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Abstract 

This paper addresses the call for greater integration of science, technology, engineering, 
and mathematics (STEM) in the context of creating a foundational focus for STEM, begin-
ning in early childhood. The work draws on a birth-to-five developmental framework that 
models and connects seamlessly with the U.S. Framework for K-12 Science Education). 
These 3D frameworks integrate STEM across a small set of big ideas in four disciplinary 
areas (including engineering and technology), acquired through active engagement in sci-
ence, engineering, and mathematical practices, and connected through meaningful cross-
cutting concepts. In addition, this project addresses the challenges and obstacles that 
teachers face in effective implementation by leveraging teachers’ comfort and young stu-
dents’ enjoyment of storybooks as an additional level of integration, as recommended by 
the U.S. National Academies of Sciences, Engineering, and Medicine 2022 consensus vol-
ume on science and engineering from preschool through elementary grades. Finally, 
given the increase in young children in the U.S. who are learning more than one language 
as well as in other countries, the current study examined the instructional practices of 
preschool teachers during shared book reading sessions using a Spanish-English bilingual 
STEM storybook in an intentionally Spanish-English preschool setting. Findings support 
an increase in teacher use of three-dimensional (3D) STEM talk to provide information 
upon re-reading the storybook, regardless of the language(s) used to read. Interviews with 
the teachers revealed approval for the translational-equivalent structure of the bilingual 
storybook, and an appreciation of the STEM-embedded content format for introducing 
the content to these young students. This study extends findings on teacher practices and 
language use with a bilingual STEM-focused storybook in a bilingual preschool setting to 
support bilingual learners. 

Keywords: dual-language learners; early childhood; preschool; STEM education; story-
book reading; teacher practices 
 

1. Introduction 
High-quality STEM instruction is often lacking, particularly in early childhood edu-

cation classrooms, due to several factors, including the self-perception of a lack of ability 
and comfort for teachers to engage in this academic content area (Choi, 2016; Gerde et al., 
2018; Greenfield et al., 2009; Torquati et al., 2013). The new U.S. Framework for K-12 Sci-
ence Education (NRC, 2012) takes a three-dimensional (3D) integrative approach to STEM 
teaching and learning, which the Early Science Framework (Greenfield et al., 2017) 
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developmentally tailored to extend this powerful integrated approach to learning to 
younger children. Despite the integration of STEM domains with this age-appropriate ap-
proach, barriers in teacher preparedness to communicate STEM learning persist. 

Repeated, shared storybook reading supports language, fluency, and comprehension 
and is a commonly used medium of instruction in early childhood education seĴings (An-
derson et al., 1985; Harris & Sipay, 1990; NICHD, 2000; Routman & Routman, 1994). Sci-
ence has been shown to benefit multiple school readiness domains (Bustamante et al., 
2018; Halpin et al., 2023) and bilingual storybooks are a strong support for DLL students’ 
growth in both of their languages (Naqvi et al., 2013; Read et al., 2021a). Though few stud-
ies focus on the integration of these powerful approaches to support learning in early 
childhood education, these benefits have been suggested to be complementary when en-
gaged in together (NASEM, 2022). STEM-focused storybooks may, therefore, be an effec-
tive context for integrated learning to bring high-quality instruction into these early edu-
cation seĴings in a way that supports teacher abilities and engages young students, in-
cluding those learning more than one language. 

In classrooms with students who speak other languages in addition to English, teach-
ers have greater demands on instructional planning and content creation for accessible 
materials for their dual-language learner (DLL) students in the context of an English-dom-
inant education system (Hoff, 2013; NASEM, 2023, 2024). Significant achievement gaps 
are seen for young Spanish-speaking DLLs in language and literacy (Aikens & Barbarin, 
2008; Espinosa, 2013; López & Gonzalez-Barrera, 2015; NCES, 2024; Nores & BarneĴ, 2014; 
Reardon & Portilla, 2016; Thompson et al., 2019) as well as science ability (Betancur et al., 
2018; Curran & Kellogg, 2016; Morgan et al., 2016). By creating a resource that can provide 
the benefits of STEM learning for a linguistically diverse population, this method becomes 
a more widely accessible support for teachers and early childhood students. 

The current project leveraged the bilingual abilities of students and teachers to un-
derstand the frequency and function of the use of each language during the shared book 
reading of a STEM-focused storybook that included both Spanish and English transla-
tional equivalent text. This further integrates STEM with language and literacy in an at-
tempt to address the barriers to high-quality STEM learning in early childhood. The goal 
was to examine practices that can improve the effectiveness of this medium in scaffolding 
high-quality STEM instruction in a way that concurrently supports children’s language 
development. 

1.1. STEM Integration in Early Childhood Education 

There has been a long-term national effort to increase STEM education in early child-
hood education because of its ability to build foundational school readiness skills and do-
mains for long-term achievement (Early Childhood STEM Working Group, 2017; NASEM, 
2022; NRC, 2007, 2012). Broader learning behaviors, including executive function, ap-
proaches to learning, language, and mathematics, are strengthened through STEM edu-
cation (Bustamante et al., 2018; Guo et al., 2016; Halpin et al., 2023; Kermani & Aldemir, 
2015; NRC, 2007, 2012; Taboada & Rutherford, 2011). Research also shows lasting benefits 
of early exposure, with kindergarten science engagement predicting immediate and long-
term science achievement through third grade (Saçkes et al., 2011). 

Although the literature supports the many benefits of early science education, there 
is a lack of time being spent on its instruction in preschool classrooms. Young children’s 
natural curiosity is often under supported in the classroom with minimal or isolated sci-
ence engagement and no space for science activities, which are overshadowed by isolated 
literacy and mathematics instruction (Gerde et al., 2018; Gopnik, 2012; NASEM, 2022; Tu, 
2006). While 99% of teachers engage in literacy instruction three to four times per week, 
only 42% engage in science instruction at that frequency (Gerde et al., 2018). 
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As a result, the U.S. Framework for K-12 Science Education (NRC, 2012) was devel-
oped to create connections across domains from an inquiry-based learning approach that 
is more conceptual in nature. This was done using 3D learning to simulate real-world 
science and engineering. Engineering was integrated within scientific investigation to fo-
cus on deeper foundational knowledge building in a way that is equitable and accessible 
to all students. 

Many of the pieces of the K-12 framework are highly relevant to early childhood ed-
ucation classrooms, where the students are natural scientists engaging in curiosity, explo-
ration, and problem-solving. To extend the vertical continuity of learning for this popula-
tion, the Early Science Framework (Greenfield et al., 2017) integrates the STEM disciplines 
into a cohesive learning experience that is 3D in its approach. The framework was devel-
oped to mirror the paradigm shift of the new K-12 framework from fact memorization on 
an array of disconnected topics to an engaging and experimental format that connects 
across content areas. Each aspect of STEM learning is represented within this framework; 
Engineering and Technology is a core content area and embedded in multiple crosscuĴing 
concepts (i.e., systems and system models; structure and function), and Mathematics is 
included as both a practice (i.e., using math and computational skills) and embedded in 
crosscuĴing concepts (i.e., scale, proportion, and quantity; paĴerns). Practices reflect the 
hands-on activities students engage in to answer their questions using the principles of 
the scientific method, core ideas include the topics students are curious about, and cross-
cuĴing concepts embody what students are trying to understand and how these are mean-
ingfully learned in a way that can be integrated across content areas. Through this 3D 
approach, not only are the STEM disciplines integrated in an engaging way, but they also 
have the potential to be integrated with other academic areas to allow for STEM learning 
to occur throughout the day and in all seĴings by providing rich academic language that 
can be used to support students in their natural scientific inquiry. 

1.2. Literacy and 3-Dimensional Science Learning 

Despite children’s natural interest in making sense of the world around them 
through science exploration and investigation, they still need adults to support this learn-
ing (Early Childhood STEM Working Group, 2017). Adults are not providing this support 
for a number of reasons, including teachers’ lack of comfort and self-perceived inability 
to teach science (Choi, 2016; Torquati et al., 2013). Even with STEM integration with the 
3D science learning approach, there is still significant burden on teachers as a result of this 
self-perceived low efficacy and lack of confidence around teaching STEM content (Choi, 
2016; Gerde et al., 2018; Greenfield et al., 2009; Torquati et al., 2013). This may also stem 
from a lack of teacher training, given the overemphasis on literacy and language in prep-
aration for kindergarten entry where these skills become strong predictors of academic 
achievement through eighth grade (Halle et al., 2012; Han, 2012). Further, many class-
rooms lack the resources and materials to engage their students in high-quality science 
and engineering learning. 

One potential solution to this is the further integration with literacy to foster inter-
disciplinary connections through a common and comfortable medium for teachers that is 
enjoyed by students—storybooks. Storybooks are consistent in the literature as effective 
tools to support early language development through vocabulary and concept learning 
communicated in shared book reading activities that use verbal and non-verbal interac-
tions (Breitfeld et al., 2021; Bus et al., 1995; Dowdall et al., 2020; Duursma et al., 2007; FiĴon 
et al., 2018; Flack et al., 2018). Storybooks have also commonly been used to introduce 
scientific concepts and natural phenomena to children in a way aligned with storybook-
based pedagogy's view of shared reading as an interactive instructional context that al-
lows teacher-guided scaffolding of learning through discussion, questioning, and 
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connections between text and children's experiences (Leech et al., 2020; Leung, 2008; Mil-
ler-Goldwater et al., 2023). Regular and repeated reading results in a larger vocabulary, 
particularly for younger children, and supports math and reading readiness beyond lan-
guage alone (Barnes & Puccioni, 2017; Farrant & Zubrick, 2012; Noble et al., 2019; Sénéchal 
et al., 2008). Shared book reading allows teachers to scaffold learning through adaptive 
responses to child engagement through support around incorrect responses or extension 
of learning following correct responses, which provide significant support to child devel-
opment despite being less frequently used (Barnes & Dickinson, 2017; BlewiĴ & Langan, 
2016; Deshmukh et al., 2019, 2022). Higher interaction quality and intentional reading 
strategies through open-ended questions and responsiveness to child engagement pro-
motes expressive and receptive language development to benefit child outcomes (Flack et 
al., 2018; Noble et al., 2019; Sénéchal et al., 2008). 

Alongside teacher comfort with storybooks, young students often eagerly engage 
with storybooks, making them a potentially powerful yet underutilized resource for sup-
porting science content development without interfering with instructional time spent on 
language and literacy (Alatalo & Westlund, 2021; Leung, 2008; Miller-Goldwater et al., 
2023). Teachers regularly use shared book reading as a method for engaging their students 
and the inclusion of rich science language and content within this medium can help to 
bridge the gap in science education with a method teachers are confident in implementing 
(Alatalo & Westlund, 2021). There is emerging evidence of a relationship between literacy 
and science that explores the unidirectional influence (Hopkins & Weisberg, 2021; Leech 
et al., 2020; Manĵicopoulos & Patrick, 2010; Neuman et al., 2011; Neuman & Danielson, 
2021; Wright & Gotwals, 2017). It is likely that these relationships are actually bidirec-
tional, with reading comprehension, vocabulary development, and scientific inquiry nat-
urally being interconnected; strong language and literacy skills are foundational to scien-
tific achievement (Jang et al., 2024). An entire chapter of the National Academies consen-
sus volume (NASEM, 2022) explored the integration of science with other domains, in-
cluding literacy, in the identification of these bidirectional benefits as preliminarily sup-
ported by commissioned papers (e.g., NASEM, 2020). 

1.3. Accessibility for Bilingual Students 

To promote academic success, determining effective instructional practices for stu-
dents who speak more than one language is critical. It is projected that 40% of children in 
U.S. schools will have a home language other than English by the 2030s, most commonly 
Spanish (American Speech-Language-Hearing Association, 2015; Magruder et al., 2013; 
U.S. Census Bureau, 2022). About 4 million Spanish-speaking DLLs are enrolled in K-3, 
with Spanish-English DLLs being the fastest growing group (NCES, 2013, 2024; Passel et 
al., 2011). Early language experiences are essential to learning, with teacher language use 
(English, Spanish, or both) identified as a support for bilingual students (Burchinal et al., 
2012; Raikes et al., 2019). 

Children with a home language other than English often have limited exposure to 
English until formal schooling, an imbalance exacerbated by the English-dominant U.S. 
education system with limited access to non-English materials (Eilers et al., 2006; A. Hur-
tado & Vega, 2004; Welsh & Hoff, 2021; Worthington et al., 2011). As a result, DLLs tend 
to enter formal schooling at an academic disadvantage while being expected to obtain 
proficiency at the same rate as monolingual English peers (Evans & Hornberger, 2005; 
NCES, 2013; Oller & Eilers, 2002). 

One strategy that supports bilingual development is the inclusion of the home lan-
guage in instruction. Spanish-English bilingual instruction supports Spanish develop-
ment without interfering with English growth across the school year (BarneĴ et al., 2007; 
Raikes et al., 2019). Although bilingual experiences vary, early language and literacy skills 
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predict academic success through eighth grade (Halle et al., 2012; Han, 2012). Because 
these skills are well established by school entry (Brown, 2014; Scarborough et al., 2009; 
Wilson et al., 2013), preschool is a critical period for strengthening school readiness for 
DLLs. 

Storybooks provide a medium to connect both languages for DLL students, poten-
tially offering more benefit than single-language literacy activities by building connec-
tions across languages (Brouillard et al., 2022; Domke, 2018; N. Hurtado et al., 2014; Mén-
dez et al., 2015; Read et al., 2021b; Restrepo et al., 2013). Using both languages in instruc-
tion facilitates cognitive and language development (N. Hurtado et al., 2014), and bilin-
gual children adapt to varied language formats in texts (Brouillard et al., 2022). Bilingual 
books also increase motivation by providing comfort and familiarity, while supporting 
motivation, comprehension, vocabulary growth, and metalinguistic awareness (Domke, 
2018; Naqvi et al., 2013; Read et al., 2021b; Semingson et al., 2015). Parents value bilingual 
books for enabling use of their full linguistic repertoire, and teachers report them as effec-
tive tools to support comprehension and scaffold instruction (Domke, 2018; Noguerón-
Liu & Driscoll, 2021). 

1.4. The Current Study 

Drawing from theory on modeling, scaffolding, and culture as key components of 
child learning, this study provides a developmentally appropriate and culturally relevant 
approach to closing the achievement gaps that are so prevalent upon kindergarten entry. 
Bronfenbrenner explains that models can exist in various levels of an interconnected sys-
tem that makes up an individual’s environment, which Bandura and Vygotsky posit can 
serve as experts to interact with the child and model a social learning process (Bandura, 
1971; Bronfenbrenner, 2000; Vygotsky, 1978). A cultural revision of Bronfenbrenner’s the-
ory adds that culture is a dynamic and interacting component of these environments and 
social interactions, rather than a macro-level and distant force, where the learning is me-
diated through cultural tools or language and shared activity as explained by the Zone of 
Proximal Development (Vélez-Agosto et al., 2017; Vygotsky, 1978). Thus, development 
occurs through culturally situated activities that are co-constructed in daily contexts and 
inseparable in nature. These co-constructions often include guided participation in cultur-
ally meaningful activities such as storytelling and caregiving, particularly for young chil-
dren (Rogoff, 2003). Active, participatory roles in learning that are informed by one’s lived 
experience with their culture is practiced at the micro-level in everyday contexts, not as 
abstract macro-level indicators. 

This project advantages the overemphasis placed on language and literacy instruc-
tion by meaningfully integrating 3D science into shared book reading to increase access 
to these rich and engaging learning experiences to help narrow the gaps in science 
knowledge in a way that simultaneously supports language development and conceptual 
understanding (Morgan et al., 2016). Teacher comfort with storybooks strengthened the 
choice of this medium for integration, a strategy that is especially promising for young 
DLL students by creating a bridge between their two languages. More transferable learn-
ing and deeper content knowledge occur as a result of strategic and responsive teacher 
talk in Spanish and English, particularly for Spanish-dominant students (Halpin et al., 
2023; Rumper, 2019). The storybook was created to purposefully include relevant, every-
day activities to the daily context of the students to provide opportunities for meaningful 
concept development and enhance the feasibility of engagement. Integration with a sto-
rybook that has high relevance and easy adaptation to the students aimed to foster inter-
disciplinary connections as well, built to reflect the students’ natural curiosity using high-
quality STEM and rich academic vocabulary to support their outcomes in language, liter-
acy, and STEM. 
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Building on prior work, this study provides qualitative insight into the translational 
equivalent approach of incorporating both languages and STEM learning within a single 
storybook. The field lacks information around teacher practices with bilingual storybooks 
for a bilingual student audience, particularly for preschool children as the focus tends to 
be on kindergarten through third grade (Goldenberg, 2013). A DLL population can use a 
single language, though they naturally have access to both of their languages, so the in-
clusion of both within the same storybook facilitates the natural access these students have 
to both of their languages and supports connection of the two languages through a single 
medium for the teachers. By leveraging teacher comfort and student enjoyment of shared 
book reading, this project introduces a bilingual STEM-focused storybook to extend teach-
ers’ instructional repertoire with a strategy to build knowledge and support bilingual lan-
guage development while fostering engagement and promoting equitable access to early 
STEM learning in a culturally and linguistically responsive way. It further extends the use 
of extratextual talk, known to be highly beneficial, to scaffold STEM learning which in 
turn improves multiple aspects of school readiness. Specifically, the study investigated: 

(1) What STEM-related and language practices do teachers use across the full shared 
book reading session with a bilingual science book, including interactions immediately 
before and after reading the book? Do these vary based on language usage (e.g., English, 
Spanish, both) and across repeated readings?  

(2) What supplemental behavioral practices, if any, do teachers engage in across the 
full shared book reading session with a bilingual science book, including interactions im-
mediately before and after reading the book, to reinforce STEM learning? Do these vary 
based on language usage (e.g., English, Spanish, both) and across repeated readings?  

(3) What benefits and challenges do teachers perceive when using a bilingual story-
book to promote STEM learning in bilingual classrooms? 

2. Materials and Methods 
This was an exploratory, qualitative multiple-case study supplemented by descrip-

tive quantitative analyses of coded teacher language practices and instructional behaviors. 
The data for this study were collected in the 2024–2025 school year at Miami Educare, one 
of the 25 birth-to-five early childhood centers in the Educare Learning Network (Educare 
Network|Advancing Excellence for Every Child, hĴps://educarenationalnetwork.org/ 
(accessed on 26 January 2026)). Miami Educare includes four preschool classrooms that 
were all part of the study. All classrooms are bilingual, with both Spanish and English 
used intentionally. Miami Educare is also a mixed-SES model where a subset of the in-
fants, toddlers, preschoolers, and their families enroll with Early Head Start and Head 
Start funding. 

2.1. Participants 

Teachers 

All eight teachers from the Miami Educare preschool classrooms were recruited for 
this study, four lead and four co-teachers. It is typical for each classroom to have one 
teacher assigned to Spanish instruction, and the other assigned to English instruction. De-
spite the designation as lead or co-teacher, there is much collaboration such that each 
teacher acts as lead for their assigned language of instruction. The teachers in Classroom 
1 of the classrooms in this study were both the lead teacher at the time of their reading 
session, with one teacher hired as the lead teacher later in the school year, where the other 
teacher had been acting as lead teacher. Between the four lead teachers, there was an av-
erage of 16 years of education, an average of 16 years with children birth to eight, and 2.3 
years spent teaching at Miami Educare. Three lead teachers were assigned to English 
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instruction, and one lead teacher was assigned to Spanish instruction. The four co-teachers 
had an average of 14 years of education, with an average of 18 years with children birth 
to eight, and 3.3 years at the Miami Educare site. Three co-teachers were assigned to Span-
ish instruction, and one was assigned to a mix of English and Spanish (in Classroom 1, 
one teacher was assigned to English when she was acting as the lead teacher, then Spanish 
once the other was hired as lead and assigned to English instruction). Seven of the eight 
teachers were Spanish-English bilingual, five of which identified as Spanish-dominant. 
The non-bilingual teacher spoke English. The racial/ethnic composition of the teachers in-
cluded six Hispanic/Latine teachers, one Black teacher, and one Asian teacher. A table 
summarizing the demographics of the teachers can be found below in Table 1. 

Table 1. Teacher demographics for the eight preschool teachers. 

Variable Value 
Classroom Role 4 Lead Teachers; 4 Co-Teachers 

Years of Education, M 16 years for Lead Teachers, 14 years for Co-Teachers 
Years of Teaching Experience, M 16 years for Lead Teachers, 18 years for Co-Teachers 

Race/Ethnicity 1 Black; 6 Hispanic/Latine; 1 Asian 
Dominant Language 1 3 English; 5 Spanish 

Assigned Language of Instruction 3 Spanish; 4 English; 1 mix of Spanish and English 
1 All but 1 teacher are bilingual. 

2.2. Measures 

Qualitative Post-Interview 

Following the recorded reading sessions, all teachers completed an interview on their 
strategies before, during, and after their storybook reading session. This included ques-
tions on their motivation behind the language they read in, and their perceived ad-
vantages and disadvantages to the format and structure of the storybook. These were con-
ducted in the language most comfortable for the teacher, and the complete list of questions 
in both English and Spanish can be found in Appendix A. 

2.3. Procedure 

2.3.1. Creation of the Storybook 

There are two dominant formats of Spanish-English bilingual books in the U.S.: code-
switching books and translational equivalent books (Chaudhri and Torres, 2022; Gonza-
lez-Barrero et al., 2021). Code-switching books involve the interchangeable use of the two 
languages, often as intrasentential mixed language sentences. Translational equivalent 
books use two separate sentences to communicate the same content in each language (see 
Figure 1 for an example of each). 

 

( ( 
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Figure 1. Illustrations of pages from Codeswitching and Translation books. Examples of how Eng-
lish and Spanish text tended to appear in (A) Codeswitching and (B) Translation books. Reproduced 
from (PoĴer et al., 2024).  

The book in this study is a translational equivalent that combined two monolingual 
books (“Science is Everywhere” and “La Ciencia Está en Todas Partes”) into a single sto-
rybook. These were created in conjunction with the Early Science Framework (Greenfield 
et al., 2017) that includes a small set of big ideas in the core disciplinary science areas, 
science and engineering practices, and crosscuĴing concepts. The storybook uses rich 
STEM language, bolded for emphasis, in the context of daily routines (e.g., clothes engi-
neered for hot versus cold weather; the technology of an ice pack for keeping ESI’s lunch 
cold as opposed to ice cubes that would melt and make the lunch wet; the size and shape 
of car wheels for driving to school; see Appendix B for the science talk coded). Three cross-
cuĴing concepts are highlighted: cause and effect (e.g., milk caused cereal to become 
soggy), stability and change (e.g., the sky changes from day to night), and structure and 
function (e.g. , the hat is designed to cover the head and block sun from the eyes). Open-
ended questions are embedded in the story to support interaction and critical thinking 
about the applicability of the story concepts to real life, foregrounding the STEM in daily 
routines (e.g., asking students to predict what caused the cereal to change from crunchy 
to soggy; asking students to construct an explanation of why the wheels are good for roll-
ing to help a car move). In this way, the storybook is not solely about content, but active 
engagement in practices and concepts. Thus, the book itself is a 3D STEM education tool 
as it provides the rich academic language that allows teachers to support STEM learning. 
The main character of the story is ESI, a robot, engaging for young students, who is com-
pleting everyday activities that are commonly part of children’s daily routines (e.g., get-
ting dressed for the day, packing lunch). This approach maps what the children are doing 
and experiencing onto vocabulary of aĴributes of concepts and content areas from the 
framework. 

The book was created by developmental researchers and science experts, including 
those who developed the Early Science Framework (Greenfield et al., 2017), a develop-
mental version of the revised Framework for K-12 Science Education (NRC, 2012). The 
concept of the book stemmed from identifying opportunities in preschool children’s daily 
routines to foreground 3D STEM learning, focusing on aspects of morning routines that 
are relatively universal (i.e., waking up, geĴing dressed, eating something, traveling to 
school). From a cognitive development perspective, children easily learn paĴerns through 
routines that have a sequence to them and repeat, with small variations in how they occur 
(Selman & Dilworth-Bart, 2023). While the activities may occur in different orders in dif-
ferent children’s routines, they all occur within the routine. These variations also invite 
real-life connections and engaging discussions with and among students. 

2.3.2. Data Collection 

The week before their first shared book reading session, the teachers were given the 
book to look over and familiarize themselves with, as is typical practice for any book being 
introduced in their classroom and instructed not to share the book with the class until 
their scheduled session. Recorded reading sessions took place over the Spring semester 
(January–April), during which time each teacher was video and audio recorded while 
reading the book twice for a total of four recorded reading sessions per classroom, as rep-
etition and rereading have been shown to help children learn new vocabulary and lan-
guage (Horst et al., 2011). The lead and co-teacher in each classroom alternated such that 
there were seven days between each teacher’s reading within a classroom, and about a 
month between an individual teacher’s two reading sessions. Following their reading 
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sessions, the book was removed from the children’s reach to ensure their only exposure 
occurred during the recorded shared book reading sessions. For the shared book reading 
sessions, teachers were instructed to share the book as they normally would for observa-
tion of their typical practices and language use paĴerns. Once the study was completed, 
the book was given to the classroom to be freely accessible to the students. 

While reading the storybook, the teacher wore a DJI Mic 2 wireless lavalier micro-
phone clipped to their clothing to capture high-quality audio data with a range up to 250 
m to allow for easy and uninterrupted recording. Video data were simultaneously col-
lected from a window outside the classroom with an unobstructed view of the teacher and 
students. This setup facilitated the naturalistic observation of the session with minimal 
disruption to the classroom during data collection. 

Each teacher completed a post-interview once all reading sessions were recorded, in 
which only audio data were collected using the same DJI Mic 2 wireless microphones, one 
for the teacher and one for the interviewer. The teacher chose the language they felt most 
comfortable completing the interview. Interviews lasted approximately 15 min and began 
with a reminder that there were no right or wrong answers as the goal was to understand 
their perspective and motivations for their practices sharing the storybook. These were 
transcribed similarly to the book reading sessions. 

3. Results 
3.1. Aim 1: What STEM-Related and Language Practices Do Teachers Use Across The Full 
Shared Book Reading Session With a Bilingual Science Book? Do These Vary Based on Language 
Usage (e.g., English, Spanish, Both) and Across Repeated Readings? 

The following results integrate findings from coded observations of audio-recorded 
storybook reading sessions with teachers’ perceptions and reported practices collected 
during post-interviews. Audio data were transcribed with (ATLAS.ti Scientific Software 
Development GmbH, 2023) (Version 23.2.1) auto transcription and checked for accuracy 
before segmenting at the uĴerance level in (ELAN, 2026) (Version 7.1) using CHAT con-
ventions to systematically define uĴerance boundaries. Two different team members com-
pleted and checked segmentation to ensure accuracy prior to coding. An adapted lan-
guage coding scheme from prior work on interactional paĴerns and language input (e.g., 
Dickinson & Smith, 1994; Melzi & Caspe, 2005; Schick et al., 2021) was modified to include 
the 3D STEM language from the Early Science Framework (Greenfield et al., 2017) and 
any themes that emerged from the data that were not already accounted for (see Appendix 
B for the science talk portion of the coding scheme). Measures used for analysis include 
the amount of Spanish and English used when reading the storybook text, measured as 
the proportion of the total reading in each language. The amount of Spanish and English 
extratextual talk that included STEM language during the book reading session was meas-
ured as a proportion of the total extratextual talk in each language. Within that, analyses 
were done on the functions of the extratextual talk (e.g., providing information, request-
ing information) which were measured as proportions of the total extratextual talk. 

3.1.1. Storybook Reading 

Results describe how teachers supported language, literacy, and STEM learning 
across classrooms, using within-teacher proportions and conditional comparisons to 
avoid conflating language absence with instructional choice as a result of teacher variation 
in use of English, Spanish, or both while reading. Overall, teachers produced an average 
of 75% of the uĴerances in a given reading session, about 27% of which included at least 
one of the three dimensions of STEM coded for based on the Early Science Framework 
(Greenfield et al., 2017). 
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When reading the storybook text, teachers read exclusively in their school-assigned 
language of instruction, with a single uĴerance of language mixing during the reading of 
the storybook text observed in the entire dataset. In three of the classrooms, one teacher 
read the storybook only in English and one only in Spanish. In the fourth classroom      
both teachers read storybook text in English, the assigned language of instruction for each 
of those teachers at the time of their reading sessions. STEM language was not coded for 
direct reading of the storybook text due to the nature of the storybook being wriĴen spe-
cifically to include this language, based on the Early Science Framework. 

3.1.2. Extratextual Talk 

While teachers exclusively used a single language while reading the storybook text, 
extratextual talk showed greater use of both languages and combination uĴerances, sug-
gesting greater linguistic flexibility in interactions that extend beyond the printed text, 
even when both languages are available in printed text. The amount of STEM talk used 
outside of direct reading of the storybook text while remaining related in content was 
examined to understand not only the proportion of STEM extratextual talk as compared 
to the total extratextual talk, but also at what points during the shared reading sessions 
this occurred and what functions of language were used when incorporating STEM talk. 
The first versus second shared book reading sessions were compared within and between 
teachers within the same classroom, and across teachers and classrooms to identify con-
sistencies and differences in practices. 

Reading phase-level (prereading, reading, post-reading) proportions across all teach-
ers compared the amount of science talk in each phase in the first and second reading 
sessions. The amount of STEM talk during the reading phase remained relatively stable, 
on average across all teachers, while the pre- and post-reading phases showed an average 
increase from the first to the second reading session (see Figure 2). With this, the question 
arose of how consistent across reading sessions STEM talk is when it tends to happen, 
both within and across teachers.  
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Figure 2. Proportion of teacher talk coded for science during (a) prereading, (b) reading, and (c) 
post-reading phases across two shared book-reading sessions. Values reflect averages computed 
within teacher and then across teachers. 

Within individual teachers, the distribution of extratextual talk (both STEM and non-
STEM) was generally stable from the first to second reading, with teachers engaging in 
about the same number of total uĴerances across each of the reading phases and the read-
ing phase typically having significantly more uĴerances than pre- or post-reading. There 
were some variations from a teacher’s first to second reading session, particularly in pre- 
or post-reading uĴerances and amount of STEM talk within each of those reading phases. 

Across all teachers, a majority of the extratextual talk took place in the reading phase 
and there was meaningful variation in the pre- and post-reading phases between teachers, 
with some omiĴing those phases entirely in one of their two shared book reading sessions. 
Four teachers spent more time in pre-reading introducing the book and its contents in the 
first reading session, while the four others spent more time pre-reading in the second 
reading session. This split was such that one teacher from each classroom was in either 
group, making the total amount of time spent in pre-reading between the two teachers 
within the same classroom about equal. 

Despite there being three classrooms where each teacher read the storybook in a dif-
ferent language, the two teachers within each classroom showed a similar trend in number 
of uĴerances. Most of the STEM talk occurred in the reading phase, and teachers had sim-
ilar numbers of total uĴerances across reading phases. 

Finally, across classrooms, there was substantial variation in the amount of extratex-
tual talk and the proportion of that talk that included STEM. While Classroom 3 had the 
highest total amount of extratextual talk across reading phases and sessions, they did not 
have the highest proportion of STEM talk, which instead occurred in Classroom 1. Thus, 
more uĴerances during a reading session did not necessarily translate into more STEM 
talk. Classroom 3 also tended to spend more time in the prereading phase than other class-
rooms, though the second reading session of one teacher from Classroom 1 was similarly 
high, suggesting that the increased uĴerances in that classroom were spent introducing 
the book without necessarily focusing on its STEM content. All classrooms tended to have 
most of the extratextual talk and STEM talk in the reading phase, with all but one reading 
session having a very low amount of talk occur in the post-reading phase across all read-
ing sessions such that teachers did not seem to extend the STEM talk immediately after 
finishing the storybook reading to the same degree with which they used STEM talk to 
introduce the book or while reading the text. 

Every teacher had uĴerances of STEM talk during the reading phase of each of their 
reading sessions. Most commonly, STEM talk only occurred in two of the three reading 
phases, or only in the reading phase. Five reading sessions (of the 16 total) included STEM 
talk in each of the three reading phases. Nine of the shared book readings included no 
STEM talk in the post-reading phase, and six lacked any STEM talk in the prereading 
phase. Variations were visible between teachers and within teachers across sessions. For 
example, one teacher engaged in more STEM talk in S2 than in S1, in each of the phases. 
Another showed less STEM talk in prereading in S2 than in S1, and her co-teacher had the 
opposite trend with more STEM talk in prereading in S2 than in S1. Between teachers, 
some engaged in much more STEM outside of the reading phase (e.g., two co-teachers in 
S2 prereading). Additionally, three teachers engaged in a much higher proportion of 
STEM talk during the first reading whereas one teacher had a higher proportion in the 
second reading.  

Within-teacher comparisons of the first and second shared book reading sessions 
showed some changes in instructional practices. For each teacher, proportions of STEM 
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talk and language function categories were separately calculated for reading session one 
and reading session two, followed by computing change scores, treating each teacher as 
their own comparison to capture stability and change across readings while controlling 
for variability in language use between teachers. A ±2 percentage points stability band 
was used to reflect minimal session variation within a teacher.  

There was an increase in overall STEM talk from reading session one to reading ses-
sion two for half of the teachers, two of whom read in Spanish and two who read in Eng-
lish. Two teachers remained relatively stable in their STEM talk across reading sessions, 
one who read in Spanish and one who read in English, and two teachers who read in 
English showed an overall decrease in STEM talk (see Table 2).  

Table 2. Change in Science-Coded Teacher Utterances from reading session 1 to reading session 2. 

Read-
ing 

Lan-
guage 

Overall 
STEM 

Talk S1 

Overall 
STEM 

Talk S2 

Change in 
Overall 
STEM 
Talk 

Extratex-
tual STEM 
Provisions 
of Infor-

mation S1 

Extratex-
tual STEM 
Provisions 
of Infor-

mation S2 

Change in 
Extratex-

tual STEM 
Provisions 
of Infor-
mation 

Extratex-
tual STEM 
Requests 
for Infor-
mation S1 

Extratex-
tual STEM 
Requests 
for Infor-
mation S2 

Change in 
Extratex-

tual STEM 
Requests 
for Infor-

mation 
EN 39% 49% 10% 21% 33% 11% 37% 35% −2% 
EN 38% 30% −8% 38% 37% −1% 25% 23% −2% 
EN 15% 18% 4% 22% 30% 8% 15% 14% −1% 
EN 31% 27% −3% 35% 26% −8% 26% 15% −11% 
EN 20% 22% 2% 19% 26% 7% 32% 16% −16% 
SP 16% 24% 8% 13% 26% 13% 19% 23% 4% 
SP 22% 24% 2% 14% 16% 1% 22% 26% 3% 
SP 26% 30% 5% 22% 28% 6% 28% 26% −2% 

Proportions represent the amount of STEM talk as compared to the total amount of that function of 
talk (e.g., 21% of the total extratextual talk provisions of information included a STEM code); EN = 
English, SP = Spanish. Green indicates an increase, red indicates a decrease, no color indicates sta-
bility. 

Follow-up analyses were conducted to examine the pragmatic functions of teacher 
talk and the changes in STEM talk within the most frequent functions. Follow-up analyses 
were conducted to examine the pragmatic functions of teacher talk and the changes in 
STEM talk within the most frequent functions. The primary functions of extratextual talk 
across all teachers were provisions of information (i.e., statements of information in a “tell-
ing” form) and requests for information (i.e., eliciting information from another individ-
ual or group of individuals as direct or indirect questions), and these functions typically 
included significant portions of a teacher’s STEM talk. Five teachers, regardless of the lan-
guage they read in, increased the amount of information they provided related to the story 
that included STEM talk in their second reading session as compared to their first. Two 
teachers, one who read in Spanish and one who read in English, remained relatively stable  
and one teacher who read in English showed a decrease. Requests for information showed 
a different trend, with half of the teachers remaining relatively stable and most being 
teachers that read in English. Two teachers who read in Spanish asked more STEM ques-
tions related to the story upon re-reading, and two teachers who read in English asked 
less. 

To investigate teachers’ motivations behind their reading strategies, brief post-inter-
views were conducted in the teacher’s language of preference, and any Spanish infor-
mation was translated to English for incorporation into this paper (see Appendix A for 
interview questions). 
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As the study was conducted in an intentionally bilingual school, where all but one 
teacher was bilingual, teachers were asked about their decision to use Spanish and English 
the way they did in their reading session. One teacher shared that they are assigned lan-
guages of instruction in an effort to ensure the students receive a significant and balanced 
exposure to both Spanish and English; “Hay dos maestras, una en español y otra en inglés… 
ya los niños están preparados cuando es que le toca el español y cuando es en inglés.” [There are 
two teachers, one for Spanish and one for English in each classroom]. This was reflected in the 
single-language reading of the storybook text by all eight teachers in their assigned lan-
guage, as well as a large majority of all other talk in the reading sessions being in their 
assigned language. In the case of students engaging in the opposite language during the 
reading session, two teachers report that they adjust flexibly to the students’ comfort and 
encourage participation in the students’ preferred language, while two other teachers 
shared that the co-teacher who is assigned that language of instruction will engage with 
those students during the shared book reading sessions. Five teachers shared that they 
didn’t view language dominance as a barrier to understanding and engagement in the 
shared book reading sessions, especially given three of the four classrooms had one 
teacher who read in each language, so the students heard the book in both languages. One 
teacher who read in Spanish after the other teacher in her classroom read in English, asked 
students to explain in Spanish what they remembered from the English reading session 
to build that connection. 

“Tuve la fortuna de que ya lo habían leído en inglés. Entonces ellos tenían ya una una 
opinión al respecto, un conocimiento previo… Entonces ya están como conectando otra 
vez lo que previamente leímos y él lo está haciendo un niño en su idioma, en su vocabu-
lario, usando palabras que ellos entienden más entre ellos.” 

[I was fortunate that they had already read it in English. So they already had an opinion 
about it, some prior knowledge… So now they are kind of connecting again what we 
previously read, and he is doing it as a child in his own language, in his own vocabulary, 
using words that they understand better among themselves.] 

The teachers in Classroom 4 allowed students to engage and make connections in 
either language to promote bilingual understanding, rather than limiting them to the lan-
guage they were reading in. 

3.2. Aim 2: What Supplemental Behavioral Practices, If Any, Do Teachers Engage in Across The 
Full Shared Book Reading Session With a Bilingual Science Book, Including Interactions 
Immediately Before and After Reading The Book, to Reinforce STEM Learning When Reading a 
Bilingual Science Book? Do These Vary Based on Language Usage (e.g., English, Spanish, Both) 
and Across Repeated Readings? 

The video recordings of the shared book reading sessions complemented the anal-
yses with non-verbal behaviors or gestures that were inductively coded and analyzed. 
These were transcribed using CHAT conventions (e.g., [=! point:eyes] when a teacher 
pointed to her eyes during a discussion of sun protection) and sorted into themes. 

Teachers used a variety of supplemental behaviors during their shared book reading 
sessions to reinforce STEM learning (see Table 3). All teachers, regardless of language read 
in, used book-related gestures, including behaviors like: connecting the book to real life 
(i.e., pointing outside when reading about how the sky looked); using facial expressions, 
gestures, or sounds to support communication of the story (i.e., imitating an alarm beep-
ing when discussing how technology helps them wake up in the morning; multiple teach-
ers imitated brushing their teeth when reading that part of the story); bringing physical 
materials to support student understanding (i.e., using a round and square block to 
demonstrate roll versus slide when reading about wheels); using flashcards with 
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vocabulary words and pictures based on the story content. One teacher joined in on a song 
the students began singing related to story content (wheels on the bus during the discus-
sion of round wheels on the car) and provided words to students when they trailed off. 
One teacher broke down a vocabulary word into syllables with clapping to support the 
students’ understanding. 

Table 3. Behavioral codes during the reading session. Behaviors in support of STEM learning were 
categorized into themes as shown in the table. The counts of the number of behaviors from each 
category are separated by teacher and reading session. 

Behavior 
Teacher and Session 

Language Read In Task Organization 
Numeracy  
Awareness 

Picture Alignment Book-Related 

148 S1 EN - - 3 2 
148 S2 EN 1 2 5 3 
25 S1 EN 2 1 9 35 
25 S2 EN - - 7 6 

141 S1 EN 8 - 5 20 
141 S2 EN 1 - 2 16 
121 S1 EN 39 - 18 86 
121 S2 EN 18 4 8 74 
22 S1 EN 8 - 2 4 
22 S2 EN 5 - 4 31 
51 S1 SP 2 - 1 25 
51 S2 SP 1 - 12 12 
57 S1 SP 9 - 16 37 
57 S2 SP 5 - 11 41 

116 S1 SP 9 - 3 23 
116 S2 SP 6 5 - 33 

EN = English, SP = Spanish. 

All teachers engaged in task organization behaviors in both of their reading sessions, 
except for two teachers who only used these behaviors in one of their reading sessions. 
These included modeling the desired behavior (i.e., multiple teachers raised their hand to 
reinforce the fact that they wanted students to show the desire to participate in that way) 
or organization of student participation (i.e., one teacher pointed to herself while explain-
ing when it was her turn to read). From Classroom 3, both teachers modeled thinking and 
questioning (i.e., puĴing on a thinking cap when asking students to think, gesturing with 
palm up when asking a question), practices highlighted in the Early Science Framework. 
One teacher held up her hand when asking students to stop talking over each other and 
allow all students to engage with creating connections to the story. 

Picture alignment behaviors, showing students the book picture to emphasize the 
storybook text with or without pointing to specific parts, were used in each of the teachers’ 
reading sessions except one teacher who only used this behavior in one reading session. 
After a storybook-prompted question, one teacher brought the book closer to the students 
so they could see the picture as they considered their answers. These gestures connected 
the text to the photo to scaffold the open-ended questions asked about each concept. 

Numeracy awareness behaviors were engaged in by four teachers in their reading 
sessions, all using their fingers to visually represent numbers. One teacher held up the 
number of fingers showing how many students she wanted to share, as well as when 
counting the number of syllables in one of the book’s bolded vocabulary words (struc-
tured). Another teacher held up the number of fingers showing how many things she 
wanted the students to share and counted on her fingers the number of times a student 
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shared they typically brush their teeth. One teacher counted on her fingers while recalling 
the story’s sequence of events. Another teacher counted on her fingers as the class counted 
wheels, and at the end of the session she encouraged students to clap with her using a 
decreasing number of fingers (i.e., clap with four fingers, three fingers, two fingers, one 
finger). 

Generally, all teachers engaged in multiple categories of behavior to complement 
their shared book reading, with book-related gestures in support of STEM learning being 
most frequently used in every reading session. There were no visible differences based on 
the language the teacher read in, with all teachers engaging in similar types and frequen-
cies of supplemental behaviors. 

3.3. Aim 3: What Benefits and Challenges Do Teachers Perceive When Using a Bilingual 
Storybook to Promote STEM Learning in Bilingual Classrooms? 

Post-interview audio data were transcribed with Atlas.ti (Version 23.2.1) auto tran-
scription and checked for accuracy as in the first aim. Results were qualitatively analyzed 
for emerging themes and described. 

Among the post-interview questions, teachers were asked the advantages and disad-
vantages they perceived with the structure and format of the storybook. This included its 
translational equivalent format, as well as its STEM-embedded content, as a way to sup-
port the preschoolers in their classrooms and the teachers themselves in communicating 
this content. Teachers generally appreciated the format of a storybook to facilitate STEM 
learning. One teacher shared that “Los niños se conectan fácilmente en todos los aspectos, en 
todas las áreas, emocional, cultural, lenguaje, feelings, todo… Los libros traen gran mensaje, son 
historias de vida... Es una buena manera de atraer la atención de un pequeño que está empezando, 
de conocer el mundo a través de los libros.” [Children connect easily [to the storybooks] in every 
aspect, in every area: emotional, cultural, linguistic, feelings, everything…Books carry great mes-
sages, they are stories of life... It is a good way to capture the aĴention of a young child who is just 
starting out, to learn about the world through books]. 

Seven of the eight teachers reported seeing no disadvantages of the format and struc-
ture of the storybook, with many instead reiterating the strengths they saw. One teacher 
practices strict language separation in her classroom and reported that it may be confusing 
to students to see both languages at the same time in language-specific instruction, and 
another shared that some students “might understand, but are not able to communicate” in 
the other language in the book as a potential challenge. 

Teachers shared many similar advantages of the bilingual structure of the storybook. 
One common advantage shared was the ability to ensure all students could understand 
the story by including both of their languages, as well as modeling how to navigate be-
tween languages and immediately clarify vocabulary words and meanings, given the abil-
ity to reference the text in either language in real-time. Many teachers also shared that the 
translational equivalent format supported the students’ bilingual comprehension, with 
one teacher adding that this is a benefit for the teachers as well (“Muy importante, tanto 
para el maestro como para el niño.” [It is very important for both the teacher and the child.]). Some 
teachers also shared appreciation for the ability to use the exact same materials in their 
respective languages, allowing both teachers to communicate about the book’s content 
with ease. Overall, they appreciated how the bilingual format fit in their bilingual school 
community, with one teacher sharing “me encantaría que todos los libros fueran así” [I would 
love if all books were like this] and another stating that she “would highly encourage that most 
of the books, especially this school is bilingual school”, highlighting the increased benefit of 
having translational equivalent, high-quality STEM language embedded into the story-
book as a way to support STEM learning in early childhood education classrooms. 
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4. Discussion 
This exploratory study observed preschool teachers’ classroom practices using a bi-

lingual STEM-focused storybook created from an integrated early childhood STEM frame-
work (Greenfield et al., 2017) in a Spanish-English bilingual school. It investigated the 
integration of STEM and literacy, and the use of a translational equivalent format for sup-
port of DLLs, with the goal of finding an easy-to-use medium for teachers to incorporate 
more high-quality 3D STEM learning. The study drew aĴention to the role of the teacher, 
investigating the degree to which teachers used STEM language before, during, and after 
within the repeated shared book reading sessions, with the hope that teachers begin to 
use these domains in their own talk to support the students. It highlights that, despite 
variability in teachers' approaches to using a storybook to support STEM learning, all 
teachers extended their STEM talk either immediately before or after reading the story, 
and most increased their science talk in their second reading. Thus, although teachers dif-
fered in the functions and frequencies of their instructional practices, several consistent 
paĴerns emerged within and across classrooms. The study further does this with a focus 
on a combined translational equivalent format book to begin to understand teacher prac-
tices with this style of book. The storybook involves an engaging robot main character 
(“El solo hecho del robot le llamó la atención a los niños” [Just the fact of the robot caught the 
children’s aĴention.]) across a morning of familiar daily routines of young children (e.g., 
geĴing up, eating breakfast, geĴing dressed, going to school). Rich STEM language and 
open-ended questions were embedded in these routines to scaffold the discussion of three 
3D STEM learning. 

Using an integrated early childhood STEM framework (Greenfield et al., 2017) for a 
STEM focused storybook with an engaging character going about typical preschool morn-
ing routines, shows promise in supporting STEM learning for preschoolers, including bi-
lingual children. Results showed that the translational equivalent storybook could be an 
effective method for increasing the amount of rich STEM language and learning in early 
education classrooms with a diverse student population. Upon rereading the storybook, 
teachers often engaged in more STEM talk with their students, with most teachers includ-
ing more STEM-related provisions of information, and some including more STEM ques-
tions. Many teachers provided more STEM-related information, which may suggest a 
higher degree of scaffolding from an increased comfort or confidence in communicating 
STEM concepts as supported through the structure of the storybook. Teachers produced 
more STEM talk in their second reading session, extending the conversations had in the 
first reading session. The result of most teachers asking a stable amount of STEM-related 
questions to the students might suggest that the embedded open-ended questions provide 
enough scaffolding of the concepts and elicit enough student engagement in critically 
thinking how the story applies to their lives. Student engagement is often a key predictor 
in learning (Barnes & Puccioni, 2017; Flack et al., 2018) and encouraging teachers to elicit 
student understanding and support in creating connections to the STEM content may fur-
ther the benefits of this strategy. Whether increased provisions of information or requests 
for information are most effective in scaffolding STEM instruction, while supporting bi-
lingual language development, should be further explored. 

Bronfenbrenner's ecological systems theory provides a useful framework for inter-
preting these findings. At the micro-level, teachers supported children's engagement in 
STEM through discussions connecting their daily routines and experiences to those 
shared in the storybook. These interactions may help bridge learning across home and 
school contexts, highlighting the mesosystem connections that are particularly important 
for multilingual learners. The use of bilingual storybooks also reflects broader language 
environments and educational values that support multilingualism, illustrating how in-
fluences beyond the immediate classroom can shape opportunities for STEM learning and 
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the way culture is embedded at every level, as stated in the theory’s cultural revision 
(Bronfenbrenner, 2000; Vélez-Agosto et al., 2017). Viewed through this ecological lens, 
storybook reading represents a context in which multiple systems interact to support chil-
dren's developing understanding of STEM concepts. 

The storybook was purposefully wriĴen to foreground 3D STEM in a way that easily 
connects to preschool children’s daily lives, using common parts of a morning routine and 
highlighting the opportunities for STEM learning within them. This is a strategy that 
could be successfully implemented by teachers and parents in everyday activities these 
young students naturally engage in. Further, these everyday activities from the book can 
be readily linked to active learning and concept development. Teachers reported engaging 
in related activities in the days following the storybook reading, including ones discussed 
in the story (“El libro hablaba también de experimentos, entonces los experimentos se los hice 
visualmente para que ellos lo vieran.” [The book also talked about experiments, so I performed them 
visually so that they could see them.]). Many teachers also reported students talking about 
concepts from the story as they engaged in their daily routines in the classroom (“One of 
my students was like, remember the robot did this in the book? And I was like, and what made it 
bubbly? And they’re like, the water made the toothpaste bubbly. So now they’re connecting it back 
to real life.”). 

Storybooks as a strategy for supporting early STEM learning can fortify student out-
comes without placing additional burden on early childhood education teachers. By de-
signing a book on daily activities familiar to adults and children, the topics can be easily 
discussed prior to reading to prepare the students. By framing 3D STEM learning as 
hands-on, active exploration within daily routines and incorporating crosscuĴing con-
cepts that connect across STEM domains, this storybook provides a more coherent view 
of how the world works, one that aligns with young children’s natural curiosity. Teachers 
appreciated this strategy in scaffolding STEM discussions with their students, and as a 
resource for themselves through which to engage. 

Beyond the verbal language used, teachers also engaged in supplemental behaviors 
to facilitate the shared book reading session and scaffold the STEM learning in the story-
book. Teachers inherently create hands-on learning opportunities for young students by 
bringing in objects or using gestures. The storybook provides the language to support the 
teachers as they naturally engage in these interactive strategies to scaffold student engage-
ment and comprehension. These behaviors did not exclusively occur in the reading phase 
(i.e., one classroom used popsicle sticks with vocabulary words and pictures from the 
story in the prereading phase to prepare the students for the concepts they would read 
about). Future studies should explore how this practice may be leveraged in other class-
room areas to extend STEM learning and allow for deeper connections across content ar-
eas. 

Alongside supporting the incorporation of STEM into early childhood education 
classrooms, the bilingual format of the book presents STEM in a way that advantages DLL 
students by providing the concepts and academic vocabulary in both of the children’s and 
teachers’ languages. This study was conducted in a purposefully bilingual seĴing with 
explicit language roles for the teachers. Results showed similar amounts and functions of 
input by each teacher in their single-language, independent reading sessions that supports 
balanced input of high-quality academic language in both Spanish and English. Teachers 
appreciated having both languages available within the same storybook as support for 
bilingual comprehension, particularly in this school where teachers were confident that a 
student’s dominant language was not seen as a barrier to understanding or engagement 
in any of the classrooms. 

4.1. Limitations and Future Directions 
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This study is not without its limitations, one of which being the high-quality early 
education program of the Educare Learning Network potentially limiting generalizability 
of these findings to typical early education contexts. An additional limitation is the small 
sample size of teachers. Also, this study did not collect proximal measures to assess lan-
guage and STEM targeted by the storybook content, which could limit the understanding 
of the impact on child outcomes. DLLs’ school readiness and long-term language devel-
opment is often enhanced by participation in high-quality early education programs 
(Hammer et al., 2014) and exposure to native-speaker input in both languages which is 
shown to be beneficial for robust language development (Place & Hoff, 2011, 2016) and 
could be a contributing factor to the language development of the students in this sample. 
Future work should extend to other, larger early childhood education seĴings to gain a 
broader perspective on teacher practices. The addition of collecting proximal measures to 
capture the learning and skills gained from reading and rereading a STEM-embedded 
story would also be beneficial. 

A closer look at the language occurring in these classroom seĴings, both during and 
after storybook reading, may reveal more nuanced paĴerns of STEM talk as it relates to 
supporting student understanding of STEM learning. Investigating how the STEM-lan-
guage from the storybook focused on three crosscuĴing concepts that allow for cross-do-
main learning that may extend beyond the shared book reading context and into other 
classroom activities such as those reported in the post-interviews may provide a beĴer 
understanding of the full impact this integration may have as a STEM support. Further, 
this study showed that majority of teacher talk occurs during the reading phase of the 
storybook, leaving opportunities to assist teachers in engaging in prereading and post-
reading to increase the support of children’s learning. The increased engagement in STEM 
talk observed during the second reading session suggests the potential for further engage-
ment if STEM-related conversations were deliberately introduced before the reading and 
extended afterwards. It further suggests that the storybook may scaffold teachers’ ability 
to support STEM learning in the classroom as children naturally engage in curious, goal-
directed sense-making. 

The distinction identified in this study has clear pedagogical relevance and may in-
form future research on bilingual STEM learning and instructional design. Future studies 
should examine how variations in teachers’ practices during storybook reading relate to 
child learning outcomes, particularly in science understanding and language develop-
ment. Research should further consider individual differences in bilingual profiles of both 
teachers and children, as variation in language proficiency may shape how storybook-
based STEM instruction is delivered and received. Additional work is needed to investi-
gate whether these paĴerns generalize across different bilingual book formats, such as 
code-switching texts versus dual monolingual (translation-equivalent) books. Teachers in 
this study appreciated the translational equivalent approach, however there is likely no 
one-size-fits-all approach to bilingual STEM storybook instruction. Comparative research 
is also needed to evaluate how different bilingual storybook approaches may differen-
tially support learning, particularly given that teachers may vary in comfort and profi-
ciency with code-switching. 

4.2. Implications 

The integration of STEM content with literacy in the format of a storybook shows 
promise as a way to support teachers and increase the STEM learning occurring in early 
childhood education classrooms. This medium is commonly used by teachers, and they 
are comfortable using storybooks to share information with young students, who enjoy 
the reading of storybooks. This specific book exposes the teachers and students to 3D 
STEM language that integrates the STEM disciplines in an engaging and developmentally 



Educ. Sci. 2026, 16, 1043 19 of 27 
 

https://doi.org/10.3390/educsci16071043 

appropriate way, while providing opportunities for discussions about the content before, 
during, and after the readings. The topics in the storybook were designed to be easily 
extended in classrooms and at home because of the way it was purposefully wriĴen about 
a robot in routine contexts children engage in every day. The bilingual format provides 
an additional opportunity for supporting monolingual and bilingual students, as it is ap-
propriate for supporting the languages together and each language individually. Overall, 
results from this study shed light on preschool teachers’ classroom practices in support of 
STEM and bilingual language learning by taking advantage of a medium frequently used 
across languages and classrooms, lessening the burden on teachers while increasing the 
benefits for those in early childhood education seĴings by bringing forward opportunities 
to engage in this high-quality learning. (“La ciencia está en todo. Entonces, siempre conectamos 
cada día, tanto en la rutina, porque es parte del día.” [Science is everywhere. Therefore, we are 
always connected to it every day, even in our daily routine, because it is part of the day.]). 
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Appendix A. Qualitative Post-Interview Questions 
English: 
*** Remind them that there is no right or wrong answer, these questions are just to 

better understand the reasons for how they read the book 

1. Before reading a new book to the class, are there strategies you have to prepare 
yourself and the students? If so, what are they? 

a. Did you do anything different for this book? 
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b. Given your class is bilingual, is there anything you do in relation to the chil-
dren’s 2 languages? 

2. When you are reading, what are your strategies to engage the students? 
3. What was your strategy in how to read the book, knowing you had both languages 

available? 

a. I notice that you chose to read in a single language, how did you choose which 
language to read in? 

i. Did you include the other language while reading? If so, what was your 
strategy for doing that? 

ii. What were your thoughts about the students whose dominant language 
was not the language you chose to read in? 

4. What are your thoughts about the advantages of having both languages on the 
same page? 

a. What are your thoughts about the disadvantages of having both languages on 
the same page? 

5. Did you do any activities related to the book after reading it? If so, what were they? 

a. If not, can you give an example of a follow-up activity you did with another 
book? 

b. If yes, do you typically do this with new books that you read? 

Spanish: 
*** Remind them that there is no right or wrong answer, these questions are just to 

better understand the reasons for how they read the book—“No hay una respuesta cor-
recta o incorrecta, estas preguntas son solo para comprender mejor las razones de cómo 
leyó el libro.” 

1. Antes de leer un libro nuevo en la clase, ¿tiene estrategias para prepararse y 
preparar a los estudiantes? Si es así, ¿cuáles son? 

a. ¿Hizo algo diferente para este libro? 
b. Dado que su clase es bilingüe, ¿hay algo que haga en relación con los dos idio-

mas de los niños? 

2. Cuando usted está leyendo, ¿cuáles son sus estrategias para involucrar a los estu-
diantes? 

3. ¿Cuáles son sus estrategias para leer el libro, sabiendo que tenía ambos idiomas 
disponibles? 

a. Eligió leer solo en un idioma, ¿cómo eligió en qué idioma leer? 
i. ¿Incluyó el otro idioma al leer? Si es así, ¿cuál fue su estrategia para hacer 

esto? 
ii. ¿Qué pensó sobre los estudiantes cuyo idioma dominante no era el idioma 

que eligió para leer? 

4. ¿Cuáles cree que son las ventajas de tener ambos idiomas en la misma página? 

a. ¿Cuáles cree que son las desventajas de tener ambos idiomas en la misma 
página? 

5. ¿Realizó alguna actividad relacionada con el libro después de leerlo? Si es así, 
¿cuáles fueron? 

a. Si no es así, ¿puede darme un ejemplo de una actividad de seguimiento que ha 
hecho con otro libro? 

b. Si es así, ¿hace esto con los libros nuevos que lee? 

Appendix B. STEM Codes from the Language Coding Scheme 
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Adult-Child Science Book Reading Styles Coding Manual 
Adapted from Schick et al. (2021) & Miller-Goldwater et al. (2023) 
General Guidelines: 

 This coding scheme will be used for teacher-child and parent–child interactions dur-
ing shared book reading sessions. 

 All interactions are coded using ELAN. 

o Practices codes go under the %prc tier. 
o Crosscutting Concepts codes go under the %ccc tier. 
o Core Ideas codes go under the %cor tier. 

● All interactions are coded on the utterance level. Utterances were identified at the 
time of transcription by grammatical closure and intonation. 

6. STEM TALK—PRACTICES 
General Guidelines: 

 Only utterances that are coded as PRO, REQ, or RES for Pragmatic Function will be 
considered for the following subsections. 

 Any utterance may include one or none of the codes in the following subsection. 

Code Definition Example 
Observing and describing 
:OBS 

Utterances related to using senses 
and tools to collect information. 

*TEA: what do you see? 

Asking questions and defining problems 
:ASK 

Utterances related to displaying in-
terest and curiosity, demonstrating 
what they know and what they do 
not, and identifying something that 
needs a solution. 

*PAR: what’s inside of a ball? 
*PAR: the juice spilled on the floor and 
we need to clean it up. 

Making predictions 
:PRD 

Utterances related to using 
knowledge from observations and 
prior experiences to make an in-
formed hypothesis. 

*TEA: what do you think will happen 
if I put ice cubes in my lunchbox? 

Developing and using models 
:MOD 

Utterances related to mentally and 
physically representing real world 
phenomena to develop and deepen 
their understanding. 

*TEA: let us use this ball like a wheel 
to see how it moves. 

Planning and carrying out investigations 
:INV 

Utterances related to encouraging or 
helping children organize and im-
plement a procedure to test a hy-
pothesis. 

*TEA: if we want to see what would 
happen to the cereal how would we do 
that? 

Using math and computational skills 
:MAT 

Utterances related to encouraging or 
helping children use math to quan-
tify and describe their world. 

*TEA: and how many wheels does a 
car have? 
*TEA: one two three four. 

Documenting, analyzing, and interpret-
ing 
:DOC 

Utterances related to encouraging or 
helping children record, organize, 
and make sense of data. 

*TEA: why would he choose to wear 
the t shirt? 

Constructing explanations and designing 
evidence-based solutions 
:EXP 

Utterances related to interpreting 
data to gather evidence-based an-
swers to their questions and design 
solutions to problems. 

*PAR: I know spiders are alive because 
they crawl. 

Obtaining, evaluating, and communi-
cating information 
:COM 

Utterances related to encouraging or 
helping children document and 
share their observations, explana-
tions, and conclusions. 

*TEA: why do you think that? 
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7. STEM TALK—CROSSCUTTING CONCEPTS 
General Guidelines: 

 Only utterances that are coded as PRO, REQ, or RES for Pragmatic Function will be 
considered for the following subsections. 

 Any utterance may include one or none of the codes in the following subsection. 

Code Definition Example 
Patterns 
:PAT 

Utterances related to the idea that pro-
cesses, events, and structures repeat. 

*TEA: the sun rises in the morning and sets 
at night each day. 

Cause and Effect 
:CE 

Utterances related to the idea that 
change in one event, process, or struc-
ture is the result of something else. 

*TEA: the ice melted and made the lunch-
box all wet. 

Scale, Proportion, and Quantity 
:SPQ 

Utterances related to the idea that 
things differ in size and quantity, 
which can be used to help identify pat-
terns and draw conclusions. 

*TEA: is the robot big or small? 

Systems and System Models 
:SSM 

Utterances related to the idea that all 
things exist and interact in organized 
systems. 

*PAR: the gears and parts of a wind-up toy 
exist within a system and interact to make it 
function. 

Structure and Function 
:SF 

Utterances related to the idea that the 
way things are built and/or organized 
determines what they do and how they 
do it. 

*TEA: round things roll. 

Stability and Change 
:SC 

Utterances related to the idea that 
some things change and some things 
stay the same. 

*TEA: the ice pack helps the lunch to stay 
cold. 

Energy and Matter 
:EM 

Utterances related to the idea that all 
things take up space and some things 
have the ability to do work and change 
other things. 

*PAR: the sun heats up and evaporates 
puddles.  

8. STEM TALK—CORE IDEAS 
General Guidelines: 

 Only utterances that are coded as PRO, REQ, or RES for Pragmatic Function will be 
considered for the following subsections. 

 Any utterance may include one or none of the codes in the following subsection. 

Code Definition Example 

Physical Science 
:PS 

Utterances related to physical proper-
ties, forces, energy, or light and sound. 

Physical Properties—*PAR: liquid can be 
made solid by freezing. 
Forces—*PAR: kicking a ball makes it roll. 
Energy—*PAR: winding a toy makes it 
move. 
Light and Sound—*PAR: light waves can be 
blocked by certain objects creating a shadow. 

Life Science 
:LS 

Utterances related to living things, eco-
systems, heredity and traits, or biologi-
cal evolution. 

Living Things—*PAR: roots help trees ab-
sorb water. 
Ecosystems—*PAR: birds use twigs from 
their surroundings to build nests. 
Hereditary and Traits—*PAR: all dogs have 
four legs, but some are small and others are 
big. 
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Biological Evolution—*PAR: lizards resem-
ble dinosaurs. 

Earth and Space Science 
:ESS 

Utterances relate to Earth’s place in the 
universe, systems, or Earth and human 
activity. 

Earth’s Place in the Universe—*PAR: the sun 
is visible during the day and the moon is 
best visible during the night. 
Systems— 

 Rivers, civilizations 
 *PAR: a squirrel lives in a place with lots 

of trees because it uses trees for shelter 
and food. 

Earth and Human Activity—*PAR: humans 
need water, air, and resources from the land 
to live. 

Engineering and Technology 
:ET 

Utterances related to engineering de-
sign or the links among science and 
technology and society. 

Engineering Design—*PAR: a child uses a 
wood plank to cross a small stream on a na-
ture walk. 
Links among STE and Society—*PAR: using 
a magnifying glass to observe the parts of a 
leaf. 
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