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ABSTRACT

The study investigates instructional support and children’s verbal participation
in video-recorded science activities. Using multilevel regression, a longitudinal
analysis of data from 51 German preschool groups (188 children aged 4-6) was
conducted to examine how Concept Development and Language Modeling
(two dimensions of instructional support according to the Classroom
Assessment Scoring System; Pianta et al. 2008), along with children’s verbal
participation, influenced language development and science knowledge
related to the topic of materials. Research Findings: Prior language skills pre-
dicted growth in both domains; prior science knowledge influenced science
outcomes. Unexpectedly, preschool teachers’ Concept Development and
Language Modeling did not predict outcomes, revealing limitations in instruc-
tional support practices. However, the length of children’s verbal contributions
positively affected their individual language development, while exploratory
analyses indicated negative effects of turn frequency. A positive interaction
effect between turn length and Concept Development on science outcomes
was not confirmed in models using imputed data. Practice or Policy: Findings
challenge assumptions about instructional support efficacy, pointing to the
potential to integrate participation with scaffolding in early childhood educa-
tion research. Given the low variance and limited instructional support quality,
this research provides a foundation for refining pedagogical strategies and
advancing the understanding of early childhood education.

Introduction

The foundation for educational success during formal schooling is laid in early childhood, a period
that is highly predictive of children’s long-term individual development (Camilli et al., 2010; Sylva
et al., 2004). Language acquisition is central to this developmental process, as it serves both commu-
nicative functions in social interactions and as a cognitive tool for thinking and constructing complex,
domain-specific knowledge structures (Kempert et al., 2019; Tomasello, 1999). This is also relevant for
the development of children’s science knowledge (e.g., Haug and @degaard 2014; Henrichs and
Leseman 2014), which is the context of this study. Science education holds significant importance in
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early childhood, as children’s everyday experiences with science phenomena lead them to develop
a variety of their own explanations about the world (Eshach & Fried, 2005). Beyond these initial ideas,
research shows that children can acquire science knowledge and skills from an early age (e.g., Gropen
et al., 2017; Zimmerman & Klahr, 2018). Early science knowledge lays the foundation for under-
standing more complex scientific concepts in later educational stages and serves as a predictor for
science achievement in primary school (Morgan et al., 2016).

Building upon the interplay between language and scientific knowledge development, the quality of
early childhood education and care (ECEC) emerges as a key factor in supporting these developmental
processes (Howard et al.,, 2024; Sylva et al,, 2004). In this regard, the quality of teacher-child
interaction plays a pivotal role, as developmental processes and learning are integrated into the social
context and are driven by active participation and interactions (Callanan & Valle, 2008). The quality of
social interactions is frequently conceptualized through three central domains (e.g., Pianta & Hamre,
2009): emotional and social dimensions, informed by attachment theory and self-determination
theory; the organizational structures that underpin effective interactions; and cognitive aspects, rooted
in co-constructivist learning theory (Vygotsky, 1978) and closely linked to the concept of Scaffolding
(Wood et al.,, 1976). In this context, the child is not perceived as a passive recipient of the preschool
teacher’s instructions, but rather as an active participant whose engagement in interactions substan-
tially influences learning outcomes. The multilevel supply-use model highlights the complex interplay
of factors that influence learning (Brithwiler & Blatchford, 2011). One important aspect in this context
is children’s engagement with learning opportunities, which can be conceptualized in terms of
emotional, cognitive, and behavioral dimensions (Fredricks et al., 2004). This engagement is regarded
as an indicator of the various factors influencing how children take up and process learning oppor-
tunities. Verbal participation in discourse, for instance, is an observable indicator of behavioral
engagement and has been shown to play an important role in individual learning and in relation to
the effectiveness of scaffolding strategies (Biirgermeister et al., 2019; Herrmann et al., 2021; Mannel et
al., 2016; Sedova et al., 2019).

While numerous studies have examined the impact of interaction quality on development in the
context of literacy, numeracy, motor skills, and social-behavioral competencies (Suchodoletz et al.,
2023), research on its influence on preschool children’s science learning remains limited (Hu et al,,
2017; Studhalter et al., 2021). Moreover, little is known about the interplay between children’s
participation in discourse and interaction quality, with a particular focus on teachers’ instructional
support (e.g., Blirgermeister et al., 2019). This study addresses this gap by investigating how instruc-
tional support (as defined by CLASS Pre-K, Pianta et al., 2008) and children’s verbal participation
influence the development of language skills and science knowledge. Employing a longitudinal study
design and multilevel regression analyses, the research places particular emphasis on the interaction
between these variables. By emphasizing the dynamic interplay between these factors, the study
contributes to the ongoing discourse on the quality of ECEC in the context of early science education.

Instructional quality and its impact on children’s development

Interaction quality in ECEC, as a key factor in supporting children’s development and reducing
educational disparities at school entry, has emerged as a critical focus in research (OECD, 2018).
Various conceptualizations of interaction quality agree on distinguishing three domains grounded
in theoretical frameworks and empirical findings (Hofkens et al., 2023). 1) The emotional and social
component of interactions is grounded in attachment theory. This perspective emphasizes that
children need a familiar, secure environment and a trusting relationship with their parents (or
a preschool teacher in institutional settings) to take risks and actively explore their environment
(Bowlby, 1982). Additionally, self-determination theory highlights the fundamental needs for auton-
omy, competence, and relatedness as essential for intrinsic motivation to engage with a subject (Ryan
& Deci, 2000). 2) The organizational domain of interaction quality relates to teachers’ actions in
structuring the learning environment. These include facilitating children’s access to learning
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opportunities, promoting engagement, and implementing strategies to prevent or appropriately
address disruptive behavior (Evertson & Weinstein, 2011). Empirical evidence shows a positive effect
of structured learning environments on children’s engagement and academic outcomes (Patall et al.,
2024). 3) The cognitive domain, examined in relation to co-constructivist learning theory (Vygotsky,
1978), is closely connected to the concept of Scaffolding. Derived from the Contingent Shift Framework
by Wood et al. (1976), scaffolding encompasses a range of strategies implemented dynamically and
adaptively by a competent interaction partner to support children’s learning. In this context, interac-
tion quality is not solely influenced by scaffolding strategies; the extent of the child’s active engage-
ment with these learning opportunities is also a significant factor for individual development. From
a science-specific perspective, scaffolding is particularly important for fostering children’s under-
standing of science concepts as well as process-related knowledge (e.g., Schmerse et al., 2024), as it
helps children to actively align new information with their intuitive concepts and gradually develop
these toward scientifically appropriate concepts (Vosniadou, 2007). These cognitive scaffolding
strategies are operationalized in the internationally well-established Classroom Assessment Scoring
System (CLASS PreK, Pianta et al., 2008) through the Instructional Support domain, which comprises
three dimensions that align with the concept of scaffolding (van de Pol et al., 2010): 1) Concept
Development focuses on promoting children’s higher-order thinking and understanding, both
domain-specific and on a meta-level. Strategies are outlined as being pivotal for the acquisition of
domain-specific knowledge: These include, for example, asking explanatory questions, encouraging
comparisons and classifications, activating prior knowledge, linking concepts, and making references
to children’s everyday lives (Pianta et al., 2008). Effective use of these strategies requires alignment
with a child’s zone of proximal development van de Pol et al. (2010), 2) Quality of Feedback includes
providing guidance when children struggle to understand concepts, encouraging back-and-forth
exchanges, prompting reasoning, offering explanations, and fostering sustained interest and persis-
tence (Pianta et al., 2008). 3) Language Modeling encompasses various language-related scaffolding
strategies (Gibbons, 2015) that can enhance both language skills and domain-specific learning. Key
techniques include open-ended questions, expanding on children’s verbal contributions, self- and
parallel-talk, and introducing new and varied vocabulary, which is crucial in acquiring domain-
specific vocabulary (Pianta et al., 2008). In addition to Instructional Support, the CLASS framework
also incorporates two additional domains that capture further aspects of interaction quality: The
Emotional Support domain refers to fostering a positive social climate among peers, teachers and
children, as well as demonstrating sensitive and responsive teacher behavior. Classroom Organization
focuses on structuring interactions, managing behavior, efficiently using learning time, and support-
ing children’s interests.

International studies indicate substantial variation in interaction quality across the three CLASS
domains in ECEC. The quality ratings for Emotional Support and Classroom Organization are
predominantly in the medium to high range, while ratings for Instructional Support are typically in
the low to low-medium range (Hofkens et al., 2023). The relatively low quality ratings for Instructional
Support align with findings on the limited use of specific scaffolding strategies within preschool
settings, for example in the context of science (e.g., Leuchter & Saalbach, 2014; Studhalter et al., 2021).
However, some studies have shown that the quality ratings for Classroom Organization and
Instructional Support tend to be higher in structured, domain-specific activities — such as math, social
studies, and science — compared to less structured activities like play, art, and everyday routines (Hu
et al., 2016; Thorpe et al., 2020).

Findings on the impact of interaction quality across the three CLASS domains on children’s
development are inconsistent, with effect sizes tending to be small (Suchodoletz et al., 2023).
Several factors lead to these small and inconsistent effects. Burchinal (2017) highlights methodo-
logical challenges, such as contextual differences in ECEC settings across countries and regions,
variations in children’s responses to learning opportunities, and intra-institutional variability in
interaction quality. The choice of study design and the handling of covariates also influence
outcomes. Longitudinal designs using CLASS have shown reduced sensitivity in predicting
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learning progress, potentially due to controlling for covariates like prior knowledge. Conversely,
cross-sectional studies that do not control for covariates may overestimate these effects (Wang
et al., 2022). Additionally, limitations in assessing interaction quality further obscure consistent
findings. Moreover, maintaining a minimum level of quality over a longer period appears crucial
for a positive impact on children’s learning (Levickis et al., 2023). Another question is whether
domain-specific criteria are necessary for assessing interaction quality in domain-specific contexts.
High global interaction quality ratings do not necessarily reflect high quality in specific domains
(Levickis et al., 2023). The CLASS instrument, while designed to assess global interaction quality
across multiple domains and provide a broad overview of children’s typical interactional experi-
ences, may not effectively capture domain-specific nuances. A more focused use of the CLASS
instrument, by examining specific dimensions such as Language Modeling rather than the broader
domain of Instructional Support, represents a pragmatic strategy to address this limitation and to
better capture domain-specific aspects of interaction quality. In doing so, it may provide clearer
evidence of how teacher — child interaction affects children’s developmental outcomes, such as
language acquisition.

Nevertheless, numerous studies have examined the effects of interaction quality (as measured with
CLASS) on literacy, numeracy, motor skills, and social-behavioral competencies (Suchodoletz et al.,
2023). Meta-analyses on the effects of interaction quality in ECEC consistently reveal small but
significant effects on children’s developmental outcomes. Suchodoletz et al. (2023), analyzing 185
studies (primarily from the U.S., with over 80 using CLASS), found that higher interaction quality is
significantly associated with better child learning outcomes in literacy and numeracy, although the
effect sizes are small. Similarly, Wang et al. (2022) found weak effects on children’s pre-literacy skills in
their meta-analyses focusing on studies using CLASS in literacy contexts. Ulferts et al. (2019), based on
data from 17 European longitudinal studies with over 16,000 children, identified small but significant
positive effects of global (measured using tools like CLASS) and domain-specific interaction quality.
Their findings show that global interaction quality has a stronger effect on literacy outcomes, whereas
domain-specific quality more strongly influences numeracy outcomes.

Taken together, these findings suggest nuanced but inconsistent evidence, particularly with regard
to the cognitive domain of interaction quality. Variability in observed effects on learning outcomes
may reflect methodological differences (e.g., cross-sectional vs. longitudinal designs, use of covariates),
as well as conceptual limitations of high-inference tools such as CLASS in capturing domain-specific
instructional practice, especially in science contexts.

However, children’s development in early education is influenced not only by the instructional
support provided by preschool teachers, but also by the extent to which children actively engage in and
make use of these learning opportunities. Nevertheless, the interplay between children’s verbal
participation and the instructional support provided by preschool teachers on individual learning,
for example in the science domain, has received little attention in research. Addressing this gap, this
study investigates the impact of Instructional Support, as measured by CLASS Pre-K, on the devel-
opment of children’s language skills and science knowledge within early science settings. Rather than
assessing Instructional Support broadly, the study focuses on the subdimensions of Concept
Development and Language Modeling, which are closely linked to domain-specific scaffolding
strategies. Furthermore, children’s individual verbal participation is integrated into the analyses to
emphasize their active role in their own learning processes.

Children’s verbal participation and its impact on their learning and development

As previously mentioned, the understanding of learning as a co-constructive process emphasizes
engagement in social interactions and dialogic learning for cognitive and language development
(Vygotsky, 1978). In this context, children’s engagement is not simply a matter of attention or
motivation but can be conceptualized as a multidimensional construct. It comprises behavioral,
emotional, and cognitive components (Fredricks et al., 2004). Behavioral engagement refers to
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observable involvement in learning activities, such as effort, task persistence, rule compliance, and
verbal participation in classroom discourse. Emotional engagement captures affective responses to
peers, teachers, and learning activities, while cognitive engagement involves the mental investment
and use of strategies to understand and master complex content (Fredricks et al., 2004).

Verbal participation in classroom discourse has long been a focus in educational research, parti-
cularly in studies examining teacher-student interaction (Mercer & Dawes, 2014). The present study
builds on previous research and focuses specifically on quantifiable aspects of children’s verbal
participation (number and length of speaker turns) as indicators of children’s behavioral engagement
in early science activities. This quantitative approach facilitates systematic comparisons across chil-
dren and settings. Moreover, previous research has highlighted that children’s verbal participation is
a crucial source of information for teachers, enabling them to adapt their scaffolding to the needs of
individual children (Biirgermeister et al., 2019). This further justifies our focus on the extent of verbal
participation. While qualitative dimensions of verbal participation, such as dialogic features, recipro-
city, and the differentiation between on- and off-task contributions, are also important discourse
markers, these aspects are not the focus of this study.

Co-constructivist concepts, such as Sustained Shared Thinking, also emphasize the involvement of
both the child and the teacher in verbal interaction as a prerequisite for a cooperative problem-solving
dialogue (Siraj-Blatchford et al.,, 2002). The perspective of the multilevel supply-use model, which
describes the complex interplay of factors influencing a child’s learning (Brithwiler & Blatchford,
2011), highlights active verbal participation as an observable indicator of their engagement with the
learning opportunities provided by preschool teachers. This is supported by findings from a study by
Sedlacek and Sedova (2020), which demonstrated a positive relationship between children’s active
verbal participation and their cognitive engagement. Preliminary evidence suggests that active verbal
participation positively influences the effectiveness of teachers” scaffolding strategies for individual
development: For example, in a study conducted by (Biirgermeister et al., 2019), an interaction effect
was observed between the use of scaffolding and verbal participation on science learning. Similarly, in
the primary school context, Herrmann et al. (2021)found an interaction effect between scaffolding and
active participation on learning about the concept of evaporation, specifically in groups with a high
proportion of multilingual children.

The positive effect of verbal participation on children’s individual development is further supported
by studies in the school context (Decristan et al., 2020; Hardy et al., 2019;Sedova et al., 2019) and
further highlights the importance of fostering children’s active verbal participation in classroom
discourse as a fundamental task of teachers to promote development (Muhonen et al., 2016).
However, there are also findings pointing to little impact of verbal participation. For instance,
a study by Pauli and Lipowsky (2007) indicates that the participation of students in mathematical
classroom discussions does not significantly influence posttest outcomes in mathematics. The evi-
dence from the preschool context remain inconclusive, and analyses of children’s verbal participation
behavior in interactions are still limited (Biirgermeister et al., 2019; Tompkins et 2013). Descriptive
analyses in this context, however, suggest that children’s verbal participation in preschool interactions
is relatively low. For example, preschool teachers have been observed to dominate speaking time
during picture book readings (Simon & Sachse, 2011; Wirts & Cordes, 2021), science activities
(Biirgermeister et al., 2019), and playtime (Tompkins et al., 2013; Wirts & Cordes, 2021).

Opverall, the empirical findings on the developmental effects of verbal participation present a mixed
picture, a pattern that may, at least partly, be attributed to the fact that most studies examine verbal
engagement and other influencing factors, such as instructional support, in isolation. Yet, from a co-
constructivist perspective and within the framework of the multilevel supply-use model, considering
the interaction between these two dimensions may offer a more nuanced understanding of how
children perceive, process, and benefit from learning opportunities. Empirical studies that explicitly
address this interaction remain scarce and represent a critical gap in the current literature.

Moreover, inconsistencies in findings regarding the effect of verbal participation may also result
from methodological differences, particularly in how verbal engagement is operationalized. Some
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studies measure the absolute number of speaker turns (e.g., Biirgermeister et al., 2019; Decristan et al.,
2020) or the number of turns relative to the total number of turns in the interaction (e.g., Pauli &
Lipowsky, 2007) or relative to the teacher (e.g., Biirgermeister et al., 2019). Other studies assess the
duration of verbal contributions (e.g., Sedova et al., 2019; Tompkins et al., 2013; Wirts & Cordes,
2021), the number of words spoken (e.g., Herrmann et al., 2021; Wirts & Cordes, 2021), or the average
number of words per speaker turn (e.g., Pauli & Lipowsky, 2007). Thus, two main approaches to assess
verbal participation in classroom discourse can be identified: One focuses on the absolute number of
speaker turns, without considering the length or duration of the turn, while the other emphasizes the
length of verbal contributions, as indicated by either the number of words or the duration. The
examination of individual children’s verbal participation patterns - including both the number of
speaker turns and the length of the turns — combined with an analysis of the instructional support
provided by the preschool teacher, has the potential to demonstrate how interactions can facilitate
engagement and lead to enhanced learning outcomes in early science activities.

Rationale and aims of the present study

Although a substantial body of research has examined the quality of interactions in ECEC and their
influence on developmental outcomes in the context of literacy and numeracy, there is a notable lack
of research focusing on instructional support in science settings and its impact on science knowledge
development. In particular, there is limited research investigating the role of children’s verbal
participation behaviors, instructional support, and the interaction effects between individual partici-
pation and instructional support in these settings. This study aims to address this research gap by
examining the impact of these factors on the development of children’s language and science knowl-
edge. Furthermore, this study analyzes the influence of prior knowledge.

As previously discussed, the CLASS Pre-K dimension of Concept Development includes relevant
strategies that support science-specific learning, such as eliciting explanations, encouraging compar-
isons and classifications, activating prior knowledge, and linking concepts to everyday life.
Concurrently, Language Modeling is closely linked to scaffolding language development. This study,
therefore, focuses on the effects of Concept Development on the development of scientific knowledge
and the effects of Language Modeling on language development, while controlling for prior language
skills and/or science knowledge. By concentrating on the domain-specific application of these two
dimensions, our study addresses critiques of CLASS ratings, which suggest that the three CLASS
dimensions are overly broad and that high ratings for global interaction quality do not necessarily
reflect high domain-specific quality (Levickis et al., 2023; Ulferts et al., 2019).

To this end, the following research questions are addressed in this study:

1. Do preschool teachers’ Language Modeling and Concept Development predict the development of children’s
language skills and science knowledge, respectively?

Based on co-constructivist learning theory and the concept of scaffolding, higher levels of Language Modeling
and Concept Development are expected to support children’s language and science knowledge development.

2. Does children’s individual verbal participation predict the development of their language skills and science
knowledge?

It is expected that children’s active verbal participation positively influences their development, with verbally
engaged children in science activities demonstrating higher learning gains in language and science knowledge.
This hypothesis is grounded in co-constructivist learning theory (Vygotsky, 1978), which highlights the impor-
tance of active verbal participation in teacher-child interactions for development.

The first two research questions serve as a foundation for the third, which takes a more integrative
perspective by examining the interaction effect:

3. Does the interaction between the Language Modeling/Concept Development and children’s individual verbal
participation influence the development of children’s language skills/science knowledge, respectively?
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We hypothesize that the impact of teachers’ instructional support will be particularly significant when children
actively engage in verbal interactions. This hypothesis is based on two theoretical arguments. First, according to
the multilevel supply-use model (Brithwiler & Blatchford, 2011), there is a dynamic interplay between teachers’
instructional support and children’s active engagement, as engaged children make greater use of the opportu-
nities provided by teachers, thereby fostering their cognitive development. Second, the anticipated interaction
effect can be attributed to teachers’ ability to tailor their scaffolding more effectively to individual children’s needs
when they can analyze the verbal contributions children make during discourse (Biirgermeister et al., 2019).
Without such contributions, this diagnostic adjustment would not be possible.

Methods
Sample

The data used for the analyses in this study were obtained from project ProfinK (Professional learning
communities for preschool teachers to support their ability to use diagnostic information for instructional
decisions), which involved preschool teachers from four medium to large German cities. Information
about the study was communicated to preschool administrators and then to parents by participating
teachers. Participation was voluntary, and informed consent was obtained from both preschool
teachers and parents (on behalf of their children). The study was approved by the ethics committee
of the RPTU University of Kaiserslautern-Landau (2022-001).

Study design

The project’s objective was to provide professional development for preschool teachers with a focus on
diagnostic and adaptive support in early science settings. The professional development focused on
three central topics: science, as well as language and self-regulation, as key educational aspects of
individual development. In the domain of science, preschool teachers were provided with ideas and
background information on topics of materials, magnetism, floating and sinking, states of matter, and
solving. In the domains of language and self-regulation, the professional development introduced
specific scaffolding strategies designed to help preschool teachers address these developmental
domains while implementing science activities. To support this implementation, a digital portfolio
tool was available (Steffensky et al., 2025).

In addition to the initial 1.5-day professional development session, preschool teachers had the
opportunity to participate in two-hour Professional Learning Community (PLC) sessions based on
their interests and availability. These eight sessions were conducted over a period of approximately
seven months. Within the PLCs, the implementation of science activities using the digital portfolio
with various thematic focuses, such as diagnostic observation or language scaffolding, was discussed
(Koschick et al., 2024).

Due to illness and other time constraints, not all preschool teachers who registered for the PLCs
were able to attend regularly. As a result, the following classification was applied: To be included
in the Intervention Group, a minimum attendance of 50%, corresponding to four to eight sessions,
was required. This categorization was based on the assumption that meaningful engagement with
the PLC format as a collaborative and participatory learning community requires attendance in at
least 50% of the planned sessions (Steffensky et al., 2025). This categorization is supported by
participants’ perceptions of key features of PLCs, such as participation, shared values and dis-
cursive engagement (Darling-Hammond, 2017; Louis & Marks, 1998). Those who participated in
at least four PLCs reported increasingly positive perceptions of these aspects over time (Steffensky
et al., 2025). Preschool teachers who attended two to three sessions were assigned to the
Professional Development Group, while those with lower attendance were designated as the
Control Group (Koschick et al., 2024). Group membership was considered in the statistical
analyses.

Table 1 presents the study design. A repeated-measures design with three measurement time points
(MTP) was implemented between May 2022 and March 2024. The first MTP occurred prior to the
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Table 1. Study design (based on Steffensky et al., 2025).

Participants 1st MTP Intervention 2nd MTP 3rd MTP
Oct 2022 — Nov 2023 -
May-Sep 2022 Sep 2022 Apr 2023 May — Oct 2023 Mar 2024
o Participation
=% in 4-8 PLCs
E = (2 hours
B8 each)
g 0
a2 “
% g 50 K.Lckt-off Participation 8
g g E g Questionnaire (biographical E :;:s?or?; (l)- in 2-3 PLCs ? g
= & —3 e information, knowledge, = develon- (2 hours Questionnaire Bl = g
E B &2 |atindess beliefs) 8o |each) “1E| &
] : 0 21 c
2 .E days) — g8 =
A — & Participation 2=
50 & in0-1PLCs <| &
'g & 2 (2 hours B 5
08 £ each) £ \%
© & &l 2
(=) [=} -}
< Standardized g5
Standardized assessments in |~ assessments 1.8
2 form of interviews (prior (scientific g
5 scientific knowledge, interest knowledge, &
= in sciences, non-verbal interest in <
© intelligence, self-regulation, sciences, self-
language skills) regulation,
language skills)
£ hildr 8. 4
= 1 1 1 g =1
g Q_uestlon..nam_e (e.g. ¢ ildren’s Questionnaire 2 .5
& biographical information) g d

Note. MTP: measurement time point; PLC: Professional Learning Community; the data and variables highlighted in gray are included
in this analysis.

start of the professional development sessions for the preschool teachers. Children’s development was
assessed using a pre-post design.

Sample description

The present analyses focus on the subsample of children who were video-recorded in interaction with
their preschool teacher during a science activity at MTP1. In total, 66 videos were recorded for
research purposes, each documenting a science activity on the topic of “materials and their properties”
(M =22.42 min; SD = 5.91; min = 12; max = 45). No additional assistance or materials were provided
to the teachers and the video recordings took place before the first intervention in the project.

The 66 recorded preschool teachers (M = 40.43 years, SD = 10.87; female: 74.2%) worked with small
groups of 2 to 7 children (M =4.28; SD = 0.93). Their professional backgrounds varied: 43.9% of the
participants had completed training as preschool teachers, 18.2% had a degree in social/educational
studies, 7.6% had other forms of educational or social training, 28.8% had completed other vocational
training or for had missing information, and 1.5% had no vocational training. They had on average
12.13 years of work experience (SD = 10.03; min = 0, max = 35).

The children who were video-recorded during science activities (N =283) had an average age of
4.45years (SD=0.59; min =3, max=6) at the first MTP. Of these children, 45.2% were female.
Regarding their best spoken language, valid data were available for 159 children; among them,
88.1% primarily spoke German and 11.9% another language.
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Analytic sample

The present longitudinal analyses include only those children who completed the assessment at both
measurement points. Specifically, 183 children from 51 video-recorded groups were included in the
models examining language development, and 186 children from the same 51 groups were included in
the multilevel regression models on science knowledge development. Due to listwise exclusion of
children with missing outcome data, these models should be interpreted as exploratory. To assess the
robustness of the findings and to evaluate potential bias due to missing data, all analyses were re-run
using multiply imputed data sets (see section Multiple Imputation).

Measures

In this study, the instructional support and the verbal participation of the children and preschool
teachers were evaluated in video recordings at the first MTP. Biographical data on the children
(gender, age) were collected, as well as their language skills and science knowledge at two MTPs.
On average, the time interval between the two MTPs was Mjynguage = 323.88 days (SD = 55.25; min =
181; max = 455) and Mience = 310.58 days (SD = 50.47; min = 146; max = 420).

Classroom Assessment Scoring System — CLASS Pre-K

To measure interaction quality, the CLASS Pre-K was used (Pianta et al., 2008). Due to the study
design and available data, it was not possible to analyze four cycles of 20 min per preschool
teacher, as recommended by CLASS. The video recordings were conducted by trained project
assistants following a standardized protocol to ensure consistency across all settings. The record-
ings were divided into two cycles if their duration exceeded 31 min. The recorded videos varied in
length (M =22.42 min; SD=5.91; min=12; max =45). Consequently, there were teachers for
whom only one cycle could be analyzed and a few teachers whose ratings in the Instructional
Support domain included three cycles. Following standard CLASS procedures, we calculated each
preschool teacher’s rating as the average of their completed observation cycles (Pianta et al., 2008).
For all three CLASS domains, ratings are assigned on a scale of 1 to 7, with 1 and 2 representing
low quality, 3, 4, and 5 indicating mid-range quality, and 6 and 7 high quality. All raters of the
video data held a valid Teachstone® certificate. A total of 38% of the videos were double-rated,
with the remainder rated by the first author. The reliability of ratings across all CLASS domains
was excellent (Intraclass Correlation Coefficient [ICC] =.89, two-way random, single measure,
absolute agreement). Interrater agreement was considered fair for the domain of Instructional
Support (ICC =.56), fair for the dimension of Concept Development (ICC =.43), and good for
Language Modeling (ICC =.64) (Cicchetti, 1994). In addition, weighted Cohen’s kappa coefficients
(squared weights) confirmed fair agreement for Concept Development (k = .42, p=.012) and good
agreement for Language Modeling (k =.63, p <.001) (Cicchetti, 1994). Taken together, ICC and
weighted kappa values indicate interrater reliability ranging from fair to good across the rated
dimensions, with Concept Development yielding the lowest consistency. Final ratings were derived
through critical discussions of discrepancies to create a master rating with the aim of ensuring
analytical consistency.

To provide a more comprehensive view of rating reliability and to align with established reporting
practices, some studies additionally report percentage agreement alongside ICC values, as specified in
the CLASS manual (e.g., Suchodoletz et al., 2014). As outlined in the CLASS Pre-K manual, interrater
agreement can be expressed as a percentage, with an acceptance deviation of + 1 in the ratings. This
margin is considered “to reflect an acceptable degree of accuracy in ratings” (Pianta et al., 2008, p. 96).
In accordance with this procedure, there is a 95% agreement in the domain of Instructional Support,
a 100% agreement in the dimension of Conceptual Development, and a 97% agreement in the
dimension of Language Modeling.
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Assessment of verbal participation of teachers and children

The verbal participation of the preschool teachers and children was quantified by speaker turns
per minute (to allow comparisons between videos of varying lengths) and average number of words
per speaker turn. This operationalization follows established approaches in the literature (e.g., Pauli &
Lipowsky, 2007; Sedova et al., 2019) and captures two key aspects of verbal engagement: the frequency
of contributions (speaker turns per minute) and their length (average words per turn), as outlined in
the theoretical section on children’s verbal participation. Transcripts based on standardized guidelines
were analyzed using MAXQDA 2022 software (Release 22.8.0; VERBI Software, 2021). The software
provided the total number of words spoken by each participant, as well as the number of speaker turns.
Filler words were excluded, and parallel speech or interjections that did not interrupt a speech were
not counted. All interactions from the science-related videos were included in this analysis.

Pre- and post-Assessment of children’s language skills

Participating children’s language skills were assessed using the Wechsler Preschool and Primary Scale of
Intelligence-IV (WPPSI-IV; Wechsler, 2018). This instrument measures general and specific cognitive
skills in children aged 2.6 to 7.7 years. The Vocabulary Acquisition Index subscale was utilized, which
measures a child’s active vocabulary (picture naming; 35 items) and receptive vocabulary (31 items).
These language skills were assessed by presenting appropriate stimuli. Both subtests followed a cutoff
criterion; they were terminated after the child answered three consecutive items incorrectly or not at
all. For analysis, sum scores were used.

Pre- and post-Assessment of children’s science knowledge

A pre-posttest procedure was employed to assess children’s science knowledge. Items from previous
studies were used to evaluate knowledge in the topic of “materials” (based on Steffensky et al., 2018).
The scale assessed whether children could differentiate, categorize, and name relevant materials. For
example, three items required children to match objects by material composition without any verbal
response: “Look closely at this building block (spoon/thermos bottle). Which of these things is made of
the same material as the building block (spoon/thermos bottle)?” In this task, children are required to
sort the objects physically or by pointing, without speaking. In contrast, other items required verbal
responses, such as: “Look, I have a hammer here. Can you tell me what this hammer is made of?” If the
child correctly identifies one material, they receive one point. If they correctly name both materials,
they get two points.

The scale comprises 12 items, with reliability values of Cronbach’s alpha = 0.80 (pretest) and 0.76
(posttest), indicating fair to good reliability (Cicchetti, 1994). The science scale demonstrated mod-
erate correlations with age (r=.272) and cognitive abilities (r=.319). A stronger correlation with
language skills (r = .674) suggested that linguistic competencies influenced responses, likely due to the
linguistic nature of the items. However, the correlations were not excessively high, supporting the
construct validity of the scale.

Science knowledge was assessed via individual interviews (~30min) conducted by trained
research staff. The focus on “materials” in the scale reflects the science content emphasis of the
ProfinK project. Knowledge about different materials serves as a foundation for understanding
other science topics (e.g., recognizing that only certain metals are magnetic). Since all teachers
initially explored this topic with the children, the scale serves as a reference for assessing science
knowledge development, regardless of which specific phenomena were implemented. Additionally,
it is expected that exploring other science topics will also promote children’s learning about
materials and their properties.

Assessment of biographic data
Children’s ages were determined using parental consent forms for participation in the study and
included as a control variable in the multilevel analyses.
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Data analysis

Descriptive analyses were conducted using IBM SPSS version 29.0.1.0 (IBM Corp, 2023). To address
the three research questions and given the hierarchical data structure (children nested in groups),
multilevel regression analyses were conducted separately for the two domains language and science.
This separation reflects both the distinct conceptual focus of the predictors, Language Modeling for
language development and Concept Development for science knowledge, as well as the domain-
specific orientation of the research questions (RQ1). Each model included individual-level predictors
(prior knowledge, age, verbal participation) and group-level predictors (Language Modeling/Concept
Development, participation in a professional development group within the project), as well as cross-
level interactions (RQ3), to examine moderation effects. As verbal participation (RQ2) was operatio-
nalized using two distinct indicators, the average length (word count) of a child’s speaker turn and
children’s speaker turns per minute, two separate models were estimated for each outcome domain.
Multilevel regression analyses were conducted in R version 4.5.0 (R Core Team, 2025) using the lme4
package (Bates et al., 2015).

All predictors were grand-mean centered (Enders & Tofighi, 2007). Teacher participation in
professional development was considered using weighted effect coding to adjust for unequal group
sizes (Control Group (CG): Nepjidren = 158; Professional Development Group (PDG): Npidren =315
Intervention Group (IG): Nehildren = 94). The recoded values represent deviations from the weighted
mean.

Exploratory analyses with complete-case samples

For the initial exploratory analyses, only children with complete data for both measurement points
(MTP1 and MTP2) on the respective outcome variable were included. This resulted in a sample of N =
183 children (51 groups) for the language models and N =186 children (51 groups) for the science
models. While listwise exclusion entails a risk of bias in smaller samples, it was considered appropriate
for the initial exploratory analyses in order to ensure transparency and interpretability of model
estimation.

Correlation analyses identified significant predictors, followed by intercept-only models to calcu-
late Intraclass Correlation Coefficient (ICC) for group effects. As the ICC exceeded .05 (ICCianguage
=.238; ICCqcience = -172), multilevel modeling was considered appropriate (Thomas & Heck, 2001).

Table 2 provides an overview of the multilevel regression analysis plan. Model comparisons were
performed using ANOVA, deviance, log-likelihood tests, and/or AIC and BIC. Predictors were added
stepwise, beginning with level 1 variables, followed by level 2 variables, and finally cross-level
interactions to test moderation effects (RQ3). Each variable was sequentially included as a fixed effect,
random effect, and interaction term, with model improvements assessed at each step. Standardized
regression coefficients were reported for all final models. An ANCOVA approach was used to analyze
both metric and categorical variables where applicable, including in the final models.

Multiple imputation

To address potential bias due to missing data and to make full use of the available sample of 283 video-
recorded children, we conducted multiple imputation using the mice package (v3.18.0; van Buuren &
Groothuis-Oudshoorn, 2011). Since only scale-level child variables were imputed, we used the full
dataset of all children participating in the ProfinK project (N =383), not just the video-recorded
subsample. Across this full sample, the proportion of missing values on the relevant outcome variables
(language and science knowledge at MTP1 and MTP2) ranged from 4.5% to 34.6%. To assess the
missing data mechanism, Little’s MCAR test was conducted using the MissMech package (Jamshidian
et al., 2014). Although multivariate normality assumptions were violated (Hawkins test, p =.015), the
nonparametric component of the test yielded a non-significant result (p =.053), suggesting that the
data were plausibly missing completely at random (MCAR; Little, 1988).
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Table 2. Multilevel regression — data analysis plan (models 1-4).

Model Included Variables
Intercept-only model AV with random intercept
Random-intercept model/random- Children’s prior knowledge:
slopes model Language Skills 1st MTP/Science knowledge 1st MTP
Age

Verbal participation:
Average length (word count) of a children’s speaker turn/
Children’s speaker turns per minute
Intercept as outcome model Teacher’s professional development group
Instructional Support Dimension:
Language Modeling/Concept Development
Intercept and slopes as outcome model Children’s prior knowledge X Instructional Support Dimension:
Language Skills 1st MTP x Language Modeling/
Science knowledge 1st MTP x Concept Development
Verbal Participation x Instructional Support Dimension:
Average length (word count) of a children’s speaker turn x Language Modeling/
Concept Development/
Children’s speaker turns per minute x Language Modeling/Concept Development

We used a two-level predictive mean matching method (2 Lpmm) and specified the grouping variable
to reflect the nested data structure. Accounting for the hierarchical structure of the data is essential for
producing valid estimates in subsequent multilevel analyses (Liidtke et al., 2007). Two groups with only
one or two children were excluded, as such small clusters do not allow for proper modeling of the
hierarchical structure in multilevel imputation (van Buuren, 2018). The resulting imputation sample
comprised N =378 children. The predictor matrix was generated using the make.predictorMatrix()
function and was refined to exclude identifier and item-level variables, retain only theoretically and
empirically relevant predictors (r>.10), and minimize multicollinearity, particularly among related
constructs in the science domain. A total of 50 imputations (m =50) with 200 iterations each were
generated (seed = 3103). Although some warnings regarding boundary (singular) fits were issued, which
were likely caused by low variance within certain clusters, diagnostic checks (e.g., distributional compar-
isons with the raw data, correlations, and means) revealed no indications of implausible imputations. As
an additional diagnostic, density plots of the imputed distributions for the four outcome variables
(language and science knowledge at MTP1 and MTP2) are included in the supplemental material.

The final multilevel models were re-estimated using the multiply imputed datasets, with
pooled estimates obtained using Rubin’s rules (pool() function in mice). This dual approach,
starting with exploratory complete-case analyses and followed by validation through multiply
imputed models, ensures both transparency and robustness and enhances the interpretability
of the findings. It also supports the use of exploratory models under listwise exclusion, given
the partial uncertainty captured in key control variables. To evaluate the influence of missing
data on the estimates, we computed the fraction of missing information (FMI) and relative
increase in variance (RVI) for each pooled model. The FMI values ranged from 0.17 to 0.86
across the different parameters, indicating varying degrees of uncertainty due to imputation.
Core predictors such as children’s prior language skills (FMI=0.86) and age (FMI=0.75)
exhibited higher FMIs, suggesting substantial missing data or between-imputation variance.
Conversely, interaction terms (e.g. verbal participation x instructional support) and group
contrasts (PDG/IG) exhibited lower FMI values (e.g. 0.20-0.48), suggesting greater stability.
The corresponding RVI values followed this pattern, ranging from 0.21 to 5.96. A detailed
overview is provided in Supplemental Tables 3 and 4. Following White et al. (2011), we
calculated Monte Carlo Errors (MCE) to assess the stability of the pooled standard errors
across imputations. An MCE value below 0.01 is typically considered acceptable. In the science
knowledge models (Supplemental Table 4), all MCE values were <0.01, confirming high
estimate precision. In the language models (Supplemental Table 3), MCE values were generally
low. Slightly higher values occurred for control variables not central to our research questions
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(e.g., group contrasts), which also showed high standard errors. Importantly, all key predictors
and interaction terms relevant to our hypotheses, such as children’s verbal participation and
its interaction with instructional support, showed MCE values <0.1, indicating sufficient
precision for interpretation.

Results
Descriptive statistics

CLASS PreK - Instructional Support

As expected, the ratings in the Instructional Support domain indicate low quality in the sample
(M=2.90, SD =0.72, min = 1.33, max = 4.67). The variance is limited, and the upper range of the
7-point CLASS Pre-K scale is not fully utilized; no high-quality videos in terms of Instructional
Support were observed in the sample. Considering the ratings of the particular dimensions, it
can be seen that both the ratings of Concept Development (M =2.51, SD =.78, min = 1.0, max =
5.0) and of Quality of Feedback (M =2.90, SD = .88, min = 1.0, max = 5.0) are in the low quality
range, while the quality rating of Language Modeling is in the lower medium range (M = 3.28,
SD = .91, min = 1.0, max = 6.0).

Verbal participation

This section provides an overview of the central tendencies and distribution of verbal participa-
tion in the videos. For completeness, the number of words spoken per minute is also presented
(Figure 1), in addition to the number of speaker turns per minute and the average length of
speaker turns.

Regarding the absolute number of speaker turns, preschool teachers made an average of 5.67 turns
per minute (SD=2.12, min=1.67, max =11.40), the mean length of a turn was 17.92 words
(SD = 9.63, min = 5.41, max = 63.16). The mean number of turns per minute for the children at the
group level was 7.66 (SD = 3.45, min = 2.82, max = 17.33), with an average word count per turn of 5.09
(SD =2.53, min = 1.91, max = 14.12). At the individual level, the mean number of turns per minute per
child was 1.74 (SD = 1.28, min = 0.00, max = 6.76). The mean length of a turn varied among children,
with a mean of 4.81 words (SD = 3.12, min = 0.00, max = 23.25).

Comparison of teachers’ and children’s verbal participation

Proportion of Proportion of
speaker turns word count

m preschool teacher

57% children

Figure 1. Comparison of teachers’ and children’s verbal participation. Proportion of speaker turns and word count in preschool
science activities. Children take more turns (57%), while teachers dominate in terms of word count (71%). Note. Word counts
per minute: overall (M=123.32, SD =26.63, min=73.45, max = 242.44), preschool teacher (M =87.85, SD =22.95, min =36.33,
max =139.66), children at group level (M =35.36, SD=16.70, min=12.75, max = 102.78), individual child (M =8.05, SD=
7.08, min =0.00, max = 50.63).
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Table 3. Descriptive statistics of outcomes at MTP1 and MTP2 for video-recorded and complete-case samples.

Sample of video-recorded children (N = 283) Exploratory subsamples
Outcome MTP N Missing M (SD); min; max N M (SD); min; max
Language skills 1 245 13,4% 31.93 (11.23); 4, 53 183 34.05 (10.43); 4; 53
2 213 24,7% 38.48 (10.16); 2; 60 183 39.83 (9.26) 8; 60
Science knowledge 1 274 3,2% .81 (0.45); 0; 1.92 186 0.87 (0.43) 0; 1.92
2 212 25.1% 1.18 (0.40); 0.17; 2.00 186 1.21 (0.38); 0.17; 2.00

Note. MTP: measurement time point; language skills: the sum score corresponds to the number of correct items on the picture
naming and receptive vocabulary subscales (WPPSI; Wechsler, 2018), with a possible maximum sum score of 66; science knowl-
edge: the mean value ranges from 0 to 2.

Children’s language skills and science knowledge
Table 3 presents the descriptive statistics for children’s language skills and science knowledge at the
two MTPs.

Effects of instructional support, children’s verbal participation, and their interaction on
children’s language and science knowledge development

The results of the exploratory multilevel regression analyses for language (models 1 and 2) and science
knowledge (models 3 and 4) are shown in Table 4. Models 1 and 3 account for the average length (word
count) of a child’s speaker turn, while models 2 and 4 include the number of children’s speaker turns
per minute. This distinction reflects two established approaches to capturing verbal participation in class-
room discourse: one emphasizing the frequency of turns, the other focusing on the length or elaboration of
verbal contributions (see section Children’s verbal participation and its impact on their learning and
development). By incorporating both indicators separately, the analyses allow for a differentiated under-
standing of how distinct participation patterns in early science activities relate to children’s development.
Each model additionally includes individual-level predictors, such as prior knowledge and age, as well as
group-level predictors including instructional support (Language Modeling or Concept Development) and
teacher’s participation in a professional learning community. Cross-level interactions between instructional
support and the respective participation indicator were added to examine potential moderation effects.

For reasons of clarity, Table 4 reports only the summary of results; complete model outputs from both
the exploratory and multiply imputed analyses are provided as supplemental materials. Significant effects
that were replicated in the multilevel models based on multiply imputed data are highlighted in gray.

Development of children’s language skills

The intercept values of the language development models indicate that a sum score of 39.87 (model 1)/39.88
(model 2) can be expected at the second MTP for children with average language skills at the first MTP. The
analysis demonstrates that the children’s initial language skills are significant predictors of language
development. Across all groups, an increase of 0.65 (model 1; p <.001)/0.69 (model 2, p <.001) standard
deviations can be expected from the first to the second MTP. The increase was consistent across all groups,
as reflected in the R* values. Age of the children does not significantly influence language skills in our
sample. To evaluate potential multicollinearity, correlations between the predictors (prior language skills
and age) were examined. While prior knowledge and age exhibited a significant correlation (r=.233; p
=.002), this moderate correlation did not indicate multicollinearity issues.

Contrary to hypothesis 1, Language Modeling showed no significant effect on children’s language
development, neither as a predictor nor in interaction with prior language skills. Similarly, the participation
of preschool teachers in the Professional Development Group or Intervention Group was not found to be
relevant. Regarding children’s verbal participation, analyses showed that the mean length of children’s
speaker turns had a significant positive effect on language development (model 1, Estimate = .31, p = .019),
consistent with hypothesis 2. This effect was replicated in the analysis with multiply imputed data (Estimate
=.37, p=.036). In contrast, model 2 indicated a significant negative effect of the number of speaker turns
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per minute on language development (p =.023), indicating that a higher frequency of speaker turns
per minute was associated with a decrease in language skills of —0.85 standard deviations. However, this
effect could not be replicated in the imputed multilevel models (Estimate = —0.36, p = .400). The interaction
between children’s participation (level 1) and Language Modeling (level 2) showed no significant effects on
children’s language development, which contradicts hypothesis 3. In terms of model fit, model 2 exhibited
a marginally superior fit according to the AIC and BIC values.

Development of children’s science knowledge

The multilevel regression models indicate that a mean score of 1.21 can be expected at the second MTP
for children with average science knowledge at the first MTP. The deviation of the group-specific
learning development from the mean learning development across all groups is 0.1 standard devia-
tions. The models further demonstrate that children’s prior knowledge at the first MTP has
a significant effect on the outcomes at the second MTP. Across all groups, a difference of 0.52
(model 3 and 4, p <.001) standard deviations can be predicted from the first to the second MTP.
This effect was replicated in the multilevel regression models based on the multiply imputed dataset
(Estimate = 0.38, p <.001). Group-specific learning development deviates by 0.21 standard deviations
from the mean learning development across groups. This shows that there are differences in science
knowledge development between the groups. The R* . naitional Value of .6448 indicates the presence of
random effects associated with the intercept and prior science knowledge. This suggests that both fixed
and random effects together explain a significant portion of the variance in the model, as seen in
Table 4.

Age is not a significant predictor in model 3 and 4, although science knowledge and age
show a moderate, statistically significant correlation (r=.360, p <.001). Language skills at the
first MTP also explain additional variance in the models. For children with average science
knowledge, an increase of .01 standard deviations in the mean score of science outcomes at
the second MTP can be expected (model 3 and 4, p=.004). This finding was also confirmed in
the models with multiply imputed data (Estimate=0.01, p=.012). The participation of pre-
school teachers in the Professional Development Group or Intervention Group was not
a significant predictor. Contrary to hypotheses 1 and 2, neither Concept Development nor
the number or length of speaker turns significantly influenced the development of science
knowledge. However, in line with hypothesis 3, the exploratory analysis (model 3) revealed
a significant positive interaction effect between average speaker turn length and Concept
Development on children’s science knowledge (Estimate=.02, p =.047). However, this result
could not be replicated in the imputed multilevel models (Estimate =0.01, p =.206). For model
fit, model 4 exhibited a marginally superior fit based on the AIC and BIC values.

Discussion

Language is fundamental to children’s (domain-specific) learning and development, serving as
both a communication and cognitive tool for constructing knowledge through interaction
(Tomasello, 1999). In ECEC, high-quality interactions between preschool teachers and chil-
dren are crucial for supporting the development of children with diverse prerequisites
(Suchodoletz et al., 2023). Emphasizing the active role of children in their own learning
processes also highlights the importance of children’s verbal participation (e.g., Sedova
et al,, 2019). This study examines the role of instructional support provided by preschool
teachers and children’s verbal participation in early science education settings, analyzing their
effects on the longitudinal development of language and science knowledge. The discussion is
structured as follows: First, the descriptive results are presented and contextualized, focusing
on the instructional support and children’s verbal participation. This is followed by
a summary and interpretation of multilevel analysis results, examining the effects of these
factors on children’s language and science knowledge development.
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Descriptive statistics of instructional support and children’s verbal participation in early
science settings

In alignment with prior research, we hypothesized low to medium quality ratings in the domain
of Instructional Support according to CLASS Pre-K and a verbal dominance of preschool
teachers in their interactions with children. As expected, the average quality rating of
Instructional Support was low, with no teachers achieving high ratings and limited variance.
The absence of high-quality interactions in the CLASS domain of Instructional Support is
consistent with findings from other studies in ECEC contexts in Germany (e.g., Kohl et al,
2019; Suchodoletz et al., 2014) and other countries (Hofkens et al., 2023). These results under-
score the challenging task for preschool teachers to provide high-quality instructional support. It
requires appropriate content, pedagogical, and pedagogical content knowledge to implement
support for higher-order thinking skills and promote deeper domain-specific understanding, as
well as the maintenance of continuous participation through feedback and Language Modeling
(Kunter et al., 2013; Peters et al., 2020).

Regarding verbal participation during the science activities, our findings revealed that preschool
teachers dominated the verbal interaction, as reflected by their significantly longer speaker turns in
terms of word count. This result aligns with a study by Biirgermeister et al. (2019), who found that
Swiss preschool teachers spoke 72.5% of the words during science activities. Similarly, a study by Wirts
and Cordes (2021) found a comparable distribution of verbal contributions during picture book
activities and free play situations in preschool settings. In contrast to the average length of turns,
the number of turns was relatively balanced between children and teachers. However, the range among
the children was substantial. Some children did not speak at all, while others had few but relatively
long turns (e.g., T know a game, how about we introduce the game called “feel what material it is” and
it goes like this: everyone now feels an object and then feels what material it is.). Meanwhile, others
had many but very short (one-word) turns (e.g., yes/no answers or labeling a material like “metal” or
“wood”). The observation of children who did not participate verbally at all is concerning, as language
learning is particularly effective when children are linguistically active and develop their language
skills in interactions (Wirts & Cordes, 2021), as also shown in the present study.

Effects of instructional support, children’s verbal participation, and their interaction on
children’s language and science knowledge development

Contrary to hypothesis 1, Language Modeling had no significant effect on children’s language
development, neither as a predictor nor as a moderator. However, our analyses revealed that children’s
verbal participation, particularly the length of speaker turns, had a significant positive effect on their
individual language development. This result supports the findings of previous studies (e.g., Sedova
et al., 2019) and was also replicated in the analyses using multiply imputed data, indicating robust
evidence across analytical strategies. In contrast, the negative effect of the number of speaker turns
per minute on language development, which was found in the exploratory models, could not be
replicated in the models based on imputed data. Therefore, this result should be interpreted with
caution and regarded as an exploratory finding that requires further investigation. Nevertheless, it may
point to the possibility that a high frequency of short or fragmented child contributions, reflected in
a higher number of speaker turns per minute, does not necessarily support language development.
A high number of turns may indicate short answers or frequent interruptions in the conversation,
which could reduce engagement in cooperative and problem-solving dialogue and limit the opportu-
nity to produce extended responses or utilize complex language structures. One potential explanation
may be found in the interaction patterns observed in preschool settings, for example with regard to
preschool teachers’ questioning. Research has shown that preschool settings are characterized by
a predominance of closed-ended questions, leading to fragmented conversational patterns and
a restriction of children’s verbal engagement (e.g., Hormann & Skowronek, 2019). Conversely, open-
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ended questions have been shown to elicit more complex and extensive linguistic responses from
children (e.g., Lee & Kinzie, 2012). However, questions that are linguistically and cognitively stimulat-
ing remain infrequent in everyday ECEC practice (e.g., Hamel et al., 2021; Lee & Kinzie, 2012).

The expected positive interaction effect between Language Modeling and children’s participation
was not observed, likely due to the sample’s moderate quality ratings and the absence of high-quality
interactions in this dimension. It can be assumed that maintaining a medium to high level of
interaction quality over an extended period is necessary to positively impact the development of
a heterogeneous learning group (Levickis et al., 2023).

In examining the impact of instructional quality on children’s science knowledge development, we
focused on Concept Development and explored whether children’s participation influenced this
domain-specific learning outcome. Contrary to hypothesis 1 and 2, neither Concept Development
nor children’s verbal participation, when considered independently, showed significant effects on
science learning. The absence of notable effects of Concept Development on science knowledge may
be attributed to the low average quality ratings observed in the sample (Levickis et al., 2023).
Additionally, the high-inference nature of the CLASS instrument might lack sufficient specificity for
domain-specific settings (Wang et al., 2022). Although the analysis focused explicitly on the dimen-
sion of Concept Development, which is closely related to domain-specific support and higher-order
thinking, this focus might not have fully addressed this limitation. As Ulferts et al. (2019) noted,
interaction quality, as measured by high-inference tools, tends to have stronger effects on language
learning than on domain-specific outcomes such as math. Nevertheless, CLASS ratings provide
valuable insights into how learning activities can be supported, which has implications for the
professional development of preschool teachers (Ulferts et al., 2019).

Furthermore, the study revealed an absence of evidence supporting the hypothesis 2, namely
that children’s participation as predictors had a positive effect on their learning outcomes in the
science knowledge domain. While the exploratory analyses identified a significant interaction
effect between Concept Development and the average length of children’s speaker turns
(hypothesis 3), this effect was not replicated in the multiply imputed models. Given this
discrepancy, the interaction effect should be interpreted with caution and regarded as an initial
indication rather than a robust finding requiring validation in future studies. Nonetheless, this
exploratory result may offer a theoretically plausible indication of how instructional support and
children’s active participation (associated with the utilization of learning opportunities) can
interact to foster science knowledge. This interpretation is supported by previous research
(Herrmann et al., 2021), including a study in preschool context by Biirgermeister et al. (2019),
that examined the interplay between children’s speaker turns at the group level and the use of
scaffolding strategies by the preschool teacher to activate prior knowledge. Teachers’ scaffolding
strategies can be more effectively adapted to children’s individual needs when children actively
engage through verbal contributions. Such contributions provide diagnostic insights into chil-
dren’s domain-specific knowledge and language proficiency (Biirgermeister et al., 2019). Thus,
active verbal participation by children can be seen as a prerequisite for the effectiveness of
scaffolding strategies.

Although the interaction effect was not replicated across models, it can be considered within the
framework of a co-constructivist process of learning (Vygotsky, 1978), in which learning is understood
as a collaborative process shaped through social interaction. In this context, verbal participation
enables preschool teachers to identify children’s zone of proximal development and to provide
contingent scaffolding. Furthermore, within the framework of the multilevel supply-use model
(Brithwiler & Blatchford, 2011), verbal participation may serve as an indicator of the child’s engage-
ment with learning opportunities. However, the efficacy of co-constructive processes for domain-
specific learning is likely influenced by additional factors, such as the composition and size of the
learning group, group dynamics and peer relations, and the conceptual and linguistic quality of
children’s verbal contributions, as well as the extent to which these contributions relate to the domain-
specific content.
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Our study highlights the critical role of prior knowledge in predicting both language and science
learning outcomes. These findings are consistent with prior research on science knowledge develop-
ment (e.g., Sagkes et al., 2011), which demonstrates that children with higher levels of prior knowledge
tend to achieve better learning outcomes in both the short and long term. A notable result of this study
is the finding that children’s prior language knowledge significantly predicts their science knowledge
outcomes, aligning with a study by Henschel et al. (2023), who identified a reciprocal relationship
between science vocabulary and science knowledge. This underscores the importance of considering
prior knowledge as a central factor in development and providing children varied opportunities to
engage with domain-specific content from an early age, thus laying the foundation for future learning
(National Research Council, 2012).

Overall, our study provides valuable exploratory insights into the interaction effects between
preschool teachers’ instructional support and children’s verbal participation, emphasizing the
dynamic interplay between these variables and their potential influence on children’s learning and
development. Although no long-term effects of the CLASS dimensions were found, the exploratory
finding of an interaction effect between teachers’ Concept Development and the length of children’s
verbal contributions may point to the complex nature of interactions in ECEC. For language devel-
opment, the length of verbal contributions appears to be a crucial factor, emphasizing the importance
of fostering longer, meaningful verbal exchanges rather than brief contributions. This effect was
replicated across both analytical approaches. When children are given chances to participate in
extended discourse and make active use of the provided learning opportunities, their language
development benefits significantly.

Although this assumption is only supported by exploratory findings and was not consistently
confirmed in the present analyses, theoretical frameworks and earlier studies (Biirgermeister et al.,
2019, p. 3) suggest that the efficacy of scaffolding strategies, as conceptualized through the CLASS
dimensions Concept Development and Language Modeling, may be enhanced when combined with
meaningful opportunities for children’s verbal participation. Further empirical validation is needed to
substantiate this interaction. Taken together, these considerations point to the importance of creating
learning environments that provide not only high-quality instructional support but also opportunities
for children’s active and extended verbal participation. For instance, open-ended questions have been
shown to stimulate language production by eliciting extended responses from children (Haen et al.,
2025; Lee & Kinzie, 2012). The results of this study highlight the necessity of considering the interplay
between interaction quality and children’s active engagement with learning opportunities.

Limitations and further research

The findings of this study must be interpreted considering certain limitations that may have implica-
tions for future research. The relatively small sample size, particularly at the group level, and the high
proportion of participating preschool teachers with an academic degree (nearly 20%), which exceeds
the German ECEC sector average by more than double (Autorengruppe Bildungsberichterstattung,
2020), limit the generalizability of the results. Future studies should include larger, more diverse
samples and consider additional covariates, such as teachers’ professional background and children’s
socio-economic and language background. The latter could not be included in the present analyses
due to a high amount of missing data in the parental questionnaires. Including these variables may
help identify whether specific groups of children, such as dual-language learners who speak little
German at home, especially benefit from instructional support in early science settings.
Importantly, the limited replication of some effects in the multiply imputed dataset may in part
reflect methodological constraints of the imputation process. In particular, the small cluster sizes at
level 2 (ranging from 3 to 8 children per group) may have reduced the precision of imputations,
despite acceptable convergence diagnostics and distributional checks (van Buuren, 2018). This limita-
tion underscores the need for cautious interpretation of effects that were only significant in the
exploratory complete-case models and not replicated in the imputed analyses. Consequently, the
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findings should be regarded as preliminary, interpreted in conjunction with prior research and
relevant theoretical frameworks, and examined through further empirical investigation.

Instructional Support ratings were based on a single video recording of a science activity, and
in some cases on a single CLASS cycle, which may not fully reflect typical classroom interac-
tions. Future research should assess longer and more varied (science) activities to provide a more
comprehensive evaluation of instructional support. Although the CLASS tool is validated in the
German context (Stuck et al., 2016; Suchodoletz et al., 2014), the timing of observed interactions
within the daily routine can influence results (Praetorius et al., 2014; Thorpe et al., 2020). In
addition, the quality of interactions between preschool teachers and individual children within
a group may vary (Burchinal, 2017), which raises questions about the generalizability of CLASS
ratings for drawing conclusions about interaction quality in a specific group. The quality of
instructional support observed in the recorded science activity likely does not reflect teachers’
behavior in everyday routines or larger group settings. This raises the question of the ecological
validity of the results. Moreover, factors such as the proximity to and the extent of contact with
the teacher, as well as the quantity of high-quality interactions, may also significantly influence
children’s development Anders and Oppermann (2024).

Furthermore, the relatively low interrater reliability for the Concept Development dimension
indicates that ratings in this domain should be interpreted with caution. Although high percentage
agreement was found within the accepted deviation range (Pianta et al., 2008), exact agreement, ICC
and weighted kappa values indicated only fair consistency. Such measurement error may have
attenuated associations with children’s outcomes, limiting the strength of inferences for Concept
Development. In order to address this concern, sensitivity analyses were conducted in which Concept
Development was excluded from the science models or substituted by Language Modeling, and vice
versa for the language models. These analyses indicated that the overall pattern of significant and
nonsignificant effects remained stable across model specifications and data handling approaches
(listwise deletion vs. multiple imputation). In the exploratory science models, however, the significant
interaction between Concept Development and children’s average turn length was no longer evident
when Concept Development was replaced by Language Modeling.

The limited variance and absence of high CLASS ratings may explain why the effects of interaction
quality on the development of language and science knowledge were not statistically significant.
Restricted variability in a predictor can substantially reduce the statistical power of a test, as it
constrains the range of possible correlations and thus lowers the likelihood of detecting a true effect.
When a measure is confined to a narrow range, the test’s sensitivity to subtle associations is markedly
diminished (Cohen, 2022).

Future research could consider using additional observation tools that explicitly focus on
science-specific contexts. For example, including indicators of factual content accuracy or the
appropriate use of science-specific vocabulary could be implemented. Regarding the analysis of
children’s participation, this study focused on the quantity of verbal contributions but did not
assess their quality. This limitation concerns important aspects such as the content-related
accuracy of children’s verbal contributions and the use of domain-specific vocabulary, which
have been shown to play a central role in the development of science knowledge (Henschel et
al., 2023). Although the videos were recorded during science activities, the inclusion of all verbal
contributions without re-coding to differentiate science-related from oft-task contributions, may
have limited the conclusiveness of the findings regarding the effects of children’s participation on
science learning. A more differentiated qualitative analysis of the children’s verbal contributions,
such as categorizing them as on-task or off-task, or examining reasoning, questioning, and
elaboration, could also provide deeper insights into how participation influences the development
of science knowledge. In addition to verbal participation, the video recordings offer the potential
to evaluate children’s non-verbal communication, which could provide further insight into the
individual children’s engagement in the dialogs.
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Concluding implications: fostering verbal participation to support learning

This study examined the role of instructional support, focusing on the CLASS Pre-K dimensions of
Concept Development and Language Modeling, as well as children’s verbal participation in the
development of language and science knowledge in early childhood education. By analyzing 51 video-
recorded science activities, the study highlights the interplay between the quality of teacher-child
interactions and individual participation, using multilevel regression analyses. The results demon-
strated that the length of children’s turns had a significant positive effect on language outcomes. In
contrast, the quality of instructional support did not show a significant effect on learning in either
domain. However, exploratory analyses suggested a positive interaction effect between the length of
children’s turns and the quality of Concept Development (CLASS Pre-K, Pianta et al., 2008) on
children’s science knowledge development, although this finding requires further validation with
more robust data. Prior knowledge emerged as a significant predictor for both language and science
knowledge development, with prior language skills also shown to predict science knowledge outcomes.

These findings provide a basis for practice-oriented recommendations on how preschool teachers
can support children’s language and science learning through high-quality interactions and verbal
participation: First, science-related activities provide a meaningful and authentic context for fostering
both language and science learning, as they naturally invite children to observe, describe, compare,
and explain (Peterson & French, 2008). To realize this potential, preschool teachers should use
strategies that elicit extended verbal contributions. For instance, asking open-ended questions (Lee
& Kinzie, 2012) and waiting for a few seconds for a response can increase the length of children’s
answers. Second, particular attention should be given to children who rarely or never participate
verbally, as limited verbal engagement places them at greater risk of missing out on both language and
domain-specific learning opportunities. Teachers should therefore monitor not only the overall
balance between teacher and child talk, but also the balance of participation among individual
children. Third, targeted professional development is essential to support preschool teachers in
implementing these practices. Such programs should raise awareness of the importance of scaffolding
and verbal participation and provide concrete strategies, such as those mentioned above, for use in
everyday routines and domain-specific activities (e.g., science), in order to provide more inclusive
learning opportunities in preschool settings.
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