABS Ay az2t@ay3a GKAA Ol AaSK¢e

Day 5:The teacher will begin this lesson by asking if there are any students who would |
share their final thoughts with the whole class. Students will then complete a digital
inference sheet designed by their instructor where the students have the oppibytto
draw, record, or voice over a photograph indicating how they solved the case.
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Title: The Gingerbread Maby Paul Galdone

Overview:! a Ay 3 (KS OKe\dinBaXiBgMaa as arfirgrgduction, students will
SEFYAYS Iy F3S FLILINBLNAFGS aONRYS a0SyS
Gingerbread Man made it to the other side of the river without being eaten by the fox.
Students will learn to use observation and irgece to determine if he survived.

Investigation QuestionDid theGingerbread Man make it across the river

Materials:

-crumbs (bread or cookie)

-fox fur/fluff (fake)

-hoof prints (cut from construction paper or sticker vinyl)

-small clumps of dirt

-rope

-planks

-3 manilla file folders

-3 small envelopes (to place clues into), label with Clue 1, Clue 2, Clue 3

Prep:Before students enter the classroom, set up the crime scene. Begin by wrapping
scene tape or rope/yarn around thegs/holes in the back of chairs (one can be knocked
over) to cordon off an area where all of the artifacts will be placed. Place the crumbs in
crime scene area, scattered around to look like a scuffle happened between the Ginger
Man and the fox.Place these artifacts in the crime scene as well: fluffs of fox fur, hoof pf
avyrftf OfdzyLla 2F RANIX aK2NI fSy3aadgka 27
manilla folder and paper clip it to théght-handside of the file folderPlace each clue into
the correctly labeled envelope.

Day 1:The instructor will ask or review with students what they know about the word
observation and create adhart with the student responses on one side. The instructor w
repeat the same activity using the words inference, subjectivity, the tentativenfessence,
creativity and empirical evidence. If students have difficulty responding, the instructor \
provide some examplesf observation inference, subjectivity, the tentativeness of science
creativity and empirical evidence at ageappropriatelevel. This chart will be used
throughout all the lessons so that the children are able to refer back to it as needed to G
their understanding about these aspects of NOS.
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Day 2:Students will gather on the floor and the teacher will read to them the chosen ver
2F GKIG 6SS1Qa FIFLANEB GlfSo I FG4SNI NBI RA
observation, inference, subjectivity, the tentativeness of science, creatwvitl empirical
evidence to help solve each case. Lead a discussion reminding children (and give exan
needed) of what each NOS aspect is. Remind students they can refer tolibe &as they
try to solve each case.

Day 3:Invite students to gather around the crime scene. Ask them to observe what they
see and write down their observations on a large chart paper. Once all observations h3
been collected, ask students to make inferences about what happened in the stene.
Record inferences on another large chart paper. Follow up asking students to tell you
evidence they have from their observations that help to make their inferences true. Hay
students discuss their ideas with partners before inviting stasgiéack to the larger group tq
share their thinking. As students share their ideas, remind students that science is subj
tentative and helps us collect empirical evidence. Ask students if there were any ideas
peers that changed their thinkingr affirmed it, and how their thinking was changed. The
teacher can use the following questions to prompt students if needed:

G2 KIFId RAR @2dz 20aSNIISKE

G2 KFG RAR @2dz AYFSNI FNRY GKFG RFEGFKE

G2 KFEG AYyTF2NXYIFGA2Y OKFYy3ISR @2dzNJ 6KAY (1 Ay3
Gl 26 6SNB @2dz ONBI GAQGS Ay az2f @Ay3a GKAA

Additionally, the teacher will ask students to talk about how they were creative in using

science during the crime scene activity. Students are able to take video and still photog
of the crime scene and add annotations or veieeordings to share #ir thinking thus far in
solving each case. Finally, students will complete the recording sheet where they can d
items from the mock crime scene that they are observing that are leading them to make
inferences about the crime that occurred.
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Day 4:The teacher will begin this part of the lesson by introducing three new clues or ali
that were developed to remind students that science is tentative and subjective. Each ¢
alibi is written in a way that creates new thinking about previouslywkmobservations and
inferences. Additionally, students will be introduced to a case file about each of the ma
OKI NX OGSNBR FTNBY SIFOK FIANEB GFfES G2 3IAQS
past. The teacher will gather students back as elgrm@up to review and debrief the case
files on each character and after giving students time to share with a partner, will lead a
discussion with the whole group about making sense of the new information. The teach
will ask students if their thinkingas changed based on the new information and remind
students that science is subjective and tentative and that scientists are creative. The c}
can use the case files along with their observations and inferences to determine the sol
to each caseAsk students to support their claims with evidence from their observations
inferences¢ KS Ay aidNHzOG2N) gAtt al ljdzSatAazya
@2dz AYTFSNI TNRA& KIKI GA WRFLNKIEGAZ2Y OKFy3aSR
ONBIlI GABS Ay az2t@ay3a GKAA Ol AaSK¢e

Day 5:The teacher will begin this lesson by asking if there are any students who would |
share their final thoughts with the whole class. Students will then complete a digital
inference sheet designed by their instructor where the students have the oppibytto
draw, record, or voice over a photograph indicating how they solved the case.
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Title: Little Red Riding Hoday Paul Galdone

Overview:! 3 Ay 3 (1 KS Qkile Red RiBing Bdas andirgrqduction, students will
SEFYAYS Iy F3S FLILINBLNAFGS aONRYS a0SyS
may have escaped the wolf instead of being eaten. Students will learn to use observati
and inference to find clues to determinieshe escaped.

Investigation QuestionDid Little Red Riding Hood escape the wolf?

Materials:

-red cape

-basket

-fake wolf fur

-mud/chunks of dirt

-one length of red ribbon

-3 manilla file folders

-3 small envelopes (to place clues into), label with Clue 1, Clue 2, Clue 3

Prep:Before students enter the classroom, set up the crime scene. Begin by wrapping

scene tape or rope/yarn around the legs/holes in the back of chairs (one can be knocke
over) to cordon off an area where all of the artifacts will be placed. Placestheape in the

crime scene area, with the open side facing down to look like a scuffle happened betwe
Little Red Riding Hood and the wolf. Place these artifacts in the crime scene as well: b3
(tipped on its side), some clumps of fake wolf fur, nmucthunks of dirt, and a length of red
NAoo2yd tflFOS SIOK OKINIOGSNRa /aS Chft
right-handside of the file folder. Place each clue into the correctly labeled envelope.

Day 1:The instructor will ask or review with students what they know about the word
observation and create adhart with the student responses on one side. The instructor w
repeat the same activity using the words inference, subjectivity, the tentativeofessence,
creativity and empirical evidence. If students have difficulty responding, the instructor \
provide some examplesf observation inference, subjectivity, the tentativeness of sciencq
creativity and empirical evidence at ageappropriate level. This chart will be used
throughout all the lessons so that the children are able to refer back to it as needed to g
their understanding about these aspects of NOS.

172



Day 2:Students will gather on the floor and the teacher will read to them the chosen ver
2F GKIG 6SS1Qa FIFLANEB GlfSo I FG4SNI NBI RA
observation, inference, subjectivity, the tentativeness of science, creatwvitl empirical
evidence to help solve each case. Lead a discussion reminding children (and give exan
needed) of what each NOS aspect is. Remind students they can refer tactigttas they
try to solve each case.

Day 3:Invite students to gather around the crime scene. Ask them to observe what they
see and write down their observations on a large chart paper. Once all observations h3
been collected, ask students to make inferences about what happened in the stene.
Record inferences on another large chart paper. Follow up asking students to tell you
evidence they have from their observations that help to make their inferences true. Hay
students discuss their ideas with partners before invistgdents back to the larger group t
share their thinking. As students share their ideas, remind students that science is subj
tentative and helps us collect empirical evidence. Ask students if there were any ideas
peers that changed their thking or affirmed it, and how their thinking was changed. The
teacher can use the following questions to prompt students if needed:

G2 KIFId RAR @2dz 20aSNIISKE

G2 KFG RAR @2dz AYFSNI FNRY GKFG RFEGFKE

G2 KFEG AYyTF2NXYIFGA2Y OKFYy3ISR @2dzNJ 6KAY (1 Ay3
Gl 26 6SNB @2dz ONBI GAQGS Ay az2f @Ay3a GKAA

Additionally, the teacher will ask students to talk about how they were creative in using

science during the crime scene activity. Students are able to take video and still photog
of the crime scene and add annotations or veieeordings to share #ir thinking thus far in
solving each case. Finally, students will complete the recording sheet where they can d
items from the mock crime scene that they are observing that are leading them to make
inferences about the crime that occurred.
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Day 4:The teacher will begin this part of the lesson by introducing three new clues or ali
that were developed to remind students that science is tentative and subjective. Each ¢
alibi is written in a way that creates new thinking about previouslywkmobservations and
inferences. Additionally, students will be introduced to a case file about each of the ma
OKI NX OGSNBR FTNBY SIFOK FIANEB GFfES G2 3IAQS
past. The teacher will gather students backadarge group to review and debrief the case
files on each character and after giving students time to share with a partner, will lead a
discussion with the whole group about making sense of the new information. The teach
will ask students if their thiing has changed based on the new information and remind
students that science is subjective and tentative and that scientists are creative. The c}
can use the case files along with their observations and inferences to determine the sol
to eachcase. Ask students to support their claims with evidence from their observations
inferences¢ KS Ay aidNHzOG2N) gAtt al ljdzSatAazya
@2dz AYTFSNI TNRA& KIKI GA WRFLNKIEGAZ2Y OKFy3aSR
ONBIlI GABS Ay az2t@ay3a GKAA Ol AaSK¢e

Day 5:The teacher will begin this lesson by asking if there are any students who would |
share their final thoughts with the whole class. Students will then complete a digital
inference sheet designed by their instructor where the students have the oppibytto
draw, record, or voice over a photograph indicating how they solved the case.
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Title: The True Story of The Three Little Big3on Scieszka

Overview:! a Ay 3 (KS OKeTruR SidByofiide Thrae2LRlgs as an introductior
d0dzRSyia éAatt SEFYAYS Ly 38 | LILINELNRI
not intentionally eat the three little pigs, but instead had a bad cold. Students will learn
use observation and inference to findiek to determine if the wolf is telling the truth.

Investigation QuestionDid the wolf actually blow down the houses or was it a cold?

Materials:

-sticks

-small LEGO house, partidhlyilt, to look as if the wolf was able to blow a few bricks at the
top off

-straw (paper/plastic straws or natural straw)

-blow dryer or fan to blow houses down

-measuring cup

-very small amount of flour or sugar to be sprinkled around

-hoof print stencil

-baby powder/cornstarch

-severalwaddedup tissues

-3 manilla file folders

-3 small envelopes (to place clues into), label with Clue 1, Clue 2, Clue 3

Prep:Before students enter the classroom, set up the crime scene. Begin by wrapping
scene tape or rope/yarn around the legs/holes in the back of chairs (one can be knocke|
over) to cordon off an area where all of the artifacts will be placed. Plactesedistraw and
sticks in the crime scene area, scattered around to look like a wolf blew the houses dow
Place these artifacts in the crime scene as well: LEGO house, measuring cup, sprinkled
or sugar, wadded up tissues. Use the hoof prianhsil to create a line of hoof prints through
the crime scene. Place the hoof print stencil on the ground and sprinkle baby powder o
O2Nyaidl NOK 2y AlG (2 ONBFGS I LINAyGd 2y
Case File page into a maaifblder and paper clip it to theght-handside of the file folder.
Place each clue into the correctly labeled envelope.
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Day 1:The instructor will ask or review with students what they know about the word

observation and create adhart with the student responses on one side. The instructor w
repeat the same activity using the words inference, subjectivity, the tentativenfessence,
creativity and empirical evidence. If students have difficulty responding, the instructor \
provide some examplesf observation inference, subjectivity, the tentativeness of science
creativity and empirical evidence at age-appropriate level. This chart will be used
throughout all the lessons so that the children are able to refer back to it as needed to G
their understanding about these aspects of NOS.

Day 2:Students will gather on the floor and the teacher will read to them the chosen ver
2F GKIG 6SS1Qa FIEANER GFfSo I FTGSNJ NBI RA
observation, inference, subjectivity, the tentativeness of science, creaavitl empirical
evidence to help solve each case. Lead a discussion reminding children (and give exan|
needed) of what each NOS aspect is. Remind students they can refer tactizttas they
try to solve each case.

Day 3:Invite students to gather around the crime scene. Ask them to observe what they
see and write down their observations on a large chart paper. Once all observations hg
been collected, ask students to make inferences about what happened in the scene.
Record inferences on another large chart paper. Follow up asking students to tell you
evidence they have from their observations that help to make their inferences true. Hay
students discuss their ideas with partners before invisfgdents back to the larger group t
share their thinking. As students share their ideas, remind students that science is subj
tentative and helps us collect empirical evidence. Ask students if there were any ideas
peers that changed their thking or affirmed it, and how their thinking was changed. The
teacher can use the following questions to prompt students if needed:

G2 KId RAR @2dz 20a3SNIISKE

G2 KIFId RAR @2dz AYFSNI FNRY GKFG RFEGFKE
G2 KFEG AYyF2NXEFGAZ2Y OKFY3ASR @2dz2NJ GKAY {1 Ay 3
Gl 26 6SNB &2dz ONBIHASIKWS Ay az2f @day3a GKAaA

Additionally, the teacher will ask students to talk about how they were creative in using

science during the crime scene activity. Students are able to take video and still photog
of the crime scene and add annotations or veieeordings to share #ir thinking thus far in
solving each case. Finally, students will complete the recording sheet where they can d
items from the mock crime scene that they are observing that are leading them to makeg
inferences about the crime that occurred.
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Day 4:The teacher will begin this part of the lesson by introducing three new clues or ali
that were developed to remind students that science is tentative and subjective. Each ¢
alibi is written in a way that creates new thinking about previouslywkmobservations and
inferences. Additionally, students will be introduced to a case file about each of the ma
OKI NX OGSNBR FTNBY SIFOK FIANEB GFfES G2 3IAQS
past. The teacher will gather students backadarge group to review and debrief the case
files on each character and after giving students time to share with a partner, will lead a
discussion with the whole group about making sense of the new information. The teach
will ask students if their thiing has changed based on the new information and remind
students that science is subjective and tentative and that scientists are creative. The c}
can use the case files along with their observations and inferences to determine the sol
to eachcase. Ask students to support their claims with evidence from their observations
inferences¢ KS Ay aidNHzOG2N) gAtt al ljdzSatAazya
@2dz AYTFSNI TNRA& KIKI GA WRFLNKIEGAZ2Y OKFy3aSR
ONBIlI GABS Ay az2t@ay3a GKAA Ol AaSK¢e

Day 5:The teacher will begin this lesson by asking if there are any students who would |
share their final thoughts with the whole class. Students will then complete a digital
inference sheet designed by their instructor where the students have the oppibytto
draw, record, or voice over a photograph indicating how they solved the case.
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Appendix E

Materials for lessons

The Little Red Hen
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Name: Dog

Age:/
Occupation: Pet

Address: 1234 Wheat Field
Lane

Phone Number: 555-1212

Paw Print

Prior Crimes:

-Stealing Treats | ..

-Chewing the mail
delivery person’s
pant leg

-Eating homework
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Name: Cat
Age:51/2
Occupation: Mouse Catcher

Address: 2345 Cat's Meow
Drive

Phone Number: 867-5309

Paw Print

Prior Crimes:

-Knocking lamps off
the table ‘ ‘

-Scratching furniture

-Leaving mice on
the doormat
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Name: Pig
Age: 10

Occupation: Bringing Home
the Bacon

Address: 3456 Mud Puddle
Drive

Phone Number: 744-4744

Paw Print

Prior Crimes:
-Eating Table Scraps

-Hoofing it up in the
barn

-Playing in the mud
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Clue #l

The cat was napping at a friends
house all day.

Clue #2

| was getting a hoof tfrim at the
veterinarian's office.

Clue #3

| spent the afternoon sniffing
delicious smells.
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The Case of the Missing Loaf of Bread

SUSPECTS:

This is who | think took the loaf of bread:

4 )

o J

I'm inferring this because:
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Name:

Draw the crime scene below and circle any clues that helped you
solve the case. Place a question mark next to any clues you have

guestions about.
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Jack and the Beanstalk
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Prior Crimes:
-Stealing Jack’s
family harp, hen,
and gold

-Fe-fi-fo-fumming

Name: The Giant
Age: 58

Occupation: Giant

Address: 1234 Beanstalk Way

Phone Number: 555-1212

Hand Print
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Prior Crimes:

-Trading cow for
magic beans

-telling bad jokes

Name: Jack
Age: 14
Occupation: Son

Address: 2345 Beanstalk
Shadow Way

Phone Number: 867-5309

Hand Print
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Name: Jack’'s Mom
Age: 45
Occupation: Jack’s Mom

Address: 2345 Beanstalk
Shadow Way

Phone Number: 867-5309

Hand Print

Prior Crimes:

-None

188



Clue #l

| bought a shovel and filled in @
large hole.

Clue #2

| searched for the next item | could
take from someone else.

Clue #3

| searched the garden to see if
there was any food to make for
dinner.
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The Case of the Missing Giant

SUSPECTS:

Jack Jack’'s Mom

This is what | think happened to the giant:

4 )

o J

I'm inferring this because:
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Name:

Draw the crime scene below and circle any clues that helped you
solve the case. Place a question mark next to any clues you have

guestions about.
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The Gingerbread Man
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Name: The Gingerbread
Man

Age: days old
Occupation: Cookie

Address: 1234 Sugar Cookie
Lane

Phone Number: 555-1212

Print
Prior Crimes:

-Jumping out of =
ovens S 1

e "
-Running away ’-_ R . .‘

® -
-Disturbing Others
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Name: Fox
Age:51/2
Occupation: Cookie Catcher

Address: 6789 Fox Hollow
Land

Phone Number: 369-3699

Paw Print

Prior Crimes:

‘“

‘d

-Chasing Cookies

-Chasing Kids

-Wearing Socks
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Name: Dog
Age: 5
Occupation: Being Cute, Pet

Address: 3456 Mud Puddle
Drive

Phone Number: 744-4744

Paw Print

Prior Crimes:

-Chasing yummy
cookies

-Running away from
home
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Clue #l

| don't like gingerbread cookies, so |
ran home.

Clue #2

| decided to take swimming lessons.

Clue #3

| ran home to take a nap.
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The Case of the Missing Gingerbread Man

SUSPECTS:

L ..
r§ ) ( .\\II
/_2'.’»1 ;’; Q::y -
. @ f V N A :
l /f_ . _E}} ._:{“i'll @ 0 @
\ AV AN ]9
p H\T N ;'—— - {f °,
/;4 AR DD,
% } (X
Fox Gingerbread
Man

| think that yes/no the Gingerbread Man made it
across the river, because...:

-

.

I'm inferring this because:
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Name:

Draw the crime scene below and circle any clues that helped you
solve the case. Place a question mark next to any clues you have

guestions about.
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Little Red Riding Hood
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Case File

Name: Little Red
Age: 10
Occupation: Student

Address: 2424 Red Cloak
Lane

Phone Number: 744-4744

Hand Print
Prior Crimes:

-Skipping at school \

-Borrowing clothes
from others

-Wandering into the
woods alone

200



201



