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1. Introduction
Language is of utmost importance for a child's cognitive develop
ment, including the development of scientific skills and concepts (Haug
& Ødegaard, 2014; Henrichs & Leseman, 2014; Saalbach, Grabner, &
Stern, 2013; Saalbach, Leuchter, & Stern, 2010; Tomasello, 1999). The
influence of language on children's cognitive development is at least
three-fold (Tomasello, 1999): First, language affects children's devel
opment through parents, teachers, or other adults who provide in
structions and explanations; second, language directs children's atten
tion; and third, language prompts children to change perspectives.
Language can thus be seen as the basis for the organization of children's
cognitive activities and the construction of higher-knowledge structures
(Saalbach et al., 2013). Against this background, our study examines
the role of language in teacher talk as a scaffold for children's learning.
Science learning cannot be conceived of without language. Learners
come to school with already existing notions about natural phenomena
that they have developed through experience (Carey, 2000; Vosniadou,
1994). Science instruction provides children with opportunities to gain
new experiences, which motivate them to revise their mental models
and develop them into scientifically robust concepts. Language is the
primary tool for stimulating this reconstruction (Kempert, Schalk, &
Saalbach, 2019). Teacher talk can play an important role in this respect,
which includes functions such as modeling desired language, guiding
the children's attentional focus, or uncovering misconceptions. The
importance of language in science instruction manifests itself particu
larly in inquiry-based instruction that requires children to verbalize
hypotheses, to engage in discussions about how to test these hy
potheses, to gather new observations, and to reason about possible
conclusions (Kempert et al., 2019). There is a broad consensus that
argumentation and discourse are crucial to effective science education
(Dawes, 2004; Erduran & Jiménez-Aleixandre, 2007; Mercer, Dawes, &

Staarman, 2009; Mercer, Dawes, Wegerif, & Sams, 2004).
In our study, we have conceptualized the role of teacher talk within
both a scaffolding frame and a guidance frame. The metaphor of scaf
folding implies an understanding of teacher talk according to which the
teacher provides verbal input that is targeted at a cognitive level
slightly above the children's current level. The commonly held as
sumption is that teacher talk within the “zone of proximal develop
ment” supports and triggers children's science learning (Vygotsky,
1978; Wood, Bruner, & Ross, 1976). Teacher talk that serves the
function of scaffolding consists of a wide repertoire of linguistic forms
that range from content-specific vocabulary to statements that in
tentionally aim to initiate and encourage conceptual change. Literature
on guidance argues that effective learning processes in science depend,
at least to some degree, on guidance and structuring (Alfieri, Brooks,
Aldrich, & Tenenbaum, 2011; Hardy, Jonen, Möller, & Stern, 2006;
Kirschner, Sweller, & Clark, 2006; Mayer, 2004).
1.1. Scope of young children's science learning
Science learning can be understood as conceptual change, in the
course of which humans assimilate information about the world around
them in a process of mental theory building (Carey, 1985; Chi, 2008;
Vosniadou, 1994). Evidence from the last decades of research on chil
dren's early cognitive development has led to a major revision of the
view on young children's cognitive resources for science learning
(Carey, 1985; Metz, 1995). Researchers have repeatedly demonstrated
that young children are highly capable of learning and acquiring
knowledge in the domain of science (Baillargeon, 1994; Carey, 1985;
Cohen & Cashon, 2007; Gopnik, 2012; Mandler, 2008; Metz, 1995). At
preschool and early elementary school age, they have surprisingly welldeveloped abilities to engage in scientific reasoning when child-or
iented tasks and appropriate learning support are offered (Koerber,
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Sodian, Thoermer, & Nett, 2005; Sodian, Zaitchik, & Carey, 1991;
Tytler & Peterson, 2003; Zimmerman, 2007). Young children acquire a
considerable amount of knowledge about their surrounding natural
world in a process of intuitive theory building (Baillargeon, 1994;
Carey, 1985; Cohen & Cashon, 2007; Gopnik, 2012; Mandler, 2008),
and they are able to construct coherent representations of the world
around them (Gopnik, 2012). In the domain of physics, for example,
infants at the age of only four months have been shown to build in
tuitive knowledge about the continuity and the solidity of physical
objects (Baillargeon, 1987; Spelke, Breinlinger, Macomber, & Jacobson,
1992). Given these findings concerning young children's naïve physics
as well as similar findings concerning naïve psychology and naïve
biology (Akerson, Weiland, & Fouad, 2015; Hadzigeorgiou, 2015;
Saçkes, 2015), there is growing consensus among developmental and
educational scientists that science education can begin as early as in
preschool age (Eshach, 2011; Eshach & Fried, 2005; French, 2004).
Early science education should exploit children's cognitive potential to
prepare them for further science learning by gradually developing their
scientific literacy1 (Bybee, McCrae, & Laurie, 2009; French, 2004).
Despite children's cognitive resources for science learning, there are
also limitations that require special attention. Young children, in gen
eral, have less prior knowledge and fewer self-regulation skills than
older children and adults (Center on the Developing Child at Harvard
University, 2011; Morrison, Ponitz, & McClelland, 2010; Ruff &
Lawson, 1990; Saalbach et al., 2013). Self-regulation refers to cognitive
processes such as attention, working memory, and inhibitory control
that enable children to follow an instruction, to stay attentive, to
complete tasks, and work by themselves. Although children's self-reg
ulation typically develops rapidly during the preschool years, there is
considerable individual variation (Gunzenhauser & Suchodoletz, 2015).
These limitations affect not only the acquisition of complex conceptual
knowledge but also a child's capability to organize and reflect on their
own learning.
Given these cognitive resources and limitations, it is plausible to
assume that young children's potential for science learning in early
science education is best exploited if teachers take the children's do
main-specific prior knowledge into account in order to provide domainspecific learning support at the appropriate level. On the one hand, such
a conclusion coheres with the notion of scaffolding, which has become
increasingly prominent in research on science instruction in the last
decades (Eshach, Dor-Ziderman, & Arbel, 2011; Hogan & Pressley,
1997; Lin et al., 2012; Sandoval & Reiser, 2004). On the other hand, the
need to give careful consideration to children's cognitive limitations is
in line with the call for more explicit guidance in science instruction
(Alfieri et al., 2011; Hardy et al., 2006; Kirschner et al., 2006).

Cymerman, & Levine, 2002). For example, Huttenlocher et al. (2002)
found that children showed a greater increase in syntactic structures
over a year when their teachers' talk was syntactically complex. Teacher
talk thus contributes to a rich language environment for children's lan
guage learning (Dickinson & Porche, 2011; Foy & Mann, 2003;
Huttenlocher, 1998; Huttenlocher et al., 2002).
The relevance of language (learning) for science learning is twofold: First, children acquire words to refer to entities in the world.
Because entities labeled by the same word are considered to share
important properties (e.g. Gelman & Markman, 1987; Imai, Saalbach, &
Stern, 2010), children will extract these properties through comparison
when they encounter entities that are denoted by the same label
(Gentner & Namy, 1999; Kempert et al., 2019). Therefore, teacher talk
contributes to a rich language environment by introducing new words
during instruction, which helps children develop new concepts or re
structure preexisting concepts. Of course, this mechanism also applies
to other domains of learning, but it particularly applies to science
learning because science learning is strongly language-based (Dawes,
2004; Kempert et al., 2019). Second, language is important as a means
of communication and instruction. Supporting children in language
learning implies, at the same time, fostering their ability to follow the
lesson, to understand the task at hand, and to co-construct knowledge
by exchanging ideas with peers or teachers (Kempert et al., 2019).
Research that deals with the specific role of teacher talk on chil
dren's learning in domains other than language such as mathematics
and science is relatively rare. In one of these studies, Klibanoff, Levine,
Huttenlocher, Vasilyeva, and Hedges (2006) examined the development
of preschool children's mathematical knowledge in relation to the
amount of mathematical input in teacher talk over the period of one
year. Teacher talk was coded according to different types of mathe
matically relevant input types such as aspects of cardinality, equiva
lence, ordering, etc. They found that the amount of mathematical input
in the teachers' talk was significantly related to the increase in the
children's mathematical knowledge at preschool. The importance of
domain-specific teacher talk for children's domain-specific learning has
also been emphasized by Leuchter and Saalbach (2014). They found a
relationship between the content-specific accuracy in teacher talk and
preschool children's conceptual learning in early science instruction:
Children learned less when their teachers' utterances contained scien
tifically erroneous statements.
Research on the role of language in the science classroom has em
phasized the importance of dialogues and argumentation (Dawes, 2004;
Mercer et al., 2004, 2009; Mercer & Howe, 2012). For instance, Mercer
et al. (2004) analyzed the effects of an intervention program on learnerlearner dialogues and the learners' understanding in science, Dawes
(2004) studied learner-learner and teacher-learner interactions with a
qualitative research design, and Mercer et al. (2009) analyzed teacherlearner dialogues, taking a qualitative approach as well. Furthermore,
Mercer and Howe (2012) have elaborated the theory on dialogic pro
cesses of teaching and learning. None of these studies, however, has
investigated the specific effects of teacher talk on children's learning
with a quantitative approach.
In the context of elementary school science, a study by Hardy et al.
(2006) found that children's conceptual understanding of floating and
sinking can be facilitated by providing instructional support. They de
fined instructional support by proposing two characteristics: sequen
cing of the learning activities on the one hand and the teacher's pro
vision of statements that help children structure their thinking on the
other hand. Owing to the research design, it was not possible, however,
to identify the sequencing of instructional content or the statements
with a structuring function as possible reasons for the learning gain.
Within the same content area but in the context of kindergarten,
Rappolt-Schlichtmann, Tenenbaum, Koepke, and Fischer (2007) in
vestigated the effects of teacher support through modeling reasoning
processes about why objects sink or float. They found that the teachers'
support had an effect on the complexity of the children's answers but

1.2. Effects of teacher talk on children's (science) learning
Teacher talk is seen as an important factor in children's language
development. In particular, research on language acquisition has shown
that the quantity and the complexity of adult talk positively relate to
children's development of literacy and language skills (Dickinson &
Porche, 2011; Foy & Mann, 2003; Huttenlocher, 1998; Huttenlocher,
Haight, Bryk, Seltzer, & Lyons, 1991; Huttenlocher, Vasilyeva,
1
Scientific literacy refers to the overall educational goal of science education.
According to the Organization for Economic Cooperation and Development
(OECD), scientific literacy is characterized by the following features: “(a)
Scientific knowledge and use of that knowledge to identify questions, to acquire
new knowledge, to explain scientific phenomenon, to draw evidence-based
conclusions about science-related issues. (b) Understanding of the characteristic
features of science as a form of human knowledge and enquiry. (c) Awareness of
how science and technology shape our material, intellectual, and cultural en
vironments. (d) Willingness to engage in science-related issues, and with the
ideas of science, as a constructive, concerned, and reflective citizen” OECD,
2006, as cited in Bybee et al. (2009, p. 866).
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not on their predictions about the buoyancy of the object.
In the context of kindergarten science instruction, Eshach et al.
(2011) identified and described scaffolding strategies of a small sample
of kindergarten teachers who conducted science activities. In an in
ductive procedure, they established a scaffolding scheme that differ
entiates between an affective and a cognitive domain. In the cognitive
domain, the scheme distinguishes between strategies that relate to
“Clarification and goal orientation”, “Task reduction”, “Diagnosis and
Calibration”, “Encouraging higher-order thinking language”, and
“Withdrawal techniques” (p. 556). Eshach et al. (2011) have not pro
vided information about the frequency of the scaffolding strategies or
about relationships between teacher input and children's learning,
however.
Furthermore, the role of teacher talk can analyzed with a focus on
instructional guidance. Using a meta-analytical approach, Alfieri et al.
(2011), for example, report that explicit instruction has clearly proved
to have advantages over unassisted discovery and that enhanced dis
covery is superior to other forms of instruction. Enhanced discovery is a
type of learning that includes a certain degree of guidance and struc
turing. They conclude that discovery-learning only seems to be effective
if it is accompanied by guidance, including feedback, worked examples,
scaffolding, and elicited explanations. These findings are in line with
Kirschner et al. (2006) who have criticized minimal-guidance ap
proaches for neglecting how humans construct knowledge. They argue
that guidance is particularly important for novice learners because they
do not possess appropriate schemas for integrating new information
into their prior knowledge.
Thus, the findings of previous research suggests that teacher talk
can be conceptualized in two ways: First, teacher talk can be con
ceptualized as input for incidental language/content learning (Butts,
Hofman, & Anderson, 1993; Dickinson & Porche, 2011; Foy & Mann,
2003; Huttenlocher, 1998; Klibanoff et al., 2006; Mascareño, Snow,
Deunk, & Bosker, 2016). From this perspective, a higher amount of and
more complex verbal input created a richer learning environment,
which, in turn, increases the success of children's knowledge acquisi
tion. According to this understanding, the role of the teacher is to create
a rich (content-specific) language environment without directly ad
dressing specific aspects of children's learning (such as misconceptions,
prior experiences, etc.). In our paper, we use the term content-specific
language (CSL) to refer to this kind of teacher talk. This perspective
implies that children's construction of conceptual knowledge is fa
cilitated if they are exposed to content-specific vocabulary. This hy
pothesis can be substantiated by drawing attention to connections be
tween language and science learning. Similar to vocabulary learning in
language, the acquisition of science concepts consists in the develop
ment of mental structures, which allows the learner to communicate
and behave in a competent manner (Bybee, 2006; Carey, 2000).
Second, teacher talk can be conceptualized as aiming to stimulate do
main-specific learning (Eshach et al., 2011; Hardy et al., 2006; RappoltSchlichtmann et al., 2007). Here, teacher talk is closely tied to the
scaffolding metaphor, which had originally been coined for the purpose
of describing a tutoring situation in which a more knowledgeable
person enables a novice to succeed in a task, which would otherwise
have been out of reach (Vygotsky, 1978; Wood et al., 1976). As stated
above, the concept of scaffolding has become increasingly prominent in
research on science instruction (Eshach et al., 2011; Hogan & Pressley,
1997; Sandoval & Reiser, 2004). In our study, we use the term scaf
folding utterance to refer to teacher talk that performs a scaffolding
function. The general idea is that teacher talk in the form of scaffolding
utterances supports children's science learning by activating prior
knowledge, asking open-ended questions, or causing cognitive conflicts.

(2004) structuring is aimed at the reduction of complexity by providing
structural information such as clarifying the goal, decomposing com
plex tasks, and focusing on effort and monitoring (see also Hardy et al.,
2006). Problematizing challenges students' thinking about the problem
and the domain in general by asking for explanations or by giving rise
to cognitive conflicts and disagreement. Whereas structuring aims to
reduce complexity, problematizing, in a way, increases complexity and,
by doing so, the cognitive demand for the learner. Therefore, struc
turing and problematizing can be seen, to some extent, as contrasting
functions of scaffolding. Reiser's proposal concerning this dual function
of scaffolding in science learning has been adopted in other studies:
Furtak, Seidel, Iverson, and Briggs (2012), for example, introduced a
framework for inquiry-based science teaching that distinguishes “gui
dance” (cf. the structuring function) from “cognitive features” (cf. the
problematizing function). Steffensky, Gold, Holdynski, and Möller
(2015) used “structuring” (identical to Reiser's term) and “cognitive
activation” (cf. the problematizing function) to describe facets of tea
chers' professional vision of learning support. According to these stu
dies, teacher talk serves either the structuring function or the pro
blematizing function. These two broad functions will be expounded in
further detail below.
The structuring function targets children's understanding of the
task, including the learning goal associated with the phenomenon to be
dealt with. Meta-analyses have shown that being clear and transparent
about learning goals is an important determinant of instructional
quality (e.g., Hattie, 2009). This kind of teacher talk can be exemplified
by instances such as repetition of task descriptions, partial explanation
of the phenomenon, or the provision of guidance with respect to the
next step in the procedure of the task (see Eshach et al., 2011). As
mentioned above, Kirschner et al. (2006) emphasize that providing
structure and guidance is especially important for novices who do not
have a sufficient amount of prior knowledge yet. The structuring
function of teacher talk also assists children in directing their attention
to the relevant aspects of the phenomenon to be investigated and to the
task at hand. The possibility and the importance of directing children's
attention through verbal prompts has been extensively researched in
the field of infants' cognitive development (e.g., Carpenter, Nagell,
Tomasello, Butterworth, & Moore, 1998; Daum, Ulber, & Gredebäck,
2013; Senju & Csibra, 2008). Beneficial effects of this kind of teacher
talk can be explained by cognitive load theory that holds that instruc
tional support facilitates children's learning through directing their
cognitive resources towards the most important aspects (Chandler &
Sweller, 1991; Sweller, 1994; Sweller, van Merrienboer, & Paas, 1998).
From a developmental perspective, self-regulation is a realm of drastic
changes around preschool age as mentioned above (Center on the
Developing Child at Harvard University, 2011). Therefore, children's
learning at this age may especially benefit from prompts that direct
their attention. Focusing children's attention can be assumed to be
especially important in science because the learning activities usually
include a multitude of different materials (demonstration objects,
worksheets, measuring instruments, experimental material, etc.)
(Leuchter & Naber, 2019).
The problematizing function initiates the activation of prior
knowledge. Prior-knowledge activation per se is seen as a necessary
pre-condition for any conceptual learning (Carey, 1985; Posner, Strike,
Hewson, & Gertzog, 1982; Vosniadou, 1994). Questioning is a strategy
that is tightly related to the activation of prior knowledge. Several
studies have highlighted the role of questioning in (science) learning
(Chappell, Craft, Burnard, & Cremin, 2008; Chin, 2006; Kawalkar &
Vijapurkar, 2013; Saalbach & Schalk, 2011). Saalbach and Schalk
(2011), for example, found that asking questions can support children's
ability to categorize items according to taxonomic relationships rather
than according to mere perceptual similarity. They concluded that
questions perform a crucial function in the activation of children's prior
knowledge.
The problematizing function further includes the prompting of

1.3. Framework for analyzing teacher talk as a scaffold for science learning
Reiser (2004) suggests two main functions of scaffolding talk in
science learning: structuring and problematizing. According to Reiser
3
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explanations, comparisons, or reasoning, and encourages the resolution
of discrepancies with respect to the phenomenon at hand. The
prompting of (self-)explanations has been identified as an important
source for conceptual learning in different domains (Berthold, Eysink, &
Renkl, 2009; Chi, Leeuw, Chiu, & Lavancher, 1994; Rittle-Johnson,
2006; VanLehn, Jones, & Chi, 1992). Chi et al. (1994), for instance,
demonstrated that the prompting of students' self-explanations had a
positive effect on their conceptual understanding about the human
circulatory system. Self-explanations raise learners' awareness of the
consistency between newly acquired knowledge and prior knowledge
(Chi et al., 1994). Comparison is considered a fundamental mechanism
for conceptual learning (for an overview, see Gentner, 2010; Holyoak,
2005; Rittle-Johnson & Star, 2011). The general idea of comparison is
that children learn from the juxtaposition of two conceptually related
elements by recognizing their similarities and differences. In doing so,
the learner processes the learning material in depth and is more likely
to think about the abstract underlying principles or conceptual re
lationships. The positive effect of comparison on children's learning has
been confirmed in different fields (for a recent meta-study, see Alfieri,
Nokes-Malach, & Schunn, 2013) such as language development
(Gentner, Loewenstein, & Hung, 2007; Gentner & Namy, 1999), pro
positional logic (Schalk, Saalbach, & Stern, 2016), mathematics (Ziegler
& Stern, 2014, 2016), or science (Haglund, 2012; Kurtz, Miao, &
Gentner, 2001). Gentner and Namy (1999), for example, demonstrated
that 4-year-olds are capable of identifying an abstract conceptual
commonality of two perceptually different objects after having been
prompted to compare them. Conversely, contrastive comparisons of
perceptually similar but conceptually different mathematical proce
dures resulted in less confusion about the different procedures and in
creased conceptual understanding in elementary school mathematics
(Ziegler & Stern, 2014, 2016). Teacher talk can furthermore stimulate
children's scientific reasoning. In science education, reasoning is dis
cussed in connection with the concept of scientific inquiry (for models
of the process of scientific inquiry, see Bybee, 2006; Chen & Klahr,
1999; Klahr, 2000; Zimmerman, 2000, 2007). In this context, teacher
talk should encourage children to evaluate evidence, that is, to compare
hypotheses and experimental observations (Klahr, 2000; Klahr &
Dunbar, 1988). Finally, teacher talk can cause cognitive conflicts, which
is considered an effective instructional strategy to foster conceptual
learning (Limón, 2001; Posner et al., 1982). In this case, information
that contradicts expectations is presented in order to produce a mental
disequilibrium with previously held conceptions. In early theories
about conceptual change, the associated dissatisfaction is seen as a
precondition for conceptual learning (Posner et al., 1982). In order to
benefit from a cognitive conflict, however, the learner must possess the
ability to reach a state of a meaningful conflict, which might be con
strained by limited prior knowledge (Dreyfus, Jungwirth, & Eliovitch,
1990). Therefore, the creation of cognitive conflicts may not be ne
cessarily supportive in terms of conceptual learning.
In summary, teacher talk may serve four types of scaffolding func
tions that support children's science learning:

reasoning, and cognitive conflicts. Examples: “Why do you think it
floats?”, “Do both rulers have a small hole?”, “It floats. Well. And
what have you said [predicted]?”, “And it is light [low weight]? …
And it nevertheless sinks in water?”
It is important to recognize that the types ScaClarify and ScaFocus
are closely related to the structuring function (and the need to address
preschoolers' cognitive limitations) whereas the categories ScaActivate
and ScaChallenge relate to the problematizing function (and the need to
address preschoolers' cognitive resources). Teacher talk of all four types
can be assumed to be positively related to children's conceptual
learning (see hypotheses below).
1.4. Present study
There is a considerable body of research on curricular development,
best-practice examples, and classroom discourse in primary science
education (Dawes, 2004; Eshach, 2011; French, 2004; Jadallah et al.,
2011; Mercer et al., 2004; Peterson & French, 2008) whereas there are
only few studies that have investigated effects of teachers' verbal input
on children's conceptual learning with a quantitative approach. To our
knowledge, the study to be presented below is one of the first studies
that have empirically examined the effect of teacher talk on children's
conceptual learning in early science instruction through analyzing
teachers' scaffolding in detail. In our study, we examined the effect of
specific functions of teacher talk on children's conceptual learning in
early science instruction. To this end, 32 kindergarten teachers were
video-recorded while tutoring a group of children who dealt with a
learning unit on floating and sinking. Forty-minute sequences of tu
toring activities were video-recorded at the beginning of the four-week
unit, which contained inquiry-based instruction about floating and
sinking. Children's performance was assessed in a repeated measuresdesign (pre-test and post-test) in individual testing sessions that con
sisted of four tasks concerning conceptual knowledge within the topic
of floating and sinking.
Our research addressed the following questions: To what extent can
teacher talk by means of (i) content-specific language and (ii) scaf
folding utterances explain children's conceptual learning? Given the
importance of language input and guidance for children's cognitive
development and domain-specific learning, as reviewed above, we hy
pothesized that the frequency of teacher talk, both in the form of
content-specific language and in the form of scaffolding utterances,
predicts children's learning.
2. Method
2.1. Sample
A total of 32 Swiss kindergarten teachers and their classes (N = 468
children) participated in this study. On average, these teachers were
39.03 years old (SD = 11.10 years), and their teaching experience
amounted to 14.62 years (SD = 8.87 years). All teachers were female.
The children were, on average, 4.99 years old (SD = 0.64 years). The
proportion of girls was 49.1%. The classes were recruited in the
German-speaking area of Central Switzerland and came mainly from
sub-urban and rural areas. As for the language that is spoken at home,
the majority of the children (66.2%) spoke only German or Swiss
German dialect, another 15.2% only a foreign language, and further
18.5% at least one other language besides German or Swiss German
dialect. All children, however, had sufficient knowledge of German to
follow the instructions of the teachers and the scientific staff.
In Switzerland, kindergarten is a compulsory part of the public
educational system. Children usually attend kindergarten between the
ages of four and six years. According to the International Standard
Classification of Education ISCED defined by the UNESCO (2012), Swiss
kindergarten is to be classified between pre-primary education and the

• Clarification of phenomenon, task, and procedure (ScaClarify): Clarify
•
•
•

goals and the associated procedures for investigating a natural
phenomenon. Examples: “Let's have a look at the worksheet.”, “Tell
me what to do next.”
Focus of attention (ScaFocus): Sharpen the focus of attention and
direct it to specific properties of the phenomenon. Examples: “Hold
it in your hands, first.”, “What happens when you push it [the
candle] down, does it remain there?”
Activation of prior knowledge (ScaActivate): Activate children's prior
knowledge in order to motivate the formulation of hypotheses about
the phenomenon. Examples: “Have you seen anything similar at
home before?”, “What do you think, will it float?”
Challenging of conceptual change (ScaChallenge): Support children's
knowledge construction by prompting explanations, comparisons,
4
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beginning of primary education. For an in-depth description of Swiss
kindergarten, see Wannack (2004).
2.2. Procedure
Overview. The participating teachers had enrolled in a half-day
professional development course on early science instruction. The tea
chers received a theory input about children's learning conceived of as
conceptual change, which related to the topic of floating and sinking.
The role of teacher talk and verbal input was not addressed. All parti
cipants were provided with a set of learning materials (see Section 2.3)
and then planned in groups the implementation of a unit on floating
and sinking. Afterwards, the teachers were requested to implement
their plan in their classes and to use the learning materials in the
subsequent four weeks. Each teacher was video-recorded for forty
minutes in the first week of the implementation phase while assisting in
the activities of a group of children during an inquiry-based learning
activity on the topic floating and sinking. Teacher talk was analyzed
based on this video material and the transcripts of the verbal interac
tions. Furthermore, we measured the children's conceptual knowledge
about floating and sinking in individual sessions in a pre-post design.
Participants’ consent. Both the teachers in the sample and the parents
of the kindergarten children involved had given their written consent to
participation in the study, including the permission for being videorecorded and tested. Those children whose parents had refused per
mission were not recorded.

Fig. 1. Example worksheet.

concepts. They were intended to shift their focus from one dimension
(such as the shape, the volume, or the weight of objects) to material
kind as an object property that integrates aspects of weight and volume
(such as iron, clay, wood, polystyrene, etc.) (Dickinson, 1987; Leuchter
et al., 2014; Rappolt-Schlichtmann et al., 2007). In the example
worksheet (see Fig. 1), we triggered two misconceptions: “Everything
with a hole sinks” and “Small things sink, and large things float”.
Following Alfieri et al. (2011), the learning unit described above
was designed to enable enhanced discovery learning. The children were
intended to develop conceptual understanding through testing their
assumptions about the buoyancy of a range of objects in order to con
struct the concept of material kind. The teacher, in turn, was expected
to support the children's learning actively through providing verbal
scaffolding in the context of a structured learning environment.
In both a pilot study including two classes (not part of the sample)
and the main study, the children as well as the teachers responded
positively to the learning activities. For example, the children had no
difficulty in understanding the task and the procedure. They were en
gaged in serious thinking, eager to work, and curious to check whether
their assumptions were consistent with their observations. Classroom
disruptions were only rarely observable.

2.3. Learning unit
Learning unit. The learning unit aimed to promote the development
of an early conception of matter. In natural sciences, especially in
physics and chemistry, conceptions of matter lay the foundation for the
acquisition of more complex concepts (e.g., periodic table, atomic
theory, etc.). Specifically, the learning unit of this study intended the
children to construct the concept of material kind, which, according to
Dickinson (1987), represents a conception of matter that is meaningful
and comprehensible to young children and helps them organize
knowledge about characteristic qualities and behaviors of materials. In
the context of the topic floating and sinking, the kinds of materials
(such as iron, clay, wood, polystyrene, etc.) act as a predictor of the
buoyancy of the objects. Knowledge about buoyancy is considered
important with respect to the later development of concepts such as
density, displacement of water, or Archimedes’ principle, etc. Although
young children are unable to grasp the concept of density to the full
extent, they have intuitive ideas regarding buoyancy. These ideas are
rooted in experiences that relate to their play with objects in water
(Hadzigeorgiou, 2015; Kohn, 1993).
Learning activity. For the purposes of our study, we refined the
learning unit on floating and sinking from Leuchter, Saalbach, and
Hardy (2014). It was structured in a way that enables children to
construct knowledge by contrasting their hypotheses with actual ob
servations in a process of scientific inquiry (see Bybee, 2006). A group
of two to six children worked at two different stations: Office for
thinking and reflecting about hypotheses and Lab for observing the
actual buoyancy of these objects in a plastic container filled with water.
The objects to be dealt with were presented both as real objects and as
pictorial representations on worksheets. We decided to use objects
without hollow shapes so as to ensure that the kind of material acted as
a stable predictor of buoyancy (which would not have been the case if
an iron object had had the shape of a bowl, for instance). The work
sheets consisted of three columns: a column with pictures of the objects,
a column for expressing the hypothesis about buoyancy, and a column
for reporting the observed buoyancy of the single objects (see Fig. 1 for
an example worksheet). We selected the objects with the intention of
challenging commonly prevailing misconceptions about buoyancy. By
doing so, we aimed to stimulate the children's restructuring of their

2.4. Measures
Assessment of the children's conceptual knowledge. We assessed the
children's concept of material kind, as an indicator of their conceptual
knowledge, before (t1) and after (t2) the implementation of the learning
unit. The test consisted of four tasks – Classification, Justification,
Allocation, and Labeling – and was to be completed in one-to-one ses
sions in a quiet room of the kindergarten during a regular school day.
Each testing session lasted for approximately 10 min. In the classifica
tion task (CLAS), the children had to classify 16 real objects according
to the expected buoyancy (floating or sinking). The items in the testing
session differed from those used in the learning environment. The re
sponses were coded correct or false. The variable CLAS thus reflects the
relative proportion of correct predictions. In the justification task
(JUST), the children were asked to justify their predictions verbally.
Their statements were coded in terms of coherence with the concept of
material kind. Coherent statements (e.g. “It sinks, because it is made
from iron”), statements referring to a single dimension such as weight,
form, etc. (e.g. “It floats, because it is not heavy”), and other statements
5

Learning and Instruction 71 (2021) 101371

U.T. Studhalter, et al.

(e.g. “I don't know”) were assigned 1, 0.5, or 0 points, respectively.
When a child said, for instance, “This object floats, because it has a
round shape”, the statement did not get the full score because it neither
directly referred to the material (clay, wood, etc.), nor included two
dimensions (as in statements such as “This object floats, because it is
pretty large for its weight”). As the shape (a single dimension) can have
an effect on how much water is displaced and thus affect buoyancy, we
assigned 0.5 points. The variable JUST thus reflects the proportion of
correct justifications with respect to the coherence with the concept of
material kind. In the allocation task (ALLOC), we asked the children to
match six pairs of objects according to the kinds of materials. For in
stance, a wooden toothpick had to be matched to a larger piece of
wood. The variable ALLOC relates to the proportion of correct pairings.
In the last part of the assessment, the Labeling task (LABEL), the chil
dren had to label these six objects according to the material kind. The
variable LABEL represents the proportion of correct labeling to total
labeling.
Internal consistency for CLAS, JUST, ALLOC, and LABEL amounted
to 0.34, 0.90, 0.63, and 0.52 for t1 and to 0.53, 0.93, 0.67, and 0.62 for
t2. These partly low internal consistency estimates (evaluated according
to Bühner, 2011) are not surprising because formal conceptual learning
in science is just about to start at kindergarten age. Nevertheless, the
constant improvement of the internal consistency estimates between
the pre- and the post-measurement may indicate that conceptual re
construction had indeed taken place. Furthermore, the pre-test perfor
mance scores were tested against the chance level. The chance level is
relevant as regards the classification and the allocation task (but not as
regards the other two tasks because these tasks had been designed to
elicit qualitative statements). For CLAS, the mean (55.05%, see Table 2)
is slightly above the chance level (50%) whereas in the case of ALLOC,
the mean (43.31, see Table 2) clearly exceeds the chance level (0.14%).
One-sided t-tests showed that these pre-test performance scores are
significantly above the chance level, with t(441) = 6.95, p < .001 for
CLAS and t(430) = 22.3, p < .001 for ALLOC. These analyses indicate
that the participating children had had a substantial level of prior
knowledge before they began to engage in the learning activities. The
four dependent variables (CLAS, JUST, ALLOC, LABEL) together in
formed the latent construct children's conceptual knowledge (CCK), which
is an integrative representation of the children's performance with

respect to the learning goal of constructing the concept of material kind.
Finally, the children's language skills were assessed via their tea
chers' rating of the following seven items on a five-point Likert scale
(ranging from 1 = total disagreement to 5 = total agreement): (1) “The
child has an age-appropriate passive vocabulary that enables good
understanding”, (2) “The child has an age-appropriate active vocabu
lary that allows him/her to express himself/herself well”, (3) “The child
can form correct sentences”, (4) “The child pronounces words clearly”,
(5) “The child recounts experiences or stories coherently,”, (6) “The
child can recite/sing rhymes and songs by heart”, and (7) “The child
likes to express herself/himself”. According to Bühner (2011), the in
ternal consistency of this scale can be deemed high (Cronbach's
alpha = .93).
Assessment of teacher talk. In order to analyze teacher talk, under
stood as consisting of content-specific language (CSL) and scaffolding
utterances (Sca), two authors of this paper coded the 40-min videorecorded teaching sequences of each teacher in a rating procedure with
time samples of 15 s, using the software Videograph (Rimmele, 2013).
The coding included those video sequences in which the teacher had
interacted with the children and the material of the learning unit. CSL
captured the occurrence of specific expressions in the teachers’ talk that
referred to the material kind of the objects being dealt with. Teacher
utterances in every time sample were given one of the following ratings:
(1) no occurrence of these expressions (no CSL), (2) occurrence of one
or more of these expressions (example: “Have you seen clay before?”),
(3) occurrence of one or more of these expressions in combination with
buoyancy (example: “Because it is made of wood? What will probably
happen to it?”). We then calculated the proportion of time samples
consisting of CSL: (CSL Type 2 + CSL Type 3)/analyzed sequences in
total. CSL of Type 1 did not appear in this calculation because this code
meant “no CSL”.
Scaffolding utterance captured teacher talk in terms of its underlying
scaffolding functions (see Table 1). ScaClarify relates to utterances that
are aimed at the clarification of the phenomenon, task and procedure.
Teacher talk of this type should support children in establishing and
maintaining the direction of her/his learning activities to fulfill the
instructional task, respectively phenomenon at hand. The two sub-types
(a, b) reflect that teachers may perform the scaffolding functions either
in the form of guidance or in the form of inquiry. ScaFocus refers to

Table 1
Types of scaffolding utterances with underlying functions.
Function

Sub-Function

ScaClarify

Clarification of phenomenon, task, and procedure

(a) Guiding of phenomenon, task and procedure
“Let's have a look at the worksheet.”
(b) Inquiring about phenomenon, task and procedure
“Tell me what to do next.”

ScaFocus

Focus of attention

ScaActivate

Activation of prior knowledge

(a) Guiding of observation
“Hold it in your hands, first.”
(b) Inquiring about observation
“What happens when you push it [the candle] down, does it remain there?”
(a) (Re-)Activating of prior knowledge
“Have you seen anything similar at home before?”
(b) (Re-)Activating of hypothesis formulation
“What do you think, will it float?”

ScaChallenge

Challenging of conceptual change

(a) Prompting of explanation
“Why do you think it floats?”
(b) Prompting of comparison
“Do both rulers have a small hole?”
(c) Prompting of reasoning
“It floats. Well. And what have you said [predicted]?”
(d) Prompting of cognitive conflicts
“And it is light [low weight]? … And it nevertheless sinks in water?”

Wait
Outside

Waiting

[waiting]
“Of course, go quickly to the toilet!”
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−0.55**
−0.31
−0.31
0.11

Note. Child variables: Age, GermL = German language skills, CLAS = score of classification task, JUST = score of justification task, ALLOC = score of allocation task, LABEL = score of labeling task. Teacher variables:
CSL = content specific language, Sca = variables of scaffolding utterances (ScaClarify: Clarification of phenomenon, task, and procedure, ScaFocus: Focus of attention, ScaActivate: Activation of prior knowledge,
ScaChallenge: Challenging of conceptual change, and Wait: Waiting). Differences in N in child variables are due to missing values. The correlations of the teacher variables are based on a long-format data set. Therefore,
the corresponding sample size is reported as N = 32 (N = 468). Children's performance measures and the measures of teacher talk are reported in percentages. The values above the main diagonal represent correlations
of means on the teacher-level. *p < .05, **p < .01, ***p < .001.

0.19
−0.25
−0.17
−0.32
−0.31
−0.11
0.04
−0.24
−0.11
−0.23
−0.14
0.11
−0.18
−0.43*
−0.21
–
0.09
0.40*
0.25
0.07
0.21
−0.22
0.23
0.14
0.11
−0.23
0.09
−0.31
−0.24
−0.17
–
−0.21
0.04
−0.25
0.13
0.26
0.12
0.07
−0.08
0.31
0.20
0.43*
0.20
−0.31
0.28
–
−0.17
−0.43*
−0.14
0.10
−0.22
0.30
0.22
0.29
−0.16
0.29
0.28
0.23
0.13
−0.55**
–
0.28
−0.24
−0.18
−0.15
−0.15
0.08
−0.30
−0.23
−0.27
−0.03
−0.37*
−0.43*
0.00
−0.33

−0.22
−0.13
−0.30
0.19
−0.01
0.16
−0.08
0.34
−0.13
0.09
–
−0.33
0.13
0.20
0.09
−0.14
0.06
−0.15
0.26
0.47**
0.38*
0.55**
0.26
0.43*
0.21
–
0.02
0.00
0.07
0.17***
−0.07
−0.11
−0.07
0.25
0.33
0.13
0.49**
0.32
0.30
0.19
–
0.54***
−0.04
−0.17***
0.09
0.04
0.07
−0.02
3
1
0
6.25
0
0
0
0
0
0
0
22.88
4.63
4.31
3.60
0
5.00 (0.64)
4.25 (0.85)
55.05 (15.26)
72.00 (15.83)
44.24 (20.00)
58.05 (22.72)
43.31 (27.25)
57.49 (28.35)
29.63 (20.79)
45.37 (27.37)
12.05 (9.21)
39.26 (8.51)
13.85 (6.57)
12.04 (5.52)
14.78 (8.91)
5.70 (4.61)
1 Age
2 GermL
3 CLASpre
4 CLASpost
5 JUSTpre
6 JUSTpost
7 ALLOCpre
8 ALLOCpost
9 LABELpre
10 LABELpost
11 CSL
12 ScaClarify
13 ScaFocus
14 ScaActivate
15 ScaChallenge
16 Wait

468
383
442
434
430
423
431
425
432
428
32 (468)
32 (468)
32 (468)
32 (468)
32 (468)
32 (468)

7
5
93.75
100
100
100
100
100
83.33
100
31.53
53.70
28.23
24.32
41.22
16.35

–
0.12*
0.27***
0.25***
0.15**
0.16***
0.25***
0.24**
0.11*
0.19***
−0.09
−0.10*
−0.10*
−0.02*
0.06
0.15**

−0.14
–
0.30***
0.35***
0.38***
0.33***
0.27***
0.29***
0.40***
0.28***
−0.09
−0.11*
0.01
−0.12*
0.18***
−0.05

0.31
0.23
–
0.34***
0.39***
0.26***
0.37***
0.32***
0.30***
0.27***
−0.06
−0.01
−0.05
−0.04
0.10*
−0.01

0.16
0.14
0.21
–
0.34***
0.52***
0.34***
0.41***
0.36***
0.44***
0.06
−0.12*
0.09
0.09
0.03
−0.10

0.01
0.15
0.41*
0.09
–
0.54***
0.28***
0.27***
0.39***
0.31***
0.02
−0.11*
0.07
0.02
0.08
−0.08

−0.08
−0.06
−0.03
0.59***
0.30
–
0.27***
0.32***
0.39***
0.50***
0.06
−0.10*
0.11*
−0.01
−0.05
−0.06

0.32
0.14
0.54**
0.13
0.41*
0.01
–
0.58***
0.41***
0.38***
−0.02
−0.04
−0.07
−0.05
0.10*
0.02

0.36*
0.07
0.12
0.47**
0.40*
0.27
0.58***
–
0.44***
0.47***
0.09
−0.13**
0.07
0.07
0.05
−0.05

10
Min
M (SD)
N

Table 2
Descriptive statistics and correlations.

Max

1

2

3

4
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6
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8
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teacher utterances that are intended to direct the children's attention to
specific properties of the phenomenon. The differentiation of sub-types
was again based on the distinction between the aspects of guidance and
inquiry. ScaActivate refers to teacher utterances that are intended to
activate the children's prior knowledge. The associated sub-types in
clude referencing to prior experiences (long-term/wide scope) and
asking for the formulation of a hypothesis (short-term/narrow scope).
ScaChallenge refers to teacher utterances that prompt explanations,
comparisons, reasoning, and cognitive conflicts, in order to challenge
the children's conceptual change. We calculated the proportion of the
time samples that contained scaffolding utterances for each main ca
tegory separately. Time samples consisting only of teacher utterances
that did not relate to the learning unit were assigned to the category
Outside (for outside the content). If there were time samples in which
the teacher, the learner(s), and the learning materials were visible, but
the teacher did not provide verbal input, we classified them as Wait (for
waiting).
We checked inter-rater reliability for 22.3% of the data material
using kappa coefficients. According to Fleiss (1981), kappa coefficients
above 0.75 are regarded as excellent agreement. Overall kappa was .80
for CSL and 0.79 for scaffolding utterances. Disagreements were re
solved through discussion in the training phase. Inter-rater agreement
was tested four times during the coding process.
2.5. Analysis
We applied latent regression modeling to estimate relationships
between teacher talk and children's conceptual knowledge (CCK2). We
decided to use a latent variable modeling framework because it made it
possible to represent the children's performance with respect to the concept
of material kind as a latent variable (consisting of the four facets
CLAS, JUST, ALLOC, LABEL) and to correct for measurement error. The
ICC(1) values for our outcome measurements (the four conceptualknowledge scores in the post-test) were small-to-moderate for three
of the knowledge tests (ICCCLASpost = .058, ICCJUSTpost = .074,
ICCALLOCpost = .025) and large for the fourth knowledge test
(ICCLABELpost = .238) (assessment according to Preacher, Zhang, & Zyphur,
2011).
The models were estimated with the R package lavaan (Rosseel,
2012). Estimation was based on the maximum likelihood procedure
with robust standard errors (MLR), which is specifically robust in the
case of non-normally distributed data. Missing data were imputed by
the Full Information Maximum Likelihood (FIML) procedure. We adopted
a three-step modeling approach, including (1) the definition of the
measurement model, (2) the controlling for child variables, and (3) the
testing of hypotheses that related to the variables of teacher talk. The
graphical representation of the final model followed the guidelines
proposed by Schreiber, Nora, Stage, Barlow, and King (2006). Details
about the modeling procedure are provided directly in each result
section. In addition, in order to examine whether the results are robust
when considering the hierarchical data structure, a multilevel regres
sion model was estimated. Both modeling approaches will be explained
and their results presented side-by-side in the results section.
3. Results
3.1. Descriptive statistics and correlations
Table 2 displays the descriptive statistics of all variables and their
inter-correlations. Overall, child variables correlated highly with each
2
The meaning of this latent construct differs from the meaning of integrated
conceptual understanding of floating and sinking as defined by Kleickmann,
Tröbst, Jonen, Vehmeyer, and Möller (2016), which implies that students' si
multaneously adopt scientific explanations and abandon misconceptions.
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Fig. 2. Children's conceptual knowledge scores for the four tasks in the pre-test and in the post-test. Error bars represent the 95% confidence intervals.

other, whereas cross-level correlations were smaller and rarely sig
nificant. There was a significant positive correlation between all chil
dren performance scores (p < .001). The correlations between the
children's pre-score measures ranged between 0.28 and 0.41. As regards
the post-test, the correlations ranged between 0.32 and 0.52. Various
correlations of teacher talk variables with conceptual knowledge vari
ables increased in size from pre-test to post-test. Most of the correla
tions involving variables on the teacher-level were not significant. This
can be attributed to the sample size of N = 32 at the teacher level,
because at this sample size, correlations of moderate magnitude are not
statistically significant.

d = 0.53 (medium); LABEL: t(400) = 12.8, p < .001, Cohen's
d = 0.64 (medium).
3.1.2. Teacher talk
In Table 3 and Table 4, the frequency of teacher talk is reported
both in raw numbers across classrooms and in class-averaged propor
tions for CSL and scaffolding utterances, respectively. A total of 4267
time samples, each 15 s in length, were analyzed and coded across all
32 classrooms.
Content-specific language (CSL). On average, the teachers used CSL in
12.1% (SD = 9.2) of all analyzed time samples. Both sub-types of CSL
were observable in similar proportions. In the remaining time samples
(88%), the teachers did not use CSL. There was considerable variation
between the teachers as the proportion of CSL ranges between 0% and
32%.
Scaffolding utterances. On average, the teachers used scaffolding
utterances in 86% of all analyzed time samples, while the remaining
14% contained utterances outside the learning unit. The Clarification of
phenomenon, task, and procedure was by far the most frequent type of
scaffolding utterance (39%). At the level of the sub-types, Guiding of

3.1.1. Children's conceptual knowledge
Fig. 2 displays the children's conceptual knowledge scores in the
pre-test and in the post-test. Paired-samples t-tests were conducted to
compare the children's conceptual knowledge in the pre-measurement
and in the post-measurement. There was a significant increase between
the two measurement in all tasks: CLAS: t(410) = 18.7, p < .001,
Cohen's d = 0.92 (high); JUST: t(400) = 12.8, p < .001, Cohen's
d = 0.64 (medium); ALLOC: t(397) = 10.6, p < .001, Cohen's
Table 3
Frequency of teacher talk in the form of content-specific language.
Type

Sub-Type

Raw number across
classrooms

Sub-Type Proportion of all analyzed
time samples

Type Proportion of all analyzed
time samples

Content-specific language

Occurrence of specific expression(s)
Occurrence of specific expression(s) in
combination with buoyancy

199
320

.05
.07

.12

Remaining (no CSL)

3748

.88
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1.00
1.00

For our main analyses, we combined two different analytic ap
proaches. These included a latent variable model, and a multilevel
factor score-regression model. Our first analytic approach, the latent
variable model, has the advantage that the focal parameter estimates
are corrected for measurement error. A disadvantage of this model is
that it is not possible to correct for the hierarchical data structure with
the number of 32 teachers, because the model has too many para
meters. This prohibits setting up a full multilevel latent variable model,
and also correcting standard errors for the hierarchical data structure.
Neglecting the hierarchical data structure, however, usually leads to an
underestimation of standard errors and in turn to an attenuation of pvalues (McNeish, Stapleton, & Silverman, 2017). We therefore com
pared the results from this approach with another approach that con
siders the hierarchical data structure. In the second approach, we ex
tracted children's factor scores on the latent variables representing their
conceptual knowledge at pre-test and post-test, respectively. Using
these factor scores, we estimated a multilevel regression model in
which we modelled the effects of teacher talk on the teacher level.
Following, we first present the results from the latent variable ap
proach, and then we compare these to the results from the multilevel
factor score-regression model. To ease interpretation and comparison,
the main results from both approaches are presented in Table 5.
For the latent variable model, we adopted a three-step modeling
approach. In the first step, we specified a measurement model that
included the pre- and post-scores of the children's conceptual knowl
edge as latent constructs. The latent variable CCKpre was constituted by
the pre-test scores of the four children tasks (i.e. classification, justifi
cation, allocation, and labeling). In an analogous way, the latent vari
able CCKpost encompassed the post-test scores of these tasks. Moreover,
we specified eight residual correlations in order to account for the de
sign-specific relations between the tasks (see Fig. 3). These residual
correlations represented common method variance between scores that
either stem from the same tasks or to the same variables measured over
time. Therefore, these correlations represent methodological common
alities rather than substantially meaningful multidimensionality. The
model fit was evaluated by means of the chi-square test (χ2), the
comparative fit index (CFI), the root mean square error of approxima
tion (RMSEA), and the standardized root mean square residual (SRMR)
(Hu & Bentler, 1998, 1999). The fit of the measurement model was
reasonably good (quality statements are reported in brackets, with re
ference to Schermelleh-Engel & Moosbrugger, 2003): chi-square:
χ2(11) = 23.17, p = .02 (acceptable fit); CFI = 0.988 (good fit);
RMSEA = 0.049 (good fit), 90% CI [0.02, 0.08] (good fit),
pRMSEA < 0.05 = 0.490 (good fit); SRMR = 0.023 (good fit).
In the second step, we controlled for child variables that may have
influenced the children's post-scores. The children's knowledge score in
the post-test (CCKpost) was regressed on the children's prior knowledge
(CCKpre). The results of this structural regression model indicated that
the children's prior knowledge was a strong predictor of CCKpost
(β = .87, p < .001). It explains 75.6% of the variance in the depen
dent variable. The results of this and all subsequent models are reported
in Table 5. The standardized coefficient β should be read as follows:
When prior knowledge (CCKpre) was one standard deviation higher in

4′276

.06
.14

.15

3.2. Relationship between teacher talk and children's conceptual knowledge

Total

Wait
Waiting
Remaining (Outside)

(a)
(b)
(c)
(d)

Prompting
Prompting
Prompting
Prompting

of
of
of
of

explanation
comparison
reasoning
cognitive conflicts

343
83
113
98
243
614
Challenging of conceptual change
ScaChallenge

.08
.02
.03
.02

.12
(a) (Re-)Activating of prior knowledge
(b) (Re-)Activating of hypothesis formulation

(a) Guiding of observation
(b) Inquiring about observation

76
440
Activation of prior knowledge
ScaActivate

.02
.10

.14
Focus of attention
ScaFocus

.06
.08

(b) Inquiring about phenomenon, task and
procedure.

256
334

218

(a) Guiding of phenomenon, task and procedure

Clarification of phenomenon, task, and
procedure
ScaClarify

.05

1458

Sub-Type

.34

.39

phenomenon, task and procedure was the most frequent strategy. The
strategy (Re-)Activating of hypothesis formulation was also frequently
identified with 10%. Within the type Challenging of conceptual change,
the Prompting of explanations (8%) clearly dominated over the other
sub-types of the main category. There was also considerable variation
between the teachers regarding the types of scaffolding utterances.
Their occurrence ranged between 23% and 53% for ScaClarify, between
5% and 28% for ScaFocus, between 4% and 24% for ScaActivate, be
tween 4% and 41% for ScaChallenge, and between 0% and 16% for
Wait.

Type

Table 4
Frequency of teacher talk in the form of scaffolding utterances.

Raw number across
classrooms

Sub-Type Proportion of all analyzed time
samples

Type Proportion of all analyzed time
samples

U.T. Studhalter, et al.
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Table 5
Results of latent regression model and multilevel factor score-regression model.
Latent regression model
Model
CCKpost ~
CCKpre
CCKpost ~
CCKpre
CSL
CCKpost ~
CCKpre
CSL
ScaClarify
CCKpost ~
CCKpre
CSL
ScaFocus
CCKpost ~
CCKpre
CSL
ScaActivate
CCKpost ~
CCKpre
CSL
ScaChallenge
CCKpost ~
CCKpre
CSL
ScaWait
CCKpost ~
CCKpre
CSL
ScaActivate
ScaChallenge

Factor score-regression

Description of Predictors

B

z-value

p

β

B

z-value

p

β

Prior Knowledge

1.76

6.10

< .001

.87

0.78

20.70

< .001

.66

Prior Knowledge
Content-Specific Language

1.87
0.31

5.78
2.92

< .001
.003

.89
.13

0.78
0.13

20.99
2.17

< .001
.030

.66
.38

Prior Knowledge
Content-Specific Language
Scaffolding type Clarify

1.86
0.35
0.13

5.89
2.93
1.00

< .001
.003
.317

.88
.15
.05

0.78
0.13
0.01

21.34
1.90
0.11

< .001
.057
.909

.66
.39
.03

Prior Knowledge
Content-Specific Language
Scaffolding type Focus

1.89
0.29
0.25

5.71
2.67
1.74

< .001
.008
.082

.88
.12
.08

0.78
0.12
0.13

21.26
1.84
1.71

< .001
.066
.088

.66
.34
.27

Prior Knowledge
Content-Specific Language
Scaffolding type Activate

1.86
0.24
0.53

5.73
2.22
2.98

< .001
.027
.003

.87
.09
.14

0.76
0.10
0.23

20.78
1.53
2.44

< .001
.127
.015

.66
.30
.41

Prior Knowledge
Content-Specific Language
Scaffolding type Challenge

2.04
0.36
−0.36

5.32
2.99
−2.95

< .001
.003
.003

.91
.15
-.15

0.79
0.14
−0.16

20.95
2.26
−2.82

< .001
.024
.005

.67
.42
-.44

Prior Knowledge
Content-Specific Language
Scaffolding type Wait

1.86
0.28
−0.34

5.87
2.69
−1.68

< .001
.007
.092

.88
.12
-.07

0.78
0.12
−0.15

21.22
1.97
−1.05

< .001
.049
.296

.66
.35
-.22

Prior Knowledge
Content-Specific Language
Scaffolding type Activate
Scaffolding type Challenge

2.02
0.30
0.46
−0.30

5.29
2.42
2.45
−2.53

< .001
.015
.014
.012

.90
.12
.11
-.12

0.79
0.12
0.19
−0.13

20.62
1.72
2.15
−2.52

< .001
.086
.032
.012

.67
.35
.33
-.38

Note. CCK = children's conceptual knowledge, CSL = teacher talk in the form of content specific language, Sca = teacher talk in the form of scaffolding utterances
(ScaClarify: Clarification of phenomenon, task, and procedure, ScaFocus: Focus of attention, ScaActivate: Activation of prior knowledge, ScaChallenge: Challenging
of conceptual change, and Wait: Waiting). In the multilevel factor score-regression, the pretest was on the within- (i.e., student-) level, and the teacher variables were
on the between- (i.e., teacher-) level.

the pretest, the posttest was .87 standard deviations higher (CCKpost).
The non-standardized coefficient B should be read as follows: When
prior knowledge (CCKpre) was one unit higher in the pretest, the
posttest was 1.76 units higher (CCKpost). One unit was defined as en
compassing 1/10 of the total test score. The child variables Age and
German Language Skills were dropped in the modeling process because
they lead to an impairment of the model fit and had not proved to be
significant predictors of CCKpost.
In the third step, we tested the influence of teacher talk on children's
learning. The teacher talk variables were regressed on children's prior
knowledge (CCKpre) in the remaining models, in order to take into
account that teachers might adapt their teacher talk to children's prior
knowledge (such an effect only appeared for ScaChallenge; β = .15,
p < .05). First, we extended the existing model (controlling for the
children's prior knowledge) by including the teachers' content specific
language (CSL) as a predictor. The results indicate that CSL is a sig
nificant predictor of CCKpost (β = 0.13, p < .01, ΔR2 = 0.020).
Afterwards, we extended this model sequentially by including the dif
ferent types of scaffolding utterance one after the other in order to test
their contribution to explaining the children's post-test scores. The re
sults are listed in Table 5. Scaffolding utterances of the types ScaClarify
(β = 0.05, p > .05, ΔR2 < 0.001), ScaFocus (β = 0.08, p > .05,
ΔR2 = 0.008), and Wait (β = −0.07, p > .05, ΔR2 = 0.001) cannot
significantly predict CCKpost. Scaffolding utterances of the types
ScaActivate (β = 0.14, p < .01, ΔR2 = 0.004) and ScaChallenge
(β = −0.15, p < .01, ΔR2 = 0.027), by contrast, proved to be sig
nificant predictors of CCKpost. Finally, we integrated the significant
predictors into one final model (see the bottom of Table 5 and Fig. 3). In
order to account for the non-independence between the variables of
teacher talk, we specified the correlations between the variables (CSL,

ScaActivate, ScaChallenge). The final model explained 80.2% of the
variance in the children's conceptual knowledge, with teacher variables
explaining 4.6% (0.802–0.756). This final model still had a reasonable
model fit: chi-square: χ2(32) = 68.05, p < .001 (below acceptable fit);
CFI = 0.974 (good fit); RMSEA = 0.047 (good fit), 90% CI [0.029,
0.064] (good fit), pRMSEA < 0.05 = 0.604 (good fit); SRMR = 0.029
(good fit).
The results from the second approach, the multilevel factor scoreregression, were similar to those from the latent variable model, with
increased p-values due to the correction (Table 5). In addition, the
unstandardized and standardized parameter estimates, and the ΔR2
indicating uniquely explained variance by each respective predictor
appear different. This is because factor scores are not on the same scale
as the latent variables, and because in the multilevel factor scoremodel, the variance of the dependent variable is decomposed into its
shares on the within- (i.e., student-), and on the between (i.e., teacher-)
level. Consequently, standardized regression weights and ΔR2 appear
larger in magnitude because they only refer to the teacher-level. As in
the latent variable model, we controlled for children's conceptual
content knowledge at pre-test and then entered CSL and one of the
teacher talk variables. The effect of CSL was β = 0.38, p = .030,
ΔR2 = 0.15, that of ScaActivate β = 0.41, p = .015, ΔR2 = 0.16, and
that of ScaChallenge was again negative, β = −0.44, p = .005,
ΔR2 = 0.19. When entering all three teacher variables simultaneously,
the effect estimate for CSL was β = 0.35, p = .086, that for ScaActivate
β = 0.33, p = .032, and that for ScaChallenge β = −0.38, p = .012,
with an overall explained variance on the teacher level of 43.6%.
Overall, both analytic approaches suggest a positive effect of CSL, a
positive effect of ScaActivate, and a negative effect of ScaChallenge. The
positive effect of CSL does not remain significant when entering
10
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Fig. 3. Latent regression model for the prediction of the children's conceptual knowledge (CCKpost). Dotted lines indicate non-significant paths. Child variables:
CLAS = score of classification task, JUST = score of justification task, ALLOC = score of allocation task, LABEL = score of labeling task. Teacher variables:
CSL = content specific language, Sca = variables of scaffolding utterances (ScaActivate: Activation of prior knowledge, ScaChallenge: Challenging of conceptual
change). Regressions of teacher talk on CCKpre omitted for visual clarity.

ScaActivate and ScaChallenge at the same time, indicating that these
variables have some predictive overlap with CSL.
Contrary to expectations, we found scaffolding utterances of the
type ScaChallenge (Challenging of conceptual change) to be a negative
predictor (see Table 5 and Fig. 3) of the children's learning. We ex
amined this unexpected finding in exploratory post-hoc analyses
available in the online supplementary materials (see Appendix A). Re
gression analyses of the final model using children's scores separately
(instead of the latent construct CCK) are also provided in the online
supplementary materials.

4.1. Discussion of the relationship between teacher talk and children's
conceptual knowledge
We found that content-specific language in teacher talk acted as a
positive predictor of the children's conceptual learning. This finding
suggests that simply being exposed to a restricted set of content-specific
vocabulary can support children in their domain-specific conceptual
learning. This is remarkable because the construction of adequate sci
ence concepts is generally thought to be a long-term process, which
takes a considerable amount of effort (Carey, 1985, 2000; Chi, 2008;
Posner et al., 1982; Vosniadou, 1994). It seems that the verbal input
that is provided by the teachers can activate children's notions about
the phenomena of floating and sinking. The use of content-specific
vocabulary may prompt children to draw comparisons and thus trigger
conceptual reconstruction. In our study, the teachers' consistent use of
labels such as clay, iron, or wax encouraged the children to compare
these entities across different situations and, through that, to detect the
underlying similarities and develop a concept of material kind
(Dickinson, 1987; Gentner et al., 2007; Gentner & Namy, 1999). This
finding is in line with studies that have emphasized the importance of
teacher talk for the development of language and literacy (Dickinson &
Porche, 2011; Foy & Mann, 2003; Huttenlocher, 1998; Huttenlocher
et al., 2002). It is also consistent with studies in the domain of science
and mathematics that have investigated the role of teacher talk in
children's conceptual learning (Klibanoff et al., 2006; Leuchter &
Saalbach, 2014). Broadening the perspective and taking a more general
view, we can provide empirical evidence that supports the assumption
that language, communication, and cognitive development are in
separably intertwined (Tomasello, 1999). Moreover, teachers' use of
content-specific language can be understood as a rudimentary form of
guidance that supports children in constructing new knowledge. This
result supports calls for more guidance and structure in science in
struction (Alfieri et al., 2011; Kirschner et al., 2006; Klahr & Nigam,

4. Discussion
The study presented above is one of the few studies that have sys
tematically related teacher talk to children's learning in kindergarten.
More specifically, we aimed to examine the scaffolding functions of
teachers' talk on children's conceptual understanding of the concept of
material kind within a learning unit on floating and sinking. For this
purpose, we analyzed teacher talk in two ways: first, in terms of the
occurrence of vocabulary related to the concept of material kind
(content-specific language), and, second, in terms of the occurrence of
phrases with an underlying scaffolding intention (scaffolding utter
ances). We found positive effects of the teachers' content-specific lan
guage and the scaffolding utterances that were intended to activate
prior knowledge on the children's conceptual knowledge. Contrary to
expectations, the scaffolding utterances that were meant to challenge
conceptual change proved to have a negative effect on the children's
knowledge. The found teacher effects were rather small, as they ac
count for 4.6% of explained variance. Post-hoc analyses suggest (see
Appendix A) that scaffolding intentions foster conceptual change par
ticularly when they are preceded by scaffolds that serve the purpose of
prior-knowledge activation.
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2004; Mayer, 2004).
Further analyses showed that the teachers' scaffolding utterances
were related to the children's conceptual learning. Scaffolding utter
ances intending to activate prior knowledge (type ScaActivate) proved
to be positive predictors of the children's learning outcomes. This
finding affirms the crucial function of prior knowledge and supports
theories about conceptual change (Carey, 1985; Chi, 2008; Vosniadou &
Brewer, 1992). Activation of prior knowledge included teacher utter
ances that intended to prompt the children to talk about their past
experiences (e.g. “Have you seen anything similar at home before?”) or
utterances that were meant to encourage the generation of hypotheses
(“What do you think, will it float?”). This type of teacher talk seems to
help children recall their experiences and take them as a starting point
for the construction of the concept of material kind. The importance of
incorporating children's prior knowledge and beliefs about natural
phenomena has also been highlighted in literature about argumentation
and dialogue in science instruction (Dawes, 2004; Mercer et al., 2004,
2009; Mercer & Howe, 2012). Contrary to expectations, teacher talk
intending to clarify the phenomenon, the task, and the procedure or to
direct the children's focus of attention did not predict the children's
learning outcomes. This finding contrasts with literature that empha
sizes the importance of clarity, structuring, and guided approaches for
effective instruction (e.g. Hardy et al., 2006; Hattie, 2009; Kirschner
et al., 2006). This inconsistency might be explained by the highly
structured learning materials that were to be dealt with in our study
since it is likely that they have reduced the need for additional struc
turing by the teacher. In order to clarify this point, follow-up studies are
needed that analyze the influence of teacher talk on children's learning
by including tasks and materials that are characterized by a varying
extent of structuring.
The positive effects of teacher talk (content-specific language and
prompts that intend to activate prior knowledge) on children's learning
found in our study are in line with previous studies that have empha
sized the close relationship between language and cognitive develop
ment (Gentner, 2016; Gentner & Goldin-Meadow, 2003; Vygotsky,
1975). One mechanism that has been discussed in this context rests on
the assumption that the hearing of specific vocabulary helps children
infer common underlying properties (Gelman & Markman, 1986; Imai
et al., 2010; Tomasello, 1999). It seems that teachers can contribute to a
rich language environment by referring to objects in a careful and
correct way. Their use of language might be especially important in
science because understanding natural phenomena and the corre
sponding domain-specific concepts is very demanding (Carey, 1985;
Kempert et al., 2019). Another mechanism that has been proposed to
explain children's progress is that children appropriate scaffolding
moves from their teacher (Jadallah et al., 2011). If children are re
peatedly exposed to teacher talk on the same topic it is likely that they
begin to imitate their teacher's content-specific language and scaf
folding utterances, which, in turn, might have a positive effect on their
learning. Moreover, the adoption of specific words and phrases in the
sense of a linguistic means may enable children to provide scaffolds
among peers, which is likely to reinforce the positive effect. These
considerations are in line with calls for an explicit integration of lan
guage into the conceptualization of effective science instruction
(Dawes, 2004; French, 2004).
Contrary to expectations, scaffolding utterances that serve the
function of challenging conceptual change (type ScaChallenge) proved
to have a negative effect on the children's knowledge construction. This
finding contradicts our expectations concerning the importance of
prompting explanations, comparisons, reasoning, and cognitive con
flicts (e.g. Berthold et al., 2009; Holyoak, 2005; Limón, 2001;
Zimmerman, 2007). This result can be discussed in three respects,
which are not mutually exclusive, however. First, negative effects could
be attributed to primary teachers' often limited knowledge of science
and their lacking confidence in the science classroom (Appleton, 2003,
2008). The teachers in our study may have used this type of talk

predominantly in an inappropriate way, which eventually resulted in
confusion rather than in conceptual change. For example, teachers may
have prompted a cognitive conflict while being unable to assist the
children in resolving it. Second, negative effects could be explained by
pointing to the children's limited prior knowledge and self-regulation
skills (Center on the Developing Child at Harvard University, 2011;
Morrison et al., 2010; Ruff & Lawson, 1990; Saalbach et al., 2013). As
outlined above, the potential of a cognitive conflict for learning de
pends on a sufficient level of prior knowledge. Limited prior knowledge
might make it impossible for children to make sense of a cognitive
conflict. In such situations, causing cognitive conflicts may result in
unproductive confusion (Dreyfus et al., 1990). Third, negative effects
may be rooted in a problem of lacking contingency. There is a con
sensus in research on teaching and learning that effective teacher
support must be tailored to the learners' actual needs, which is the key
idea of the scaffolding metaphor (van de Pol, Volman, & Beishuizen,
2010; Vygotsky, 1978). In other words, a learner can only benefit from
teacher support if this support matches his/her individual “zone of
proximal development” (Vygotsky, 1978). Children may otherwise face
difficulties in processing the information provided by the teacher
(Chandler & Sweller, 1991; Sweller, 1994; Sweller et al., 1998). Ap
plying these theoretical considerations to our study, we suppose that
the teacher's prompting of explanations, comparisons, reasoning, and
cognitive conflicts could have led to cognitive overload instead of a
beneficial stimulation of the children's conceptual reconstruction. The
problem of lacking contingency could also be associated with the as
sistant dilemma set forth by Koedinger and Aleven (2007), which de
scribes the difficulty of finding the optimal balance between giving and
withholding information/support. This dilemma challenges the implicit
assumption of a linear relationship between teacher talk and children's
learning gain. The data of our study suggest that providing a relatively
high number of prompts of the type of Challenging of conceptual change
does not necessarily support but rather impedes children's learning.
4.2. Limitations
We are aware that our research into the highly complex situation in
which teachers assist a group of children while learning has several
limitations. First, our decision to analyze teacher talk in such situations
entails the adoption of a teacher-oriented focus. As a consequence, it
remains unclear how the participating children responded to the input
and made sense of what their teacher said in the course of the learning
activity. This one-sided research focus conflicts to some extent with the
adaptive nature of scaffolding (see the characteristic of ‘contingency’ in
van de Pol et al., 2010), which would call for the integration of a childand discourse-oriented perspective too. Being fully aware of this con
flict, we had consciously decided to take a teacher-oriented focus be
cause we wanted to reduce the complexity of classroom interaction in
order to learn more about the specific effects of teacher talk. Second, we
analyzed teacher talk on the basis of only one single forty-minute se
quence taught by each teacher, which had been recorded at the be
ginning of the implementation phase. The dynamic nature of scaf
folding would require the implementation of a more fine-grained
measurement procedure, which should allow documenting the gradual
withdrawal of the teachers provision of scaffolds (van de Pol et al.,
2010). Third, analyzing teacher talk on the basis of a set of pre-defined
categories (see framework in Table 1) has the disadvantage that a
considerable part of the information cannot be captured by these ca
tegories. Our framework had been devised to analyze the cognitive
domain of children's learning rather than the affective domain (cf.
Eshach, 2011). Since video is a data source that is very rich in in
formation, we had to narrow the focus. Otherwise, it would have been
impossible to interpret the data. Fourth, the children's knowledge was
assessed by means of four tasks, which had been designed to provide a
meaningful representation of the learning target (i.e. the construction of
the concept of material kind). In order to limit the individual
12
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assessment time, the tasks were exclusively focused on the cognitive
domain. Follow-up studies should also include affective or motivational
measures in order to arrive at a more complete picture of young chil
dren's science learning. Fifth, the study did not rest on an experimental
design. This means that we did not intervene in teacher talk and were
not able to contrast our sample with a control group.
The identified effects of teacher talk on the children's leaning were
rather small. Our latent regression models indicate that teacher talk can
explain children's learning outcomes to a much lesser extent than
children's prior knowledge (explained variance of 4.6% and 75.6% re
spectively). Of course, it seems obvious that subject-specific variables
are more closely related to subject-specific behavior (a one-to-one re
lation) than to the teacher-child relationship (a one-to-group relation).
The small effect sizes of teacher talk might be put down to the short
intervention period of only four weeks. The effects in early mathematics
instruction that have been reported in other studies relate to a much
longer period (see Klibanoff et al., 2006).
As for the generalization of our findings, it should be kept in mind
that the analyses were based on a relatively small sample. Moreover,
there is a possible selection bias because the participating teachers had
enrolled for the course out of personal interest. Volunteers may differ
from non-volunteers with respect to both their cognitions (knowledge,
beliefs, motivation) and their instructional practices (teacher talk,
gestures, etc.) (Wayne, Yoon, Zhu, Cronen, & Garet, 2008). In addition,
in the alternative model taking into account the multilevel structure,
the effect of content specific language was not significant when con
trolling for the other teacher variables. This result indicates that
drawing strong conclusions about the role of content specific language
is not yet warranted.
Until today, studies on teacher-child discourse in science instruction
have been restricted to qualitative analyses in small samples and have
not established a direct link with children's learning performance (e.g.,
Chin, 2006; Eshach et al., 2011; Mercer et al., 2009). Future research
should aim to combine qualitative discourse-oriented analyses and
quantitative modeling approaches in order to gain a more compre
hensive insight into the complex relations between teacher talk, tea
cher-child interactions and the children's learning in science instruc
tion.

they are dependent on the discoursive context in which they are ap
plied. Professional education and development programs should
therefore primarily focus on teachers' understanding and application of
vocabulary that directly relates to the content to be taught. Elaborate
scaffolding strategies should only be addressed or introduced if their
implementation in early science instruction can be discussed and ana
lyzed in depth. Otherwise, it is likely that the principal aim of devel
oping and extending professional skills will not be fully achieved.
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4.3. Conclusions and practical implications

Supplementary data to this article can be found online at https://
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Our study is one of the very few studies that have investigated the
relationship between teachers' scaffolding/guiding and children's sci
ence learning in kindergarten in detail. Our approach consisted in an
analysis of the scaffolding function of teacher talk. It focused on the
occurrence of specific vocabulary and was based on an elaborate
scheme of scaffolding functions. Overall, two results (positive effects of
content-specific language and activation of prior knowledge) were in
line with the results of previous research (Alfieri et al., 2011; Hardy
et al., 2006; Kirschner et al., 2006; Klibanoff et al., 2006) whereas one
result (the role input that is intended to prompt explanations, rea
soning, comparisons, and cognitive conflicts) was more complex than
we had expected. This challenging type of verbal input only had a
positive effect on the children's learning when preceding input had
encouraged the children to activate prior knowledge.
With respect to the practice of early science instruction, it seems to
be helpful for children if the teacher uses domain-specific vocabulary
(content-specific language) during the facilitation of inquiry-based
learning. Thus, the positive effects of rich language environments on
learning that have been found across different domains (Dickinson &
Porche, 2011; Foy & Mann, 2003; Huttenlocher, 1998; Huttenlocher
et al., 2002; Klibanoff et al., 2006; Mascareño et al., 2016) seem to
apply to the domain of early science instruction too. Elaborate teacher
talk with an underlying scaffolding function (scaffolding utterances)
can have both beneficial and adverse effects on children's learning.
Hence, such forms of teacher talk need to be provided carefully because
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