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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 

 

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 gap in the literature where 

bh{ ŀƴŘ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƻǾŜǊƭŀǇΦ Seventeen kindergarten students in a suburban 

classroom participated in this study. It is difficult for classroom teachers to find scientifically 

ŀŎŎǳǊŀǘŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΣ ǇƻǘŜƴǘƛŀƭƭȅ ƭŜŀŘƛƴƎ to misconceptions about science in young 

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 of specific NOS aspects including observation, inference, creativity, 

subjectivity, empirical evidence, and the tentativeness of science.  Explicit-reflective instruction 

is a model that has been studied and has been determined to be a strategy classroom teachers 

can use to help increase student understanding of NOS aspects (Khishfe & Abd-El-Khalick, 2002, 

Akerson et. al., 2011). The explicit-reflective model that has been effective in teaching NOS 

aspects and parallels the work of Vygotsky, where students learn from older, more skilled peers 

and persist in inquiry (Zuckerman et al., 1998, Trudge, 1990). These models helped the 

researcher to develop a framework to allow students to be explicitly taught specific NOS 
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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 crime scenes), and digital 

science notebooks were used using the explicit-reflective teaching model to increase student 

understanding of specific NOS aspects. The validated VNOS-E was administered as a 

pre/posttest/delayed posttest to determine the increase in student understanding and use and 

the longevity of the understanding and use of specific NOS aspects. Using a five weeklong 

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 on the VNOS-E and 

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 nature of science (NOS) 

(Poindexter, 2022).  After completing my previous research, I noticed that though the 

intervention, students increased their use of observation and inference along with other NOS 

aspects.  I wondered that if I increased the length of the intervention 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 subjectivity, and 

use creativity when developing inferences. In the initial study, I also noted that students 

increased their use of observation and inference, however, as that study lasted for one week, I 

was curious to know how many exposures to NOS aspects students needed to begin to use 

them consistently and accurately.  

 I chose to focus on the aspects of observation and inference in my initial study, as they 

are the most accessible aspects for young children as children use their senses to help them 

learn about the world, beginning at a young age (Akerson, 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, I studied the effectiveness of the 

additional NOS aspects that are accessible to young children (observation, inference, creativity, 
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the tentativeness of science, empirical evidence, and subjectivity). This method did increase 

student understanding of all these NOS aspects.  

Using the fairy tale, The Little Red Hen (Galdone, 1985) and an immersive experience, 

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

ǊŜŦƭŜŎǘƛǾŜ ƛƴǎǘǊǳŎǘƛƻƴΣ ŀǎ ǘƘŜȅ ǿƻǊƪŜŘ ǘƻ ŦƛƴŘ ƻǳǘ ǿƘƻ ǘƻƻƪ ǘƘŜ [ƛǘǘƭŜ wŜŘ IŜƴΩǎ ƭƻŀŦ ƻŦ ōǊŜŀŘΦ 

Findings from that study indicated that pairing The Little Red Hen with an immersive experience 

increased students' overall use and knowledge of observation and inference.  

/ƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƛǎ ŀƴ ŜŦŦŜŎǘƛǾŜ ǘƻƻƭ ƛƴ ǘŜŀŎƘƛƴƎ ȅƻǳƴƎ ŎƘƛƭŘǊŜƴ ŀōƻǳǘ bŀǘǳǊŜ ƻŦ 

Science.  Immersive experiences increase student understanding of NOS. Science notebooks are 

a place for children to document the understandings that they have about NOS. It is my 

assumption that wƘŜƴ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΣ ƛƳƳŜǊǎƛǾŜ ŜȄǇŜǊƛŜƴŎŜǎ ŀƴŘ ǎŎƛŜƴŎŜ ƴƻǘŜōƻƻƪǎ ŀǊŜ 

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 able to attain some NOS 

understanding when it is taught using explicit-reflective instruction (Akerson et al., 2010; 

Akerson et al., 2019a; Akerson et al., 2019b; Alan et al., 2018; Avsar Erumit & Akerson, 2022; 

Buck et al., 2019). Khishfe & Abd-El-Khalick (2002) and Akerson et. al., (2011) studied children 

aged 5-8 and determined that the most effective way for children to learn about NOS was 

through explicit-reflective instruction by the teacher. The nature of explicit-reflective 

instruction allows young children to 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 
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why they were used. The hands-on investigations allow students to interact with and learn new 

ideas from peers as they learn to use each NOS aspect. This 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 practice and experience the NOS aspects in action and reflect 

on them, which allows for the assimilation of new learning and input from peer reflections to 

form a better understanding of each NOS aspect. 

In teaching NOS aspects to young children, they can begin 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 Atlases of Science Literacy, and the NSTA position statement on NOS 

(Sweeney & McComas, 2022, p. 1547). 

Each of these documents includes the 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 to an 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 education science teaching can change future 

stereotyping of scientists and show the importance of participating in science as citizens in the 
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future. ²ƘŜƴ ǎŎƛŜƴŎŜ ƛƴǎǘǊǳŎǘƛƻƴ ōŜƎƛƴǎ ŜŀǊƭȅ ƛƴ ŀ ŎƘƛƭŘΩǎ ǎŎƘƻƻƭ ŎŀǊŜŜǊΣ ǘƘŜȅ ƭŜŀǊƴ ǘƘŀǘ ŀƭƭ 

people can be scientists and can work to solve problems. Young children need to learn how to 

examine evidence, make observations and inferences, and determine trustworthiness of 

evidence when making informed 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 students with the tools they need to make 

informed decisions and choices as they grow. 

Explicit teacher pre-service and in-service education 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 teaching over colleagues who are not familiar with NOS.  Explicit-

ǊŜŦƭŜŎǘƛǾŜ ƛƴǎǘǊǳŎǘƛƻƴ ƛƴŎƭǳŘŜǎ ŀ ǾŀǊƛŜǘȅ ƻŦ ǎǘǊŀǘŜƎƛŜǎ ƛƴŎƭǳŘƛƴƎ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΣ ǎŎƛŜƴŎŜ 

notebooks, classroom discussions, inquiry and hands-on activities, and debriefing activities to 

give students opportunities to apply and experience NOS aspects as scientists.  Explicit-

reflective instruction allows a teacher opportunities to teach explicitly about NOS aspects 

through the use of the previously mentioned strategies and then allow for students to reflect 

upon their use at the conclusion of the lesson.  Sweeney & McComas (2022), surveyed 377, K-4 

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 data, and observation aspects as those to be most attainable by 

young learners and would help students understand the more abstract ideas of subjectivity, 

creativity, and the tentative nature of science as they progressed in elementary school.  
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According to the 377 teachers surveyed, there is much about NOS that younger children can 

understand.  With Kindergarten being the first year of formal schooling that many children 

experience, NOS should be included in science instruction to provide students with an early 

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

more deeply into science contentΦ ά¢ƘŜ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ŦǳǘǳǊŜ ƭŜŀǊƴƛƴƎ ƛǎ ǇǊƻǾƛŘŜŘ ƛƴ ǘƘŜ ŜŀǊƭȅ 

grades, so we must learn more about what is already occurring there and what the potential 

ƳƛƎƘǘ ōŜ ǘƻ ŜȄǇŀƴŘ bh{ ƛƴǎǘǊǳŎǘƛƻƴ ŦƻǊ ȅƻǳƴƎ ƭŜŀǊƴŜǊǎέ ό{ǿŜŜƴŜȅ ϧ aŎ/ƻƳŀǎΣ нлннύΦ aŀƴȅ 

early childhood teachers agree that the inclusion of NOS aspects is important, however, they 

lack the training and knowledge to Řƻ ǎƻΣ ƻǊ ǎŎƛŜƴǘƛŦƛŎŀƭƭȅ ŀŎŎǳǊŀǘŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΦ aŎ[Ŝŀƴ 

et al. όнлмрύ ŦƻǳƴŘ ǘƘŀǘ ƻƴŜ ǿŀȅ ƻŦ ŀŘŘǊŜǎǎƛƴƎ ǘƘŜ ŎƻƴŎŜǊƴ ŀōƻǳǘ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƛǎ ǘƻ 

άŎƻƴǎƛŘŜǊ ǇŜŘŀƎƻƎƛŎŀƭ ŀǇǇǊƻŀŎƘŜǎ ǘƘŀǘ ǳǎŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƴƻǘ ŀǎ ŀ ǎƻǳǊŎŜ ƻŦ ǎŎƛŜƴǘƛŦƛŎ 

concepts, but rather, as a springboard ƛƴǘƻ ǇƻǘŜƴǘƛŀƭ ǎŎƛŜƴŎŜ ƛƴǉǳƛǊȅ ƭŜŀǊƴƛƴƎέ (p. 50). 

/ƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ƛƴ the past to engage and excite children about 

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

ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǘƘŀǘ ƛǎ ŀŎŎǳǊŀǘŜ ŀƴŘ ǇǊƻǾƛŘŜǎ ŘƛǊŜŎǘ ǳǎŜ ƻŦ bh{ ŀǎǇŜŎǘǎ όCƻǊŘΣ нллс, Hug, 

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 

ŎƻƳōƛƴŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ǎŎƛŜƴŎŜ ƛƴǎǘǊǳŎǘƛƻƴΦ  !ŘŘƛǘƛƻƴŀƭƭy, many educators want to use 

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.  
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/ƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƻŦŦŜǊǎ ŀ ǿŀȅ ŦƻǊ ǘŜŀŎƘŜǊǎ ǘƻ ŜƴƎŀƎŜ ǘƘŜƛǊ ǎǘǳŘŜƴǘǎ ƛƴ ŀ ǎŎƛŜƴǘƛŦƛŎ 

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 with NOS and may not know 

how to adequately correctly share NOS aspects with students as they read (Hug, 2010; Ford, 

нллсύΦ  Lƴ ŎƘƻƻǎƛƴƎ ŦŀƛǊȅ ǘŀƭŜǎ ƻǾŜǊ ƳƻǊŜ ǎŎƛŜƴǘƛŦƛŎŀƭƭȅ ŀŎŎǳǊŀǘŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΣ L ǎƘƻǿŜŘ 

that fairy tales can be used as a springboard into introducing and explicitly teaching about NOS 

aspects, even though there is little to no science content within them. I chose fairy tales over 

ƴƻƴŦƛŎǘƛƻƴ ƻǊ ǎŎƛŜƴŎŜ ŦƻŎǳǎŜŘ ŦƛŎǘƛƻƴŀƭ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ōŜŎŀǳǎŜ L ƘŀǾŜ ǇǊŜǾƛƻǳǎ ŜȄǇŜǊƛŜƴŎŜ 

in working with 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 I created.  It is 

my hope that because I approached teaching NOS aspects in this way, that a teacher who was 

less experienced with teaching NOS could access these lessons and feel more confident in 

teaching about NOS.  

In this study, I increased the NOS aspects that I will explore from observation and 

inference to also include, subjectivity, empirical evidence, the tentativeness of science, and 

creativity.  As I reviewed data from my previous study (Poindexter, 2022), I noted growth on the 

VNOS-E post assessment in the use of subjectivity, empirical evidence, developing tentative 

ideas, and using creativity to do so, leading me to believe that this method of intervention is 

effective at increasing student understanding of more than observation and inference.  

I 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 science aspects, specifically observation, inference, 
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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 (Campbell & Fulton, 2003).  Interactive 

science notebooks typically contain ΨinputΩ information from the teacher that students enter 

ƛƴǘƻ ǘƘŜƛǊ ǎŎƛŜƴŎŜ ƴƻǘŜōƻƻƪǎ ǘƻ ƘŜƭǇ ǘƘŜƳ ǳƴŘŜǊǎǘŀƴŘ ŀ ŎƻƴŎŜǇǘ ŀƴŘ άƻǳǘǇǳǘΣέ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ 

students generate from investigations or inquiries (Fries-Gaither, 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 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 practices of actual 

scientists through the use of NOS aspects (Fries-Gaither, 2022). I used the Seesaw app as the 

digital science notebook platform.  This app allows students to create drawings, record videos, 

annotations, and take pictures as a way to collect data, evidence, and reflect upon it.  I asked 

that students use whichever of these options is the best fit for them, however they needed to 

include either a video recording with voiceover or drawing/picture with a voiceover.  

Annotations were used in each entry and specific directions on their use were given 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, picture, or video. The process of 

adding digital voice recording was more difficult than I had expected for students, and as a 
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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, I used an immersive experience to help students physically interact 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.  Students could walk around all sides of the crime scene and 

gather observations and inferences that helped them make their decisions.  Several students 

commented on their excitement about the mock crime scene and how the clues inside it helped 

ǘƘŜƳ άǎƻƭǾŜ ǘƘŜ ŎŀǎŜέΦ  ¢ƘŜ ŀōƛƭƛǘȅ ǘƻ ŜƴƎŀƎŜ ŀƴŘ ōŜ ǇƘȅǎƛŎŀƭƭȅ ǇǊŜǎŜƴǘ ǿƛǘƘ ǘƘŜ ƳƻŎƪ ŎǊƛƳŜ 

scene helped students use observation and inference in a way that is like practicing scientists.  I 

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 

ǎǘǳŘȅΣ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΣ ƛƳƳŜǊǎƛǾŜ ŜȄǇŜǊƛŜƴŎŜǎΣ ŀƴŘ ǘƘŜ ǳǎŜ ƻŦ ŘƛƎƛǘŀƭ ǎŎƛŜƴŎŜ ƴƻǘŜōƻƻƪǎΣ 

students can talk with and learn from their peers.  Regular whole group discussions, carefully 

placed after each new element is introduced, allow students to share their thinking and hear 

the ideas of peers.  When children work with and hear from more skilled peers, they can hone 

their own ideas and thinking (Vygotsky, 1978).  Siller & Alanís (2022) found in working with pre-

ƪƛƴŘŜǊƎŀǊǘŜƴŜǊǎ ǘƘŀǘ άǿhen children are given the opportunity to learn with a partner, they can 
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verbalize what they are learning, exchange ideas, enhance their social skills, and apply their 

understandingέ. In this study, as children interacted 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 entries; many students paused in speaking to listen to what other students 

were recording and incorporated those ideas into their 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 VNOS-E, student reflection pages, and 

digital science notebook entries.  As I researched methods and interventions that have 

previously been explored when teaching NOS aspects to young children, I found a gap in the 

literature about fairy tales and NOS aspects.  When developing ideas as to how to use fairy tales 

to teach NOS aspects, I 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, I expanded the NOS aspects I included in my explicit-reflective 

instruction as well as the fairy tales used, however, I limited the NOS aspects introduced due to 

them not being as attainable by young children and several other limitations that I initially 

considered for inclusion in this study. 
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Research Question 

The following research question guided this action research study and helped to validate this 

method of explicit-reflective instruction. The explicit-reflective instruction included whole class 

discussions and debriefings, digital science notebook entries, and pre- and post-assessments 

that determined the effectiveness of this study.  

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? 

  

Defining Terminology 

Important terminology is included below to better define some components of this study.  It is 

important to note that the NOS aspects listed do not encompass all aspects, rather I have only 

included those that were included in this study.  

Nature of Science - ¢ƘŜ ƴŀǘǳǊŜ ƻŦ ǎŎƛŜƴŎŜ όbh{ύ ƛƴŎƭǳŘŜǎ άǘƘŜ ŜǇƛǎǘŜƳƻƭƻƎȅ ƻŦ ǎŎƛŜƴŎŜΣ ǎŎƛŜƴŎŜ 

as a way of knowing, and the values and beliefs inherent to scientific knowledge and its 

ŘŜǾŜƭƻǇƳŜƴǘέ ό[ŜŘŜǊƳŀƴΣ нллтΣ ǇΦ уооύΦ  

 

Immersive Experiences - An 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 were learning in 

another place to add excitement and interest. An immersive experience gives students the 
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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 basis - Scientific 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 and laws. The development of questions, investigations, and interpretations 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 perspective of new knowledge. 

Personal subjectivity is also unavoidable. Personal values, agendas, and prior 

experiences dictate what and how scientists conduct their work.  

 

Creativity Scientific - knowledge is created from human imaginations and logical 

reasoning. This creation is based on observations and inferences of the  
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Observation and inference - Science is based on both observation and inference. 

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

Inferences are interpretations of those observations. 

 

άbƻƴŜ ƻŦ ǘƘŜǎŜ bh{ ŀǎǇŜŎǘǎ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǇŀǊǘ ŦǊƻƳ ǘƘŜ ƻǘƘŜǊǎΦ 9ŀŎƘ ƻŦ ǘƘŜǎŜ ŀŎǘǎ 

is influenced by the culture and society in which the science is practiced as well as by the 

ǘƘŜƻǊŜǘƛŎŀƭ ŦǊŀƳŜǿƻǊƪ ŀƴŘ ǇŜǊǎƻƴŀƭ ǎǳōƧŜŎǘƛǾƛǘȅ ƻŦ ǘƘŜ ǎŎƛŜƴǘƛǎǘέ ό{ŎƘǿŀǊǘȊΣ нллпύΦ 

 

Explicit-Reflective Instruction: Explicit-reflective 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 & Erdogan, (2018) and Akerson et al., (2011). 

Theoretical Framework 

¢Ƙƛǎ ǎǘǳŘȅ ǿŀǎ ŦǊŀƳŜŘ ōȅ [ŜǾ ±ȅƎƻǘǎƪȅΩǎ ǎƻŎƛƻŎǳƭǘǳǊŀƭ ǘƘŜƻǊȅ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ŎƘƛƭŘǊŜƴ 

Ŏŀƴ ƭŜŀǊƴ ŦǊƻƳ ƳƻǊŜ ǎƪƛƭƭŜŘ ǇŜŜǊǎ ŀƴŘ ±ȅƎƻǘǎƪȅΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎǘǳŘŜƴǘǎ ǘƻ 

engage in and persist in inquiry (Zuckerman et al., 1998, Trudge, 1990). The Vygotskian 

approach states that the following three factors are important for students to engage in and 

ǇŜǊǎƛǎǘ ƛƴ ƛƴǉǳƛǊȅΦ  άLƴǎǘǊǳŎǘƛƻƴ ǎǘŀǊǘǎ ōȅ ƛƴǘǊƻŘǳŎƛƴƎ ƛŘŜŀǎ ǘƘŀǘ ŀǊŜ ŎŜƴǘǊŀƭ ŀƴŘ ƎŜƴŜǊŀƭ ǘƻ ǘƘŜ 

discipline, 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 studied from the other's 
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Ǉƻƛƴǘ ƻŦ ǾƛŜǿέ ό½ǳŎƪŜǊƳŀƴ Ŝǘ ŀƭΦΣ мфууΣ ǇΦ нлмύΦ  ά±ȅƎƻǘǎƪȅ ōŜƭƛŜǾŜŘ ǘƘŀǘ ǘǊǳŜ ŜŘǳŎŀǘƛƻƴ ƛǎ ƴƻǘ 

ǘƘŜ ƳŜǊŜ ƭŜŀǊƴƛƴƎ ƻŦ ǎǇŜŎƛŦƛŎ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǎƪƛƭƭǎΣ ƛǘ ƛǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ƭŜŀǊƴƛƴƎ 

abilities ς that is their capacity to think clearly and creatively, plan and implement their plans, 

ŀƴŘ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ ǘƘŜƛǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƛƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ǿŀȅǎέ ό5ƻƭȅŀΣ нлмлΤ ǇΦ оύΦ  

I 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 interacting 

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 NOS aspects. Through 

the use of explicit-ǊŜŦƭŜŎǘƛǾŜ ƛƴǎǘǊǳŎǘƛƻƴΣ ǘŜŀŎƘŜǊǎ Ŏŀƴ ǳǎŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΣ ǎŎƛŜƴŎŜ 

notebooks, and immersive experiences to create the ideal learning environment for their 

students.   

aȅ ŦǊŀƳŜǿƻǊƪ ǿŀǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǿƻǊƪ ƻŦ [ŜǾ ±ȅƎƻǘǎƪȅΩǎ ǎƻŎƛƻŎǳƭǘǳǊŀƭ ǘƘŜƻǊȅ ŀƴŘ ǘƘŜ 

work done by Lederman (2007) and Akerson et al., (2019b) regarding explicit-reflective 

instruction.  There are overlapping ideas between the two concepts that work together to 

ŜƴǎǳǊŜ ǘƘŀǘ ǎǘǳŘŜƴǘǎ ŀǊŜ ƭŜŀǊƴƛƴƎ ŦǊƻƳ ǇŜŜǊǎ ŀōƻǳǘ bh{ ŀǎǇŜŎǘǎΦ  ±ȅƎƻǘǎƪȅΩǎ ǎƻŎƛƻŎǳƭǘǳǊŀƭ 

theory states that children learn best through a collective learning environment, one that 

supports constructivism while the widely accepted way to teach NOS, explicit-reflective 

instruction, also promotes children learning together, constructing new knowledge through 

each NOS cycle of instruction.  
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As children engage in hands-on NOS activities with peers, they actively construct 

ƪƴƻǿƭŜŘƎŜΦ  ¢Ƙƛǎ ǇŀǊŀƭƭŜƭǎ ±ȅƎƻǘǎƪȅΩǎ ǘƘŜƻǊȅ ǘƘŀǘ ŎƘƛƭŘǊŜƴ ŎƻƴǎǘǊǳŎǘ ǘƘŜƛǊ ƻǿƴ ƪƴƻǿƭŜŘƎŜ 

through self-discovery with peers.  Both ideas advocate for children to work together to engage 

in learning, just as practicing scientists engage in learning from each other.  Each time children 

engage in hands-on learning with each other, especially when learning about science and NOS, 

they are actively engaging in the use of NOS aspects and are 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 construct knowledge and seek to understand how to apply it to new 

ǎƛǘǳŀǘƛƻƴǎΦ  /ƻƳōƛƴƛƴƎ ±ȅƎƻǘǎƪȅΩǎ ǎƻŎƛƻŎǳƭǘǳǊŀƭ ǘƘŜƻǊȅ ǿƛǘƘ ŜȄǇƭƛŎƛǘ-reflective instruction allows 

for children, even young children, to engage in the process of making meaning and making 

sense of scientific 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.  

¢ŀōƭŜ мΦн ǎƘƻǿǎ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ±ȅƎƻǘǎƪȅΩǎ ǎƻŎƛƻŎǳƭǘǳǊŀƭ ǘƘŜƻǊȅ ŀƴŘ ŜȄǇƭƛŎƛǘ-

reflective instruction.  As I compared both ideas, similarities became apparent that clearly 

showed the connection and overlap that children learn best by working alongside their peers 

when constructing new knowledge.  Vygotsky advocates for children learning in a collective 

learning environment, very similar to how explicit-reflective instruction encourages children to 

work with peers to construct new knowledge through the NOS cycle of instruction.  
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Table 1.1  

/ƻƳǇŀǊƛǎƻƴ ƻŦ ±ȅƎƻǘǎƪȅΩǎ {ƻŎƛƻŎǳƭǘǳǊŀƭ ¢ƘŜƻǊȅ ǿƛǘƘ 9ȄǇƭƛŎƛǘ-Reflective Instruction 

±ȅƎƻǘǎƪȅΩǎ ǎƻŎƛƻŎǳƭǘǳǊŀƭ ǘƘŜƻǊȅ Explicit-Reflective instruction 

Children learn best through a collective 

learning environment, one that supports 

constructivism. 

Children are learning together through 

explicit-reflective instruction and the 

repeated NOS cycle of instruction, 

constructing knowledge through each 

cycle. 

Social experiences shape the ways that 

children interpret and think about the world. 

Scientists are not siloed; they use NOS 

aspects to help them think about the 

world through interactions with other 

scientists (creativity, subjectivity, and 

sociocultural embeddedness). 

Children construct their own knowledge 

through self-discovery. 

As children use NOS aspects to engage 

in hands-on learning experiences, they 

actively construct knowledge 

(knowledge is empirically based). 

Children are actively involved in hands-on 

learning. 

Children are actively involved in hands-

on learning. 

The child must socially negotiate concepts in 

the authentic context of a complex learning 

environment. 

bh{ ǎǘǊŀǘŜƎƛŜǎ όŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΣ 

science notebooks, discussions) enable 

children to negotiate concepts in the 

authentic context of a complex learning 

environment. 
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Children make sense of the world via learning 

experiences. 

Explicit-reflective instruction provides 

opportunities for children to examine 

naturally occurring phenomena and 

experiences that will help them 

understand how they work/occur. 

Children learn by doing; most experiences are 

normative and occur more than once, deviant 

experiences help children learn and try new 

ideas. Children learn what is socially and 

culturally appropriate. 

Through explicit-reflective 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) is 

the distance between what a child is able to 

do independently and what they can do with 

the help of a more experienced or older 

peer/adult.  The zone moves forward with 

each learning experience. 

NOS understandings develop with 

explicit-reflective instruction over time 

and in each NOS teaching cycle.  

Children construct meaning from their 

interpretive experiences. 

Children construct meaning from their 

explicit-reflective experiences.  

±ȅƎƻǘǎƪȅΩǎ ǎƻŎƛƻŎǳƭǘǳǊŀƭ ǘƘŜƻǊȅ 

 Source: Jaramillo, 1996 

Explicit-Reflective instruction 

Source: Lederman 2007, Akerson, 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 explicit-reflective instruction model. Vygotskian 

theory also includes this explicit introduction to ideas that are central to 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 their personal 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, Vygotskian theory shares 

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 whole class responses, 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 engage children in ways 

to explore the world around them and better understand naturally occurring phenomena.  

When children understand NOS aspects, they become scientifically literate and are later able to 

make more informed and important social and cultural decisions 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 (Höttecke & 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 science aspects.  Their findings 

ǎƘƻǿ ǘƘŀǘ ǎǘǊŀǘŜƎƛŜǎ ǎǳŎƘ ŀǎ ǘƘŜ ǳǎŜ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΣ ŜȄǇƭƛŎƛǘ-reflective instruction, and 

science notebooks are all effective ways that can be used to increase student understanding of 

NOS aspects. In this study, I will build upon 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 

paired with 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 citizens. Bybee (2018), 

ǎƘŀǊŜǎ ǘƘŀǘ ƛƴ ƻǊŘŜǊ ǘƻ ƎǊŀŘǳŀǘŜ ǎŎƛŜƴǘƛŦƛŎŀƭƭȅ ƭƛǘŜǊŀǘŜ ǎǘǳŘŜƴǘǎΣ άǿŜ ŀƭǎƻ ƴŜŜŘ ǘƻ ƛƴŎǊŜŀǎŜ 

ǎǘǳŘŜƴǘǎΩ ŎƻƳǇŜǘŜƴŎƛŜǎ ǘƘŀǘ ǿƛƭƭ ǎŜǊǾŜ ǘƘŜ ƴŀǘƛƻƴŀƭ ƛƴǘŜǊŜǎǘ ŀǎ ǘƘŜȅ ŀǎǎǳƳŜ ǘƘŜ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ 

of citizenship. These competencies include understanding the nature of science, cultivating an 

understanding and ability to use evidence and form reasonable arguments, engaging in civil 

discourse, and developing 21st-ŎŜƴǘǳǊȅ ǿƻǊƪŦƻǊŎŜ ǎƪƛƭƭǎΦέ    
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Understanding NOS is a large part of this goal; 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 background information, including NOS, that is considered to be not as 

important (Höttecke & Silva, 2011).  As curricular materials are being written and designed for 

elementary classrooms, publishers are focusing on the 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-El-Khalick et al., (1998) found that in the 1960s and 1970s that curricular publishers 

ŀǎǎǳƳŜŘ ǎǘǳŘŜƴǘǎ ǿƻǳƭŘ ƭŜŀǊƴ ŀōƻǳǘ bh{ ōȅ άŘƻƛƴƎ ǎŎƛŜƴŎŜέ ŀƴŘ ƘŀƴŘǎ-on activities and did 

not include information for teachers about NOS in curricular materials, a trend that continues 

today.  Additionally, Summers et al., (2019) established that through a thorough study of state 

science standards that little improvement has been made in regard to the inclusion of NOS 

from the 1980s through 2016.  The findings also showed 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 strategies that can be used to introduce their students to NOS.  

/ƘƛƭŘǊŜƴΩǎ [ƛǘŜǊŀǘǳǊŜ 

/ƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ Ƙŀǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŜƴƎŀƎŜ ǎǘǳŘŜƴǘǎ ƛƴ ǎŎƛŜƴŎŜ ŜŘǳŎŀǘƛƻƴ ŀƴŘ 

ƛƴǘǊƻŘǳŎŜ ǘƘŜƳ ǘƻ ŀ ǎŎƛŜƴǘƛŦƛŎ ǘƻǇƛŎ ǘƘŜȅ Ƴŀȅ ǿŀƴǘ ǘƻ ƭŜŀǊƴ ƳƻǊŜ ŀōƻǳǘΦ  IǳƎΩǎ όнлмлύ ŦƛƴŘƛƴƎǎ 

suggested that pre-service and practicing classroom teachers often find difficulty in selecting 

ŀŎŎǳǊŀǘŜ ŀƴŘ ŀǇǇǊƻǇǊƛŀǘŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǘƻ ǳǎŜ ǿƛǘƘƛƴ ǘƘŜƛǊ ǎŎƛŜƴŎŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎΦ  9ǾŜƴ 
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ǿƘŜƴ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ŀǊŜ ǿǊƛǘǘŜƴ ǿƛǘƘ ǎǇŜŎƛŦƛŎ bh{ ŀǎǇŜŎǘǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜƳΣ wƛǾŜǊŀ ŀƴŘ 

Oliveria (2021) discovered that only teachers with more informed views of NOS themselves 

ǿŜǊŜ ŀŘŜǉǳŀǘŜƭȅ ŀōƭŜ ǘƻ ǳǎŜ ǘƘŀǘ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ŀ ƳŜŀƴƛƴƎful discussion of 

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.   

¢ƘŜǊŜ ŀǊŜ ǎŎƛŜƴŎŜ ŎǳǊǊƛŎǳƭǳƳ ƻŦŦŜǊƛƴƎǎ ǘƘŀǘ ƛƴŎƻǊǇƻǊŀǘŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀǎ ǇŀǊǘ ƻŦ ŀƴ 

investigation or used to introduce a phenomenon to 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 recommends that teachers should use science themed trade books 

as long as they are carefully screened for accuracy, the representation 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 the far-fetched ideas 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 

teacher reading a fairy tale to their students were to stop before the problem in the story was 

fully solved, an opportunity for the tie-in of an immersive experience presents itself as well as 

the ability to introduce NOS aspects and allow for children to use them when collecting 

ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ŜŀŎƘ ƛƳƳŜǊǎƛǾŜ ŜȄǇŜǊƛŜƴŎŜΦ  LŦ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ŀǊŜ ƴƻǘ ōŜƛƴƎ ǿǊƛǘǘŜƴ ǘƻ 
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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 

ǘƘŜ ŘƛŦŦƛŎǳƭǘ ǘŀǎƪ ƻŦ ŎƘƻƻǎƛƴƎ ŀǇǇǊƻǇǊƛŀǘŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘure and allow students to explore 

NOS (Tan & Wong, 2007).  Further, Zarnowski and Turkel (2013) recommended that children 

ŀƴŘ ǘŜŀŎƘŜǊǎ ƴŜŜŘ ŀŎŎŜǎǎ ǘƻ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǘƘŀǘ ƘŀǾŜ ŀǳǘƘŜƴǘƛŎ ŎƻƴǘŜȄǘǎ ŀƴŘ ƛƴ ǿƘƛŎƘ bh{ 

is able to naturally emerge from the texts. 

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; Fries-Gaither, 2022; Frisch, 2019; Rodgers & Basca, 2011). Science 

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 wonderings to 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 practices of actual scientists through the use of NOS 

aspects (Fries-Gaither, 2022).  

Traditional paper science notebooks can provide valuable insight into student thinking; 

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, adding to the possibility 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, annotations) (Paek & 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 themselves in a 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 notebooks allow for notebook formats to be adjusted 

to meet the needs of the students (Rodgers & Basca, 2011).  

In this study, digital science notebooks were used to capture student thinking, 

annotations, and voice recordings as they complete a student recording and inferring sheet 

each week. After considering the advantages of paper and digital science notebooks, I decided 

to use digital science notebooks during this study. This enabled me, as the researcher, to collect 

important data from students and review it with the student to probe for more information or 

to review it after the children were no longer present in the classroom for the day.  

Additionally, students had the 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 

ǳǎƛƴƎ ǘƘƛǎ ǘŜǊƳ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ǇƻǇǳƭŀǊ άǊƻƻƳ-ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎέ ƻǊ άǊƻƻƳ-ŦƭƛǇǎέ ǘƘŀǘ ŜƴƎŀƎŜ 

students in high levels of learning, however, there is little to no discoverable literature that 
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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.  I arrived at the term immersive experiences 

after reviewing the definitions and characteristics for scenario-based learning, place-based 

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

(Table 1.2)  that could be used to partially describe fairy tale/immersive experience 

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

ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŦƻƭƭƻǿŜŘ ōȅ ŜƴƎŀƎƛƴƎ ǿƛǘƘ a mock crime scene.  As shared by the 

LƳƳŜǊǎƛǾŜ 9ȄǇŜǊƛŜƴŎŜ LƴǎǘƛǘǳǘŜΣ άLƳƳŜǊǎƛǾŜ ŜȄǇŜǊƛŜƴŎŜǎ ŘǊŀǿ ȅƻǳ ƛƴǘƻ ǘƘŜƛǊ ǊŜŀƭƛǘȅ ǇǳǘǘƛƴƎ ȅƻǳ 

onto the same level as the action or environment. The aim of an immersive experience is to 

ŎǊŜŀǘŜ ǘƘŜ ƛƭƭǳǎƛƻƴ ƻŦ άōŜƛƴƎ ǘƘŜǊŜέ ό¢ƘŜ LƳƳŜǊǎƛǾŜ 9ȄǇŜǊƛŜƴŎŜ Lƴǎtitute, n.d.).  An immersive 

experience allowed 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.  

 

 

 

 

 

https://docs.google.com/document/d/17THQ0xpLO9Nzv2ohCsjH3mg1x2ApULHkXZnQFUn2zdg/edit?usp=sharing
https://docs.google.com/document/d/17THQ0xpLO9Nzv2ohCsjH3mg1x2ApULHkXZnQFUn2zdg/edit?usp=sharing
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Table 1.2  

Comparisons of Immersive Type Experiences 

Name of strategy Characteristics Uses Aspects used in my 
research 

Scenario-based 
learning/Engaging 
scenario 
  
Source: (2022). Massey 
University, Scenario 
Based Learning 
https://www.massey.ac.
nz/massey/fms/AVC%20
Academic/Teaching%20
and%20Learning%20Cen
rtres/Scenario-based-
learning.pdf 

SBL uses interactive 
scenarios to support 
active learning 
strategies such as 
problem-based or 
case-based learning.  
Students work their 
way through a 
storyline based on a 
problem, which they 
must solve.  Students 
must apply subject 
knowledge, critical 
thinking, and 
problem-solving 
skills.   

Based on the principles 
of situated learning 
theory. 
  
Effective when used to 
simulate real-world 
practice, providing 
opportunities which may 
be difficult for students 
to experience otherwise 
or within the confines of 
a course. 
  
  
Can be used as both a 
formative and 
summative assessment 

Storyline and real-
world practice 
  
Students must apply 
subject knowledge (in 
my case NOS aspects) 
along with critical 
thinking and 
problem-solving skills 

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

Provocations are 
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. 

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

Mock crime scenes as 
a provocation to 
excite and invite 
children to use NOS 
ŀǎǇŜŎǘǎ ǘƻ άǎƻƭǾŜ ŀ 
ŎǊƛƳŜέΦ 

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/
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Place-based learning 
  
Source: Center for Place-
.ŀǎŜŘ 9ŘǳŎŀǘƛƻƴΩ 
Antioch University. 
Antioch University | 
Center for Place-Based 
Instruction. (2023, June 
22). 
https://www.antioch.ed
u/centers-
institutes/center-place-
based-education/  

Place-based 
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 hands-on, 
real-world learning 
experiences, this 
approach to education 
increases academic 
achievement, helps 
students develop 
stronger ties to their 
community, enhances 
ǎǘǳŘŜƴǘǎΩ ŀǇǇǊŜŎƛŀǘƛƻƴ 
for the natural world, 
and creates a 
heightened commitment 
to serving as active, 
contributing citizens. 
 

Hands-on, real-world 
learning experience  

Experiential learning 
  
Source: 
https://experientiallearn
inginstitute.org/resourc
es/what-is-experiential-
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 
Experience-Reflect-
Think-Act each day as 
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 you onto the 
same level as the 
action or 
environment. 

The aim of an immersive 
experience is to create 
ǘƘŜ ƛƭƭǳǎƛƻƴ ƻŦ άōŜƛƴƎ 
ǘƘŜǊŜΦέ 

A mock crime scene 
that allows students 
ǘƻ άōŜ ǘƘŜǊŜέ ŀǎ 
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. 

  

  

https://www.antioch.edu/centers-institutes/center-place-based-education/
https://www.antioch.edu/centers-institutes/center-place-based-education/
https://www.antioch.edu/centers-institutes/center-place-based-education/
https://www.antioch.edu/centers-institutes/center-place-based-education/
https://www.antioch.edu/centers-institutes/center-place-based-education/
https://www.antioch.edu/centers-institutes/center-place-based-education/
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
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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 

ŀǘǘŀƛƴΣ Ƙƻǿ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƛǎ ǎŜƭŜŎǘŜŘ ŀƴŘ ǳǎŜŘ ǘƻ ǘŜŀŎƘ ŀōƻǳǘ bh{ ŀǎǇects, how digital 

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. 

Several ideas emerged in the literature as it was reviewed.  First, 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 young as kindergarten can attain understanding about NOS 

aspects.   

The second idea brings to light the difficulty classroom teachers have in finding and 

ǎŜƭŜŎǘƛƴƎ ŀǇǇǊƻǇǊƛŀǘŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǘƘŀǘ ŦƻŎǳǎŜǎ ƻƴ bh{ ŀǎǇŜŎǘǎΦ  !ƪŜǊǎƻƴ Ŝǘ ŀƭΦ όнлмфōύΣ 

found that educating pre-service teachers about NOS aspects and by asking them to create 

ǘƘŜƛǊ ƻǿƴ bh{ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎΣ ƛƴŎǊŜŀǎŜŘ ǘƘŜƛǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ bh{ ŀǎǇŜŎǘǎ ŀƴŘ ƘŜƭǇŜŘ ǘƘŜƳ 

ŎǊŜŀǘŜ ŀ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪ ǿƘŜƴ ǘƘŜȅ ǿŜǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ŦƛƴŘΦ  !n idea related to this is the lack of 

teacher knowledge about teaching NOS aspects. When teachers understand NOS 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, explicit-reflective 

instruction was referenced as being the most accepted method to teach about NOS aspects, 

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

Lederman, 2014b).  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 Press, 2013). 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 teachers to 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 & Goldfein, 2023, Tripp & Burton, 2023b), but are not often connected to NOS aspects.   

          /ƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƛǎ ƻŦǘŜƴ ǳǎŜŘ ŀǎ ŀ ǘƻƻƭ ƛƴ ŜƭŜƳŜƴǘŀǊȅ ŎƭŀǎǎǊƻƻƳǎ ǘƻ ǎƘŀǊŜ ǎŎƛŜƴŎŜ 

ŎƻƴŎŜǇǘǎ ǿƛǘƘ ȅƻǳƴƎ ŎƘƛƭŘǊŜƴΦ  aŀƴȅ ǊŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ǳǎŜ ƻŦ ŎƘƛƭŘǊŜƴΩǎ 

literature is one of several effective strategies to increase student understanding of Nature of 

Science (NOS), when linked with explicit-reflective instruction (Akerson et al., 2019a; Akerson et 

al., 2019b; Alan et al., 2018; Avsar Erumit & Akerson, 2022; Buck et al., 2014).  Alan and 

Erdogan (2018) investigated the use of explicit-ǊŜŦƭŜŎǘƛǾŜ ƛƴǎǘǊǳŎǘƛƻƴ ƭƛƴƪŜŘ ǿƛǘƘ ŎƘƛƭŘǊŜƴΩǎ 

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 the age at which children can begin to learn about NOS aspects.  Each 

ƭŜǎǎƻƴ ƛƴ ǘƘŜ {ŀǘǳǊŘŀȅ ǎŎƛŜƴŎŜ ǇǊƻƎǊŀƳ ǿŀǎ ƭƛƴƪŜŘ ǘƻ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀǎ ŀƴ ŀƴŎƘƻǊ ǘƻ ōŜƎƛƴ 

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 

ǘƘŜ ƭŜǎǎƻƴ ōŜƎƛƴƴƛƴƎ ǿƛǘƘ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǘƻ ŀƴŎƘƻǊ ǘƘŜ ǘƘƛƴƪƛƴƎ ǎǘǳŘŜƴǘǎ ǿƻǳƭŘ ōŜ ŘƻƛƴƎ 

that day.  In a study of 24 third grade students, Akerson et al., (2019e) again found that 

ŀƴŎƘƻǊƛƴƎ bh{ ƭŜǎǎƻƴǎ ǿƛǘƘ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǇǊƻǾŜŘ ǘƻ ōŜ ŀ ǎǳŎŎŜǎǎŦǳƭ ǎǘǊŀǘŜƎȅ ƛƴ ƛƴŎǊŜŀǎƛƴƎ 

ǘƘŜƛǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ bh{ ŀǎǇŜŎǘǎΦ  Lƴ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ǎǘǳŘƛŜǎΣ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǿŀǎ ǳǎŜŘ ŀǎ ŀ 

strategy to increase student understanding 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 thinking, allowing students to reflect and extend their learning and thinking 

(Constantine & Jung, 2019; Fries-Gaither, 2022; Frisch, 2019).  When these proven strategies 

are combined with immersive experiences, students can increase their understanding of NOS 

aspects (Poindexter, 2022). Although there is a body of research available about the use of 

ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ǎŎƛŜƴŎŜ ƴƻǘŜōƻƻƪǎΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ŀǾŀƛƭŀōƭŜ ŀōƻǳǘ ǘƘŜ ǳǎŜ ƻŦ ƛƳƳŜǊǎƛǾŜ 

experiences is very limited and there does seem to be a variety of names that these 

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 I was able to find regarding the 

effectiveness of immersive experiences with the aim to increase NOS understanding in young 
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ŎƘƛƭŘǊŜƴΦ  aȅ ǊŜǎŜŀǊŎƘ ǳǎƛƴƎ ƛƳƳŜǊǎƛǾŜ ŜȄǇŜǊƛŜƴŎŜǎ ŎƻǳǇƭŜŘ ǿƛǘƘ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ 

science notebooks added to the body of research that is just beginning to emerge.   

         Research has shown that students as young as kindergarten are able to attain some NOS 

understanding when it is taught using explicit-reflective 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 strategies have been proven to aid in the teaching of NOS 

aspects through explicit-reflective instruction.  These strategies include the use of classroom 

discussions, teacher modeling of thinking ŀƴŘ ǉǳŜǎǘƛƻƴƛƴƎ ŀōƻǳǘ bh{Σ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΣ 

visual aids, science notebooks, charts and graphs, and inquiry and hands-on activities to more 

effectively teach NOS aspects (Akerson et al., 2019a).   

/ƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ Ƙŀǎ ōŜŜƴ ŦƻǳƴŘ ǘƻ ōŜ ǳǎŜŦǳƭ ƛƴ ǘŜŀŎƘƛƴƎ ŎƘƛƭŘǊŜƴ ŀōƻǳǘ bh{ 

ŀǎǇŜŎǘǎΣ ŜǾŜƴ ǿƘŜƴ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƳƛƎƘǘ ƴƻǘ ƘŀǾŜ ōŜŜƴ ǎǇŜŎƛŦƛŎŀƭƭȅ ǿǊƛǘǘŜƴ ǘƻ ŀŘŘǊŜǎǎ 

bh{ ŀǎǇŜŎǘǎΦ  aŀƴȅ ŎƭŀǎǎǊƻƻƳ ǘŜŀŎƘŜǊǎ ǳǎŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǘƻ ƛƴŎǊŜŀǎŜ ǎǘudent 

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 

ǊŜǇǊŜǎŜƴǘŀǘƛƻƴǎ ƻŦ ǎŎƛŜƴŎŜ ǿƛǘƘƛƴ ŎƘƛƭŘǊŜƴΩǎ ǘǊŀŘŜ ōƻƻƪǎ ŀƴŘ ŦƻǳƴŘ ǘƘŀǘ ǎŎǊŜŜƴƛƴƎ ŎƘƛƭŘǊŜƴΩǎ 

books for accuracy and the representation of science within them, along with careful 

ƳƻŘƛŦƛŎŀǘƛƻƴǎ ƻǊ ŎƻƴƴŜŎǘƛƻƴǎ ƳŀŘŜ ōȅ ǘŜŀŎƘŜǊǎ ǎƘƻǳƭŘ ŜƴǎǳǊŜ ǘƘŀǘ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ Ŏŀƴ ōŜ 

used to teach students about science and NOS aspects.  Zarnowski and Turkel (2013) examined 

ǘƘǊŜŜ ŎƘƛƭŘǊŜƴΩǎ ǎŎƛŜƴŎŜ ǘƘŜƳŜŘ ōƻƻƪǎ ǘƻ ŦƛƴŘ ǎǇŜŎƛŦƛŎ bh{ ŀǎǇŜŎǘǎ ǘƘŀǘ ŀƴ ŜƭŜƳŜƴǘŀǊȅ 

ŎƭŀǎǎǊƻƻƳ ǘŜŀŎƘŜǊ ŎƻǳƭŘ ǎƘŀǊŜ ǿƛǘƘ ǘƘŜƛǊ ǎǘǳŘŜƴǘǎΦ  ¢ƘŜȅ ŦƻǳƴŘ ǘƘŀǘ ƛƴ ǘƘƻǎŜ ǘƘǊŜŜ ŎƘƛƭŘǊŜƴΩǎ 

books, there were many ways in which NOS aspects were included but might not be obvious to 
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children unless pointed out by a teacher sharing the books with them.  Additionally, Zarnowski 

ŀƴŘ ¢ǊǳƪŜƭ ōǊƻƪŜ ǘƘŜƛǊ ŜȄŀƳƛƴŀǘƛƻƴǎ ƻŦ ŜŀŎƘ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪ Řƻǿƴ ǎƻ ǘƘŀǘ ŀ ŎƭŀǎǎǊƻƻƳ ǘŜŀŎƘŜǊ 

could easily find NOS aspects within them. They also provided guidance about how to use that 

ƪƴƻǿƭŜŘƎŜ ǘƻ ŦƛƴŘ ƻǘƘŜǊ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎΣ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ǎŎƛŜƴŎŜ ǊŜƭŀǘŜŘ ōƻƻƪǎΣ ǘƻ ŀƛŘ ƛƴ 

teaching NOS aspects to their students.  In this dissertation study, I also explored the idea of 

non-ǘǊŀŘƛǘƛƻƴŀƭ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ōŜƛƴƎ ǳǎŜŘ ǘƻ ǘŜŀŎƘ bh{ ŀǎǇŜŎǘǎΣ ǿƘŜƴ ǎǇŜŎƛŦƛŎ bh{ ŎƘƛƭŘǊŜƴΩǎ 

books are not available.  

Science notebooks can be in a more traditional format using a composition or spiral 

notebook or they can be digital.  I explored the use of digital science notebooks in this chapter, 

while still including many of the more traditional ways that science notebook 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 hands-on activities.  Paek et al. (2021) found 

that when students created science notebook entries that included photo, video or voice 

recordings, students were able to recall and access the information more readily at a later time.  

¢ŜŀŎƘŜǊǎ ƻŦ ŎƘƛƭŘǊŜƴ ƛƴ ŦƻǳǊǘƘ ƎǊŀŘŜ ǾƛŜǿƛƴƎ ǎǘǳŘŜƴǘΩǎ ŘƛƎƛǘŀƭ ǎŎƛŜƴŎŜ ƴƻǘŜōƻƻƪ ŜƴǘǊƛŜǎ ǿŜǊŜ 

able to listen to student 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 hands-on activities to solve problems.  When designing the interventions for this 

study, I 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 I created for this study, an immersive experience is the most closely 

aligned idea that I was able to find.  One of the other experiences I strongly considered was 

scenario-ōŀǎŜŘ ƭŜŀǊƴƛƴƎ ŘǳŜ ǘƻ ǘƘŜ άƛƴ ŎƻƴǘŜȄǘέ ŀƴŘ ƘŀƴŘǎ-on nature of this approach.  The 

limited research available on scenario-based learning comes from New Zealand and Turkey and 

is just beginning to be applied to classrooms to engage students in problem solving activities.  

Massey University (2022) defined scenario-based learning as the use of interactive scenarios to 

support active learning strategies such as problem-based or case-based learning.  Generally, 

scenario-based 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 are often also 

possible in immersive experiences (Clark, 2009).  I was interested in using immersive 

ŜȄǇŜǊƛŜƴŎŜǎ ǘƻ ŜƴƎŀƎŜ Ƴȅ ǎǘǳŘŜƴǘǎ ƛƴ ǘƘŜ άōŜƛƴƎ ǘƘŜǊŜέ ƭŜŀǊƴƛƴƎ ŀǎ ǘƘŜȅ ǿƻǊƪ ǘƻ ǎƻƭǾŜ 

problems based on popular fairy tales.  In choosing the immersive experience title approach 

over scenario-ōŀǎŜŘ ƭŜŀǊƴƛƴƎΣ L ŦŜƭǘ ǘƘŀǘ ǘƘŜ ǿƻǊƪ άƛƴǘŜǊŀŎǘƛǾŜέ ƛƴ ǘƘŜ ǎŎŜƴŀǊƛƻ-based learning 

definition made the final decision.  When considering how the mock crime-scenes were set up 

in each lesson, they were not interactive, rather they were 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, I brought these topics together to demonstrate how linking explicit-reflective 

ƛƴǎǘǊǳŎǘƛƻƴ ǿƛǘƘ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ŘƛƎƛǘŀƭ ǎŎƛŜƴŎŜ ƴƻǘŜōƻƻƪǎ Ŏŀƴ ƘŜƭǇ ǘŜŀŎƘŜǊǎ 

ǳƴŘŜǊǎǘŀƴŘ ƳƻǊŜ ŀōƻǳǘ ȅƻǳƴƎ ŎƘƛƭŘǊŜƴΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ bh{ ǿƘŜƴ ŎƻƳōƛƴŜŘ ǿƛǘƘ 

immersive experiences (e.g., a mock crime scene).  There is a gap in the NOS literature where 

bh{ ŀƴŘ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƎŜƴǊŜ ƻŦ ŦŀƛǊȅ ǘŀƭŜǎ ƳŜŜǘ όCƛƎǳǊŜ мΦнύΦ  CŀƛǊȅ ǘŀƭŜǎ ŀǊŜ ƴƻǘ 

typically chosen to teach children about NOS as most do not connect to science in any way, 

however, they do offer the opportunity for students to engage in solving a problem (e.g., who 

ǘƻƻƪ ǘƘŜ [ƛǘǘƭŜ wŜŘ IŜƴΩǎ ƭƻŀŦ ƻŦ ōǊŜŀŘύΦ  L ƪƴƻǿΣ ŦǊƻƳ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘƛǎ ǎǘǳŘȅΣ ǘƘŀǘ ǿƘŜƴ 

explicit-reflective instruction, immersive experiences, fairy tales, and digital science notebooks 

are used together, teachers can gain 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 several NOS aspects and engaged in real-world problem-solving strategies 

that they will be able to employ in other situations.  

CƛƎǳǊŜ нΦм DŀǇ ƛƴ ƭƛǘŜǊŀǘǳǊŜ ōŜǘǿŜŜƴ bh{Σ /ƘƛƭŘǊŜƴΩǎ [ƛǘŜǊŀǘǳǊŜΣ ŀƴŘ CŀƛǊȅ ¢ŀƭŜǎ 
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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 sense of NOS 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 settings.  ¢ƘŜȅ ƛƴŎƭǳŘŜ άbh{ ōŜƛƴƎ ōŜƴŜŦƛŎƛŀƭ ŦƻǊ 

the learning of scientific concepts and models to NOS being an important part of science 

ǘŜŀŎƘƛƴƎ ǘƘŀǘ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ŘŜƳƻŎǊŀŎȅΣ ŎƛǘƛȊŜƴǎƘƛǇΣ ŀƴŘ ǎƻŎƛŀƭ ƧǳǎǘƛŎŜΦέ  /ƘƛƭŘǊŜƴ ǿƘƻ ƭŜŀǊƴ 

NOS aspects beginning at a young age will be able to intelligently engage in science-related 

issues, now and in the future.   

To have a well-developed idea of NOS aspects, children as young as kindergarten, 

should begin to learn about each aspect using explicit-reflective 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 were the most accessible of the NOS aspects to 

young children.   

In their qualitative study, Alan and Erdogan (2018) used an explicit-reflective approach 

to determine kindergarten students' developmental abilities to understand NOS aspects.  Each 

ŎƘƛƭŘ ǿŀǎ ŀŘƳƛƴƛǎǘŜǊŜŘ ǘƘŜ ¸/±h{ ό¸ƻǳƴƎ /ƘƛƭŘǊŜƴΩǎ ±ƛŜǿǎ ƻŦ {ŎƛŜƴŎŜύ ŀǎ ŀ pre and post 
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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 individual interviews showed that 

ǘƘŜǊŜ ǿŀǎ ŀ ƎŜƴŜǊŀƭ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ bh{ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ǘƘŀǘ ŎƘƛƭŘǊŜƴ ŀǎ 

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 authors noted two limitations 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 researchers invesǘƛƎŀǘƛƴƎ ȅƻǳƴƎ ŎƘƛƭŘǊŜƴΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎǎ ƻŦ 

NOS conduct research over a longer period to track the development over time.  This study will 

ōŜ ŎƻƴŘǳŎǘŜŘ ƻǾŜǊ р ǿŜŜƪǎΣ ƘŜƭǇƛƴƎ ǘƻ ŀŘŘ ǘƻ ǘƘŜ ǊŜǎŜŀǊŎƘ ƻƴ ȅƻǳƴƎ ŎƘƛƭŘǊŜƴΩǎ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 

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 

explicit-reflective instruction strategies.  Additionally, the literature review showed 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 students engage 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 was understood 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 to learn, educators 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.  They used 

contextualized and decontextualized instructional units of study to engage students in explicit-

ǊŜŦƭŜŎǘƛǾŜ ƭŜǎǎƻƴǎ ǘƛŜŘ ǘƻ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ bh{ ŀǎǇŜŎǘǎΦ  ¢ƘŜ ŘŜŎƻƴǘŜȄǘǳŀƭƛȊŜŘ ǳƴƛǘǎ 

proved to be the most successful and most students made positive gains in their use of 

observation and inference.  Contextualized instruction helped students 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 diverse group of scientists, it may have lessened the 

ǎǘǳŘŜƴǘΩǎ ability to engage in more hands-on investigations, hindering their use of observation 

and inference.  The authors report that further research is needed to understand elementary 
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ǎǘǳŘŜƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƴŦŜǊŜƴŎŜǎΦ  Lƴ ǘƘƛǎ ŘƛǎǎŜǊǘŀǘƛƻƴ ǎǘǳŘȅΣ L ŀƛƳŜŘ ǘƻ ŀŘŘ ƳƻǊŜ 

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 explicit-reflective instruction, on third 

graders' science identities.  All areas of NOS were included in the unit and were explicitly used 

to help the third-grade students develop NOS understanding and build their science identities.  

It is important to note that the third-grade students were engaged in several activities to help 

them conceptualize various NOS conceǇǘǎΦ  {ǘǳŘŜƴǘǎ ƭƛǎǘŜƴŜŘ ǘƻ ǇŀǊǘǎ ƻŦ ǎŜǾŜǊŀƭ ŎƘƛƭŘǊŜƴΩǎ 

books and engaged in conversation with the teacher before being asked to try the idea that was 

ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ōƻƻƪ ƻƴ ǘƘŜƛǊ ƻǿƴΦ  /ƻƴƴŜŎǘƛƴƎ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪ ǘƻ ŀƴ ŀŎǘƛǾƛǘȅ ǿŀǎ ǇŀǊǘ ƻŦ 

the explicitly designed lesson that allowed the students to try out the science presented to 

ǘƘŜƳ ƛƴ ŜŀŎƘ ƻŦ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎΦ ¢ƘŜ ǊŜǎŜŀǊŎƘ ǘŜŀƳ ǊŜŎƻƳƳŜƴŘǎ ǘƘŀǘ bh{ ƛŘŜŀǎ ŀǊŜ 

introduced and explored through activities, as that is a guiding factor in helping students grow 

science identities and in helping students make real-world 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 science identities 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 aspects.  The authors 

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 SES ƎƛǊƭΩǎ academy, 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 VNOS-D (Views of Nature of Science D) or 

YCVOS (Young  

/ƘƛƭŘǊŜƴΩǎ ±ƛŜǿǎ ƻŦ {ŎƛŜƴŎŜύ to determine growth of NOS understandings.  Similar explicit-

reflective strategies were used in each setǘƛƴƎΣ ƛƴŎƭǳŘƛƴƎ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΣ ƘŀƴŘǎ-on 

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 growth were different 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 consistent with 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. 

Explicit-reflective instruction was used in all three settings, however some settings used 

combinations of contextualized and decontextualized instruction for different periods of time, 

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

should begin as soon as children enter school, and that explicit-reflective instruction paired 

ǿƛǘƘ ŎƻƴǘŜȄǘǳŀƭƛȊŜŘ ƛƴǎǘǊǳŎǘƛƻƴ ƛǎ ƪŜȅ ƛƴ ƛƳǇǊƻǾƛƴƎ ȅƻǳƴƎ ŎƘƛƭŘǊŜƴΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ bh{ 

aspects. These findings are nearly identical to those that Buck et al., (2014) found regarding 



 

 38 

explicit-reflective instruction and contextualized instruction with third grade students in an 

underserved community. There is, 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 

contextualized setting.  

Explicit-reflective 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 and Erdogan, (2018) 

and Akerson et al., (2011).  It is 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 much of the literature about NOS, to teach 

using explicit-reflective 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, the researchers concluded it is 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 hands-on activities (Akerson et al., (2019b).  Children will need repeated 

introductions and use of NOS aspects over a significant amount of time to develop deep and 

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 aspects to be effective in teaching them to their 

students.  Using explicit-reflective 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 

ƻǊ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΦ  !ƪŜǊǎƻƴ Ŝǘ ŀƭΦΣ όнлмфŀύ ǳǎŜŘ ŀ ǉǳŀƭitative research design to study the 

most effective way to support pre-service teachers in learning about NOS aspects and creating 

ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ǘƘŀǘ ǘƘŜȅ ŎƻǳƭŘ ǳǎŜ ǘƻ ǘŜŀŎƘ ŀōƻǳǘ bh{ ǘƻ ǎǘǳŘŜƴǘǎΦ  .ŜŦƻǊŜ ŜȄǇƭƛŎƛǘ bh{ 

instruction began, students were administered the VNOS-B to determine their current 

understanding of NOS. During weekly class sessions, the instructor (Akerson), incorporated NOS 

activities and strategies through explicit-reflective instruction into her lessons each week during 

the class meetings.  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 were administered the 

VNOS-B 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' understandings about NOS. The 

ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǇǊŜǎŜǊǾƛŎŜ ǘŜŀŎƘŜǊǎ ǿǊƛǘƛƴƎ ǘƘŜƛǊ ƻǿƴ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ŀƴŘ ǊŜŦƭŜŎǘƛƴƎ ǳǇƻƴ ǘƘŜƛǊ 

lessons and teaching proved to also be a successful strategy for increasing preservice teachers' 

understanding of NOS.  The authors did note that the preservice teachers had difficulty in 
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ǘǊŀƴǎƭŀǘƛƴƎ ǘƘŜƛǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ bh{ ƛƴǘƻ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ǘƘŀǘ ǿŜǊŜ ŀŎŎŜǎǎƛōƭŜ ǘƻ ǎǘǳŘŜƴǘǎΦ 

The preservice teachers who did not include NOS in their reflections also did not include them 

ƛƴ ǘƘŜƛǊ ƭŜǎǎƻƴǎ ƻǊ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎΦ  tǊŀŎǘƛŎƛƴƎ ŎƭŀǎǎǊƻƻƳ ǘŜŀŎƘŜǊǎ ƻŦǘŜƴ ǳǎŜ ŎƘƛƭŘǊŜƴΩǎ 

literature to introduce topics to their students and with explicit-reflective professional 

development about the NOS aspects, they too, could not only increase their understanding of 

NOS aspects, but begin to include NOS aspects in their classroom lessons.  

In a case study, Bilican et al., (2021) examined the effectiveness of a co-teaching 

arrangement where one teacher was a 5-year veteran who had experience teaching and 

researching NOS co-taught a Saturday science class with a 5-year veteran who had no 

experience teaching NOS.  The study examined how the co-teaching context influenced the 

second teacher's knowledge and understanding of NOS. After each class, the co-teachers would 

ŘŜōǊƛŜŦ ǘƘŜ ǎŜŎƻƴŘ ǘŜŀŎƘŜǊǎΩ ǘŜŀŎƘƛƴƎ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ of NOS and plan for the following 

ǿŜŜƪΩǎ ƭŜǎǎƻƴΦ  ¢ƘŜ ǎŜŎƻƴŘ ǘŜŀŎƘŜǊǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ bh{ ŘƛŘ ƛƴŎǊŜŀǎŜΣ ƘƻǿŜǾŜǊΣ ƳǳŎƘ ƭƛƪŜ 

children, other aspects were more attainable than others due to use during the Saturday 

science class, time spent with the co-teacher, and lack of experience with NOS aspects.  Bilican 

et al., (2021) believed that co-teaching is an effective strategy to increase ǘŜŀŎƘŜǊǎΩ 

understandings of NOS, as long as one of the co-teachers has an excellent understanding of 

NOS and has taught NOS aspects to children, so that they can guide their co-teaching partner as 

they work to increase their own understanding of NOS and bring NOS into their classroom 

lessons.  

In each case, the explicit-reflective 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 are thought to not be developmentally appropriate 

for K-4 students.  Sweeny and McComas (2022) studied a group of K-4 science teachers to 

determine their perceptions about the developmental appropriateness of teaching NOS 

aspects. They found that teacher beliefs about 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 not comfortable teaching them, they would not include them in lessons. 

The authors recommend that teachers, both in-service and 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 modeling of thinking and 

ǉǳŜǎǘƛƻƴƛƴƎ ŀōƻǳǘ bh{Σ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΣ Ǿƛǎǳŀƭ ŀƛŘǎΣ ǎŎƛŜƴŎŜ ƴƻǘŜōƻƻƪǎΣ ŎƘŀǊǘǎ ŀƴŘ ƎǊŀǇƘǎΣ 

and inquiry and hands-on 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 is used to share them with 

students and then allows for students to revisit the poster throughout investigations to find out 

ǿƘƛŎƘ ŀǎǇŜŎǘǎ ǘƘŜȅ ƘŀǾŜ ōŜŜƴ ƻǊ ŀǊŜ ǳǎƛƴƎ ό!ƪŜǊǎƻƴ Ŝǘ ŀƭΦΣ нлмфōύΦ  {ƻƳŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ 

ǇǊƻǾƛŘŜǎ ŜȄŀƳǇƭŜǎ ƻŦ bh{ ƛƴ άŀŎǘƛƻƴέ ƻǊ ǊŜƛnforces how scientists use each aspect of NOS in 

ǘƘŜƛǊ ǿƻǊƪΦ  ¢ƘŜǊŜ ŀǊŜ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ǿǊƛǘǘŜƴ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƻ ŀŘŘǊŜǎǎ bh{ ŀǎǇŜŎǘǎΣ ƘƻǿŜǾŜǊΣ 

Ƴƻǎǘ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ŀǊŜ ƴƻǘΦ  ¢Ƙƛǎ ƛǎ ǿƘŜǊŜ ǘƘŜ ƪƴƻǿƭŜŘƎŜ ƻŦ bh{ ōȅ ŀ ŎƭŀǎǎǊƻƻƳ ǘŜŀŎƘŜǊ Ŏŀƴ 

ƘŜƭǇ ǘǳǊƴ ŎƘƛƭŘǊŜƴΩs books not written to address NOS into a scenario-based 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 to interpret what students 

understand about NOS (Akerson et al., 2019b). Instruction about NOS does not need to wait 

until children are older, however, the use of explicit-reflective instruction along with strategies 

ǎǳŎƘ ŀǎΣ ǘƘŜ ǳǎŜ ƻŦ Ŏƭŀǎǎ ŘƛǎŎǳǎǎƛƻƴǎΣ ŎƘƛƭŘǊŜƴΩǎ literature, and science notebooks, are an 

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 (problem-based learning, scenario-based learning, etc.)  When 

students engage in an immersive experience, they are investigating real world problems and 

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 directly address students' use of NOS 

ŀǎǇŜŎǘǎΣ ǎǳŎƘ ŀǎ ǘƘƻǎŜ ǎǳƎƎŜǎǘŜŘ ōȅ !ƪŜǊǎƻƴ Ŝǘ ŀƭΦ όнлмфōύΥ ά²Ƙŀǘ ŀǊŜ ȅƻǳǊ ƻōǎŜǊǾŀǘƛƻƴǎΚ !ǊŜ 

you able to make any inferences right now based on your observations? Do you think that your 

ideas about what is occurring might changŜΚ ²Ƙŀǘ ƳƛƎƘǘ ƳŀƪŜ ǘƘŜƳ ŎƘŀƴƎŜΚέ !ǎ ǘƘŜ ǘŜŀŎƘŜǊ 

facilitates the problem-solving process, 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 grade African American students 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 results when introducing observation and inference to 

kindergarten students during a contextualized unit.  Decontextualized units were more 

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 used those understandings to 

engage in explicit-reflective 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 decreased while 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.  

Explicit-reflective instruction was more successful when used within a decontextualized 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 develop their 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 lesson (Akerson et al., 2019b).   

When Quigley et al., (2010), used explicit-reflective 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.  Students participating in the 

Saturday science program increased their knowledge of many NOS aspects, however, in the 

areas of social and cultural embeddedness, students made less growth than anticipated. Is this 

a result of students not being able to apply their NOS 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.   

/ƘƛƭŘǊŜƴΩǎ [ƛǘŜǊŀǘǳǊŜ 

         /ƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƛǎ ŀ ƘƛƎƘƭȅ ŜƴƎŀƎƛƴƎ ǿŀȅ ǘƻ ƛƴǘǊƻŘǳŎŜ ǎŎƛŜƴŎŜ ǘƻǇƛŎǎ ǘƻ ŎƘƛƭŘǊŜƴΣ ǘƻ 

hook their interest, and to help them build background knowledge around a particular topic.  

/ƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀƭǎƻ ǇǊƻǾƛŘŜǎ ǘŜŀŎƘŜǊǎ ŀ ǿŀȅ ǘƻ ƛƴŎƭǳŘŜ ƳƻǊŜ ǎŎƛŜƴce content in their 
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school day when time is at a premium (Cesljarev & Akerson, 2022). Teachers often choose 

ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ǘƻ ƘŜƭǇ ƛƴǘǊƻŘǳŎŜ ǎǘǳŘŜƴǘǎ ǘƻ ŀ ƴŜǿ ǎŎƛŜƴŎŜ ǘƻǇƛŎΣ ǿƘŜǘƘŜǊ ǘƘŜ ōƻƻƪ ƛǎ 

scientifically accurate or not, sometimes leading to students hearing or learning inaccurate 

ƛƴŦƻǊƳŀǘƛƻƴΦ  Lƴ ŀƴ ƻƭŘŜǊΣ ŜȄŎŜƭƭŜƴǘ ƎǳƛŘŜ ŦƻǊ ǘŜŀŎƘŜǊǎΣ CƻǊŘ όнллсύ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ ŎƘƛƭŘǊŜƴΩǎ 

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 modified as 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.   

! ǘŜŀŎƘŜǊ ǿƛǎƘƛƴƎ ǘƻ ǳǎŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƛƴ ǘƘŜƛǊ ŎƭŀǎǎǊƻƻƳ ǿƻǳƭŘ ƴŜŜŘ ǘƻ ƘŀǾŜ 

pedagogical content knowledge of NOS to aid them in selecting appropriate texts or amending 

ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǘƘŀǘ ƎƛǾŜǎ ƛƴŀŎŎǳǊŀǘŜ ƻǊ ƛƴŎƻƳǇƭŜǘŜ ƛŘŜŀǎ ƻŦ bh{ ŀǎǇŜŎǘǎΦ Combining 

ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ǎŎƛŜƴŎŜ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƻ ƛƴŎǊŜŀǎŜ ǎǘǳŘŜƴǘ ŀŎƘƛŜǾŜƳŜƴǘ ƛƴ ōƻǘƘ ŀǊŜŀǎ 

along with student attitudes about science and reading (Binns et al., 2020). May et al., (2020) 

posits that teachers who are purposeful in their use oŦ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ Ŏŀƴ ƛƴǘǊƻŘǳŎŜ 

ǎǘǳŘŜƴǘǎ ǘƻ ǘƘŜ άƘǳƳŀƴƛǎǘƛŎ ǎƛŘŜ ƻŦ ǎŎƛŜƴŎŜ ŘƛǎŎƻǳǊǎŜΣ ƛƴŎƭǳŘƛƴƎ ōƻǘƘ ƴŀǘǳǊŜ ƻŦ ǎŎƛŜƴŎŜ ŀƴŘ 

ǎŎƛŜƴŎŜ ƛƴǉǳƛǊȅέΦ 

         ¦ǎƛƴƎ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƛƴ ŜƭŜƳŜƴǘŀǊȅ ŎƭŀǎǎǊƻƻƳǎ ƛǎ ŀ ǿƻƴŘŜǊŦǳƭ ǿŀȅ ǘƻ ōǊƛƴƎ ǎŎƛŜƴŎŜ 

content into a school day, especially when teaching science is not a priority in many elementary 

schools.  Rivera and Oliveria (2021) encouraged teachers to use carefully selected NOS 

ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀǎ ŀ ǊŜŀŘ ŀƭƻǳŘ ǘƻ ƘŜƭǇ ŜƴƎŀƎŜ ǎǘǳŘŜƴǘǎ ƛƴ ǿƻƴŘŜǊƛƴƎ ŀōƻǳǘ ǎŎƛŜƴǘƛŦƛŎ 

ŎƻƴŎŜǇǘǎΦ Lƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ǘƘƛǎ ƛŘŜŀΣ ǘŜŀŎƘŜǊǎ ƴŜŜŘ ǘƻ ōŜ ƛƴǘŜƴǘƛƻƴŀƭ ƛƴ ǎŜƭŜŎǘƛƴƎ ŎƘƛƭŘǊŜƴΩǎ 
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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 multiple subjects 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 limited classroom day.  Pre-service teachers 

ǿŜǊŜ ŀǎƪŜŘ ǘƻ ǳǎŜ ŎƘƛƭŘǊŜƴΩǎ ǘǊŀŘŜ ōƻƻƪǎΣ ǘƘƻǎŜ ǘƘŀǘ ƘŀŘ ǊŜŎŜƛǾŜŘ ǘƘŜ DƛǾŜǊƴȅ !ǿŀǊŘΣ ŀƴŘ 

create combined science/ELA lessons using the 5E model of instruction.  The research team was 

able to show that this model worked when the lessons were taught by the pre-service 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 instrǳŎǘƛƻƴΣ ŀƭƭƻǿǎ ŦƻǊ ǘƘŜ ǳǎŜ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ǘƻ ŎŀǇǘǳǊŜ ǎǘǳŘŜƴǘ 

interest and also allows classroom teachers to introduce NOS aspects even when time might be 

limited for science instruction.   

         ¢ƘŜ ǳǎŜ ƻŦ ǎƻƳŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ Ŏŀƴ ƘŜƭǇ ǎǘǳŘŜƴǘǎ ƘŜŀǊ ŀōƻǳǘ bh{ ŀǎǇŜŎǘǎ ƛƴ 

ŀŎǘƛƻƴΦ  aŀƴȅ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ǘƘŀǘ Ŏƻƴǘŀƛƴ ǎŎƛŜƴǘƛŦƛŎ ŎƻƴǘŜƴǘ ƘŀǾŜ ǇƻǊǘƛƻƴǎ ǿƘŜǊŜ ǎŎƛŜƴǘƛǎǘǎ 

explain their practices or how they conduct research, allowing students who might not 

otherwise have access to this information to be able to experience science in practice (Ford, 

нллсύΦ ¢ƘŜǊŜ ŀǊŜ ŀ ǇƭŜǘƘƻǊŀ ƻŦ ǎŎƛŜƴŎŜ ǊŜƭŀǘŜŘ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǇǳǊŎƘŀǎŜΣ ƘƻǿŜǾŜǊΣ 

some, even though they are written about a scientific topic, do not explain or demonstrate the 

tentativeness of science, the creativity that scientists use when researching new ideas, or how 

ǎǳōƧŜŎǘƛǾŜ ǎŎƛŜƴŎŜ Ŏŀƴ ōŜΦ  CƻǊŘ όнллсύ ŦƻǳƴŘ ǘƘŀǘ Ƴŀƴȅ ǎŎƛŜƴŎŜ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ŘƛŘ ƴƻǘ 
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provide questions that encouraged children to explore a topic more deeply or ask any questions 

ǘƘŀǘ ƳƛƎƘǘ ǇǊƻǾƻƪŜ ŀ ŎƘƛƭŘ ǘƻ ǿƻƴŘŜǊ ƳƻǊŜ ŀōƻǳǘ ǘƘŜ ǘƻǇƛŎΦ aƻǎǘ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ǘƘŀǘ CƻǊŘ 

(2006) reviewed presented science as matter of fact and unchanging.  When combined, each of 

ǘƘŜǎŜ ƛǎǎǳŜǎ Ŏŀƴ ƳŀƪŜ ƛǘ ŘƛŦŦƛŎǳƭǘ ŦƻǊ ŀ ŎƭŀǎǎǊƻƻƳ ǘŜŀŎƘŜǊ ǘƻ ƪƴƻǿ Ƙƻǿ ǘƻ ŎƘƻƻǎŜ ŀ ŎƘƛƭŘǊŜƴΩǎ 

book that would be suitable for sharing with their students.   

         Both Brunner and Abd-El-Khalick (2020) and Akerson et al., (2019c) engaged either 

practicing classroom teachers or preservice teachers in research to determine how teachers can 

Ƴƻǎǘ ŜŦŦŜŎǘƛǾŜƭȅ ŦƛƴŘ ŀǇǇǊƻǇǊƛŀǘŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǘƻ ǊŜŀŘ ǘƻ ǘƘŜir students, literature that 

introduces, reinforces, or engages students in wanting to know more.  Brunner and Abd-El-

Khalick used a three-level approach to help classroom teachers increase their knowledge of 

bh{ ǿƘƛƭŜ ǳǎƛƴƎ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΦ  CƛǊǎǘΣ they asked teachers to read aloud a selected Earth 

ŀƴŘ {ǇŀŎŜ ǎŎƛŜƴŎŜ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪ ǘƻ ǎǘǳŘŜƴǘǎΦ  !ŦǘŜǊ ŜŀŎƘ ǘŜȄǘ ǊŜŀŘƛƴƎΣ ǎǘǳŘŜƴǘǎ ǿŜǊŜ ŀǎƪŜŘ ǘƻ 

respond to the text using a free response writing.  The level two intervention also had teachers 

read a book ŀƭƻǳŘ ǘƻ ǘƘŜƛǊ ǎǘǳŘŜƴǘǎΣ ƘƻǿŜǾŜǊΣ ǘƘƛǎ ǘƛƳŜΣ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪ ǿŀǎ ƳƻŘƛŦƛŜŘ ǘƻ 

include explicit references to NOS.  The third level intervention was similar to the second, with 

the addition of educational curriculum materials that would increase teacher understanding 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 their teachers, 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 and Abd-El-Khalick 
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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 

pre-ǎŜǊǾƛŎŜ ǘŜŀŎƘŜǊǎ ƛƴ ŎǊŜŀǘƛƴƎ ŀƴŘ ǿǊƛǘƛƴƎ ǘƘŜƛǊ ƻǿƴ bh{ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ǘƘŀǘ ƛƴŎƭǳŘŜŘ ŀƭƭ 

NOS aspects; with the exception of theories and laws, as they are not developmentally 

ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ȅƻǳƴƎ ƭŜŀǊƴŜǊǎΦ .ŜŦƻǊŜ ǿǊƛǘƛƴƎ ǘƘŜƛǊ ƻǿƴ bh{ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎΣ ǘƘŜ ŎƻǳǊǎŜ 

instructors used NOS activities and strategies in class to increase pre-service teachers' 

knowledge of NOS, so that they had an adequate view of each aspect before writing their own 

ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎΦ  Lƴ ǘƘŜ ŎŀǎŜ ƻŦ !ƪŜǊǎƻƴ Ŝǘ ŀƭΦΣ ǘƘƛǎ ǎǘǊŀǘŜƎȅ ƻŦ ǳǎƛƴƎ bh{ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ 

strategies in class with the pre-service teachers proved to be successful, however, the authors 

did note that pre-service teachers had difficulty translating their understanding of NOS into 

ŀŎŎŜǎǎƛōƭŜ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎΦ ¢ƘŜ ŎƻǳǊǎŜǿƻǊƪ ǿŀǎ ǎƛƳƛƭŀǊ ǿƛǘƘ !ƪŜǊǎƻƴ Ŝǘ ŀƭΦΣ όнлмфŀύ ŜŀǊƭȅ 

childhood pre-service teachers, however, these pre-service teachers engaged in a constant 

stream of feedback from both their instructors and in class peers to improve upon their NOS 

ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ŀƴŘ ƳŀƪŜ ǎǳǊŜ ǘƘŜȅ ƛƴŎƭǳŘŜŘ ŀƭƭ ŀǇǇǊƻǇǊƛŀǘŜ bh{ ŀǎǇŜŎǘǎΦ   

Avsar et al., (2022), also asked their pre-service middle school teachers to write a NOS 

ŎƘƛƭŘǊŜƴΩǎ book and create a lesson to accompany it using the 5E model.  These examples show 

ǘƘŀǘ ŜǾŜƴ ǿƘŜƴ ƘƛƎƘ ǉǳŀƭƛǘȅ bh{ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ŀǊŜ ƴƻǘ ŀǾŀƛƭŀōƭŜΣ ǇǊŜ-service and in-service 

teachers can write their own examples to help bridge that gap.  

         !ƴƻǘƘŜǊ ǿŀȅ ǘƘŀǘ ǘŜŀŎƘŜǊǎ Ŏŀƴ ƘŜƭǇ Ŧƛƭƭ ǘƘŜ ƎŀǇ ǿƘŜƴ ƛǘ ŎƻƳŜǎ ǘƻ ƘŀǾƛƴƎ ŎƘƛƭŘǊŜƴΩǎ 

ƭƛǘŜǊŀǘǳǊŜ ǘƘŀǘ ǿƛƭƭ ƘŜƭǇ ǎǘǳŘŜƴǘǎ ǳƴŘŜǊǎǘŀƴŘ bh{ ŀǎǇŜŎǘǎΣ ƛǎ ǘƘǊƻǳƎƘ ǘƘŜ ǳǎŜ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ 

that might not usually be chosen to teach NOS aspects.  Tan and Wong (2007) asked a 



 

 49 

classroom of middle school aged girls to each choose a fairy tale and develop a research 

question 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 scientific information 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 

questions to discover more information.  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 read The Little Red Hen, (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 week-long unit that engaged Kindergarten 

students in using observation and inference to determine which character(s) may have stolen 

ǘƘŜ [ƛǘǘƭŜ wŜŘ IŜƴΩǎ ƭƻŀŦ ƻŦ ōǊŜŀŘΦ  ¢ƘŜ ŎƘƛƭŘǊŜƴ ŜƴƎŀƎŜd in an immersive experience (e.g. a 

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 that was facǘǳŀƭ όŜΦƎΦ ά¢ƘŜǊŜ ŀǊŜ ōƛƎ ŦƻƻǘǇǊƛƴǘǎ ƛƴ ǘƘŜ ŎǊƛƳŜ 

ǎŎŜƴŜΦέύ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ǿŀǎ ƛƴŦŜǊǊŜŘ ŦǊƻƳ ǘƘŜƛǊ ƻōǎŜǊǾŀǘƛƻƴǎ όŜΦƎΦ άL ƛƴŦŜǊ ǘƘŜ ŘƻƎ ǿŀǎ ǘƘŜ 

ǘƘƛŜŦ ōŜŎŀǳǎŜ ǘƘŜ ŦƻƻǘǇǊƛƴǘǎ ƭƻƻƪ ƳƻǊŜ ƭƛƪŜ ŘƻƎ ŦƻƻǘǇǊƛƴǘǎ ǘƘŀƴ ŀ ŎŀǘǎΦέύΦ  

Poindexter (2022) used The Little Red Hen as 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 Abd-El-Khalick (2020), Zarnowski and Turkel, (2013) and Tan and Wong (2007) 
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ŜŀŎƘ ŦƻǳƴŘ ǘƘŀǘ ǿƘŜƴ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƛǎ ŎƘƻǎŜƴ ŎŀǊŜŦǳƭƭȅ ŀƴŘ ǿƛǘƘ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ƻǊ 

ŎƻǊǊŜŎǘƛƻƴǎ ǘƻ ōŜǘǘŜǊ ŀƭƛƎƴ ǘƘŜƳ ǿƛǘƘ bh{ ŀǎǇŜŎǘǎΣ ǘƘŜǊŜ Ŏŀƴ ōŜ ŀ ōǊƻŀŘŜǊ ŦƛŜƭŘ ƻŦ ŎƘƛƭŘǊŜƴΩǎ 

literature that can be used to teach young children about scientific concepts and NOS aspects. 

9ŘǳŎŀǘƛƴƎ ǘŜŀŎƘŜǊǎ Ƙƻǿ ǘƻ ŎƘƻƻǎŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ƳƻŘƛŦȅ ƻǊ ŎƻǊǊŜŎǘ ǘƘŜ ǘŜȄǘ ƛǎ ŀƴ 

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 who use ŎƘƛƭŘǊŜƴΩǎ 

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.  Student notebooks are used during small and 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 (Fries-Gaither, 2022).  In many classrooms, teachers use interactive 

science notebooks to bring together elements from each kind of science notebook, each kind 

being more applicable to different parts of investigations.  Interactive science notebooks 

ǘȅǇƛŎŀƭƭȅ Ŏƻƴǘŀƛƴ άƛƴǇǳǘέΣ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ǘŜŀŎƘŜǊ ǘƘŀǘ ǎǘǳŘŜƴǘǎ ŜƴǘŜǊ ƛƴǘƻ ǘƘŜƛǊ ǎŎƛŜƴŎŜ 

ƴƻǘŜōƻƻƪǎ ǘƻ ƘŜƭǇ ǘƘŜƳ ǳƴŘŜǊǎǘŀƴŘ ŀ ŎƻƴŎŜǇǘ ŀƴŘ άƻǳǘǇǳǘέ, information that students 

generated from investigations or inquiries (Fries-Gaither, 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 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 (Fries-Gaither, 2022).  

Traditional paper science notebooks can provide valuable insight into student thinking; 

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, adding to the possibility 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, recording, voice 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) allowed 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 sketching drawings 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 how a fifth-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 notebook.  This teacher used the Notability 

app as the platform for student digital science notebooks and found that there was an increase 

in student learning due to the use of digital 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 by using technology to help them record their findings and 

collect more data rather than by technology being a distraction.   

Miller and Martin (2016) explored an app called Educreations that 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 thinking even 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 students can typically draw on paper.    

For digital science notebooks to be valuable tools 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).  These 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 critical part 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 the Notability app with pre-service teachers, both while 

they were in their methods course and when the pre-service teachers taught during a STEM 

camp.  It was evident early on, that the pre-service teachers needed guidance to help them 

make thoughtful entries in their digital 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 pre-service teachers, Fulton and Paek noted that although 

claims and evidence were more prevalent than in the beginning, entries containing evidence 

were not as high as the number of 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 their pre-service teachers 

using the Seesaw app, lacked creativity and empirical evidence.  When Frisch allowed students 

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 important that 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 

ŜƴǘǊƛŜǎ ǘƘŀǘ ǎǘǳŘŜƴǘǎ ƳŀŘŜ ŘŜǇŜƴŘƛƴƎ ǳǇƻƴ ŜŀŎƘ ǎǘǳŘŜƴǘΩǎ ŀōƛƭƛǘƛŜǎ ŀƴŘ ŎƻƭƭŜŎǘƛƻƴ ƻŦ Řŀǘŀ ŀƴŘ 

evidence.  Science notebooks not only allow students to have a place to collect and record data, 

questions, 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 experience was used to 

give a name to the mock crime scene Poindexter used for students to observe and make 

ƛƴŦŜǊŜƴŎŜǎ ŦǊƻƳ όtƻƛƴŘŜȄǘŜǊΣ нлннύΦ wŜǎŜŀǊŎƘ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ǳǎƛƴƎ ǘƘŜ ǘŜǊƳ άƛƳƳŜǊǎƛǾŜ 

ŜȄǇŜǊƛŜƴŎŜǎέ ƛǎ ƴƻƴ-existent as of yet. The Immersive Experience Institute (n.d.) was 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 

ƳŜǘŜƻǊ ǘƘŀǘ άŎǊŀǎƘŜŘέ ƻƴǘƻ ǘƘŜƛǊ ǎŎƘƻƻƭ ƎǊƻǳƴŘǎΦ  5ǳǊƛƴƎ ǘƘŜ ǿŜŜƪΣ ǎǘǳŘŜƴǘǎ ǿŜǊŜ ŀōƭŜ ǘƻ 
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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 composed of. Teachers 

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 students first were 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 used in science.  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 clues 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 

wŜŘ IŜƴΩǎ ƭƻŀŦ ƻŦ ōǊŜŀŘΦ  

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 new information 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 was no one 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 they made, 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 the effectiveness of 

scenario-based learning and other place-based 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 methods.   

Summary 

         The ǳǎŜ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ŜȄǇƭƛŎƛǘ-reflective instruction did help young children 

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 thinking aligns with others who 

ƘŀǾŜ ǊŜǎŜŀǊŎƘŜŘ ǘƘƛǎ ƛŘŜŀ ƛƴ ŘŜǇǘƘ ŀƴŘ ƘŀǾŜ ǇǊƻǾŜƴ ǘƘŀǘ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ŜȄǇƭƛŎƛǘ-

reflective instruction do, in fact, increase student understanding of NOS aspects, even in young 

children (Akerson et al., 2010; Akerson 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 science.  In this 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 experiences can be reinforced 

ǿƛǘƘ ǘƘŜ ǊŜŀŘƛƴƎ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ōȅ ŘƻŎǳƳŜƴǘƛƴƎ ŘŀǘŀΣ ŜǾƛŘŜƴŎŜΣ ǉǳŜǎǘƛƻƴǎΣ ŀƴŘ 

ǿƻƴŘŜǊƛƴƎǎ ƛƴ ŀ ǎǘǳŘŜƴǘǎΩ ŘƛƎƛǘŀƭ ǎŎƛŜƴŎŜ ƴƻǘŜōƻƻƪΦ The mock crime scene used in this study 

provided kindergarten students with the ability to practice 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 thoughts of their peers.  

L ŎƻƳōƛƴŜŘ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ƛƳƳŜǊǎƛǾŜ ŜȄǇŜǊƛŜƴŎŜǎ ǘƻ ƛƴŎǊŜŀǎŜ ǎǘǳŘŜƴǘ 

understanding of NOS aspects.  I used explicit-reflective 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, I 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 that exists 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 out this qualitative, mixed-methods study, using the VNOS-E and 
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science notebook entries to 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 crime scene investigation 

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 science contexts?  

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 I am a practicing classroom educator, I 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 I used, this study was conducted using 

qualitative research methods as defined by Yin (2016), using five features of qualitative 

research: 

1.  ά{ǘǳŘȅƛƴƎ ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ ǇŜƻǇƭŜΩǎ ƭƛǾŜǎΣ ƛƴ ǘƘŜƛǊ ǊŜŀƭ-world roles.  

2.  Representing the views and perspectives of the people (participants) in a study.  

3.  Explicitly attending to and accounting for real-world contextual conditions.  

4.  Contributing insights from existing or new concepts that may help to explain  
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social behavior and thinking.  

5.  Acknowledging the potential relevance of multiple sources of evidence rather  

ǘƘŀƴ ǊŜƭȅƛƴƎ ƻƴ ŀ ǎƛƴƎƭŜ ǎƻǳǊŎŜ ŀƭƻƴŜΦέ  

During this study, I researched the effects of the intervention on increasing young 

ŎƘƛƭŘǊŜƴΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǎǇŜŎƛŦƛŎ bh{ ŀǎǇŜŎǘǎΣ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǿƻǊƪ ƻŦ !ƪŜǊǎƻƴ Ŝǘ ŀƭΦΣ 

(2011), Akerson et al., (2019a), Akerson et al., (2019b), Akerson et al., (2019c), Poindexter, 

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

ƎǳƛŘŜŘ ōȅ ±ȅƎƻǘǎƪȅΩǎ ǎƻŎƛƻŎǳƭǘǳǊŀƭ ǘƘŜƻǊȅΣ ŀǎ ǘƘŜȅ ƛƴǘŜǊŀŎǘŜŘ ŀƴŘ ƳŀŘŜ ƴŜǿ ƳŜŀƴƛƴƎǎ ǿƛǘƘ 

peers to solve each case.  The information that participants shared on each reflection or 

inferring sheet or in video or voice-overs 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 in a real-world 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 of NOS-E 

(VNOS-E) (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 delayed VNOS-

E was administered to students 1 ½ 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 they drew the mock crime scene and circled any 

clues that helped them observe or infer clues to solve the case. I also kept a field notebook 

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

recorded each whole group session to help me hear conversations I may not have been able to 
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hear as I visited with students.  I 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 sheets or were turning and 

talking with each other.  

 

Intervention 

 

Students engaged in five NOS lessons (Appendix D) based on five well-known ŎƘƛƭŘǊŜƴΩǎ 

fairy tales; The Little Red Hen (Galdone, 1985), Jack and the Beanstalk (Nelson, 2021), The 

Gingerbread Man (Galdone, 2011), Little Red Riding Hood (Galdone, 2012), and The True Story 

of the Three Little Pigs (Scieszka, 1996), each lesson lasted five days (Table 3.1). Lessons 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.  They had previously 

read several of these texts, within one month from the study beginning, and had studied the 

words within them extensively as part of their reading instruction. All fairy tales that had not 

previously been shared with students were shared on the first day of each lesson.   

5ǳǊƛƴƎ ŜŀŎƘ ƭŜǎǎƻƴΣ ƻƴ Řŀȅ оΣ ǎǘǳŘŜƴǘǎ ŜȄŀƳƛƴŜŘ ŀƴ ŀƎŜ ŀǇǇǊƻǇǊƛŀǘŜ άŎǊƛƳŜ ǎŎŜƴŜέ 

staged to represent a scene from each fairy tale that could have happened just after the book 

ended.   Students used observation, inference, subjectivity, the tentativeness of science, 

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 general format shared below, with the 

exception that after the first lesson, NOS aspects were reviewed instead of introduced.  
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Table 3.1 

 Intervention Timeline 

Week/Lesson Fairy Tale Purpose 

Week 1 

Lesson 1 

The Little Red Hen ²Ƙƻ ǘƻƻƪ ǘƘŜ [ƛǘǘƭŜ wŜŘ IŜƴΩǎ ƭƻŀŦ ƻŦ 

bread? 

NOS aspects are introduced (observation, 

inference, creativity, empirical evidence, 

tentativeness, and subjectivity) 

Week 2 

Lesson 2 

Jack and the Beanstalk What happened to the giant after the 

beanstalk fell? 

NOS aspects are reviewed (observation, 

inference, creativity, empirical evidence, 

tentativeness, and subjectivity) 

Week 3 

Lesson 3 

The Gingerbread Man Did the fox actually eat the Gingerbread 

Man? 

NOS aspects are reviewed (observation, 

inference, creativity, empirical evidence, 

tentativeness, and subjectivity) 

Week 4 

Lesson 4 

Little Red Riding Hood Did she escape the wolf? 

NOS aspects are reviewed (observation, 

inference, creativity, empirical evidence, 

tentativeness, and subjectivity) 

Week 5  

Lesson 5 

The True Story of The Three 

Little Pigs 

Did the wolf actually blow down the 

houses or was it a cold? 

NOS aspects are reviewed (observation, 

inference, creativity, empirical evidence, 

tentativeness, and subjectivity) 
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Instruments 

I administered the VNOS-E, 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 children (K-3). It is the only such tool that I was able to find 

ǘƘŀǘ ǿƻǳƭŘ ŀǎǎŜǎǎ ȅƻǳƴƎ ŎƘƛƭŘǊŜƴΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ bh{ ƛƴ ŀ ŘŜǾŜƭƻǇƳŜƴǘŀƭƭȅ ŀǇǇǊƻǇǊƛŀǘŜ 

format. The VNOS-E, and all other versions, were designed to be an open-ended questionnaire, 

in contrast to force-choice instruments that had previously been used to determine student 

understanding of NOS.  

I took voice recordings while administering the VNOS-E so that I could capture any ideas 

I missed while scribing during the initial and final administrations. The pre and post VNOS-E 

assessments helped 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, I also recorded our whole group conversations 

to help me hear student conversations I was not participating in. As shared previously, I set the 

microphone up in the middle of the classroom and used it to capture whole group 

conversations, conversations between peers, and students agreeing or disagreeing with their 

peers during turn and talk times. The recordings helped me rehear information I may have 

missed out on noting in my field notebook and also helped me to reconsider any flaws in the 

lesson design.   

Additionally, I used two forms of student data, specifically a teacher-created 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 recording sheet and inference 

ǎƘŜŜǘ ǿŜǊŜ ŀ ǎŜŎƻƴŘ ŀƴŘ ǘƘƛǊŘ Řŀǘŀ ǎƻǳǊŎŜ ǳǎŜŘ ǘƻ ŎƻŘŜ ŎƘƛƭŘǊŜƴΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ bh{ 

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 directly on the 

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), I found that the recording sheet and 

inference sheet were an additional way for students to provide information on their thinking 

about NOS, and as I coded their responses, I was able to note growth in student use and 

understanding of observation and inference. The recording sheets (see Appendices B & C) were 

coded in a similar coding scheme to the VNOS-E; uninformed, adequate, and informed views of 

NOS (Tables 3.2, 3.3, and 3.4). Examples of student responses in the 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 lessons, the VNOS-

E was 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. The research took approximately seven weeks to complete.  Two weeks were allotted 
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for the administration of the VNOS-E, 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  

VNOS-E Coding Scheme and Example Student Responses 

VNOS-E Coding Scheme Example of Student Response 

Uninformed-student response is not 

consistent with any part of NOS aspect 

Do you think the science in books will ever change?  

άbƻΣ L ŘƻƴΩǘ ǘƘƛƴƪ ƛǘ ǿƛƭƭ ŎƘŀƴƎŜΣ ƛǘ Ƨǳǎǘ ǎǘŀȅǎ ǘƘŜ 

ǎŀƳŜΦέ 

Adequate-student response is 

consistent with some, but not all parts 

of NOS aspect 

Do you think the science in books will ever change?  

ά¸ŜǎΣ ǘƘŜȅ Ŏŀƴ ŎƘŀƴƎŜ ƛǘ ǘƻ ƛƴŎƭǳŘŜ ƴŜǿ ŘƛƴƻǎŀǳǊǎΦέ 

Informed-student response is 

consistent and addresses ALL parts of 

NOS aspect 

Do you think the science in books will ever change?  

ά¸ŜǎΣ ǿƘŜƴ ǎŎƛŜƴǘƛǎǘǎ ƭŜŀǊƴ ƴŜǿ ƛŘŜŀǎ ŀōƻǳǘ 

science, they can write a new book or tell about 

ǘƘŜ ƴŜǿ ǎŎƛŜƴŎŜ ƻƴƭƛƴŜΦέ 
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Table 3.3  

Student Reflection Coding Scheme 

Student Reflection Coding 

Scheme 

Example of Student Response 

Uninformed-student response is 

not consistent with any part of 

NOS aspect 

What clues in the crime scene did you observe and use to 

make inferences? 

ά¢ƘŜ ŘƻƎΣ ƘŜΩǎ ǘƘŜ ƻƭŘŜǎǘ όǎǘǳŘŜƴǘ ŎƛǊŎƭŜŘ footprints on 

ǘƘŜƛǊ ǊŜŎƻǊŘƛƴƎ ǎƘŜŜǘύΦέ 

Adequate-student response is 

consistent with some, but not all 

parts of NOS aspect 

What clues in the crime scene did you observe and use to 

make inferences? 

ά¢ƘŜ ŘƻƎ ƘŀŘ ŀ ŎƻƭƭŀǊ ŀƴŘ ŦƻƻǘǇǊƛƴǘǎ όƛƴ ǘƘŜ ŎǊƛƳŜ 

ǎŎŜƴŜύΦέ 

Informed-student response is 

consistent and addresses ALL 

parts of NOS aspect 

What clues in the crime scene did you observe and use to 

make inferences? 

ά¢ƘŜ ŘƻƎ ǘƻƻƪ ƛǘ ōŜŎŀǳǎŜ ǘƘŜǊŜ ǿŜǊŜ ŘƻƎ Ǉŀǿ ǇǊƛƴǘǎ ƛƴ 

the crime scene.  Dogs are bigger than a cat or pig, so it 

was the only one that could have taken the loaf of 

ōǊŜŀŘΦέ 
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Table 3.4  

Student Inference Coding Scheme 

Student Inference Coding Scheme Example of Student Responses 

Uninformed-student response is not 

consistent with any part of NOS aspect 

²Ƙƻ Řƻ ȅƻǳ ǘƘƛƴƪ ǘƻƻƪ ¢ƘŜ [ƛǘǘƭŜ wŜŘ IŜƴΩǎ ƭƻŀŦ 

of bread? 

άLǘ ƭƻƻƪŜŘ ƭƛƪŜ Ƙƛǎ footprints, and he made a mess 

ōȅ ŀŎŎƛŘŜƴǘΦέ 

Adequate-student response is consistent 

with some, but not all parts of NOS 

aspect 

Who do you think took The Little wŜŘ IŜƴΩǎ ƭƻŀŦ 

of bread? 

άL ǎŀǿ ŘƻƎ ǇǊƛƴǘǎ ŀƴŘ L ŘƛŘƴΩǘ ǎŜŜ ŀƴȅǘƘƛƴƎ ŀōƻǳǘ 

ǘƘŜ Ŏŀǘ ƻǊ ǇƛƎΦέ 

Informed-student response is consistent 

and addresses ALL parts of NOS aspect 

²Ƙƻ Řƻ ȅƻǳ ǘƘƛƴƪ ǘƻƻƪ ¢ƘŜ [ƛǘǘƭŜ wŜŘ IŜƴΩǎ ƭƻŀŦ 

of bread? 

ά¢ƘŜ ŘƻƎ ŘƛŘ ƛǘ ōŜŎŀǳǎŜ ǘƘŜ ŎƭǳŜ ǎŀƛŘ ƛǘ ǿŀǎ 

sniffing good smells all day. The dog is the biggest 

ŀƴƛƳŀƭ ǘƻƻΦέ 

Reliability and Validity 

The VNOS-E is the result of several iterations of NOS assessments (Lederman, 2007, 

Lederman et al., (2014a) that were extensively reviewed by Ayala-Villamil & García-Martínez, 

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

young children.  The VNOS-E was validated 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 extensive use and 

knowledge of the administration of the VNOS-E, validated the coding for the VNOS-E results in 
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this current study for interrater reliability. Our results were nearly identical and dissenting 

opinions were resolved through further discussion.  

Each student inferring sheet and reflection sheet was open-ended, as is the VNOS-E, so 

that students can share 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 thinking, and final 

thoughts.  The inclusion of the student recording sheet and student inference sheet provided 

additional data sources that added to the validity and reliability of the findings on the VNOS-E 

by confirming student understanding of NOS aspects.  

Daily Lesson Format 

See Appendix D 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.  I wanted to record any student thoughts or 

ideas that I 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.  I was careful 

to observe students to also determine when their attention was no longer focused and helped 

to summarize the discussion each day.  

  

Day 1: The teacher-ǊŜǎŜŀǊŎƘŜǊ όƘŜƴŎŜŦƻǊǘƘ ƪƴƻǿƴ ŀǎ άǘƘŜ ǘŜŀŎƘŜǊέύ ŀǎƪŜŘ ǎǘǳŘŜƴǘǎ 

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 student friendly language of each aspect (Figure 3.1). If 

students had difficulty in responding, the teacher provided some examples of observation, 

inference, subjectivity, the tentativeness of science, creativity and empirical evidence at an age-

appropriate level. The chart was used throughout all the lessons so that the children were able 

to refer to it as needed to clarify their understanding about these aspects of NOS.  On 

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 back to the 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 

ƻŦ ǘƘŀǘ ǿŜŜƪΩǎ ŦŀƛǊȅ ǘŀƭŜΦ  !ŦǘŜǊ ǊŜŀŘƛƴƎ ǘƘŜ ǎǘƻǊȅΣ ǘƘŜ ǘŜŀŎƘŜǊ ǊŜƳƛƴŘŜŘ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ǘƘŜȅ ǿƛƭƭ 

be using observation, inference, subjectivity, the tentativeness of science, creativity 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 the NOS aspect chart as they try to solve 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 about what 

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 discussed their ideas 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 asked if there were any ideas from peers that 

changed their thinking or affirmed it, and how their thinking may have been changed.  Students 

shared these ideas aloud with the group, stating the specific student(s) and the ideas they 

shared to change their thinking. Additionally, 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 voice-recordings 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 known observations and 

inferences.  Additionally, students were introduced to a case file about each of the main 

ŎƘŀǊŀŎǘŜǊǎ ŦǊƻƳ ŜŀŎƘ ŦŀƛǊȅ ǘŀƭŜ ǘƻ ƎƛǾŜ ǎƻƳŜ ƴŜǿ ŜǾƛŘŜƴŎŜ ǘƻ ǎǘǳŘŜƴǘǎ ŀōƻǳǘ ŜŀŎƘ ŎƘŀǊŀŎǘŜǊΩǎ 

past.  The teacher gathered students back as a large group 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 scientists are 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 inferences. The teacher asked qǳŜǎǘƛƻƴǎ ǎǳŎƘ ŀǎΣ ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƻōǎŜǊǾŜΚέΣ ƻǊ 

ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƛƴŦŜǊ ŦǊƻƳ ǘƘŀǘ ŘŀǘŀΚέΣ ά²Ƙŀǘ ƛƴŦƻǊƳŀǘƛƻƴ ŎƘŀƴƎŜŘ ȅƻǳǊ ǘƘƛƴƪƛƴƎΚέΣ άIƻǿ ǿŜǊŜ 

ȅƻǳ ŎǊŜŀǘƛǾŜ ƛƴ ǎƻƭǾƛƴƎ ǘƘƛǎ ŎŀǎŜΚέ 

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, record, or voice 

over a photograph indicating how they solved the case.  

Study Participants 

         The setting for this study was a Kindergarten classroom, composed of 24-, 5- and 6-year-

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 over 20 different languages being spoken. I was both researcher and teacher 

in this classroom, and I am a 23-year veteran 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 

ǘƻ ŎƻƴǎƛŘŜǊ ŀƭƭƻǿƛƴƎ ƳŜ ǘƻ ǳǎŜ ǘƘŜƛǊ ŎƘƛƭŘΩǎ Řŀǘŀ ƛƴ Ƴȅ ǎǘǳŘȅΦ  hƴ ǘƘŜ ǎŀƳŜ Řay consent forms 



 

 73 

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 children to participate 

fully but did 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.  Any familƛŜǎ ǘƘŀǘ ŘƛŘ ƴƻǘ ƎƛǾŜ ŎƻƴǎŜƴǘ ƘŀŘ ǘƘŜƛǊ ŎƘƛƭŘΩǎ 

data excluded from all 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 students were also 

excluded from this study as I was not able to obtain pre VNOS-E data from 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 VNOS-E pretest was 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 able 

to respond to questions.  The second student was far less verbal and was able to answer one 

question on the VNOS-E pretestΦ  !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŀǘ ǎǘǳŘŜƴǘǎΩ Řŀǘŀ Ƙŀǎ ŀƭǎƻ ōŜŜƴ ŜȄŎƭǳŘŜŘ ŦǊƻƳ 

the study results.  After subtracting out these three students, there were 14 students whose 

data was included in the results of this study. 11 students participating were Caucasian and 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 at home and English at school.  
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In thinking about the peer learning that occurred during this study, where children 

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

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

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

recording digital science notebook entries.  Table 3.5 shows the age of each student during this 

study, along with their gender and race.  

Table 3.5  

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 of the six-year-old students were older six-year-

olds, as their birthdays occurred before school began in August or shortly after into November. 

The 5 remaining six-year-olds had their birthdays between December and January.  This data is 

important when reviewing the VNOS-E, reflection and inferring data as I 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 older six-year-old students served as the more skilled peers (Tudge, 

1990) for the young five- and six-year-old students.  Often, the younger five-year-old students 

would pause when recording their reflections and inferences to listen to what the more skilled 

six-year-old students were sharing and then adjust their thinking.  This became evident when 

ƭƛǎǘŜƴƛƴƎ ǘƻ ŜŀŎƘ ǎǘǳŘŜƴǘǎΩ ǾƻƛŎŜ ǊŜŎƻǊŘƛƴƎΣ ǘƘŜ ȅƻǳƴƎŜǊ ǇŜŜǊǎ ǿƻǳƭŘ ǇŀǳǎŜ ƛƴ ǘƘŜƛǊ ǎǇŜŀƪƛƴƎ 

and older students' voices could be heard in the background.  When the younger students 

began speaking again, their words reflected those that were heard in the background. 
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Data Collection 

In this study, qualitative data was collected to show the impact of this intervention 

strategy on kindergarten students' understanding of NOS aspects (observation, inference, 

subjectivity, empirical evidence, the tentativeness of science, and creativity). In choosing a 

ǉǳŀƭƛǘŀǘƛǾŜ ƳŜǘƘƻŘǎ ǎǘǳŘȅΣ L ǳǎŜŘ ¸ƛƴΩǎ όнлмсύ ŦƛǾŜ ŦŜŀǘǳǊŜǎ ƻŦ ǉǳŀƭƛǘŀǘƛǾŜ ǊŜǎŜŀǊŎƘ ǘƻ 

demonstrate that children, especially young children, learn best from sociocultural interactions 

with their peers using explicit-reflective instruction.  

The timeline for procedures and data collection is shared in Table 3.1, which 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. I conducted a qualitative 

interview (Yin, 2016) using the VNOS-E, an open-ended questionnaire.  The VNOS-E was 

administered three time to students, once, before any intervention began to determine what 

students already knew and understood about NOS aspects, and a second time after all five 

ƭŜǎǎƻƴǎ ƘŀŘ ōŜŜƴ ŎƻƳǇƭŜǘŜŘ ǘƻ ǎƘƻǿ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǎǘǳŘŜƴǘΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ bh{ ŀǎǇŜŎǘǎ, 

and a third time, 1 ½ 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 to determine 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, I wanted to have a second data source where 

students could show their 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 used in conjunction 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 

Řŀȅ ƻŦ ŜŀŎƘ ƭŜǎǎƻƴ ǘƻ ŎŀǇǘǳǊŜ ŜŀŎƘ ǎǘǳŘŜƴǘΩǎ ƛƴŦŜǊŜƴŎŜǎ ŀƴŘ Ƙƻǿ ǘƘŜȅ Ŧƻǳƴd a solution or 

explanation for each crime scene. When creating the inference sheet and the questions on it, I 

ǿŀƴǘŜŘ ǘƻ ōŜ ŀōƭŜ ǘƻ ŎŀǇǘǳǊŜ ŜŀŎƘ ǎǘǳŘŜƴǘΩǎ ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ǘƘŜƛǊ ǎǳǎǇŜŎǘόǎύΣ ǘƘŜ ǊŜŀǎƻƴƛƴƎ 

behind selecting a suspect(s), and how they were able to determine 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 inferences that led them to that decision.   

L ŀƭǎƻ ƪŜǇǘ ŀ ŦƛŜƭŘ ƴƻǘŜōƻƻƪ ǿƘŜǊŜ L ǊŜŎƻǊŘŜŘ Ƴȅ ƻōǎŜǊǾŀǘƛƻƴǎ ƻŦ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ 

interactions, thinking they shared, or other changes that I needed to make to the lessons.  My 

field notebook was a place where I recorded my reflections of the study and returned to those 

ǊŜŦƭŜŎǘƛƻƴǎ ŀŦǘŜǊ ǘƘŜ ǎǘǳŘȅ ŎƻƴŎƭǳŘŜŘ ǘƻ ƻōǎŜǊǾŜ ǘƘŜ ƎǊƻǿǘƘ ƛƴ Ƴȅ ǎǘǳŘŜƴǘǎΩ ǳǎŜ ƻŦ bh{ ŀǎǇŜŎǘǎΦ  

The entries in my field notebook were not coded as they were my observations, however, when 

reviewing student data and my field notebook entries, there were entries that I made that were 

mirrored in the work the children were sharing with me.  Entries from my field notebook are 

shared in chapter 4 along with correlating student data.  In addition to a field notebook, where I 

collected thoughts, ideas, and questions as I taught each lesson, I 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 I used them to replay the conversations students had with 

me and their peers to determine how students were using NOS aspects in their 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 that the VNOS-E 

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 in Tables 3.2, 3.3, & 3.4.   

My intent in administering the VNOS-E and in 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 the student 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 repeated use, they will offer a week by week ƭƻƻƪ ŀǘ Ƙƻǿ ŜŀŎƘ ǎǘǳŘŜƴǘǎΩ bh{ 

understanding is progressing.   

Data Analysis and Coding 

Data analysis and coding began immediately after the first administration of the VNOS-E 

and continued through each of the lessons and into the final administration of the VNOS-E.  

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 providing privacy to all students, 

students were 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 the VNOS-E each time it was administered, and 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 I can ensure that 

each data point is matched to the correct cƘƛƭŘΩǎ ƴǳƳōŜǊ ǎƻ ǘƘŀǘ L ǿŀǎ ŀōƭŜ ǘƻ ǎƘƻǿ ƎǊƻǿǘƘ 

across all instruments.  

VNOS-E pre/post responses were coded in accordance with the validated VNOS-E 

assessment protocols (Abd-El-Khalick et al., 2001) and then tabulated.  As indicated by Abd-El-

Khalick et al., (2001) each student will be administered the VNOS-E individually during a one-

on-one interview.  I used a question-response format, where I asked a child a question and 

recorded their responses on the VNOS-E paper copy. I continued asking a question and 

recording student responses until all questions on the VNOS-E have been completed.  Abd-El-

Khalick et al., (2001) shared that with older participants, respondents will complete the VNOS 

individually and 20-25% of respondents should be interviewed to determine more clarification 

of their responses and understanding of each NOS aspect. As these Kindergarten students were 

generally unable to write or record responses to questions on their own, I simultaneously 

scribed their responses and probed each child for more information about their responses, as 

needed for clarification, effectively combining the procedures that are used separately when 

administering the VNOS to older respondents.   

Abd-El-Khalick 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 and over time 
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develop a better understanding for how to score each response. I administered the VNOS-E and 

interviewed each child during both the pre and two post assessment cycles, to ensure that I 

was ŀŎŎǳǊŀǘŜƭȅ ŎƻŘƛƴƎ ŜŀŎƘ ŎƘƛƭŘΩǎ ǊŜǎǇƻƴǎŜǎΦ  CǳǊǘƘŜǊ !ōŘ-El-Khalick et al., (2001) states that 

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

responses on the VNOS, typically written by the participant themselves, with the coding of 

responses given during the follow-up interview.  If the coding and inferring of the responses 

correlates between the written and interview responses, Abd-El-Khalick et al. suggested that 

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

the VNOS-E, Dr. Valarie Akerson conducted a blind coding of student VNOS-E responses.  The 

results were reviewed, and any discrepancies were discussed and resolved. Interrater reliability 

ǿŀǎ млл҈ ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ 5ǊΦ !ƪŜǊǎƻƴΩǎ ŎƻŘƛƴƎ ŀƴŘ Ƴȅ ƻǿƴΦ  

Each question of the VNOS-E is designed to give the teacher specific information 

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

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

Table 3.6 shows the alignment between questions on the VNOS-E to each of the aspects of NOS 

the question probes about.  
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Table 3.6  

Correlation between questions on the VNOS-E and NOS aspects addressed 

VNOS-E 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.d.). PhysPort assessments: Views of Nature of  

Science Questionnaire 

  

I created and used a table (Table 3.7) where I recorded student tabulations. Each time a 

student response was color coded, I added a tally mark to the corresponding column.  For 

example, when a student shared an adequate response, I highlighted it blue on either the 

VNOS-E, the student recording sheet or student inference sheet and placed one tally mark in 

ǘƘŜ ŀŘŜǉǳŀǘŜ ŎƻƭǳƳƴ ƴŜȄǘ ǘƻ ǘƘŀǘ ǎǘǳŘŜƴǘΩǎ ŀǎǎƛƎƴŜŘ ƴǳƳōŜǊΦ 9ŀŎƘ ǘƛƳŜ ŀ ƴŜǿ Řŀǘŀ ǎŀƳǇƭŜ 

was collected, I printed a new copy of this table and code and tabulated each studŜƴǘǎΩ 

responses.   
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Table 3.7  

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 I was able to observe movement in groups of tally 

ƳŀǊƪǎ ŀŎǊƻǎǎ ŜŀŎƘ ǎǘǳŘŜƴǘǎΩ ŎƻƭǳƳƴǎ ŀǎ ǿŜ ƳƻǾŜŘ ǘƘǊƻǳƎƘ ŜŀŎƘ ƭŜǎǎƻƴΦ  {ǘǳŘŜƴǘ ǊŜŎƻǊŘƛƴƎ 

sheets and inference sheets were coded as well, using the same coding protocols as the VNOS-E 

(Tables 3.2, 3.3, and 3.4), to maintain consistency across all forms of data that will be collected.  

I used a three-color coding system when reviewing the data from my previous study 

(Poindexter, 2022), pink was used to code uninformed responses, green indicated adequate 

responses, and blue indicated informed responses.  This color-coding system was again used on 

the VNOS-E the recording sheet and the inference sheet.  When coding responses on the VNOS-

E, I used the same recording papers for each administration and used highlighters to code them 

according to the color-coding system shared below (Table 3.8). 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 3.8  

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 shared below (Table 3.9), with the 

exception of lesson 5 being taught in 3 days, due to a holiday and field trip, 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 retaught and during the subsequent entries, students 

used more voice recordings on their reflection and inferring sheets.  It was noted on the coding 

ǎƘŜŜǘΣ ƛƴŘƛŎŀǘŜŘ ōȅ ŀƴ άwέΣ ƛŦ ǎǘǳŘŜƴǘǎ ǊŜǎǇƻƴŘŜŘ ǿƛǘƘ ŀ ǊŜŎƻǊŘƛƴƎΣ ŀǎ ǘƻ ǘǊŀŎƪ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ 

voice recordings.  

Table 3.9  

Procedures and Timeline 

Phase Expectation/Action Data Analysis Time Frame 

Phase One: 
Participant 

Send home consent forms/cover letter 
to families 

 January 
2024 
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Identification Review consent information Two weeks 

Phase Two: Data 
Collection 

Administer VNOS-E pre-assessment 
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 VNOS-E post-assessment 
individually 
 
Teacher kept a field notebook to 
capture thoughts and ideas as the 
intervention took place 

VNOS-E (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 Student reflection and 
inference sheets 

 

Lesson 5 Student reflection and 
inference sheets 

VNOS-E (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 VNOS-E post-
assessment individually 
 
Coding of VNOS-E pre/post 
assessment, lessons 1-5 student 
reflection and inference sheets 
 
Coding of student reflection and 
inferring sheets in the Seesaw app 

VNOS-E (administered individually 
to students 1 ½ months after 
intervention ended) 
 
Coding using VNOS-E coding 
scheme for VNOS-E, reflection, and 
inference sheet 
  
Coding Scheme: 
uninformed, adequate, informed 
views of NOS (see examples 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 unexpected piece of data 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 used the evidence, they had to make meaning 

when recording.  ²ƘŜƴ L ƴƻǘŜŘ ǘƘŀǘ ǘƘƛǎ ƘŀǇǇŜƴŜŘ ƛƴ ŀ ǎǘǳŘŜƴǘΩǎ ŘƛƎƛǘŀƭ ǎŎƛŜƴŎŜ ƴƻǘŜōƻƻƪ 

recording, I reviewed the ages of each student during this study and compared them to the 

voices I could hear in the recordings.  I 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-

year-old students.  This demonstrated the necessary inclusion of peer learning in this and 

future interventions so that younger students can listen 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 

explicit-reflective instruction.  Students initially had uninformed views of many NOS aspects, 

however, with explicit-reflective instruction through fairy tales and immersive experiences, 

students were able to move from uninformed views to adequate or informed views of NOS 

aspects.  

I found that the use of fairy tales, immersive experiences, and 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 the initial posttest and were able 

to demonstrate their use and knowledge an additional 1 ½ months after the intervention had 

ended as indicated in the delayed VNOS-E 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 tales, immersive experiences, and digital 

science notebooks did 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 peers. Students 

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 VNOS-E to determine previous NOS understanding. The VNOS-E is a validated instrument 

that allows educators or assessors to determine growth of NOS aspects (Lederman, 2007). 

To confirm my coding of the VNOS-E, Dr. Valarie Akerson also reviewed the VNOS-E data to 

provide interrater reliability.  We had interrater agreement of 100% on all three VNOS-E 

administrations, further validating the strength of the results. The full VNOS-E is shared 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 4.1 

below shows the activities that were included along with the NOS aspects aligned with them.  

Including this variety of activities made certain that explicit-reflective instruction would occur, 

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 with others, further demonstrating 

that even as they are separate aspects, they cannot be used without many of the others. Over 

ǘƘŜ ŦƛǾŜ ŘŀȅǎΩ ƭŜǎǎƻƴǎΣ ŎƘƛƭŘǊŜƴ ƘŀŘ ŀǘ ƭŜŀǎǘ ǘǿƻ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ǇǊŀŎǘƛŎŜ ǳǎƛƴƎ ŜŀŎƘ bh{ ŀǎǇŜŎǘ 

and the activities were chosen based on their ability to align with a NOS aspect.  
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When moving through each of these activities daily, I intentionally and explicitly 

ǊŜǾƛŜǿŜŘ ŜŀŎƘ bh{ ŀǎǇŜŎǘ ǘƻ ƪŜŜǇ ǘƘŜƳ ƛƴ ǘƘŜ ŦǊƻƴǘ ƻŦ ǎǘǳŘŜƴǘǎΩ ƳƛƴŘǎ ƛƴ ǘƘŜ ƘƻǇŜǎ ǘƘŀǘ ǘƘŜȅ 

would use them in the activity that immediately followed. I also created a mix of listening, 

hands-on, discussion, and reflection activities so that students would not be sitting for a long 

length of time, but rather, engaging in hands-on work, much like scientists would.  Drawing the 

lesson out over five days allowed students to collect new evidence and assimilate it with prior 

ƪƴƻǿƭŜŘƎŜΣ ƛƴ ǎƳŀƭƭŜǊ ǇŀǊǘǎΦ  9ŀŎƘ ŘŀȅǎΩ ƭŜǎǎƻƴ ŜƴŘŜŘ ǿƛǘƘ ŀ ŘƛǎŎǳǎǎƛƻƴ ƻǊ ǊŜŦƭŜŎǘƛƻƴ ǎƘŜŜǘ ǎƻ 

that students were practicing reflection as a skill and to help them make sense with their peers 

each time they learned 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, tentativeness, 
subjectivity 

Immersive crime scene Observation, inference, creativity, empirical 
evidence, tentativeness, subjectivity 

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

Student reflection sheet (digital science 
notebook) 

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

Voice-overs/annotations Creativity, empirical evidence, tentativeness, 
subjectivity 

Additional clues Creativity, empirical evidence, tentativeness, 
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 VNOS-E pretest show (Table 4.2) 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 

ŀǎƪŜŘ ǘƻ ƳŀƪŜ ƻōǎŜǊǾŀǘƛƻƴǎ ŀōƻǳǘ ƳƻǊŜ ŀōǎǘǊŀŎǘ ƛŘŜŀǎ ǎǳŎƘ ŀǎ ŘƛƴƻǎŀǳǊǎΣ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ƛŘŜŀǎ 

were mainly uninformed.  As observation and inference are the most accessible NOS 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 

ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ǳƴƛƴŦƻǊƳŜŘ ƛƴŎƭǳŘŜŘΥ άwŜŀƭƭȅ ƘŀǊŘ ǎǘǳŦŦέΣ ά¸ƻǳ ǳǎŜ Ǉƻǘƛƻƴǎ ǘƻ ƳŀƪŜ ŘƛŦŦŜǊŜƴǘ 

ŎƻƭƻǊǎΦ ¸ƻǳ ƳŀƪŜ ŜȄǇƭƻǎƛƻƴǎ ƻǊ ǎƻƳŜǘƘƛƴƎΦέΣ ά{ƻƳŜǘƘƛƴƎ ǘƘŀǘ ǇŜƻǇƭŜ Řƻ ǘƻ ƳŀƪŜ ǇŜƻǇƭŜ ŦŜŜƭ 

ƎƻƻŘΦέ vǳŜǎǘƛƻƴ н ǳƴƛƴŦƻǊƳŜŘ ǊŜǎǇƻƴǎŜǎ ǿŜǊŜ ǎƛƳƛƭŀǊΥ ά{ŜŀǊŎƘ ŀƭƭ ƻǾŜǊ ǘƘŜ ǿƻǊƭŘέΣ ά5ƻ 

ǇƻǘƛƻƴǎέΣ ά.ŜŎŀǳǎŜ ƛǘϥǎ ƳŀǘƘΦ  aŀǘƘ ƛǎ ǘƘŜ ƻǇǇƻǎƛǘŜ ƻŦ ǎŎƛŜƴŎŜ ŀƴŘ ƭŜŀǊƴƛƴƎ ǘƻƻΦέ 

Table 4.2  

VNOS-E Pretest Data 

 Uninformed Adequate Informed 

Question 1-Empirical NOS 8 7 1 

Question 2-Empirical NOS 14 1 0 

Question 3-Tentative NOS 10 2 3 

Question 4a-Observation 
and Inference NOS 

11 2 2 

Question 4b-Tentative and 
Creative NOS 

13 2 0 

Question 4c-Subjective 
NOS 

9 2 4 

Question 5a-Creative NOS 0 1 14 

Question 5b-Observation 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 

ŎǊŜŀǘƛǾŜ bh{ ŀƴŘ Ƙƻǿ ǘƻ ƻōǎŜǊǾŜ ŀƴŘ ƛƴŦŜǊΦ  ά{ƻƳŜƻƴŜ ƛǎ ǎƴƻǿōƻŀǊŘƛƴƎ ƛƴ ǘƘƛǎ ǇƛŎǘǳǊŜΦ  ¢ƘŜȅ 

could go flying off their snowboard and get hurt, but there are things to hold their feet on.έΣ 

"Someone is sliding on the snow mountain.  They might fall down the hill into the trees and 

ƘǳǊǘ ǘƘŜƳǎŜƭŦΦ  ¢ƘŜƴ ǘƘŜȅ ǿƛƭƭ ƘŀǾŜ ǘƻ Ŧƻƭƭƻǿ Ƙƛǎ ǘǊŀŎƪǎ ŀƴŘ ŦƛƴŘ ƘƛƳΦέ  wŜǎǇƻƴǎŜǎ ǘƘŀǘ ǿŜǊŜ 

coded as uninformed on the pretest were vague and lacked the specificity that would indicate 

an understanding of NOS aspects.  

As shared in Table 4.3 below, after completing the 5-ǿŜŜƪ ƛƴǘŜǊǾŜƴǘƛƻƴΣ ǎǘǳŘŜƴǘǎΩ ǳǎŜ ƻŦ 

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 

demonstrated on the VNOS-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 science is tentative, 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 4.3 

VNOS-E Posttest #1 Data (given immediately following intervention) 

 Uninformed Adequate Informed 

Question 1-Empirical NOS 2 5 7 

Question 2-Empirical NOS 5 8 2 

Question 3-Tentative NOS 2 8 5 

Question 4a-Observation 
and Inference NOS 

5 8 1 

Question 4b-Tentative and 
Creative NOS 

6 5 3 

Question 4c-Subjective NOS 3 2 9 

Question 5a-Creative NOS 0 15 0 

Question 5b-Observation 
and Inference NOS 

2 0 14 

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 VNOS-E 

posttest (Table 4.4) 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 VNOS-E. During 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 in the use of these areas.  
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Table 4.4  

VNOS-E Posttest #2 Data (given 1 ½ months following intervention) 

 Uninformed Adequate Informed 

Question 1-Empirical NOS 4 6 5 

Question 2-Empirical NOS 2 6 7 

Question 3-Tentative NOS 2 2 11 

Question 4a-Observation 
and Inference NOS 

3 2 10 

Question 4b-Tentative and 
Creative NOS 

10 4 1 

Question 4c-Subjective NOS 4 11 0 

Question 5a-Creative NOS 0 15 0 

Question 5b-Observation 
and Inference NOS 

0 10 5 

Totals 25 56 34 

 

In addition to assessing student understanding of NOS aspects with the VNOS-E, 

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 screenshots along with examples of 

uniformed, adequate, and informed student transcripts below. These examples were selected 

as exemplars after reviewing all student work that was submitted.  Each example clearly 

demonstrated 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 scenes.  When 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 pieces of evidence 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 4.1  

Mock Crime Scene for The Little Red Hen 
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Figure 4.2  

Mock Crime Scene for The Gingerbread Man 
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Figure 4.3  

Mock Crime Scene for The Three Little Pigs 
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Figure 4.4  

Mock Crime Scene for Little Red Riding Hood 
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Figure 4.5  

Mock Crime Scene for Jack and the Beanstalk 
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Figure 4.6  

Examining Case Files 
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Figure 4.7 

Informed Student Reflection Sheet for Jack and the Beanstalk 

 

Initially when looking at this student reflection sheet that accompanied Jack and the 

Beanstalk, Figure 4.7 was coded 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 crime scene 

and listen to the recording that accompanied this reflection sheet. 

{ǘǳŘŜƴǘΥ άL ǘƘƛƴƪ ǘƘŀǘ WŀŎƪ ŦŜƭƭ Řƻǿƴ ǘƘŜ ōŜŀƴǎǘŀƭƪ ŀƴŘ ǘƘŜƴ ƘŜ ǘǊƛŜŘ ǘƻ ŎƭƛƳō ōŀŎƪ ǳǇ ƛǘ ǘƻ ƎŜǘ ǘƻ 
the castle, and then chopped it when he came down right away. [pause] The beanstalk fell over, 
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and he (the giant) fell and bumped his head. [pause] and he (Jack) asked for the ax for the giant 
and the giant got hurt.  Jack jumped all the way up and he, he, he tried to jump to the giant's 
house, and he started to jump, ŀƴŘ ƘŜ ǘǊƛŜŘ ƧǳƳǇƛƴƎΣ ōǳǘ ƘŜ ŘƛŘƴΩǘ ƳŀƪŜ ƛǘ ōŜŎŀǳǎŜ ƘŜ ŎƻǳƭŘƴΩǘ 
ƧǳƳǇ ǘƘŀǘ ƘƛƎƘέΦ   
 

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 giant fell and was 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 the character was, as it 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 point, they 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 were tentative 

and subjective.  
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Figure 4.8  

Adequate Student Reflection Sheet for The Little Red Hen 

 

Figure 4.8 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), the footprint (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 were not able to 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 

ǘƻƻƪ ǘƘŜ wŜŘ IŜƴΩǎ ƭƻŀŦ ƻŦ ōǊŜŀŘ ŀƴŘ ǘƘŜ ŦƻƻǘǇǊƛƴǘǎ ƛƴ ǘƘŜ ŎǊƛƳŜ scene were the main piece of 

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 

ƘŀǾŜ ǇǊƻǾƛŘŜŘ ŎƭŜŀǊŜǊ ƛƴǎƛƎƘǘ ƛƴǘƻ ǘƘƛǎ ǎǘǳŘŜƴǘǎΩ ǘhinking.  
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Figure 4.9  

Uninformed Student Reflection Sheet for The Gingerbread Man 

 

This reflection sheet (Figure 4.9) 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 as they 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: I 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 crime scene, 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 their 

drawings, has some uninformed ideas of some areas of NOS being used.  The student used the 

evidence sources presented, nevertheless, they were not creative 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 potentially tentative but based 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 below each 

table.  Interestingly, when looking at the data from week 1 to week 5, regardless of if students 

were absent at any time during the study, their ability to use NOS aspects continued to 

increase, again validating the effectiveness of this intervention. Even 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 the VNOS-E pretest 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, students were 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 voice recording.  When coding 

responses, it was of note that students who were six and older six-year-olds were more 

successful in providing adequate and informed responses than their peers who were younger 

five-year-olds. 

Table 4.5 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 4.5  

Student Reflection Sheet Coding Over Five Interventions 

 Uninformed Adequate Informed 

The Little Red Hen 3 6 3 

The Gingerbread Man 5 3 3 

Little Red Riding Hood 7 5 2 

The Three Little Pigs 6 3 4 

Jack and the Beanstalk 1 6 6 
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 Table 4.6 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 conclusion. !ŦǘŜǊ ǘƘŜ ŦƛǊǎǘ ǿŜŜƪΩǎ 

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 discussions that followed, leaving them with 

less evidence to use to make inferences.  

Table 4.6  

Reflection Sheet Coding by Student Over Five Lessons  
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Uninformed student voice response example from The Little Red Hen reflection sheet: 

Teacher: Talk to me about your crime scene, what did you put in your crime scene? 

Student: I put a plant 

Teacher: Why did you put the plant in your crime scene? 

Student: Because it is green and then I circled the plant and circled the spoon. 

¢ŜŀŎƘŜǊΥ ²Ƙƻ Řƻ ȅƻǳ ǘƘƛƴƪ ǎǘƻƭŜ ǘƘŜ [ƛǘǘƭŜ wŜŘ IŜƴΩǎ ƭƻŀŦ ƻŦ ōǊŜŀŘΚ 

Student: I think it was the cat.  

Teacher: Why do you think it was the cat? 

Student: Because I just know.  

 
Adequate student voice response example from The Gingerbread Man reflection sheet: 

{ǘǳŘŜƴǘΥ L ǘƘƛƴƪ ǘƘŜ ŦƻȄ ŀǘŜ ǘƘŜ ƎƛƴƎŜǊōǊŜŀŘ Ƴŀƴ ōŜŎŀǳǎŜ ǘƘŜǊŜ ŀǊŜ ŎǊǳƳōǎ ƻƴ ƛǘΣ ōǳǘ LΩƳ 

not sure yet.  

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

 
{ǘǳŘŜƴǘΥ L ǘƘƛƴƪ ǘƘŜ ǿƻƭŦ ƛǎ ǘǊȅƛƴƎ ǘƻ ƎŜǘ ŀ ŎǳǇ ƻŦ ǎǳƎŀǊ ŦƻǊ Ƙƛǎ ƎǊŀƴŘƳŀΩǎ ŎŀƪŜ ǎƻ ƘŜ 

ŎƻǳƭŘƴΩǘ ŦƛƴŘ ŀƴȅΣ ǎƻ ƘŜ ǿŜƴǘ ƻǳǘǎƛŘŜ ŀƴŘ ǎƴŜŜȊŜŘ ǊŜŀƭƭȅ ƘŀǊŘΣ ŀƴŘ ƘŜ ŀŎŎƛŘŜƴǘŀƭƭȅ 

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 was really far, 

ǎƻ ƘŜ Ǌŀƴ ǘƘŜǊŜΣ ŀƴŘ ƘŜ ǘƻƭŘ Ƙƛǎ ƎǊŀƴŘƳŀ ǘƘŀǘ ǘƘŜ ŎŀƪŜ ǿŀǎ ǊŜŀŘȅΣ ōǳǘ ƎǊŀƴŘƳŀ ŎƻǳƭŘƴΩǘ 
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walk that well (evidence from case file) and the cake turned out really bad and the 

ƎǊŀƴŘƳŀ ŘƛŘƴΩǘ ƭƛƪŜ ƛǘΦ   

 

¢Ƙƛǎ ƛƴŦŜǊǊƛƴƎ ǎƘŜŜǘ όCƛƎǳǊŜ пΦмлύ ǿƻǳƭŘ ōŜ ŎƻŘŜŘ ŀǎ ǳƴƛƴŦƻǊƳŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǎǘǳŘŜƴǘΩǎ 

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 broken.  The blue 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 

ƛǘ ǿŀǎ ǘƘŜ ƎƛƴƎŜǊōǊŜŀŘ ƳŀƴΩǎ Ŧŀǳƭǘ ŦƻǊ ƴƻǘ ƳŀƪƛƴƎ it across a broken bridge.  

 

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

ǇŀǳǎŜϐΦ  L Ƨǳǎǘ ǘƘƛƴƪ ƘŜ ŘƛŘƴΩǘ ƳŀƪŜ ƛǘ ŀŎǊƻǎǎΣ ŀƴŘ ƘŜ Ǝƻǘ ŜŀǘŜƴΦ 
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Figure 4.10 

Uninformed Student Inferring Sheet Response 
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This inferring sheet (Figure 4.11) was chosen 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 was all based on the evidence in the crime scene and from the clues that 

were presented to the students. 

 ¢ŜŀŎƘŜǊΥ ²Ƙƻ Řƻ ȅƻǳ ǘƘƛƴƪ ǘƻƻƪ ǘƘŜ [ƛǘǘƭŜ wŜŘ IŜƴΩǎ ƭƻŀŦ ƻŦ ōǊŜŀŘΚ 

 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. 

 ¢ŜŀŎƘŜǊΥ hƘΣ ȅŜǎΣ ǘƘŀǘ ǿŀǎ ƻƴŜ ƻŦ ǘƘŜ ŎƭǳŜǎ ǿŀǎƴΩǘ ƛǘΚ 

 Student. Mmmhmm.  
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Figure 4.11 

Adequate Student Inferring Sheet Response 
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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 where he probably 

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 unable to erase the circle around the 

gingerbread man.  

Student: I 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 sheet (case file) said he has done 

that before. 

 

 

 

 

 

 

 

 

 

 

 



 

 114 

Figure 4.12 

Informed Student Inferring Sheet Response 
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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, younger students 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 points of evidence 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 4.7 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 

lessons, apart from the last lesson, student thinking and use of NOS aspects had shifted more 

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

Table 4.7  

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 4.8 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 due to students 

continuing to explore and make sense of each aspect and how it is used in each lesson.  It could 

also be due to the clues and information that were presented to the students by the teacher 

and how the students interpreted those pieces of information.  During the lesson centered 

ŀǊƻǳƴŘ ά[ƛǘǘƭŜ wŜŘ wƛŘƛƴƎ IƻƻŘέ ŦƻǊ ŜȄŀƳǇƭŜΣ L ŦƻǳƴŘ ǘƘŀǘ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ŎƘŀǊŀŎǘŜǊǎ L ǎŜƭŜŎǘŜŘ 

as suspects, the children had a more difficult time deciding who had committed the crime than 

in other weeks.  I presented the children with the option of Little Red Riding Hood, the wolf, or 

the lumberjack as 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 of evidence that she may have harmed herself.  They also dismissed the lumberjack as 

a potential suspect because 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, I noted the need to change the 

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 two that followed.  
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Table 4.8  

Inferring Sheet Coding by Student Over Five Lessons  

 

 

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 trip, which could account for the 

slight decrease in student scores.  The day 1 lesson was unaffected and occurred on a Tuesday 

instead of Monday. Day 2, which happened on a Wednesday, the observation and inferring of 

the crime scene, was part of our morning 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 

completing 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 

ǿŜŜƪΩǎ ƭŜǎǎƻƴΦ  This recording came from a voice recording I took from this session. The 

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, I drew the children back several times to making observations of the 

crime scene.  Many students wanted to begin by sharing their inferences, however, I felt it best 

to explicitly teach them what observation meant before moving on to inferring.  I also noted 

the ages of the children as it does give some context to who was developing and sharing ideas 

near the beginning of the 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) I 

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 your hand 

and then I'll make a note of what you're observing. Student 1, What are you observing? 

 

Student 1 (older 6-year-old): I see cat prints, it's hard to say though they might be dog 

prints. I think the cat and the dog ran off with the loaf of bread and The Little Red Hen is 

chasing them. 

 

Teacher: So, 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) 

 



 

 119 

Student 2 (older 6-year-oldύΥ ¸ŜǎΣ L ŀƎǊŜŜΣ ƛǘΩǎ ƘŀǊŘ ǘƻ ǘŜƭƭΣ ōǳǘ L ǘƘƛƴƪ ƛǘ ǿŀǎ ŜƛǘƘŜǊ ǘƘŜ Ŏŀǘ 

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

 

Teacher: So either a cat or dog but ƛǘΩǎ hard 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 sense of the 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? I 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. 

 

{ǘǳŘŜƴǘ нΥ wƛƎƘǘΣ LΩƳ ǎǘƛƭƭ ƴƻǘ ǎǳǊŜΣ ōǳǘ ǘƘŜ ǘƘƛƴƎǎ ǘƘŀǘ ǎǘǳŘŜƴǘǎ п ŀƴŘ р ǎŀƛŘ ŀōƻǳǘ Ƙƻǿ 

the prints could be the cat, 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 (older 6-year-old): I think the dog went back to get the bread; he was taking it. 

I found the spoon too.  

 

Teacher: So, 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, I want to get all your observations first so remember your observations 

are. What can you see in our crime scene? So far, ǿŜΩǾŜ ǎƘŀǊŜŘ ǘƘŀǘ ǿŜ ǎŜŜ Ŏŀǘ ƻǊ ŘƻƎ 

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? 

 

{ǘǳŘŜƴǘ оΥ ²Ŝ ƘŀǾŜƴΩǘ ǎŀƛŘ ŀƴȅǘƘƛƴƎ ŀōƻǳǘ ǘƘŜ ƳƻǳǎŜ ȅŜǘΦ L ǎŜŜ ǘƘŜ ōƭǳŜ ǎŎŀǊŦ ŀƴŘ L 

think he just dropped it. 
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Student 4 (older 6-year-old): I bet the bowl fell because of the way the flour fell on the 

ground. 

 

Teacher: Can you tell me more about that?  

 

Student 6 (older five-year-old): Yeah, I think they were chasing the Little Red Hen, and  

they ran into her bowl and knocked it down that way (indicated a direction) because 

ǘƘŀǘΩǎ ǘƘŜ ǿŀȅ ǘƘŜ ŦƭƻǳǊ ƛǎ ǎǇƛƭƭŜŘΦ  

 

{ǘǳŘŜƴǘ пΥ L ǘƘƛƴƪ ǘƘŜ ǇƛƎ ƛǎ ƛƴǾƻƭǾŜŘ ōŜŎŀǳǎŜ ƛǘϥǎ ƴŜŀǊ ǘƘŜ ŦƭƻǳǊ ǘƘŀǘΩǎ ǎǇƛƭƭŜŘ ǘƘŀǘ ǿŀȅ 

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

 

Student 5 (older 5-year-old): Yeah, I think the plant got knocked over and that shows 

that she (The Little Red Hen) is running away.  

 

Student 3: I 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 ran away, and the Little Red Hen dropped the spoon. 

 

Student 7 (older 5-year-old): I see a dog collar and the footprints, and I think they 

match.  

 

Student 8 (older 6-year-old): I see dog prints and I think the dog ate the bread because 

he was hungry.  

 

Student 9 (older 6-year-oldύΥ DƻƛƴƎ ōŀŎƪ ǘƻ ǿƘŀǘ ǎǘǳŘŜƴǘ т ǎŀƛŘΣ L ŘƻƴΩǘ ǘƘƛƴƪ ƛǘ Ŏŀƴ ōŜ ŀ 

dog collar, it looks too small to be a dog collar. And I agree with student 4 about the 
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flour spilling.  I think it spilled that way (indicated the direction that students 3 and 4 

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

 

Teacher: Can you tell me more about that? 

 

{ǘǳŘŜƴǘ фΥ L ƘŀǾŜ ǿŀǘŎƘŜŘ Ƴȅ ƳƻƳ ōŀƪŜ ŀƴŘ ǎƘŜ Ǉǳǘǎ ŦƭƻǳǊ ƛƴ ǘƘŜ ōƻǿƭ ŀƴŘ ǘƘŀǘΩǎ 

where flour is when baking. 

 

Teacher: So, ȅƻǳ ƘŀǾŜ ƘŀŘ ǎƻƳŜ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ ŦƭƻǳǊ ŀƴŘ ōŀƪƛƴƎΚ ¸ƻǳΩǊŜ ǳǎƛƴƎ ȅƻǳǊ 

own experiences to help you make inferences here? 

 

Student 9: Yes.  

 

Student 10 (younger 5-year-old): I think the cat went back to help take the bread and 

ǘƘŀǘΩǎ ǿƘȅ ǘƘŜǊŜΩǎ ǘƘŀǘ ŎƻƭƭŀǊΦ  LǘΩǎ ǘƘŜ ŎŀǘΩǎ ŎƻƭƭŀǊ ŀƴŘ ǘƘŜ ŘƻƎ ŎƻǳƭŘƴΩǘ ƘŀǾŜ ƭƛŦǘŜŘ ǘƘŜ 

bread on his own.  

 

Student 11 (younger 5-year-old): I 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, I kept a field notebook so that I 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, when reviewing the 

entries, I 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 I made an entry into my 
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ŦƛŜƭŘ ƴƻǘŜōƻƻƪΣ L ŦƻǳƴŘ ƛǘ ƘŜƭǇŦǳƭ ǘƻ ǊŜŦƭŜŎǘ ƻƴ Ƙƻǿ ŜŀŎƘ ŘŀȅǎΩ ƭŜǎǎƻƴ ǿŜƴǘ ŀƴŘ ǿƘŀǘ L ƴŜŜŘŜŘ ǘƻ 

revisit or re-teach in the following lessons.  

As noted in my field notebook, I 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 I asked for observations, the children naturally began sharing their 

ƛƴŦŜǊŜƴŎŜǎΣ ŘƛǾƛƴƎ ǊƛƎƘǘ ƛƴǘƻ ǘƘŜ άǿƘƻ ŘƻƴŜ ƛǘέ ŀƴŘ ƘƻǿΦ  L ǘƻƻƪ ǘƘŜƳ ōŀŎƪ ǎŜǾŜǊŀƭ ǘƛƳŜǎ ƛƴ ǘƘŜƛǊ 

discussions to pure observations until we were able to list out all the objects in our crime scene.  

I understand that developmentally that their tendencies may be to jump right into telling what 

happened, however, I 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 lesson, using the fairy tale The Little Red Hen, L ƴƻǘŜŘ ǘƘŀǘ άƛǘ 

ǿŀǎ ƛƴǘŜǊŜǎǘƛƴƎ ǘƻ ƘŜŀǊ ƴŜǿ ƛŘŜŀǎ ǘƻŘŀȅ ŀōƻǳǘ άǿƘƻ ŘƻƴŜ ƛǘέ ŀƴŘ ǘƘŜ ƴŜǿ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ǿŀǎ 

collected from the children after we read the case files.  Students seem to be streamlining their 

ideas more and a few changed the inferences they shared yesterday, especially after hearing 

that the ŘƻƎǎΩ prior crimes 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 nodding in agreŜƳŜƴǘ ƻǊ ǎŀȅƛƴƎ άȅŜŀƘέΣ ǿƘŜƴ ŀ ƴŜǿ ƛŘŜŀ ǿŀǎ ǎƘŀǊŜŘΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŜȅ 

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 tale The Gingerbread Man.  By 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 

ǿŜŜƪΣ L ƴƻǘŜŘ ǘƘŀǘ άǘƘŜ ŦƻȄ ǎŜŜƳǎ ǘƻ ōŜ ǘƘŜ ŎǳƭǇǊƛǘΣ ŀƭǘƘƻǳƎƘ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ ǎǘǳŘŜƴǘǎ ǿƘƻ 

think that the GBM (Gingerbread Man) did make it across.  They cite the crumbs 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 they remembered that the GBM said in a past 

ōƻƻƪ ǿŜ ǊŜŀŘ ǘƘŀǘ ƘŜ όǘƘŜ ŦƻȄύ ŘƛŘƴΩǘ ǊŜŀƭƭȅ ƭƛƪŜ ƎƛƴƎŜǊōǊŜŀŘ ƳŜƴ ǎƻ ǘƘŜ ŎƭǳŜ ŀōƻǳǘ ƴƻǘ ƭƛƪƛƴƎ 

gingerbread men was probably about him, so he couldn't have eaten himself. Many students 

concluded that the GBM made it safely across, however, several disputed that with the 

ŜǾƛŘŜƴŎŜ ƻŦ ǘƘŜ ŎǊǳƳōǎέ όtƻƛƴŘŜȄǘŜǊ нκнκнлнпύΦ ¢ƘŜ ŎƘƛƭŘǊŜƴ ǿŜǊŜ ǳǎƛƴƎ ǘƘŜ ŜƳǇƛǊƛŎŀƭ ŜǾƛŘŜƴŎŜ 

and their observations along with previous knowledge to develop creative, tentative ideas, 

however, they were still subjective as they could not come to one definitive conclusion.  

As we started the lessons the third week about Little Red Riding Hood, the lessons on 

day 1 and 2 had to be modified to allow for me being out of the classroom on day 1.  I noted 

ǘƘŀǘΣ άL ƘŀŘ ǘƻ ƳƻŘƛŦȅ ǘƘŜ ƭŜǎǎƻƴ ŀ ƭƛǘǘƭŜ ōƛǘ ǘƻŘŀȅ ŘǳŜ ǘƻ ōŜƛƴƎ ƻǳǘ ȅŜǎǘŜǊŘŀȅΦ  L ƛƴǘǊƻŘǳŎŜŘ ǘƘŜ 

text in the morning during our morning meeting and then 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 fit into a 4-day ǿŜŜƪ ƛƴǎǘŜŀŘ ƻŦ рέ όtƻƛƴŘŜȄǘŜǊΣ 

нκсκнлнпύΦ  5ŀȅ о ƻŦ ǘƘŜ ƭŜǎǎƻƴ ŦƻƭƭƻǿŜŘ ǘƘŜ ǳǎǳŀƭ ŦƻǊƳŀǘ ƻŦ ƛƴǘǊƻŘǳŎƛƴƎ ǘƘŜ ŎŀǎŜ ŦƛƭŜǎΦ  ά¢ƻŘŀȅ 

we looked at the case files and the children are all mostly confident that LRRH (Little Red Riding 

Hood) did not escape from the wolf-there are a few students who still believe that she did and 

escaped but dropped 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 

ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ƛŘŜŀǎ ŎƘŀƴƎŜ ŀǎ ǘƘŜȅ ƭƛǎǘŜƴŜŘ ǘƻ ŜŀŎƘ ƻǘƘŜǊΩǎ ƛŘŜŀǎΣ ǎƻ ǿŜ ƘŀŘ ŀ ŘƛǎŎǳǎǎƛƻƴ ŀōƻǳǘ 

how they share tentative ideas and after listening to the thoughts of classmates, several 

children changed their ideas and stated that they were specifically changing them because of 

ŀƴ ƛŘŜŀ ŀ ǇŜŜǊ ƘŀŘέ όtƻƛƴŘŜȄǘŜǊ нκтκнлнпύΦ   

The whole class discussions played a large part in helping many of the five-year-old 

students further develop their final inferences.  The whole class discussions were recorded by 

the microphone I 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 I was not able to write them all down in real time. The following week as we studied 

The True Story of the Three Little Pigs, I wrote, άƘŜŀǊƛƴƎ ǘƘƻǳƎƘǘǎ ŦǊƻƳ ǇŜŜǊǎ ƛǎ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ 

even for the students who have not shared their own ideas aloud yet, they are listening and 

ƳŀƪƛƴƎ ŎƻƴƴŜŎǘƛƻƴǎ ŀƴŘ ǿƛƭƭ ǎƘŀǊŜ ǿƘŜƴ ǘƘŜȅ ƘŀǾŜ ŀ ǘŜƴǘŀǘƛǾŜ ƛŘŜŀΩ όtƻƛƴŘŜȄǘŜǊ нκмпκнлнпύΦ  

The ability to hear from peers 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.  I did also make a note below this entry that shared that I usually 

introduce more versions of the same fairy tale, however, during this study, as to not confuse 

the children, I held those alternate versions back for reading after the study was complete.  In 

the future, I 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 of The True Story of the Three Little Pigs, άǘƘŜ ŎƘƛƭŘǊŜƴ ǿŜǊŜ ƘƻƭŘƛƴƎ ƻƴ 

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 solving 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 Hood, painted the wolf as big and bad, however, in The True Story of the Three 

Little Pigs, ōŜŎŀǳǎŜ ǘƘŜ ŦŀƛǊȅ ǘŀƭŜ ǿŀǎ ǿǊƛǘǘŜƴ ŦǊƻƳ ǘƘŜ ǿƻƭŦΩǎ ǇŜǊǎǇŜŎǘƛǾŜΣ ǘƘŜ ŎƘƛƭŘǊŜƴ ƘŀŘ 

some empathy for him. I thought this was an interesting point that the children were bringing 

evidence forward from a previous experience and seeing it in a different light given that we 

ǿŜǊŜ ƴƻǿ ǊŜŀŘƛƴƎ ŀ ŦŀƛǊȅ ǘŀƭŜ ŦǊƻƳ ǘƘŜ ǿƻƭŦΩǎ ǇŜǊǎǇŜŎǘƛǾŜΦ  

The last week of the study, we read the fairy tale, Jack and the Beanstalk.  This 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 on day 2. I adjusted the usual introduction of the 

ŎǊƛƳŜ ǎŎŜƴŜ ǘƻ ǘƘŜ ƳƻǊƴƛƴƎ ƻŦ Řŀȅ нΣ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜ ŀŦǘŜǊƴƻƻƴ ƻŦ Řŀȅ нΦ  L ƴƻǘŜŘ ǘƘŀǘ άƛǘ ǿŀǎ 

interesting to listen to students discuss the crime scene more informally, as they ate breakfast, 

ǊŀǘƘŜǊ ǘƘŀƴ ƻǳǊ ǳǎǳŀƭΣ ƳƻǊŜ ŦƻǊƳŀƭ ƎŀǘƘŜǊƛƴƎ ƛƴ ǘƘŜ ƳƻǊƴƛƴƎέ όtƻƛƴŘŜȄǘŜǊΣ нκннκнлнпύΦ 

Students came and went from the crime scene and began discussing their inferences with each 

other, without any guidance or direction from me, before we read the fairy tale together.  I 

thought this was important to note as it showed the flexibility of this intervention.  I also made 

ƴƻǘŜ ǘƘŀǘΣ άǘƘŜǊŜ ǿŀǎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǎǘǳŘŜƴǘǎ ǿƘƻ ǿŜǊŜ ƴƻǘ ǇǊŜǾƛƻǳǎƭȅ ǎƘŀǊƛƴƎ ƻǳǘ ƭƻǳd with 

ǘƘŜ ǿƘƻƭŜ ƎǊƻǳǇΣ ǿƘƻ ǎƘŀǊŜŘ ƳǳƭǘƛǇƭŜ ǘƛƳŜǎ ŘǳǊƛƴƎ ǘƘƛǎ ƭŜǎǎƻƴέ όtƻƛƴŘŜȄǘŜǊ нκннκнлнпύΦ  
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I continued to make notes in my field notebook after the intervention was over.  

ά{ǘǳŘŜƴǘǎ ŀǊŜ ǳǎƛƴƎ bh{ ŀǎǇŜŎǘ ǾƻŎŀōǳƭŀǊȅ ƛƴ ƻǘƘŜǊ ŀǊŜŀǎΤ ǿŜ ŘƛǎŎǳǎǎŜŘ ŘǳǊƛƴƎ ƳŀǘƘ ŀƴŘ 

literacy how we can observe, infer, use empirical evidence, be subjective, and be tentative in 

ƻǳǊ ǘƘƛƴƪƛƴƎΦ  ¢ƘŜ ƴŀǘǳǊŜ ƻŦ ǎŎƛŜƴŎŜ ŀǎǇŜŎǘǎ ŀǊŜ ƴƻǘ Ƨǳǎǘ ƭƛƳƛǘŜŘ ǘƻ ǎŎƛŜƴŎŜέ όtƻƛƴŘŜȄǘŜǊΣ 

нκнсκнлнпύΦ L ƴƻǘƛŎŜŘ ǎǘǳŘŜƴǘǎ ǎǘŀǊǘƛƴƎ ǎŜƴǘŜƴŎŜǎ ǿƛǘƘΣ άL ƻōǎŜǊǾŜΣ ƻǊ L ƛƴŦŜǊέ ǿƘŜƴ ǿŜ ǿƻǳƭŘ 

engage in whole group math and literacy discussions.  As each aspect was used, I talked with 

students about how we used the same aspect in science, versus how we used them in other 

content areas.  

My final field ƴƻǘŜōƻƻƪ ŜƴǘǊȅ ƛƴŎƭǳŘŜŘ ŀ ǉǳŜǎǘƛƻƴ ŦƻǊ ƳȅǎŜƭŦ ŀōƻǳǘ ŦǳǘǳǊŜ ǊŜǎŜŀǊŎƘΦ  άLƴ 

the future, should I also study the social/cultural NOS aspect even though it was not part of my 

ƻǊƛƎƛƴŀƭ ǎǘǳŘȅέ όtƻƛƴŘŜȄǘŜǊ нκнуκнлнпύΚ Lǘ ōŜŎŀƳŜ ƛƳǇƻǊǘŀƴǘ ǘƘŜ ŘŜŜǇŜǊ ǿŜ ƳƻǾŜŘ ƛƴǘƻ the 

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

L ŦƻǳƴŘ ƳȅǎŜƭŦ ǊŜǘǳǊƴƛƴƎ ǘƻ ±ȅƎƻǘǎƪȅΩǎ ƛŘŜŀǎ ƻŦ ƭŜŀǊƴƛƴƎ ŦǊƻƳ ƻƭŘŜǊΣ ƳƻǊŜ ǎƪƛƭƭŜŘ ǇŜŜǊǎ ŘǳǊƛƴƎ 

the study.  The interactions the children had with each other, 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 on the VNOS-E; 

however, I 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 explicit-reflective instruction in NOS for the remainder of the year.  

As I wanted to effectively measure the outcomes of this intervention, I refrained from other 
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NOS explicit-reflective teaching in the 1 ½ months that immediately followed this intervention.  

The results from the VNOS-E 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 

discussiƻƴǎ ǿƛǘƘ ƳŜ ŀƴŘ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊΦ ¢ƘŜƛǊ ǳǎŜ ƻŦ ǘƘŜǎŜ ǘŜǊƳǎ όL ƻōǎŜǊǾŜΧΣ L ƛƴŦŜǊΧΣ ¢ƘŜ 

ŜǾƛŘŜƴŎŜ ǎƘƻǿǎΧΣ ŜǘŎΦύ ŦǳǊǘƘŜǊ ŎƻƴŦƛǊƳŜŘ ǘƘŜ Ǿalidity of the delayed posttest. Continued 

instruction using the explicit-reflective 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 explicit-reflective 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 upon them.  I 

was intentional after the first introduction of observation and inference and based on feedback 

I was receiving in students' reflection and inferring sheets, that students needed more 

modeling and practice in using observation and inference.  Each time we gathered around a 

new crime scene, I began by asking students to share their observations.  If students shared an 

inference, I made a note of which students to return to and asked them to hold on to their 

inferences until we were ready to share them.  I wanted students to understand how 
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observation and inference intertwine with each other, however, I 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 fairy tales, however, 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 than were 

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 that their ideas did not 

need to be absolute, rather they could be open and subject to change based on new evidence.  

²ƘŜƴ ŀ ǊŜǾƛǎŜŘ ƛŘŜŀ ŎŀƳŜ ǳǇ ƛƴ ŘƛǎŎǳǎǎƛƻƴΣ L ƛƴǘǊƻŘǳŎŜŘ ǘƘŜ ǎŜƴǘŜƴŎŜ ǎǘŀǊǘŜǊΣ άL ǳǎŜŘ ǘƻ ǘƘƛƴƪΧΣ 
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ōǳǘ ƴƻǿ L ǘƘƛƴƪΧ ŀƴŘ ƘŜǊŜ ƛǎ Ƴȅ ŜǾƛŘŜƴŎŜΦέ ¢Ƙƛǎ ƘŜƭǇŜŘ ǎǘǳŘŜƴǘǎ ǳƴŘŜǊǎǘŀƴŘ ǘƘŀǘ ǘƘŜȅ ǿŜǊŜ 

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.  In their voice 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.  Studeƴǘǎ ǿƻǳƭŘ ǇŀǳǎŜ ǘƘŜƛǊ ǿƻǊŘǎ ǘƻ ƭƛǎǘŜƴ ǘƻ ǇŜŜǊǎΩ 

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

/ƘƛƭŘǊŜƴΩǎ [ƛǘŜǊŀǘǳǊŜ 

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) suggests, helped draw 

students into the explicit-reflective 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 engage students, allowing them to use NOS 

aspects each step of the way.  When sharing the fairy tales with students, I 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 ended up doing so.  Students often referred to 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, I 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 given a conclusion but were able to 

springboard into solving each case.  Referring to each fairy tale and using them as evidence is 

ƴƻǘ ǇǊƻōƭŜƳŀǘƛŎΣ ƘƻǿŜǾŜǊΣ ŜƭƛƳƛƴŀǘƛƴƎ ǘƘŜ ŀǳǘƘƻǊǎΩ ŎƻƴŎƭǳǎƛƻƴ ǎƻ ǘƘŀǘ ǘƘŜ ŎƘƛƭŘǊŜƴ Ŏŀƴ ŘŜǾŜƭƻǇ 

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, I use the VNOS-E coding 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 other.  There were a few 

instances where more uninformed students were recording their voices or voice overs neared a 

student with more informed views of NOS and I was able to hear the pause in their recordings 

as they stopped to listen 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, I tightened up the 

ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ŜƴǘǊƛŜǎ ŀƴŘ ǿŀǎ ǾŜǊȅ ǎǇŜŎƛŦƛŎ ƛƴ Ƴȅ ǊŜƳƛƴŘŜǊǎ ǘƻ ǎǘǳŘŜƴǘǎΥ ά{ƘŀǊŜ ǿho your 

main suspect is and why you are thinking that.  What evidence supports you? What evidence do 

ȅƻǳ ƘŀǾŜΚέΦ  

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 notebooks, further 

demonstrating the need for whole group discussions.  This group of students had no previous 

background knowledge of NOS, and their thinking overall remained in the uninformed areas 

throughout the entirety of the study.  Included in the group that gave more limited information 

were the students who were young five-year-olds up to older five-year-olds.  

         Digital science 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 

specificŀƭƭȅΣ L ƴƻǘŜŘ ǘƘŀǘ Ƴŀƴȅ ǎǘǳŘŜƴǘǎ ǎƛƳǇƭȅ ǎƘŀǊŜŘ άǿƘƻ ŘƛŘ ƛǘέ ǿƛǘƘ ƴƻ ŜǾƛŘŜƴŎŜΦ  5ǳǊƛƴƎ 

whole group discussions however, those same students were able to provide evidence that 

backed up their voice recorded statements.  I do wonder if from a developmental standpoint if 

they fully understood what the task was and the information, I 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, I would presume that 

future modeling of individual entries would help increase the quality.  

I 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 of The Gingerbread Man. This 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 
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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.  

{ǘǳŘŜƴǘΥ άL ŀƳ ƛƴǾŜǎǘƛƎŀǘƛƴƎ ǘƘŜ ŎǊƛƳŜ ōŜŎŀǳǎŜ L ŘƻƴΩǘ ƪƴƻǿ ƛŦ ǘƘŜ DƛƴƎŜǊōǊŜŀŘ aŀƴ 
ƳŀŘŜ ƛǘ ŀŎǊƻǎǎ ƻǊ ƴƻǘέΦ   
ώƭƻƴƎ ǇŀǳǎŜΧƭƛǎǘŜƴƛƴƎ ǘƻ ŀ ǎǘǳŘŜƴǘ ƴŜŀǊōȅ ŀƴŘ ǊŜǇŜŀǘǎ ǘƘƻǎŜ ǎǘǳŘŜƴǘǎΩ ǿƻǊŘǎ ŀōƻǳǘ ǘƘŜ 
fox].   
άL ǘƘƛƴƪ ǘƘŜ ŦƻȄ ŀǘŜ him, ōǳǘ L ŘƻƴΩǘ ƪƴƻǿ ōǳǘ L ǘƘƛƴƪ ǘƘŜ ŘƻƎ ŀǘŜ ƘƛƳ ώƭƻƴƎ 
ǇŀǳǎŜΧƭƛǎǘŜƴƛƴƎ ǘƻ ƻǘƘŜǊ ǎǘǳŘŜƴǘǎϐ ōŜŎŀǳǎŜΣ ώǇŀǳǎŜΧϐ ǘƘŜ ŦƻȄ ŀǘŜ him, and I know it in 
ǘƘŜ ōƻƻƪΦ  aǊǎΦ tƻƛƴŘŜȄǘŜǊ ŘƛŘƴΩǘ ǘǳǊƴ ǘƘŜ ǇŀƎŜΣ ōǳǘ L ƪƴƻǿ ǘƘŀǘ ǘƘŜ ŦƻȄ ŀǘŜ ƘƛƳέΦ ώ[ƻƴƎ 
pause to listen to other students that can be heard in the background].   
Talks with another student nearby (who is an older 6-year-old) who made crumbs as a 
piece of evidence in their drawing and says that they also made crumbs in their drawing.   
{ǘǳŘŜƴǘΥ άL ƳŀŘŜ ŀƭƭ ƻŦ ǘƘŜƳ ƭƛƪŜ ǘƘƛǎέΦ όǎƘƻǿǎ ŀƴƻǘƘŜǊ ǎǘǳŘŜƴǘ ǘƘŜƛǊ ŘǊŀǿƛƴƎΣ ƭƻǳŘ ƴƻƛǎŜ 
that indicates iPad being turned) [long pause]  
ώwŜǘǳǊƴǎ ǘƻ ǊŜŎƻǊŘƛƴƎϐ ά!ƴŘ L ǘƘƛƴƪ ǘƘŜ ŦƻȄ ŀǘŜ ƘƛƳ ōŜŎŀǳǎŜ ǘƘŜ ǎŀƳŜ ǘƘƛƴƎ ƘŀǇǇŜƴŜŘ ƛƴ 
the book and then I 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 
ate ƘƛƳέΦ 

 

This student was an older five-year-old, 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 one ǎǘǳŘŜƴǘǎΩ observations and inferences were 

ŀƴŘ ǊŜǇŜŀǘŜŘ ǘƘŜƛǊ ǘƘƛƴƪƛƴƎΣ άL ǘƘƛƴƪ ǘƘŜ ŦƻȄ ŀǘŜ ƘƛƳέΣ ŀƴŘ ǘƘŜƴ ǉǳƛŎƪƭȅ ŀŘŘŜŘ ƛƴΣ άōǳǘ L ŘƻƴΩǘ 

ƪƴƻǿ ōǳǘ L ǘƘƛƴƪ ǘƘŜ ŘƻƎ ŀǘŜ ƘƛƳέΣ ōŜŦƻǊŜ ǎŜǘǘƭƛƴƎ ƻƴ ǘƘŜ ŦƻȄΦ  ¢ƘŜ ƻǘƘŜǊ ǎǘǳŘŜƴǘ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ 

they thought the Gingerbread Man did not make 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, I considered sharing photographs in Seesaw of each crime 

scene with the children.  I noticed that one barrier that several students were having was the 

drawing of the crime scene. I wondered if having the picture of the crime scene each week 

included on the reflection page that students completed would help uninformed students use 
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more of the evidence when making their inferences.  Each week, I 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 I would make the 

photographs of each mock crime scene part of the reflection sheet so that students did not 

have to draw that element.  I wanted to hear more about what observations and inferences 

were being made and I believe some of that got lost, especially with more uniformed students, 

because they had to create their own drawings, and their attention focused on the drawing and 

not the voice recording portion.  In contrast, I do think that the 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.  I am 

undecided as to which method would be most 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 

άŘŜǘŜŎǘƛǾŜǎέ ǿƘƻ ǿƻǳƭŘ ǿƻǊƪ ǘƻ ǎƻƭǾŜ ŜŀŎƘ ŎŀǎŜΣ ǎǘǳŘŜƴǘǎ ǿƻǳƭŘ ǿŜŀǊ ǘƘŜƛǊ ŘŜǘŜŎǘƛǾŜ hats 

(Figure 4.13) when engaging in this work.  
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Figure 4.13 

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 their own voice 

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.  Each time we sat around a crime 

scene, I asked students to first make observations and share what they were observing. 

Students then shared their inferences, and as they shared, I included explicit feedback, making 

ǎǳǊŜ ǘƻ ƛƴŎƭǳŘŜ ǎǘŀǘŜƳŜƴǘǎ ǎǳŎƘ ŀǎΣ ά¸ƻǳ ǿŜǊŜ ŎǊŜŀǘive when you shared your inferences 

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, I appreciate you sharing a different viewpoint 

than those we have heard already, remember that the evidence is subjective, and we can have 
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ŘƛŦŦŜǊŜƴǘ ƛŘŜŀǎ ŀōƻǳǘ ǘƘŜ ǎŀƳŜ ŜǾƛŘŜƴŎŜέΦ  L ǿŀǎ ƛƴǘŜƴǘƛƻƴŀƭ ƛƴ ŀƭƭ ƻŦ ƻǳǊ ǿƘƻƭŜ ƎǊƻǳǇ 

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 enabled students 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 be freer 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 during this five-week intervention.  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 them into their own oral vocabulary and use them in 

other content areas. Figure 4.14 shows how each of the activities, 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 NOS aspects.  
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Figure 4.14 

Activities, Skills, and Strategies Used in this Study 

 

 

 ¢ƘŜ ǳǎŜ ƻŦ ŦŀƛǊȅ ǘŀƭŜǎ ǿŀǎ ŀ ƳǳŎƘ ƴŜŜŘŜŘ άƘƻƻƪέ ǘƘŀǘ ŎŀǇǘǳǊŜŘ ǘƘŜ ŀǘǘŜƴǘƛƻƴ ŀƴŘ 

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 evidence added 
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and expanded their thinking, often changing their initial, tentative ideas.  Each fairy tale 

ǇǊƻǾƛŘŜŘ ŀƴ ŀƴŎƘƻǊ ŦƻǊ ŜŀŎƘ ǿŜŜƪΩǎ ƭŜǎǎƻƴ ŀƴŘ ǿƘŜƴ ǘƘŜ ŎƘŀǊŀŎǘŜǊ ƻŦ ǘƘŜ ǿƻƭŦ ŀǇǇŜŀǊŜŘ ƛƴ 

more than one fairy tale, there were several students who were quick to notice this 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 crime scene and 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 begin making 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 able to refer to 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 tentative ideas, 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 characters.  When students examined the case file and 

ƭƛǎǘŜƴŜŘ ǘƻ ǘƘŜ ŜȄǘǊŀ ŎƭǳŜǎΣ ǘƘŜȅ ǳǎŜŘ bh{ ŀǎǇŜŎǘǎ ǿƘŜƴ ǎǇŜŀƪƛƴƎ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊΤ άL ƻōǎŜǊǾŜŘ 

ǘƘŀǘ ǘƘŜ ǿƻƭŦ Ƙŀǎ ōŜŜƴ ǘƘŜ ōŀŘ Ǝǳȅ ƛƴ ǘƘǊŜŜ ŦŀƛǊȅ ǘŀƭŜǎΦέΣ άL ƛƴŦŜǊ ǘƘŀǘ ǘƘŜ ŦƻȄ ŎƻǳƭŘ ƴƻǘ ƘŀǾŜ 
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eaten the Gingerbread Man because the clue said that he learned to take swimming lessons, so 

ƘŜ ǎǿŀƳ ŀŎǊƻǎǎ ŀƴŘ ƳŀŘŜ ƛǘΦέ 

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 to help solve each case.  The initial voice responses were 

not as strong as anticipated, however, when modeled several more times for students, the 

quantity and quality of the voice recordings and drawings increased. Using digital science 

notebooks helped increase 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 voice to share their 

thinking.  Students who may have had more difficulty with drawing the crime scene were able 

to use the voice-recording feature to add another layer of thinking, providing the teacher with 

more information about their thinking.  The teacher was able to 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 record their voice, allowing them to feel as if they were part of 

the decision-making process 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 

ǘƘŜƛǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎǎ ƻŦ bh{ ŀǎǇŜŎǘǎ ŀƴŘ ǳǎŜΦ  ²ŜŀǾƛƴƎ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ, fairy tales, 

immersive experiences, and digital science notebooks together, along with explicit-reflective 

instruction, engaged the kindergarten students in wanting to help solve each problem. My field 

notebook was used to make notes to capture some of the learning the children were 

demonstrating along with some of their ideas and feelings.  I also documented my feelings and 

changes I 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 reflection, and 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 explicit-reflective teaching strategies, this study 

confirms the research found previously and adds to it with a new strategy.  Explicit-reflective 

instruction was used in this study as an effective means to teaching young children about 

specific NOS aspects, the same NOS aspects that Akerson (2019a) found to be attainable by 

young children.  I 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 scene tape, helped each 

ƭŜǎǎƻƴǎΩ ŦŀƛǊȅ ǘŀƭŜ ǇǊƻōƭŜƳ ŎƻƳŜ ǘƻ ƭƛŦŜ ŀƴŘ ǿŀƴǘ ǘƻ ŜƴƎŀƎŜ ƛƴ ǎƻƭǾƛƴƎ ŀ ǇǊƻōƭŜƳΦ  ¢ƘŜ ŎŀǎŜ ŦƛƭŜǎ 

and additional clues that were shared each week with students provided another layer of 

immersion for the students.   

 /ƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƛǎ ŀƴƻǘƘŜǊ ǎǘǊŀǘŜƎȅ ǘƘŀǘ Ƙŀǎ ǇǊƻǾŜƴ ǘƻ ōŜ ǎǳŎŎŜǎǎŦǳƭ ƛƴ ǘŜŀŎƘƛƴƎ 

young children about NOS due to its engaging nature and content (Akerson, 2019a), however, 

ǿƘƛƭŜ L ŜȄǇƭƻǊŜŘ ǳǎƛƴƎ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƛƴ ǘƘƛǎ ǎǘǳŘȅΣ L ǳǎŜŘ ŦŀƛǊȅ ǘŀƭŜs as a springboard into 

ǘŜŀŎƘƛƴƎ ŀōƻǳǘ bh{ ŀǎǇŜŎǘǎ ŀƴŘ ƴƻǘ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ƛǘǎŜƭŦΦ  .ǊǳƴƴŜǊ ŀƴŘ !ōŘ-El-Khalick 

(2020), Zarnowski and Turkel, (2013) and Tan and Wong (2007) found that other genres outside 

of explicit science themed texts can be successfully 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 through thŜ ǳǎŜ ƻŦ bh{ ŀǎǇŜŎǘǎΦ  ¦ǎƛƴƎ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǘƘŀǘ Ƴŀȅ ƴƻǘ ŦƻŎǳǎ 

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; Fries-Gaither, 2022; Frisch, 2019; 

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

allowing students to take notes during a science lesson and collect data.  In this study, I 
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explored the use of digital science notebooks, allowing students to have the ability to annotate 

and voice-over their illustrations to provide more context and insight into their thinking.  I was 

able to analyze student digital science notebooks when students were not present and follow 

up with questions.  The voice-overs allowed me to hear what most of my students were 

thinking and understanding at each point in the lessons, even when I may not have been able to 

confer with each one of them every day.  This did present a problem when implemented with 

young children, as their voice-overs were wildly different from older peers and many were not 

developmentally ready to draw an illustration and record a voice-over, so I did miss out on 

collecting some of my yoǳƴƎŜǊ ǎǘǳŘŜƴǘǎΩ ǘƘƻǳƎƘǘǎ ǘƘǊƻǳƎƘ ǘƘƛǎ ƳŜǘƘƻŘΦ  CǊƛǎŎƘ όнлмфύ ŀƭǎƻ 

found that students making digital science notebook entries lacked creativity and empirical 

evidence and for my younger students I would agree with this research, however, I 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 

ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ŦƛŜƭŘ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǳǎŜ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŀǎ ŀ tool for teaching young 

children about NOS alongside explicit-ǊŜŦƭŜŎǘƛǾŜ ƛƴǎǘǊǳŎǘƛƻƴΦ  /ƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ŘǊŀǿǎ 

students into learning about science, making it a way to peak student interest or provide more 

information about a topic. Secondly, it explored the idea of immersive experiences as a means 

ǘƻ ƛƴŎǊŜŀǎŜ ȅƻǳƴƎ ŎƘƛƭŘǊŜƴΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ bh{ ŀǎǇŜŎǘǎΦ   
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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 

experiences are a teaching strategy that teachers are using to engage their students in 

authentic, hands-on learning.   Next, the use of science notebooks were used as a tool to help 

further identify student understanding of NOS, as students create digital science notebook 

entries sharing their thinking.  Digital science notebooks are important 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 about NOS aspects. When a classroom teacher is not able to find 

ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǘƘŀǘ ŎƻǾŜǊǎ bh{ ŀǎǇŜŎǘǎ ƻǊ Ƙŀǎ ŀŎŎŜǎǎ ǘƻ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǘƘŀǘ ƛǎ 

scientifically accurate, fairy tales can fill the gap that teachers need, providing a much-needed 

vehicle for teachers to incorporate NOS aspects into their teaching practices and for students to 

learn about NOS aspects in a developmentally appropriate context.   

Recommendations 

I would be recommended replicating this study other 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 intervention.  This 

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 effective. The use of this intervention 

should also be studied in first and second grade classrooms, as they are considered early 

childhood classrooms anŘ Ŏŀƴ ŀŘŘ ǘƻ ŀ ǎǘǳŘŜƴǘǎΩ ƪƴƻǿƭŜŘƎŜ ƻŦ bh{ ŀǎǇŜŎǘǎΦ  !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘƛǎ 

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

background knowledge. 

5ǳǊƛƴƎ ŜŀŎƘ ǿŜŜƪΩǎ ƭŜǎǎƻƴΣ ŀŦǘŜǊ ǾƛŜǿƛƴƎ ǘƘŜ ƳƻŎƪ ŎǊƛƳŜ ǎŎŜƴŜΣ Ƴŀƴȅ ǎǘǳŘŜƴǘǎ ǿŀƴǘŜŘ 

to share inferences right away and I pulled them back to help them discern the difference 

between observations and inferences. From a developmental standpoint, having students 

ŜȄǇƭƛŎƛǘƭȅ ǎǘŀǘƛƴƎ ƻōǎŜǊǾŀǘƛƻƴǎ ǿƻǳƭŘ ǎŜŜƳ ǘƻ ōŜ ŀ ƴŜŜŘŜŘ ǎǘŜǇ ƛƴ ōǳƛƭŘƛƴƎ ŀ ŎƘƛƭŘΩǎ 

understanding of NOS aspects, so that they are able to distinguish between an observation and 

an inference. In the future, some research should be considered to determine if 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 sharing inferences?  

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 of these lessons, I 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 recommended that students sit 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 I 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, I 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, I designed the lessons 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.  Additionally, I created a list of the materials I 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? I used fairy tales where I was 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 experience 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, I was not able to 

include other interventions that could also increase student understanding about NOS, for 

ŜȄŀƳǇƭŜΣ ǳǎƛƴƎ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪǎ ǘƘŀǘ ŀǊŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ŘŜǎƛƎƴŜŘ ǘƻ ǘŜŀŎƘ ŀōƻǳǘ some or all NOS 

aspects and immersive experiences.  In future research, I would like to also examine this idea to 

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



 

 145 

Future Research 

In this intervention, fairy tales were used as the vehicle to springboard each lesson. 

CǳǘǳǊŜ ǊŜǎŜŀǊŎƘ ǎƘƻǳƭŘ ŦƻŎǳǎ ƻƴ ŜȄŀƳƛƴƛƴƎ ƛŦ ŘƛŦŦŜǊŜƴǘ ƎŜƴǊŜǎ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ ǿƻǳƭŘ 

have similar results when used in this manner. In future research, I would also recommend 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 into each lesson more likely, especially when working 

with children who were more sophisticated in their NOS thinking.  Continued explicit-reflective 

instruction would be necessary after this intervention ended to help students maintain and 

continue to develop more adequate and informed use of NOS aspects.  

As noted in my final field notebook entry, there should be some attempt to measure the 

ǎƻŎƛŀƭκŎǳƭǘǳǊŀƭ ŀǎǇŜŎǘ ŀƴŘ Ƙƻǿ ŎƘƛƭŘǊŜƴΩǎ ǇǊŜǾƛƻǳǎ ŜȄǇŜǊƛŜƴŎŜǎ ŀǊŜ ǇŀǊǘ ƻŦ ǘƘŜƛǊ decision-making 

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 those who had more 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 regarding the explicit-reflective 

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 and understandings with peers and teachers. The 

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

ŜƴƎŀƎŜ ƛƴ ŀƴŘ ǇŜǊǎƛǎǘ ƛƴ ƛƴǉǳƛǊȅΦ  άLƴǎǘǊǳŎǘƛƻƴ ǎǘŀǊǘǎ ōȅ ƛƴǘǊƻŘǳŎƛƴƎ ƛŘŜŀǎ ǘƘŀǘ ŀǊŜ ŎŜƴǘǊŀƭ ŀƴŘ 

general to the discipline, 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 studied from 

ǘƘŜ ƻǘƘŜǊϥǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿέ ό½ǳŎƪŜǊƳŀƴ Ŝǘ ŀƭΦΣ мфууΣ ǇΦ нлмύΦ 

5ƛƎƛǘŀƭ ƛƴŦŜǊŜƴŎŜ ŀƴŘ ǊŜŦƭŜŎǘƛƻƴ ǎƘŜŜǘǎ ŀƭƭƻǿŜŘ ǘƘŜ ǘŜŀŎƘŜǊ ǘƻ ƘŜŀǊ ŜŀŎƘ ǎǘǳŘŜƴǘǎΩ 

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 in detail over 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 A VNOS-E 

  

 

Views of NOS  

Kindergarten Version ( VNOS - E) 

  

  

  

  

Name:________________________________________  

  

  

  

Date:_________________________________________  

  

  

  

  

  

  

  

  

Instructions  

  

ǒ Please record as accurately as possible how the students respond to the 

questions as you ask them.  

ǒ 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? (Explain if they donõt know.) Scientists disagree 

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 
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Appendix C 

Student Inferring Sheet 
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Appendix D 

Lessons 

  

Title: The Little Red Hen by Paul Galdone 

Investigation Question: ²Ƙƻ ǘƻƻƪ ǘƘŜ [ƛǘǘƭŜ wŜŘ IŜƴΩǎ ƭƻŀŦ ƻŦ ōǊŜŀŘΚ 

Overview: ¦ǎƛƴƎ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪ The Little Red Hen as an introduction, students will 

ŜȄŀƳƛƴŜ ŀƴ ŀƎŜ ŀǇǇǊƻǇǊƛŀǘŜ άŎǊƛƳŜ ǎŎŜƴŜέ ǎǘŀƎŜŘ ǘƻ ƭƻƻƪ ŀǎ ǘƘƻǳƎƘ ǎƻƳŜƻƴŜ ǎǘƻƭŜ ǘƘŜ ƭƻŀŦ 

of bread that the Little Red Hen baked.  Students will learn to use observation and inference 

to find clues to lead them to the thief.  

Materials: 

-fake feathers (5-7 red feathers) 

-copy of The Little Red Hen 

-empty bread pan 

-dog or cat collar 

-Ǉƛƴƪ ǇƛǇŜ ŎƭŜŀƴŜǊ όŎǳǊƭŜŘ ǘƻ ƭƻƻƪ ƭƛƪŜ ŀ ŎǳǊƭȅ ǇƛƎΩǎ ǘŀƛƭύ 

-case file (see below) 

-suspect information sheet 

-ŎǊƛƳŜ ǎŎŜƴŜ ǘŀǇŜ όƻǊ ŀƴƻǘƘŜǊ ǿŀȅ ǘƻ ǊƻǇŜ ƻŦŦ ŀƴ ŀǊŜŀ ŀǎ ŀ άŎǊƛƳŜ ǎŎŜƴŜέύ 

-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 crime 

scene tape or rope/yarn around the legs/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 fake feathers in 

the crime scene area, scattered around to look like a scuffle happened between the Little Red 

Hen and the thief.  Place these artifacts in the crime scene as well: bread pan, dog or cat 

collar, pink pipe cleaner, mixing bowl, mixing spoon, scarf, fake plant. Use the paw print 

stencil to create a line of paw prints through the crime scene.  Place the paw print stencil on 

the ground and sprinkle baby powder on it to create a print on the ground, repeat as desired.  

tƭŀŎŜ ŜŀŎƘ ŎƘŀǊŀŎǘŜǊΩs Case File page into a manilla folder and paper clip it to the right-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 t-chart with the student responses on one side. The instructor will repeat the same 

activity using the words inference, subjectivity, the tentativeness of science, creativity and 

empirical evidence.  If students have difficulty responding, the instructor will provide some 

examples of observation, inference, subjectivity, the tentativeness of science, creativity and 

empirical evidence at an 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 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 version 

ƻŦ ǘƘŀǘ ǿŜŜƪΩǎ ŦŀƛǊȅ ǘŀƭŜΦ  !ŦǘŜǊ ǊŜŀŘƛƴƎ ǘƘŜ ǎǘƻǊȅΣ ǘŜƭƭ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ǘƘŜȅ ǿƛƭƭ ōŜ ǳǎƛƴƎ 

observation, inference, subjectivity, the tentativeness of science, creativity and empirical 

evidence to help solve each case. Lead a discussion reminding children (and give examples as 

needed) of what each NOS aspect is.  Remind students they can refer to the t-chart as 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 can 

see and write down their observations on a large chart paper.  Once all observations have 

been collected, ask students to make inferences about what happened in the crime scene.  

Record inferences on another large chart paper.  Follow up asking students to tell you what 

evidence they have from their observations that help to make their inferences true.  Have 

students discuss their ideas with partners before inviting students back to the larger group to 

share their thinking.  As students share their ideas, remind students that science is subjective, 

tentative and helps us collect empirical evidence.  Ask students if there were any ideas from 

peers that changed their thinking or 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 photographs 

of the crime scene and add annotations or voice-recordings to share their thinking thus far in 

solving each case. Finally, students will complete the recording sheet where they can draw 

items from the mock crime scene that they are observing that are leading them to make 

inferences about the crime that occurred.  

Day 4: The teacher will begin 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 is written in a way that creates new thinking about previously known observations and 

inferences.  Additionally, students will be introduced to a case file about each of the main 

ŎƘŀǊŀŎǘŜǊǎ ŦǊƻƳ ŜŀŎƘ ŦŀƛǊȅ ǘŀƭŜ ǘƻ ƎƛǾŜ ǎƻƳŜ ŜǾƛŘŜƴŎŜ ǘƻ ǎǘǳŘŜƴǘǎ ŀōƻǳǘ ŜŀŎƘ ŎƘŀǊŀŎǘŜǊΩǎ 

past.  The teacher will gather students back as a large 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 teacher 

will ask students if their thinking has changed based on the new information and remind 

students that science is subjective and tentative and that scientists are creative.  The children 

can use the case files along with their observations and inferences to determine the solution 

to each case.  Ask students to support their claims with evidence from their observations and 

inferences. ¢ƘŜ ƛƴǎǘǊǳŎǘƻǊ ǿƛƭƭ ŀǎƪ ǉǳŜǎǘƛƻƴǎ ǎǳŎƘ ŀǎΣ ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƻōǎŜǊǾŜΚέΣ ƻǊ ά²Ƙŀǘ ŘƛŘ 

ȅƻǳ ƛƴŦŜǊ ŦǊƻƳ ǘƘŀǘ ŘŀǘŀΚέΣ ά²Ƙŀǘ ƛƴŦƻǊƳŀǘƛƻƴ ŎƘŀƴƎŜŘ ȅƻǳǊ ǘƘƛƴƪƛƴƎΚέΣ άIƻǿ ǿŜǊŜ ȅƻǳ 

ŎǊŜŀǘƛǾŜ ƛƴ ǎƻƭǾƛƴƎ ǘƘƛǎ ŎŀǎŜΚέ 

Day 5: The teacher will begin this lesson by asking if there are any students who would like to 

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 opportunity to 

draw, record, or voice over a photograph indicating how they solved the case. 
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Title: Jack and the Beanstalk by Thomas Nelson 

Overview: ¦ǎƛƴƎ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪ Jack and the Beanstalk as an introduction, students will 

ŜȄŀƳƛƴŜ ŀƴ ŀƎŜ ŀǇǇǊƻǇǊƛŀǘŜ άŎǊƛƳŜ ǎŎŜƴŜέ ǎǘŀƎŜŘ ǘƻ ƭƻƻƪ ŀǎ ǘƘƻǳƎƘ ŀǎ ƛŦ ŀ Ǝƛŀƴǘ ƳƛƎƘǘ ƘŀǾŜ 

fallen from the sky.  Students will learn to use observation and inference to find clues to 

determine if the giant is still alive.  

Investigation Question: What 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 

-WŀŎƪΩǎ ŦƻƻǘǇǊƛƴǘǎ п-5 

-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.  Begin by wrapping crime 

scene tape or rope/yarn around the legs/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 giant cutout in 

the crime scene area. Place these artifacts in the crime scene as well: hen, plastic egg, gold 

ƘŀǊǇΣ WŀŎƪΩǎ ŦƻƻǘǇǊƛƴǘǎΣ ǇƭŀǎǘƛŎ ŀȄΣ ŀƴŘ ǘƘŜ ǎƳŀƭƭ ǇŀǊŀŎƘǳǘŜΦ tƭŀŎŜ WŀŎƪΩǎ ŦƻƻǘǇǊƛƴǘǎ ƎƻƛƴƎ ƛƴ ǘƘŜ 

ǎŀƳŜ ŘƛǊŜŎǘƛƻƴΣ ŀǎ ƛŦ ǘƘŜȅ ƳƛƎƘǘ ōŜ ǿŀƭƪƛƴƎ ŀǿŀȅΦ tƭŀŎŜ ŜŀŎƘ ŎƘŀǊŀŎǘŜǊΩǎ /ŀǎŜ CƛƭŜ ǇŀƎŜ ƛƴǘƻ ŀ 

manilla folder and paper clip it to the right-hand side 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 a t-chart with the student responses on one side. The instructor will 

repeat the same activity using the words inference, subjectivity, the tentativeness of science, 

creativity and empirical evidence.  If students have difficulty responding, the instructor will 

provide some examples of observation, inference, subjectivity, the tentativeness of science, 

creativity and empirical evidence at an 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 clarify 

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 version 

ƻŦ ǘƘŀǘ ǿŜŜƪΩǎ ŦŀƛǊȅ ǘŀƭŜΦ  !ŦǘŜǊ ǊŜŀŘƛƴƎ ǘƘŜ ǎǘƻǊȅΣ ǘŜƭƭ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ǘƘŜȅ ǿƛƭƭ ōŜ ǳǎƛƴƎ 

observation, inference, subjectivity, the tentativeness of science, creativity and empirical 

evidence to help solve each case. Lead a discussion reminding children (and give examples as 

needed) of what each NOS aspect is.  Remind students they can refer to the t-chart as they 

try to solve each case.  

Day 3: Invite students to gather around the crime scene.  Ask them to observe what they can 

see and write down their observations on a large chart paper.  Once all observations have 

been collected, ask students to make inferences about what happened in the crime scene.  

Record inferences on another large chart paper.  Follow up asking students to tell you what 

evidence they have from their observations that help to make their inferences true.  Have 

students discuss their ideas with partners before inviting students back to the larger group to 

share their thinking.  As students share their ideas, remind students that science is subjective, 

tentative and helps us collect empirical evidence.  Ask students if there were any ideas from 

peers that changed their thinking or affirmed it, and how their thinking was changed.  The 

teacher can use the following questions to prompt students if needed: 

  

ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƻōǎŜǊǾŜΚέ 

ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƛƴŦŜǊ ŦǊƻƳ ǘƘŀǘ ŘŀǘŀΚέ 

ά²Ƙŀǘ ƛƴŦƻǊƳŀǘƛƻƴ ŎƘŀƴƎŜŘ ȅƻǳǊ ǘƘƛƴƪƛƴƎΚέ 

άIƻǿ ǿŜǊŜ ȅƻǳ ŎǊŜŀǘƛǾŜ ƛƴ ǎƻƭǾƛƴƎ ǘƘƛǎ ŎŀǎŜΚέ 

  

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 photographs 

of the crime scene and add annotations or voice-recordings to share their thinking thus far in 

solving each case. Finally, students will complete the recording sheet where they can draw 

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 alibis 

that were developed to remind students that science is tentative and subjective.  Each clue or 

alibi is written in a way that creates new thinking about previously known observations and 

inferences.  Additionally, students will be introduced to a case file about each of the main 

ŎƘŀǊŀŎǘŜǊǎ ŦǊƻƳ ŜŀŎƘ ŦŀƛǊȅ ǘŀƭŜ ǘƻ ƎƛǾŜ ǎƻƳŜ ŜǾƛŘŜƴŎŜ ǘƻ ǎǘǳŘŜƴǘǎ ŀōƻǳǘ ŜŀŎƘ ŎƘŀǊŀŎǘŜǊΩǎ 

past.  The teacher will gather students back as a large 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 teacher 

will ask students if their thinking has changed based on the new information and remind 

students that science is subjective and tentative and that scientists are creative.  The children 

can use the case files along with their observations and inferences to determine the solution 

to each case.  Ask students to support their claims with evidence from their observations and 

inferences. ¢ƘŜ ǘŜŀŎƘŜǊ ǿƛƭƭ ŀǎƪ ǉǳŜǎǘƛƻƴǎ ǎǳŎƘ ŀǎΣ ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƻōǎŜǊǾŜΚέΣ ƻǊ ά²Ƙŀǘ ŘƛŘ 

ȅƻǳ ƛƴŦŜǊ ŦǊƻƳ ǘƘŀǘ ŘŀǘŀΚέΣ ά²Ƙŀǘ ƛƴŦƻǊƳŀǘƛƻƴ ŎƘŀƴƎŜŘ ȅƻǳǊ ǘƘƛƴƪƛƴƎΚέΣ άIƻǿ ǿŜǊŜ ȅƻǳ 

ŎǊŜŀǘƛǾŜ ƛƴ ǎƻƭǾƛƴƎ ǘƘƛǎ ŎŀǎŜΚέ 

Day 5: The teacher will begin this lesson by asking if there are any students who would like to 

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 opportunity to 

draw, record, or voice over a photograph indicating how they solved the case. 
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Title: The Gingerbread Man by Paul Galdone 

Overview: ¦ǎƛƴƎ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪ The Gingerbread Man as an introduction, students will 

ŜȄŀƳƛƴŜ ŀƴ ŀƎŜ ŀǇǇǊƻǇǊƛŀǘŜ άŎǊƛƳŜ ǎŎŜƴŜέ ǎǘŀƎŜŘ ǘƻ ƘŜƭǇ ǎǘǳŘŜƴǘǎ ŘŜǘŜǊƳƛƴŜ ƛŦ ǘƘŜ 

Gingerbread Man made it to the other side of the river without being eaten by the fox.  

Students will learn to use observation and inference to determine if he survived.  

Investigation Question: Did the Gingerbread 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 crime 

scene tape or rope/yarn around the legs/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 the 

crime scene area, scattered around to look like a scuffle happened between the Gingerbread 

Man and the fox.  Place these artifacts in the crime scene as well: fluffs of fox fur, hoof prints, 

ǎƳŀƭƭ ŎƭǳƳǇǎ ƻŦ ŘƛǊǘΣ ǎƘƻǊǘ ƭŜƴƎǘƘǎ ƻŦ ǊƻǇŜΣ ǇƭŀƴƪǎΦ tƭŀŎŜ ŜŀŎƘ ŎƘŀǊŀŎǘŜǊΩǎ /ŀǎŜ CƛƭŜ ǇŀƎŜ ƛƴǘƻ ŀ 

manilla folder and paper clip it to the right-hand side 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 a t-chart with the student responses on one side. The instructor will 

repeat the same activity using the words inference, subjectivity, the tentativeness of science, 

creativity and empirical evidence.  If students have difficulty responding, the instructor will 

provide some examples of observation, inference, subjectivity, the tentativeness of science, 

creativity and empirical evidence at an 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 clarify 

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 version 

ƻŦ ǘƘŀǘ ǿŜŜƪΩǎ ŦŀƛǊȅ ǘŀƭŜΦ  !ŦǘŜǊ ǊŜŀŘƛƴƎ ǘƘŜ ǎǘƻǊȅΣ ǘŜƭƭ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ǘƘŜȅ ǿƛƭƭ ōŜ ǳǎƛƴƎ 

observation, inference, subjectivity, the tentativeness of science, creativity and empirical 

evidence to help solve each case. Lead a discussion reminding children (and give examples as 

needed) of what each NOS aspect is.  Remind students they can refer to the t-chart as they 

try to solve each case.  

Day 3: Invite students to gather around the crime scene.  Ask them to observe what they can 

see and write down their observations on a large chart paper.  Once all observations have 

been collected, ask students to make inferences about what happened in the crime scene.  

Record inferences on another large chart paper.  Follow up asking students to tell you what 

evidence they have from their observations that help to make their inferences true.  Have 

students discuss their ideas with partners before inviting students back to the larger group to 

share their thinking.  As students share their ideas, remind students that science is subjective, 

tentative and helps us collect empirical evidence.  Ask students if there were any ideas from 

peers that changed their thinking or affirmed it, and how their thinking was changed.  The 

teacher can use the following questions to prompt students if needed: 

  

ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƻōǎŜǊǾŜΚέ 

ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƛƴŦŜǊ ŦǊƻƳ ǘƘŀǘ ŘŀǘŀΚέ 

ά²Ƙŀǘ ƛƴŦƻǊƳŀǘƛƻƴ ŎƘŀƴƎŜŘ ȅƻǳǊ ǘƘƛƴƪƛƴƎΚέ 

άIƻǿ ǿŜǊŜ ȅƻǳ ŎǊŜŀǘƛǾŜ ƛƴ ǎƻƭǾƛƴƎ ǘƘƛǎ ŎŀǎŜΚέ 

  

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 photographs 

of the crime scene and add annotations or voice-recordings to share their thinking thus far in 

solving each case. Finally, students will complete the recording sheet where they can draw 

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 alibis 

that were developed to remind students that science is tentative and subjective.  Each clue or 

alibi is written in a way that creates new thinking about previously known observations and 

inferences.  Additionally, students will be introduced to a case file about each of the main 

ŎƘŀǊŀŎǘŜǊǎ ŦǊƻƳ ŜŀŎƘ ŦŀƛǊȅ ǘŀƭŜ ǘƻ ƎƛǾŜ ǎƻƳŜ ŜǾƛŘŜƴŎŜ ǘƻ ǎǘǳŘŜƴǘǎ ŀōƻǳǘ ŜŀŎƘ ŎƘŀǊŀŎǘŜǊΩǎ 

past.  The teacher will gather students back as a large 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 teacher 

will ask students if their thinking has changed based on the new information and remind 

students that science is subjective and tentative and that scientists are creative.  The children 

can use the case files along with their observations and inferences to determine the solution 

to each case.  Ask students to support their claims with evidence from their observations and 

inferences. ¢ƘŜ ƛƴǎǘǊǳŎǘƻǊ ǿƛƭƭ ŀǎƪ ǉǳŜǎǘƛƻƴǎ ǎǳŎƘ ŀǎΣ ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƻōǎŜǊǾŜΚέΣ ƻǊ ά²Ƙŀǘ ŘƛŘ 

ȅƻǳ ƛƴŦŜǊ ŦǊƻƳ ǘƘŀǘ ŘŀǘŀΚέΣ ά²Ƙŀǘ ƛƴŦƻǊƳŀǘƛƻƴ ŎƘŀƴƎŜŘ ȅƻǳǊ ǘƘƛƴƪƛƴƎΚέΣ άIƻǿ ǿŜǊŜ ȅƻǳ 

ŎǊŜŀǘƛǾŜ ƛƴ ǎƻƭǾƛƴƎ ǘƘƛǎ ŎŀǎŜΚέ 

Day 5: The teacher will begin this lesson by asking if there are any students who would like to 

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 opportunity to 

draw, record, or voice over a photograph indicating how they solved the case. 
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Title: Little Red Riding Hood by Paul Galdone 

Overview: ¦ǎƛƴƎ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪ Little Red Riding Hood as an introduction, students will 

ŜȄŀƳƛƴŜ ŀƴ ŀƎŜ ŀǇǇǊƻǇǊƛŀǘŜ άŎǊƛƳŜ ǎŎŜƴŜέ ǎǘŀƎŜŘ ǘƻ ƭƻƻƪ ŀǎ ǘƘƻǳƎƘ [ƛǘǘƭŜ wŜŘ wƛŘƛƴƎ IƻƻŘ 

may have escaped the wolf instead of being eaten.  Students will learn to use observation 

and inference to find clues to determine if she escaped.  

Investigation Question: Did 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 crime 

scene tape or rope/yarn around the legs/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 red cape in the 

crime scene area, with the open side facing down to look like a scuffle happened between 

Little Red Riding Hood and the wolf.  Place these artifacts in the crime scene as well: basket 

(tipped on its side), some clumps of fake wolf fur, mud or chunks of dirt, and a length of red 

ǊƛōōƻƴΦ tƭŀŎŜ ŜŀŎƘ ŎƘŀǊŀŎǘŜǊΩǎ /ŀǎŜ CƛƭŜ ǇŀƎŜ ƛƴǘƻ ŀ Ƴŀƴƛƭƭŀ ŦƻƭŘŜǊ ŀƴŘ ǇŀǇŜǊ ŎƭƛǇ ƛǘ ǘƻ ǘƘŜ 

right-hand side 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 a t-chart with the student responses on one side. The instructor will 

repeat the same activity using the words inference, subjectivity, the tentativeness of science, 

creativity and empirical evidence.  If students have difficulty responding, the instructor will 

provide some examples of observation, inference, subjectivity, the tentativeness of science, 

creativity and empirical evidence at an 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 clarify 

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 version 

ƻŦ ǘƘŀǘ ǿŜŜƪΩǎ ŦŀƛǊȅ ǘŀƭŜΦ  !ŦǘŜǊ ǊŜŀŘƛƴƎ ǘƘŜ ǎǘƻǊȅΣ ǘŜƭƭ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ǘƘŜȅ ǿƛƭƭ ōŜ ǳǎƛƴƎ 

observation, inference, subjectivity, the tentativeness of science, creativity and empirical 

evidence to help solve each case. Lead a discussion reminding children (and give examples as 

needed) of what each NOS aspect is.  Remind students they can refer to the t- chart as they 

try to solve each case.  

Day 3: Invite students to gather around the crime scene.  Ask them to observe what they can 

see and write down their observations on a large chart paper.  Once all observations have 

been collected, ask students to make inferences about what happened in the crime scene.  

Record inferences on another large chart paper.  Follow up asking students to tell you what 

evidence they have from their observations that help to make their inferences true.  Have 

students discuss their ideas with partners before inviting students back to the larger group to 

share their thinking.  As students share their ideas, remind students that science is subjective, 

tentative and helps us collect empirical evidence.  Ask students if there were any ideas from 

peers that changed their thinking or affirmed it, and how their thinking was changed.  The 

teacher can use the following questions to prompt students if needed: 

  

ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƻōǎŜǊǾŜΚέ 

ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƛƴŦŜǊ ŦǊƻƳ ǘƘŀǘ ŘŀǘŀΚέ 

ά²Ƙŀǘ ƛƴŦƻǊƳŀǘƛƻƴ ŎƘŀƴƎŜŘ ȅƻǳǊ ǘƘƛƴƪƛƴƎΚέ 

άIƻǿ ǿŜǊŜ ȅƻǳ ŎǊŜŀǘƛǾŜ ƛƴ ǎƻƭǾƛƴƎ ǘƘƛǎ ŎŀǎŜΚέ 

  

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 photographs 

of the crime scene and add annotations or voice-recordings to share their thinking thus far in 

solving each case. Finally, students will complete the recording sheet where they can draw 

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 alibis 

that were developed to remind students that science is tentative and subjective.  Each clue or 

alibi is written in a way that creates new thinking about previously known observations and 

inferences.  Additionally, students will be introduced to a case file about each of the main 

ŎƘŀǊŀŎǘŜǊǎ ŦǊƻƳ ŜŀŎƘ ŦŀƛǊȅ ǘŀƭŜ ǘƻ ƎƛǾŜ ǎƻƳŜ ŜǾƛŘŜƴŎŜ ǘƻ ǎǘǳŘŜƴǘǎ ŀōƻǳǘ ŜŀŎƘ ŎƘŀǊŀŎǘŜǊΩǎ 

past.  The teacher will gather students back as a large 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 teacher 

will ask students if their thinking has changed based on the new information and remind 

students that science is subjective and tentative and that scientists are creative.  The children 

can use the case files along with their observations and inferences to determine the solution 

to each case.  Ask students to support their claims with evidence from their observations and 

inferences. ¢ƘŜ ƛƴǎǘǊǳŎǘƻǊ ǿƛƭƭ ŀǎƪ ǉǳŜǎǘƛƻƴǎ ǎǳŎƘ ŀǎΣ ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƻōǎŜǊǾŜΚέΣ ƻǊ ά²Ƙŀǘ ŘƛŘ 

ȅƻǳ ƛƴŦŜǊ ŦǊƻƳ ǘƘŀǘ ŘŀǘŀΚέΣ ά²Ƙŀǘ ƛƴŦƻǊƳŀǘƛƻƴ ŎƘŀƴƎŜŘ ȅƻǳǊ ǘƘƛƴƪƛƴƎΚέΣ άIƻǿ ǿŜǊŜ ȅƻǳ 

ŎǊŜŀǘƛǾŜ ƛƴ ǎƻƭǾƛƴƎ ǘƘƛǎ ŎŀǎŜΚέ 

Day 5: The teacher will begin this lesson by asking if there are any students who would like to 

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 opportunity to 

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 Pigs by Jon Scieszka 

Overview: ¦ǎƛƴƎ ǘƘŜ ŎƘƛƭŘǊŜƴΩǎ ōƻƻƪ The True Story of The Three Little Pigs as an introduction, 

ǎǘǳŘŜƴǘǎ ǿƛƭƭ ŜȄŀƳƛƴŜ ŀƴ ŀƎŜ ŀǇǇǊƻǇǊƛŀǘŜ άŎǊƛƳŜ ǎŎŜƴŜέ ǎǘŀƎŜŘ ǘƻ ƭƻƻƪ ŀǎ ǘƘƻǳƎƘ ǘƘŜ ǿƻƭŦ ŘƛŘ 

not intentionally eat the three little pigs, but instead had a bad cold.  Students will learn to 

use observation and inference to find clues to determine if the wolf is telling the truth.  

Investigation Question: Did the wolf actually blow down the houses or was it a cold? 

Materials: 

-sticks 

-small LEGO house, partially built, 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 

-several wadded-up 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 crime 

scene tape or rope/yarn around the legs/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 scattered straw and 

sticks in the crime scene area, scattered around to look like a wolf blew the houses down.  

Place these artifacts in the crime scene as well: LEGO house, measuring cup, sprinkled flour 

or sugar, wadded up tissues. Use the hoof print stencil to create a line of hoof prints through 

the crime scene.  Place the hoof print stencil on the ground and sprinkle baby powder or 

ŎƻǊƴǎǘŀǊŎƘ ƻƴ ƛǘ ǘƻ ŎǊŜŀǘŜ ŀ ǇǊƛƴǘ ƻƴ ǘƘŜ ƎǊƻǳƴŘΣ ǊŜǇŜŀǘ ŀǎ ŘŜǎƛǊŜŘΦ tƭŀŎŜ ŜŀŎƘ ŎƘŀǊŀŎǘŜǊΩǎ 

Case File page into a manilla folder and paper clip it to the right-hand side 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 a t-chart with the student responses on one side. The instructor will 

repeat the same activity using the words inference, subjectivity, the tentativeness of science, 

creativity and empirical evidence.  If students have difficulty responding, the instructor will 

provide some examples of observation, inference, subjectivity, the tentativeness of science, 

creativity and empirical evidence at an 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 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 version 

ƻŦ ǘƘŀǘ ǿŜŜƪΩǎ ŦŀƛǊȅ ǘŀƭŜΦ  !ŦǘŜǊ ǊŜŀŘƛƴƎ ǘƘŜ ǎǘƻǊȅΣ ǘŜƭƭ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ǘƘŜȅ ǿƛƭƭ ōŜ ǳǎƛƴƎ 

observation, inference, subjectivity, the tentativeness of science, creativity and empirical 

evidence to help solve each case. Lead a discussion reminding children (and give examples as 

needed) of what each NOS aspect is.  Remind students they can refer to the t- chart as they 

try to solve each case.  

Day 3: Invite students to gather around the crime scene.  Ask them to observe what they can 

see and write down their observations on a large chart paper.  Once all observations have 

been collected, ask students to make inferences about what happened in the crime scene.  

Record inferences on another large chart paper.  Follow up asking students to tell you what 

evidence they have from their observations that help to make their inferences true.  Have 

students discuss their ideas with partners before inviting students back to the larger group to 

share their thinking.  As students share their ideas, remind students that science is subjective, 

tentative and helps us collect empirical evidence.  Ask students if there were any ideas from 

peers that changed their thinking or affirmed it, and how their thinking was changed.  The 

teacher can use the following questions to prompt students if needed: 

  

ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƻōǎŜǊǾŜΚέ 

ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƛƴŦŜǊ ŦǊƻƳ ǘƘŀǘ ŘŀǘŀΚέ 

ά²Ƙŀǘ ƛƴŦƻǊƳŀǘƛƻƴ ŎƘŀƴƎŜŘ ȅƻǳǊ ǘƘƛƴƪƛƴƎΚέ 

άIƻǿ ǿŜǊŜ ȅƻǳ ŎǊŜŀǘƛǾŜ ƛƴ ǎƻƭǾƛƴƎ ǘƘƛǎ ŎŀǎŜΚέ 

  

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 photographs 

of the crime scene and add annotations or voice-recordings to share their thinking thus far in 

solving each case. Finally, students will complete the recording sheet where they can draw 

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 alibis 

that were developed to remind students that science is tentative and subjective.  Each clue or 

alibi is written in a way that creates new thinking about previously known observations and 

inferences.  Additionally, students will be introduced to a case file about each of the main 

ŎƘŀǊŀŎǘŜǊǎ ŦǊƻƳ ŜŀŎƘ ŦŀƛǊȅ ǘŀƭŜ ǘƻ ƎƛǾŜ ǎƻƳŜ ŜǾƛŘŜƴŎŜ ǘƻ ǎǘǳŘŜƴǘǎ ŀōƻǳǘ ŜŀŎƘ ŎƘŀǊŀŎǘŜǊΩǎ 

past.  The teacher will gather students back as a large 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 teacher 

will ask students if their thinking has changed based on the new information and remind 

students that science is subjective and tentative and that scientists are creative.  The children 

can use the case files along with their observations and inferences to determine the solution 

to each case.  Ask students to support their claims with evidence from their observations and 

inferences. ¢ƘŜ ƛƴǎǘǊǳŎǘƻǊ ǿƛƭƭ ŀǎƪ ǉǳŜǎǘƛƻƴǎ ǎǳŎƘ ŀǎΣ ά²Ƙŀǘ ŘƛŘ ȅƻǳ ƻōǎŜǊǾŜΚέΣ ƻǊ ά²Ƙŀǘ ŘƛŘ 

ȅƻǳ ƛƴŦŜǊ ŦǊƻƳ ǘƘŀǘ ŘŀǘŀΚέΣ ά²Ƙŀǘ ƛƴŦƻǊƳŀǘƛƻƴ ŎƘŀƴƎŜŘ ȅƻǳǊ ǘƘƛƴƪƛƴƎΚέΣ άIƻǿ ǿŜǊŜ ȅƻǳ 

ŎǊŜŀǘƛǾŜ ƛƴ ǎƻƭǾƛƴƎ ǘƘƛǎ ŎŀǎŜΚέ 

Day 5: The teacher will begin this lesson by asking if there are any students who would like to 

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 opportunity to 

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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