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INTRODUCTION

Children are often referred to as stable performers: George is good at math, Kate is an
excellent reader, etcetera. But in reality, children’s performance fluctuates, even from
moment to moment in the same task setting.
Consider the following example, originating from the first dataset:
A boy, 5 years and 5 months old, is interviewed about the floating and sinking
behavior of fourteen commonly used objects. Halfway the interview, a metal ball is
presented by the interviewer.
The boy predicts that the metal ball will sink because ‘it is so heavy’. The
interviewer drops the metal ball into the water tank and the ball sinks to the
bottom. The boy explains why this happened: ‘because it is so heavy and it is made
of metal’.
Then, a small marble is presented. The boy now makes an incorrect prediction:
the marble will float since ‘it is so tiny and light’. After observing the marble sink in
the water tank, the boy gives yet another explanation: ‘because it is somewhat
heavy’.
The next object is a golf ball, which is correctly predicted to sink ‘because it is
heavy and hard’.
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The boy in this example is highly variable in his answers. He has given five different
arguments (weight, size, material, ‘hardness’ and shape) for the floating/sinking behavior
of only four objects. This example makes clear that children’s performance might not be
as stable from moment to moment as one might expect. Furthermore, after seeing the
metal ball sink, he incorrectly predicts that the marble will float since it is tiny and light.
What would happen if he had been handed the marble without seeing the metal ball sink
just before? He might have predicted the marble correctly. This short‐term performance
of young children in science tasks is the topic of this dissertation.

CURIOUS MINDS
International attention for science education targeting young children has increased in the
past decade (e.g., Eshach & Fried, 2005). Policy makers in ‐‐for instance‐‐ Europe (Rocard
et al., 2007) and the United States of America (Duschl, Schweingruber, & Shouse, 2007)
have emphasized the importance of starting science education as soon as children enter
school. The main reason to encourage science education is the need for more technical
personnel in order to maintain the high level of wealth and innovation in the future.
In the Netherlands, a nationwide program called ‘Curious Minds’ (the official Dutch
name for the project is ‘TalentenKracht’, literally translated as Talent Power) was initiated
in 2006 to promote science and technology skills in young children (Steenbeek, van Geert,
& Van Dijk, 2011; Van Benthem, Dijkgraaf, & De Lange, 2005). At present, seven
universities in the Netherlands and Belgium participate in this project, all doing research
in their own specific topics. Various researchers from the University of Groningen are
involved, and their projects range from research embedded in applied setting to more
fundamental research. In 2008, two fundamental research projects have started: one
focusing on long‐term development (Van der Steen, Steenbeek, & Van Geert, 2012) and
one focusing on short‐term processes of scientific understanding (this dissertation).
Curious minds aims to increase the understanding of young children’s talent for
science and technology and to develop tools for teachers and parents to optimize the
educational context in order to increase children’s opportunities to excel in science and
technology (Steenbeek et al., 2011). According to the founders of the program, young
children seem naturally equipped with scientific reasoning skills such as questioning,
making
predictions,
observing,
exploring,
etcetera
(TalentenKracht,
www.talentenkracht.nl). For instance, children have a natural curiosity (Jirout & Klahr,
2012), which explains the English name for the project. Since curiosity is demonstrated to
decrease with the child’s age (Engelhard & Monsaas, 1988), the early introduction of
science and technology topic is important (Eshach & Fried, 2005). Some other advantages
of early science education are the development of positive attitudes, increased
understanding, and better reasoning skills (Eshach & Fried, 2005).
8|
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The term ‘scientific reasoning’ is often used when studying the behavior of children
in this context. The term not only refers to experimentation skills, but also to conceptual
understanding (Crowley & Galco, 2001; Zimmerman, 2000). In this dissertation, young
children’s understanding of scientific phenomena is studied as part of their talent for
science and technology. Scientific understanding is seen as observable behavior within a
specific context has a nonverbal component as well as a verbal component. Research has
studied both components, for instance, nonverbally by focusing on how children solve
balance scale problems (Pine, Lufkin, & Messer, 2004; Siegler & Chen, 1998) or verbally by
focusing on children’s verbal expressions, which is in line with the seminal work of Piaget
(1930). For example, Hsin and Wu (2011) used children’s explanations of floating and
sinking to examine the effectiveness of an educational program, whereas Kloos, Fisher,
and Van Orden (2010) focused on predictions in their study of task influences on children’s
understanding. Several studies have shown that young children are capable of explanatory
conversations (Callanan & Jipson, 2001). Here, we focus on children’s verbal expressions
and follow researchers such as Hsin and Wu (2011) and Kloos, Fisher, and Van Orden
(2010) in their choices to use predictions and explanations as measures for scientific
understanding. Thus, scientific understanding is examined by focusing on young children’s
verbal predictions and explanations of various scientific phenomena within a specific task
session. The context of the task session is an important part of children’s scientific
understanding as is emphasized by the dynamic approach.

A DYNAMIC APPROACH TO SCIENTIFIC UNDERSTANDING
Following a dynamic approach, developmental phenomena such as scientific
understanding can be understood as non‐linear self‐organizing processes with internal
(e.g., previous experiences) and external variables (e.g., behavior of the adult), mutually
and continually influencing each other (Thelen, 1992; Van Geert & Steenbeek, 2005a; Van
Geert, 1991). The first assumption of the dynamic approach is multicausality (Smith &
Thelen, 2003). Each of the participants in a situation, including the environment,
contributes to the self‐organizing processes. All participants are influenced by their own
specific history, personality, etcetera. For instance, a child’s previous experiences are part
of the self‐organizing processes that result in a child’s real‐time behavior. By the time a
child enters school and is introduced to science education, he or she has already had a
tremendous amount of experiences related to scientific phenomena.
One of the external variables intertwined in the self‐organizing processes is the
immediate context in which the real‐time behavior emerges. The importance of this
context in the self‐organizational process has been adressed by many different authors
(e.g., Fischer, Bullock, Rotenberg, & Raya, 1993; Fischer, 1980; Kloos et al., 2010; Rappolt‐
Schlichtmann et al., 2007; Thelen & Smith, 1994). The context consists not only of the
|9
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people around the child, but also comprises the task itself. In the case of an adult and a
child performing a particular scientific task together, which is the central task format in
the different studies in this dissertation, this context can be visualized as a triangle (figure
1a). The child, task and adult are constantly influencing each other. The boy in the example
presented earlier answers in response to the adult’s behavior but is also influenced by the
task. When he drops an object in the water tank, he has manipulated the task, which is
changed and now influences both adult and child in their next actions. The context is thus
created by all participants together, including the child. This sequencing of influences
when the next step is based on the preceding one(s), is called ‘iterativeness’ (Van Geert &
Steenbeek, 2005a), and is represented in figure 1b.

Figure 1. Left: Triangle which shows the reciprocal relations between adult, child and task. Right: The
triangle over time: each change in the triangle is a new starting point for the rest of the interaction.

These aspects (self‐organization, multicausality, iterativity) result in behavior with
high variability. The system will often reach the same outcome (leading to stability in
behavior), but a change in one of the contributing variables (including the child) can also
result in a different outcome (leading to behavioral variability). The stable states are so‐
called ‘attractors’ or ‘attractor states’ (Thelen, 1992; Van Geert & Steenbeek, 2005a; Van
Geert, 1998). Typically, consolidated knowledge corresponds with a strong attractor:
under a wide variety of problem and support contexts, the child will rapidly move towards
that particular understanding and it is relatively hard to convince the child of the fact that
its reasoning is wrong (a deep attractor state is highly resistant to change). However, a
change in the context (e.g., manipulation of the task, high or low social support) can move
a system into a higher or lower level of performance, which makes it possible that a child
functions at different levels on the same task in a single task session (variability; Fischer &
Bidell, 2006; Goldin‐Meadow, Alibali, & Church, 1993). Context can differ in the amount
of support they offer. In a low support context, a child will perform at a lower functional
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level compared to a high support context, where a more optimal level of performance can
be reached. Several studies have shown that high variability precedes the discovery of
something new (Bassano & Van Geert, 2007; Goldin‐Meadow, Alibali, & Church, 1993;
Siegler, 1995; Siegler & Svetina, 2002). Variability is thus an important aspect when
studying children’s scientific understanding.
In this dissertation, dynamic skill theory is used as a measure of the explanations of
the child in different contexts and for different tasks (Fischer & Dawson, 2002). The
‘complexity levels of understanding’ proposed by dynamic skill theory (Fischer, 1980) can
be used as such a ruler, to score skills for a wide range of tasks among which is the level of
understanding of scientific concepts, e.g., about floating/sinking (Rappolt‐Schlichtmann
et al., 2007) and about building electrical circuits (Schwartz & Fischer, 2004). Dynamic skill
theory poses not only a classification of children’s verbalization of phenomena, but also a
theoretical framework for getting a grip on the development of reasoning, both at a micro‐
and macroscopic level (Fischer, 1980; Fischer & Bidell, 2006). The dynamic part of the
theory is observable in the description of the self‐organizing and adaptive character of
skills. Skills are conceived of as emerging in interaction with the context and are constantly
built up and broadened in other contexts (Fischer & Bidell, 2006). Since a skill is built in
real time, a minor change in the context can affect the skill as it emerges in the situation
(Fischer, 1980). This conceptualization is consistent with the idea of the creation of context
as in the triangle presented above.

TIMESCALES
Theories following a dynamic approach stress the importance of change occurring over
multiple (nested) time scales (Lewis, 2002; Spencer, Perone, & Johnson, 2009; Van Geert
& Steenbeek, 2005a). According to Smith and Thelen (2003) these nested time scales are
the second key assumption of the dynamic approach to development. Learning and
development are typical long‐term processes, whereas the child’s performance in the
here‐and‐now is a short‐term process. These timescales are intertwined with each other:
a child can only develop on the long‐term if there is a change in actions on the short‐term,
and long term development restrain the short term behaviors in a specific situation. Both
long‐term and recent history influence the real‐time performance (Schöner & Thelen,
2006). Consider for instance a teacher who assists a child in solving a puzzle. This not only
influences the child’s immediate performance (the child solves the puzzle) but also a
child’s future achievements on similar puzzles (the teacher’s help might no longer be
required). Also, the child’s previous experience with puzzles on the long‐term timescale
affects the performance in the here and now.
Since changes in the micro‐timescale – which are also referred to under the term
microdevelopment – are intertwined with long‐term development, analyzing children’s
| 11
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actions during real‐time interactions might be helpful in understanding change further.
Microdevelopment is defined as ‘the process of change in abilities, knowledge, and
understanding during short‐time spans’ (Granott & Parziale, 2002, p.1). A method to study
development at this timescale is the microgenetic method (e.g., Flynn, Pine, & Lewis, 2007;
Siegler & Svetina, 2002; Siegler, 1995). Two of the characteristics of this method are 1) the
use of observations of individual children, and 2) the high density of observations at the
point in time the greatest changes occur (Siegler & Crowley, 1991, p. 607). The present
dissertation has applied this method in the investigation of real‐time processes of scientific
understanding.

THIS DISSERTATION
The aim of this dissertation is to gain insight into the short‐term processes of scientific
understanding in young children between the ages of 4 to 6 years. Following a dynamic
approach, children’s scientific understanding is defined as a self‐organizing phenomenon
in a particular context, emerging from the real‐time interaction between a particular child
with particular experiences, memories, and so forth and its context, e.g., an adult and/or
the task.
The first part of this dissertation (chapters 2 and 3) focuses on the explanations of
children regarding scientific phenomena. Chapter 2 provides a series of examples of how
the complexity levels of dynamic skill theory can be used as a task‐independent measure
in the analysis of children’s scientific explanations. A multiple‐case study was presented to
illustrate the versatility of the use of complexity levels. For instance, not only an overall
impression of performance can be given, but also comparisons between children and tasks
can be made. Additionally, it is possible to study intra‐individual variability, between tasks
or within tasks.
Variability in performance is more and more considered as being an intrinsic part of
cognitive development (Fischer & Bidell, 2006; Siegler, 1994; Van Geert & Van Dijk, 2002).
The intra‐individual variability (and/or) stability within one task session is the main focus
of chapter 3. Here, a study is described that aims to provide information about the
patterns of children’s explanations and their change during a single task session. The
participating children were asked to explain the floating and sinking behavior of fourteen
different objects. Studying this type of variability on the micro‐timescale can increase our
understanding of real‐time constructive processes and the subsequent long‐term
development (Yan & Fischer, 2002).
Predictions, as well as explanations, are often used as a measure for children’s
scientific understanding (Kloos et al., 2010; Kohn, 1993). The second part of the
dissertation (chapters 4 through 6) consists of studies using both predictions and
explanations as measures of scientific understanding. The relationship between these two
12 |
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measures remains unclear. Some researchers have concluded that they cannot be directly
linked to each other (e.g, Glauert, 2005; Rappolt‐Schlichtmann et al., 2007). However, both
measures are often used almost interchangeable as rulers for scientific understanding
(e.g., Butts, Hofman, & Anderson, 1993; Howe, Tolmie, & Rodgers, 1990). In chapter 4, the
relation between predictions and explanations is examined by comparing and relating
children’s predictions and explanations about the floating/sinking behavior of different
objects, in two different orders. Based on the empirical evidence, it will be argued that
predictions and explanations have to be regarded as two distinct, emergent processes.
Whereas in chapter 3 the intra‐individual variability within one task session is
described, chapter 5 aims to inquire about the intra‐individual variability in different
contexts. By systematically altering two parts of the triangle presented earlier (the task
and the use of different protocols by the adult, see figure 1) different task contexts are
created. Young children were interviewed about four scientific tasks using one out of four
different protocols (varying in the degree of flexibility and adaptiveness) by an adult. The
first part aims to investigate the influence of the material context by comparing the
predictions and explanations of the same children during four different tasks. The second
part analyzes the potential influence of the social context by comparing how children’s
understanding is affected by an adult’s use of a more or less strict protocol. The final part
further examines the social context by analyzing the verbal behaviors of the adults using
these different protocols. This combination of studies is one of the first to compare the
process of understanding of the same children in different contexts.
In the final empirical study (chapter 6), the eventual learning effects of a single
informal science activity was investigated in an experimental study. Informal science
activities are a possible way to increase young children’s scientific understanding without
taking extra time for the teacher or taking away children’s playtime. The design of the
experiment made it possible to compare several types of informal set‐ups: playing an
activity on the computer or hands‐on, playing alone or in a dyad. Additionally, differences
between two types of tasks (water tank and ramp task) were investigated.
In this series of studies, four different data sets were collected. Table 1 provides an
overview of these data sets and shows in which chapters these sets are used. Data set I
consisted of fifteen children (mean age 62 months) who were all interviewed by four
different adults. Each adult used a fixed combination of a protocol and a task (table 1). The
second data set consisted of twenty children (mean age 65 months) who were interviewed
about all four tasks by the same adult with a fixed protocol. Of the total group of
participants in this study, five children received a test protocol, five an adaptive, five a
lesson plan, and five children a free protocol.
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For the third data set, eighteen children (mean age 62 months) were tested by an
adult using a test protocol and the water tank task. The children (mean age 63 months) in
the final dataset all received a pre‐ and posttest about a water tank task and a ramp task
following a test protocol. The children assigned to one of four experimental groups (N =
38) additionally performed two informal science activities concerning floating/sinking and
inclined planes.
Table 1
Description of the four collected datasets and the chapters they are used in
Data set
N
Description
Chapter
I
15
Each child got all four fixed combinations:
2 (n = 4);
(1) test protocol & water tank task, (2) adaptive 3 (N = 15); 4 (N = 15);
protocol & linked syringes task, (3) lesson plan 5 (N = 15);
protocol & balance scale task, (4) free protocol &
marble track task
II
20
Each child got four tasks (water tank, linked 3 (n = 5; test protocol);
syringes, balance scale, marble track) with a fixed 4 (n = 5; test protocol);
protocol (either a test protocol, an adaptive 5 (N = 20)
protocol, a lesson plan, or a free protocol)
III
18
Each child got a single task (a water tank task with 3 (N =18);
a test protocol)
4 (N = 18)
IV
49
Each child a pre‐ and posttest with test protocol 6 (N = 49)
and two tasks (water tank and ramp)
38 children two informal science activities, either
hands‐on or on computer, either individual or in a
dyad

The final chapter, chapter 7, provides a summary and discussion of the presented
studies. The discussion focuses on scientific understanding as an emergent property and
the use of skill theory as a ruler. Furthermore, suggestions for future research are
presented as well as practical implications for teachers and researchers.
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APPLICATION OF SKILL
THEORY TO COMPARE
SCIENTIFIC REASONING OF
YOUNG CHILDREN IN
DIFFERENT TASKS1

ABSTRACT
In order to study the development of scientific reasoning in children, it is necessary and
also challenging to compare performances of children over different tasks and/or
situations. Previous research indicates that children’s performance is highly influenced by
the context, which stresses the need for a task‐independent measure. In this paper, skill
theory (Fischer, 1980) is used as a developmental ruler. Various types of analyses of the
cognitive content and structure of scientific explanations in young children are presented,
which show how a coding scheme based on skill theory can provide a more thorough and
multifaceted view of the child’s cognitive development than standard measurements or
instruments. We also demonstrate how skill theory can be used in the context‐specific
nature of cognitive performances and fluctuations in performance level. Skill theory
promises to be a good system as a less task‐specific performance measure, both in
research contexts and in educational settings.

1

This chapter is published as: Meindertsma, H. B., Van Dijk, M. W. G., Steenbeek, H. W., & Van Geert, P. L. C.
(2012). Application of Skill Theory to compare scientific reasoning of young children in different tasks.
Netherlands Journal of Psychology, 67, 9–19.
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INTRODUCTION
Science education for preschoolers has been highly promoted in the last decade (e.g.,
Eshach & Fried, 2005). Studies on science education often focus on scientific reasoning.
The term ‘scientific reasoning’ can refer to two separate types of reasoning (Crowley &
Galco, 2001; Zimmerman, 2000). The first type concerns the experimentation skills of
children (e.g., Klahr & Nigam, 2004; Schauble, 1996; see also the review of Zimmerman,
2000). The second form, which this article focuses on, refers to the conceptual (change in)
understanding of more specific scientific phenomena. Intervention studies have focused
on both kinds of reasoning. In many cases, researchers use highly specific performance
measures.
In another study, we argued that the level of scientific reasoning and the
effectiveness of an intervention (aimed at enhancing children’s level of scientific
reasoning) cannot be measured by studying one single task or task domain, since a task
can be seen as an important contributor to the performance of the child (Meindertsma,
Van Dijk, Steenbeek, & Van Geert, 20132). In fact, we have demonstrated that different
tasks result in different performance levels (for the same child, on the same day). One
solution would be to use multiple tasks or transfer tasks but then the coding scheme needs
to be usable for multiple tasks. However, in existing literature, a multitude of coding
schemes exist that are developed for one and the same task, which complicates the
comparison of different tasks and studies. As Glauert (2005) argues, there is a need for an
assessment technique for both researchers and teachers. This paper therefore aims at
illustrating how a performance measure based on skill theory (Fischer & Bidell, 2006;
Fischer, 1980) can be used for a variety of analyses of children’s scientific reasoning.

Existing performance measures
Prior studies have used a wide range of performance measures. For instance, Chien,
Hsiung, and Chen (2009) studied the effectiveness of an inquiry‐based science project
regarding floating and sinking and used qualitative descriptions of the explanations
children gave to discuss the process of conceptual development. Glauert (2005) studied
the progress of several children in a classroom context on the topic of electricity and used
both a qualitative microgenetic description of the progress of the children and
consequently grouped categories and types of explanations from children according to
their topic.
One task for which a multitude of schemes exist is the floating and sinking task. For
instance, Piaget (1930), whose pioneering work has had a great influence on the schemes
developed later, stated that children go through four stages in their understanding of
2

Chapter 5 in this dissertation
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floating and sinking. Hsin and Wu (2011) chose to select the explanations out of all
children’s utterances and categorize them according to their content: weight, volume,
material, water, object properties, surroundings and other. Butts, Hofman, and Anderson
(1993) made a distinction between ‘acceptable’ and ‘not yet acceptable’ explanations
based on the content of the explanation. The progress of the children’s performance was
defined as a change from giving a ‘not yet acceptable’ explanation in the first interview to
an ‘acceptable’ one at the second interview. Havu‐ Nuutinen (2005) studied the
conceptual change after an instructional process and developed a coding scheme for the
explanations given about floating and sinking. They discriminated between non‐relevant
and non‐scientific explanations, non‐relational justifications and water‐related
justifications. The last example is derived from the study by Hardy, Jonen, Möller, and
Stern (2006) which distinguishes three levels: misconceptions, explanations of everyday
life and scientific explanations, which is further divided into one or more than one
scientific concept.
The balance scale is another well‐studied task in the literature on scientific reasoning
with most studies using the rules of Siegler (1976) as a performance measure (Jansen &
van der Maas, 2002; Philips & Tolmie, 2007; Siegler & Chen, 1998). These rules are
hierarchically ordered and task specific. Children using ‘rule I’ only focus on the weight on
either side of the fulcrum while children using ’rule II’ can compare the distances on both
sides but only when the weight on both sides is equal. Next, children compare both weight
and distance on both sides but do not yet know how to do this exactly (‘rule III’). ’Rule IV’
states that children correctly compare both sides by multiplying weight and distance.
Few studies have compared the performance of children on different scientific tasks.
However, Piaget (1930) qualitatively described children’s reasoning for different tasks. In
more recent years, Tytler and Peterson (2003, 2004) used a Piagetian‐based clinical
interview to compare tasks such as the floating and sinking of objects, behavior of
mealworms and flight of paper whirlybirds by interviewing young children in preschool
and the first year of primary school. In the 2003 study, a more quantitative analysis was
done by focusing on the experimentation skills of the children. Siegler and Chen (1998)
suggested that their analysis of rule learning could be used for other tasks than just the
balance scale, but those tasks have to meet two requirements: 1) there must be more than
one dimension and 2) children have to experience difficulty in unravelling all the separate
dimensions.
The comparison of tasks is an important aspect in studying both the level of reasoning
and the effect of interventions in science education, for instance in preschool education.
In the Netherlands, a research program called ‘Curious minds’ was initiated in 2006 to
promote science interest and skills in young children (Steenbeek et al., 2011; Van Benthem
et al., 2005). A range of studies have been conducted, among which those that study the
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effectiveness of interventions to increase teachers’ teaching skills (e.g., Wetzels,
Steenbeek, & Van Geert, 2013).
In order to analyze similarities and differences across tasks — in particular in the
context of developmental change – these studies chose skill theory as a general framework
or ruler for analyzing cognitive level (Fischer, 1980). The importance of such a
developmental ruler is further explained by Fischer and Dawson (2002). Here, we aim to
show that this theory can serve as a framework for classifying explanations (which can be
seen as an important part of scientific reasoning) of children, thus enabling quantitative
and qualitative comparison of competence levels across tasks, situations and children (see
among others Rappolt‐Schlichtmann, Tenenbaum, Koepke, & Fischer, 2007). Skill theory
can be used to analyze both long‐term (see Van der Steen et al., 2012) and short‐term
development. Furthermore, a process analysis can be made, which can inform us how
change happens instead of only describing what changes (Granott & Parziale, 2002;
Siegler, 1995; Van Geert & Steenbeek, 2005b).

Dynamic skill theory
Skill theory (Fischer & Bidell, 2006; Fischer, 1980) offers a dynamic approach in describing
the cognitive development from infancy to adulthood but also describes short‐term
learning. Skills should not be equated with internally stored algorithms, but should be
viewed as patterns constructed in real‐time within that specific environment. Skill theory
does not state at what level a child is but at what level a child performs in that situation,
here and now.
According to the theory, cognitive development occurs through three tiers, further
divided into ten different levels. A skill at a higher level is conceived as an accumulation of
lower level skills. Ages at which these levels occur have to be seen as the age at which a
person, under ideal circumstances such as adequate support from a competent other
person, can show this level for the first time. When confronted with a new task, a person
might regress to a lower level and start building up the skill for that task (called ‘scalloping’,
Yan & Fischer, 2002). Development can therefore be pictured as a dynamic web instead of
a static ladder (Fischer & Bidell, 2006). Progress in one area does not automatically lead to
progress in another area or even in another task in the same task domain. Effectiveness of
an intervention on one task does not therefore inform us about the effectiveness on
another task.
The context is conceived as an intrinsic part of the level of performance. In a low
support context, a person will perform at a lower functional level whereas in a high
support context, the optimal level of performance can be reached. The distance between
the functional and optimal level is called the ‘developmental range’. It is believed that it is
within this range that learning takes place. When something is learned, a person first only
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reaches this new higher level occasionally and often falls back to the lower level, which
can explain the often reported variability in performance just prior to a definite increase
in level (Bassano & van Geert, 2007; Goldin‐Meadow, Alibali, & Church, 1993; Siegler &
Svetina, 2002).

Complexity levels
All actions and verbalizations of persons can be coded according to their complexity level
on an interval scale. Also, mistakes or misunderstandings can get the same complexity
level as their correct counterparts since they also have a complexity level and can be the
starting point for more complex understandings (Schwartz & Fischer, 2004). The
complexity levels are divided into three different tiers: sensorimotor, representational and
abstraction (Fischer & Bidell, 2006). Each tier consists of three different levels: ‘single’,
‘mapping’ and ‘system’. The highest tier, abstraction, has an additional level called
‘principles’. The highest levels will not be reached until early adulthood.
The first tier is called ‘sensorimotor’. Here, the child is focused on the physical
sensorimotor experiences. The child does not take into account another person’s point of
view or understand that an object or person possesses characteristics outside the present
setting. At the lowest (the single set sensorimotor) level, the child describes single
sensorimotor aspects, for example that something is blue. At the next level of
sensorimotor mapping, the child can also state that one object is blue and that another
object is red. It combines two single sensorimotor aspects into one mapping. At the system
level, consequently, the child is able to combine two mappings: the ball can bounce
because it is a ball. He/she observes the bouncing of the ball and relates that to being a
ball. The child understands how the mapping can be manipulated. This development
roughly takes place in the first two years of life.
Fischer (1980) describes that most children first start to develop single
representations in high support contexts at the age of two years. Now, the child
understands that an object or person has a specific characteristic, also outside the present
situation. At the first level of this tier, it is limited to one representation (e.g., ‘a ball floats
since it is round’). Between 3.5 and 4.5 years of age, several characteristics can be mapped
together (‘this ball floats since it is round and light’). The system level is generally not
reached until the age of 6 or 7. At the system level two mappings can be related in one
single skill which is more complex and detailed than the individual mappings (‘this ball
floats since it is light for its size in the water’).
The abstraction tier starts with the combination of two representational systems into
one system which is a single abstraction. An abstraction is conceived of as the ability to
generalize ideas about an object or event outside specific situations, for example
understanding Boyle’s law (Schwartz & Fischer, 2004). According to Schwartz and Fischer,
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children will start to reach the abstraction level at the age of 10 to 12. The highest level,
level 10, is abstract principles and is only rarely reached by highly educated or experienced
people.
However, as noted before, skill levels might differ with regard to their dynamic
stability. Context highly influences skill level such that a new task can result in a much
lower skill level than a well‐known task. Support is also important, which we have seen
before in describing the ‘developmental range’. Furthermore, performance at a higher
level is usually accompanied by a high degree of intra‐individual variability.

The present study
Until now, skill theory is used to describe performance in a variety of scientific tasks, such
as electrical circuits (Schwartz & Fischer, 2004), construction tasks (Granott, Fischer, &
Parziale, 2002) and buoyancy (Rappolt‐Schlichtmann et al., 2007; Tenenbaum, Rappolt‐
Schlichtmann, & Zanger, 2004). Although Schwartz and Fischer (2004) described different
tasks using skill theory, a comparison of performance on different tasks by the same
children is hardly found in the literature. In this paper, we aim at providing an extensive
demonstration of the applicability of skill theory to analyze the performance of
preschoolers in different scientific tasks by quantifying their explanations. That is, we wish
to demonstrate that skill theory can indeed serve as the general overarching descriptive
framework for context and task‐specific cognitive performance and its development.
We chose to classify the explanations of children, which provides more information
than only focusing on the predictions children make (Siegler & Chen, 1998). We aim to
demonstrate that by coding the explanations from children, a wide range of analyses are
possible, which may answer all kinds of research questions. We will focus on short‐term
development in this paper, but skill theory can also be used to describe long‐term
development.

METHOD
A multiple‐case study was conducted, consisting of 4 participants (age M = 69.75 months;
SD = 5.38), chosen from a larger database (Meindertsma et al., 20133). Three boys (Lucas,
David and Thomas4) and one girl (Kate2) were selected. All children attended the same
urban elementary school. The ages of the children were 5;3 (Lucas), 5;8 (Kate), 6;3
(Thomas) and 6;5 (David). These particular children were chosen, since they all carried out
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the three tasks with one adult using the same test protocol allowing us to compare the
performance of the children without being influenced by protocol or adult.

Tasks
Water tank. Fourteen objects were placed in a water tank (Figure 1, left) during this task.
The set of objects consisted of eight daily used items (match, pebble, paperclip, plastic
container, coin, pencil, plastic card and eraser) and six round items (marble, clay pebble,
golf ball, metal ball, ping‐pong ball and apple).
Linked syringes. The linked syringes task (Figure 1, middle) is composed of two syringes
connected by a plastic tube. Pushing the plunger of one of the syringes results in an
outward movement of the other syringe. In the first half of the interview, the child is asked
about pushing one of plungers inwards. The second half focuses on what happens when
one of the plungers is pulled back.
Balance scale. The balance scale (Figure 1, right) consisted of a beam on a fixed fulcrum
with on either side ten positions to hang same‐weight cards on. Each position was marked
by a different colored and/or shaped figure (e.g., a red triangle, a green triangle, a blue
square, etcetera). The task was designed to be increasingly difficult. There are eight,
increasingly difficult, situations with the first four focusing on weight, the fifth on distance
and the last three on both weight and distance.

Figure 1. The three tasks: water tank (left), linked syringes (middle) and balance scale (right)

Procedure
The children were interviewed about three different scientific tasks (water tank, linked
syringes, and a balance scale) using a test protocol. The order of the tasks was randomly
chosen and varied for all four children. The aim of the interview was to elicit optimal levels
of explanation without direct assistance or feedback from the adult and describe the
multitude of explanations given by children. Children were presented with a new object
and asked whether an object would float and sink (‘will this float or sink?’) and how that
would be possible (‘how is that possible?’). Then, the adult placed the object in the water
tank (‘you can give it to me, so that I can put it in the water.’) and asked what had
happened (‘what happened?’) and why this had happened (‘how is that possible?’).
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Children were allowed to touch or manipulate the task but only within a certain,
predefined limit. The adult was allowed to ask additional questions (e.g., ‘what do you
mean?’, ‘why does it float?’, etcetera) if he/she thought the child could explain it better,
but was not allowed to give feedback about the task or provide direct assistance.
Table 1
Coding scheme for complexity levels based on skill theory

5

Code

Complexity level

Content of
explanation

Water
tank5

Linked
syringes

Balance scale

6

Representational
system

Combination of all
relevant
representation
mappings

‘The pencil
is light for
its size in
the water’

‘By pushing,
the pressure
is increased
and then the
air pushes
the other
syringe
outwards’

5

Representational
mapping

Two or more parts
of the explaining
mechanism , but
the complete
picture is not yet
given

‘The pencil
is light and
thin’

4

Single
representation

‘The pencil
is long’

3

Sensory‐motor
system

One part of the
explaining
mechanism
Child states a
relationship
between action
and result (means
and end), or
describes what is
directly observed

‘This thing
pushes
against the
air and the
air then
pushes the
other thing
outwards’
‘Because
there is air’

‘Because it
is a pencil’

‘Because you
push’

‘There is
balance since
the distance
on the side
with one card
is twice as
high as the
distance on
the side with
two cards’
‘There is
balance since
there are two
card and here
only one and
they are on
different
spots’
‘Because that
card is
further away’
‘Because that
card is here’

Based on Rappolt‐Schlichtmann et al. (2007)
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Coding and analysis
All explanations were coded, starting at level 3 (sensorimotor system). When the child
explained one element of the explanatory principles of the task, this was coded as level 4
(single representation). If the child gave two or more principles, the answers were coded
as representational mapping (level 5) and a complete explanation was coded as
representational system (level 6). Prior research (Meindertsma et al., 20136) indicated that
level 5 was the highest level reached by preschoolers so the abstract tier levels were not
included in this coding scheme. The coding scheme is presented in Table 1. As suggested
by Schwartz and Fischer (2004), incorrect explanations were coded the same as correct
explanations since they can be seen as a different pathway that can also lead to a higher
level of understanding.

Reliability
Two trained coders (first and second author) independently coded the explanations of
eight children (one task per child) out of the larger sample (13% of the dataset). This
resulted in an adequate inter‐rater reliability of .78 (kappa) with an average agreement
rate of 82% (range 77‐100%). Next, a Master thesis student (a third coder) was trained in
using the coding scheme. This resulted in a slightly lower, but still acceptable, kappa of .71
with an average agreement rate of 74%.

RESULTS
In this section, we will present various types of analyses of the cognitive content and
structure of scientific explanations in young children and show how these can provide a
more thorough and multifaceted view of the child’s cognitive development than standard
measurements or instruments. We will also demonstrate how skill theory can be used in
the context‐specific nature of cognitive performance and the fluctuations in performance
level. These fluctuations should not be reduced to measurement error, but should be seen
as indicative of the underlying developmental processes (Granott et al., 2002; Van Dijk &
Van Geert, 2007).

Illustration 1: Examples of explanations per task
First of all, some examples of explanations and their coding according to skill theory are
given. On the floating/sinking task, children using level 3 explanations referred to the
name of the object (e.g., ‘because it is a nut’ about the clay pebble by David) or the
6
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behavior of the object (e.g. ‘because it rolled’ by Kate about the marble rolling on the
bottom of the water tank). One level higher, at the single representational level (level 4),
children referred to specific characteristics of the object (e.g., ‘because it is not so heavy’
(match, Lucas), ‘because it is metal’ (coin, David) or ‘because it is light’ (plastic card,
Thomas)). Not all explanations have to be consistent, e.g., Kate referred to the apple as
being heavy prior to and after watching it float while she predicted it would sink. A level 5
explanation for this task might be: ‘because it is lighter than the stone [pause] it could be
of metal and it can also sink’. Here, David refers to both the weight and the material of the
coin. Thomas claims that the metal ball is hard and heavy (‘it is hard and also … heavy’)
and therefore sinks. For an explanation to be at level 3 on the linked syringes task, the
child merely describes what happens: for instance, ‘because you push it towards me’
(Lucas) or ‘because you pull’ (Kate, David). A level 4 explanation might refer to the air (e.g.,
‘because the wind goes through here’ (Lucas) or Kate saying: ‘because it now gets air’). A
level 5 explanation has to combine two level 4 explanations, so for example not only
referring to air but also to the effect of the air (David: ‘because air comes here and if you
push it the air comes to me and that pushes this upwards’).
Examples of level 3 explanations on the balance scale are ‘because there is one’
(Lucas points to only one side of the scale) and ‘because I hang one there’ (Kate). At level
4, the child only refers to weight (Kate: ‘because they are equally heavy’) or only to
distance (David: ‘they are both on the same figure’). For an explanation to be at the
representational mapping level, the child must have made a combination of weight and
distance, but this does not have to be precise, e.g., ‘because here are three and here there
are also three and they are on the same figure (David) or ‘because this one has twice the
value of that one’ (Thomas). In summary, by applying skill theory as theoretical framework,
it is possible to code a wide variety of explanations in various problem contexts in terms
of a common, underlying developmental ‘ruler’.

Illustration 2: Overall impression of performance
Skill theory can be used to get a general impression of the performance level of children
on a specific task or over tasks. In our sample, the four children in our study gave 45
explanations: six (13%) at the level of representational mappings (level 5), 20 (44%) at the
level of single representations (level 4), and ten explanations (22%) were at the level of
the sensorimotor system (level 3). Nine times a child said that he or she did not know why
something happened, but that was not coded as an explanation. The mean complexity
level was 3.84 (SD = .37) and the mean maximum complexity level was 4.5 (SD = .52). Since
the complexity level scale is at an interval level (Tenenbaum et al., 2004), it is possible not
only to describe the explanations but also calculate means, standard deviation, etcetera.
By describing these overall measures, a general impression of the performance of children
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on scientific tasks can be gained. Also, these measures can be used to assess the pre‐ or
post‐ intervention performance level of groups of children. A more detailed look can give
information about the performance per child and per task.

Illustration 3: Comparison between children
For some research questions, there is a need to know the performance level of individual
children. Of the four children studied here, David (Figure 2) clearly performs at the highest
level with a mean complexity level of 4.14 (SD = .22, p = .03) and a mean maximum
complexity level of 5 (SD = 0, p = .09). Kate shows the lowest level of mean complexity
level (M = 3.44, SD = .43, p = .02). For the variable maximum complexity level, Lucas has
the lowest value (M = 4.00, SD = .00, p = .09). David and Thomas are the two six‐year‐olds,
whereas Lucas and Kate are five years old. The same kind of analysis can be used to study
age differences, but then children need to be grouped according to age.

Figure 2. Mean complexity level (left) and maximum complexity level (right) per child. * = p < .05,
** = p < .1

Illustration 4: Comparison of tasks
The coding scheme as presented here is especially useful for comparing the performance
of (groups of) children on different tasks. In Figure 3, the performance on the three
different tasks is presented. The mean complexity level of our sample group shows that
these children have the most difficulty with the linked syringes task (M = 3.66, SD = .32, p
= .05), but the floating and sinking task is responsible for the highest level of performance
(M = 4.03, SD = .12, p = .07). The maximum level figure indicates the same distribution
over the three different tasks, but this was not statistically significant. This analysis can be
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used to compare the difficulty of different tasks but also to analyze the effect of an
intervention on a transfer task.

Figure 3. Mean complexity level (left) and maximum complexity level (right) per task. WT = Water
Tank; LS = Linked Syringes; BS = Balance Scale; * = p < .05, ** = p < .10.

Illustration 5: Comparison of tasks per child
The comparison of performance on different tasks can be further specified to study the
pattern per child. The performance of each child on the three different tasks is presented
in Figure 4.

Figure 4. Mean complexity level per child per task. WT = water tank, LS = linked syringes, BS =
balance scale
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As can be seen, Lucas (M = 3.96, SD = .21), Kate (M = 3.93, SD = .37) and Thomas (M
= 4.20, SD = .42) all have their highest mean complexity level in the floating and sinking
task. David, however, is best in explaining the balance scale task compared with his
performance on the other two tasks (M = 4.40, SD = .52). This kind of analysis gives more
detailed information about which child has more or less difficulty with one of the tasks in
comparison to the performance on the other tasks. If we want to study the age effects,
this kind of analysis can be used to study the development of task comprehension over
different ages if we group children according to their age. For these four children, it seems
that the younger children have more difficulty with the balance scale task than the older
children.

Illustration 6: Within‐task performance for the whole group

Figure 5. Mean complexity level and standard deviation over time during the balance scale task. M
= mean, SD = standard deviation

Even more detailed information about the performance of a group of children can be
drawn from an analysis of the performance within a task. Here, we chose the balance scale
to study the short‐ term process within one task. In Figure 5 the mean complexity level per
question is displayed for the balance scale. The mean complexity level increases from the
second to the fourth question but then drops somewhat when the question about distance
only is asked. The first question about weight and distance is better explained, but there
is a further decline after this problem. The standard deviation increases over time, which
indicates that either all children vary more or some children show a sharp decrease in
complexity level. This kind of analysis can, in the case of an increasingly difficult task, give
insight about at which question children drop out but also which situation children find
more difficult.
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Illustration 7: Within‐task performance per child
Finally, the performance over time during a task can be displayed per child. In illustration
5, we compared the performance on the different tasks per child. Next, the performance
during one task, the balance scale, is analysed. Figure 6 shows the level each child reaches
per question during the balance scale. Since the balance scale task consists of increasingly
difficult situations, a detailed analysis can give us insight into when children reach their
upper limit of performance. Lucas can remain at level 4 for the first five situations which
all focus on either weight or distance. In situation six, both weight and distance have to be
considered which seems to be too difficult for Lucas. Kate only reaches level 4 on the
second situation (about weight). David clearly can explain at the highest level.
Interestingly, he already explains at level 5 on situation four which still focuses on only the
weight aspect. With the last situation, he cannot maintain his level 5 explanation and falls
back to level 4. For Thomas, this drop occurs at situation seven, when he claims he does
not have an explanation. The last situation brings him back to level 4. His level 5
performance is not yet stable and a more difficult question makes him drop down to a
‘don’t know’ answer.

Figure 6. Mean complexity level per question for the balance scale for all children. Rp =
Representational, Sm = Sensorimotor.

By focusing on each child’s own developmental trajectory, we can gain information
on the knowledge level of children at each specific moment in time, which can be helpful
in understanding learning processes during a task but also for educational purposes. Kate,

28 |

Application of skill theory

for instance, barely explains at a level 4 for this task and has to understand that weight or
distance are important aspects, whereas Lucas needs help recognising that both weight
and distance matter. A teacher can focus on helping Kate understand the influence of
weight or distance but offer higher level assistance to Lucas to let him realise that weight
and distance both have to be taken into account. David and Thomas can be taught how
weight and distance relate to each other on the balance scale.
The trajectory can also shed light on the variability or fluctuation of a child’s
performance. Research has indicated that variability can precede learning. In the study by
Siegler (1995), a positive relation was found between variability in the pre‐test and later
learning. A discrepancy between verbal and nonverbal behavior at a pre‐test was also
indicative for improvement during subsequent trials (Pine, Lufkin, & Messer, 2004).
Variability in performance can thus indicate a window of opportunity for the teacher to
help children increasing their level of understanding.

DISCUSSION
As demonstrated in the section above, the coding scheme based on skill theory can be
used for a wide range of analyses. Furthermore, related to the content, it can be reconciled
with existing one‐ task schemes such as for the balance scale task. Rule I and II as
presented by Siegler (1976) refer to children’s ability to take into account weight or
distance. According to skill theory, these children would be coded at level 4. One level
higher (level 5 or rule III), children understand that both weight and distance are important
but the exact relation between them is not yet discovered until children are using rule IV
(which is equal to level six of our system). In the balance scale rules, lower levels are not
described which is also comparable to our coding scheme: a level 3 answer means that
children merely describe the causal relationship but do not mention an explaining
mechanism. Whereas the balance scale rules only apply to tasks comparable to the
balance scale (Siegler & Chen, 1998), the complexity levels of skill theory can be used in all
sorts of tasks as is shown here. Our coding scheme has several additional advantages over
one‐task schemes and therefore promises to be a versatile and reliable system to quantify
children’s performance.
One of the main advantages is that it is now possible to compare the performance on
different tasks due to the quantification of the performance of children. By coding the
children’s explanations, a child can get a mean performance level on a task, which can
facilitate studying the influence of aspects such as multiple tasks or an intervention. For
instance, the performance on the pre‐test can be compared with the post‐test.
Furthermore, a transfer task can be used prior to and after the intervention to study the
effect of the intervention on other tasks. Also, short‐term processes can be studied to
understand the how of the change. Long‐term development can also be described by
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comparing children of different ages (cross‐sectional research) or following children over
several years (longitudinal, e.g., Van der Steen, Steenbeek, & Van Geert, 2012).
The coding scheme based on skill theory not only promises to be an efficient system
as a less task‐specific performance measure in research contexts. It can also help in
educational settings (Parziale & Fischer, 1998) where children perform these and other
scientific tasks during science classes. Teachers who are trained in using skill theory can
use it as a tool to scaffold children’s reasoning. Scaffolding refers to a more experienced
person assisting a child to let the child reach a higher level and to reduce this assistance
when the child has reached this new level (Granott et al., 2002). Ideally, the level of
assistance is at an optimal higher level than the current child’s level, which results in a
maximum learning effect (Van Geert & Steenbeek, 2005b). A trained teacher might ask a
child playing with a task if he or she can explain what happens. The teacher can then assess
the skill level of the child instantly and ask questions or offer support so that the child can
combine current skills to construct a higher skill level. By using skill theory, teachers do
not only enhance the performance of the children, their own capabilities might also be
expanded. By adjusting the coding scheme for a specific task, the teacher gains a better
understanding of the task which in turn can increase his/her confidence in science
teaching and will subsequently influence the teaching skills (Wetzels et al., 2013).
In our coding scheme, we focused on the explanations of children. This means that
children have to verbalize their thoughts, which might not be equally easy for all children.
However, according to Siegler and Chen (1998), children are capable of reliably describing
their used strategies immediately after solving a problem so we assume this should not
hinder the use of skill theory. Although we only coded explanations, skill theory can also
be used to code every task‐related utterance of a person (Van der Steen et al., 2012) as
well as nonverbal actions. Prior to the ability to explain the working mechanism of a task
verbally, children are able to nonverbally solve a problem (Alibali & Goldin‐Meadow, 1993;
Goldin‐Meadow et al., 1993). Coding both verbal and nonverbal actions of children can
increase our knowledge about learning processes even further.
In the examples presented in the results section, the coding of children’s explanations
was possible because children were interviewed using a strict protocol that focused on the
predictions and explanations of children. In classroom settings, children are not always
challenged to verbalize their explanations (Duschl & Osborne, 2002). Skill theory is
applicable in such situations, but it requires a more elaborate coding scheme and highly
trained coders to code all verbal and nonverbal behavior. This might be a threshold for
using skill theory by teachers. It might be helpful for teachers to ask more questions and
elicit more explanations from children so that only the explanations need to be scored.
Questioning by the teacher is also promoted by Wetzels et al. (2013) and Oliveira (2010)
as a means to increase the quality of the interaction between teacher and child during
science lessons.
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Aside from extending the scheme to other (non‐) verbal behavior, a further
classification can be made of the explanations within the same level based on the content.
For instance, level 4 on the balance scale is coded when the child understands the role of
weight or the role of distance. The same can be found in the floating and sinking task when
children argue that one object floats because it is light and another object because it is
round. These are same‐level but not identical explanations. A further subdivision within
levels could be helpful in explaining transition mechanisms within and between levels and
tiers (Fischer & Bidell, 2006; Fischer, 1980). A detailed analysis of the content of the
explanations can also shed light on the influence of mistakes or misconceptions. Incorrect
explanations can be coded at the same level as their correct counterparts since the
complexity level is equal, but the misconception might influence the learning process.
Schwartz and Fischer (2004) argue that it can lead to a different pathway towards a higher
level, but further research has to confirm this.
Although this article is not intended as an empirical study, some issues can be
addressed regarding the illustrations presented here. First, the context‐specific approach
that we use assumes that situational heuristics can be neglected. Second, this context‐
specific approach states that skills are soft‐assembled (Thelen & Smith, 1994), which
means that skills are created in interaction with the context. This is in line with the dynamic
systems approach of skill theory. The context used in this study was a task session in a
separate room, with an unfamiliar adult, one task and a very strict protocol for the adult.
This protocol was designed to help children set up and test hypotheses and was very strict
for the adult in order to have an almost identical context for all children. However, this
context is not one‐on‐one comparable to class settings or parent‐child interactions. The
performance of the children presented in this study are reflections of their performance
under these settings with this protocol and will be different in other contexts (cf.
Meindertsma et al., 20137). In that study, different tasks and different protocols elicited
different performance levels in the same group of children. As argued, skill theory can also
be applied in these other contexts and can therefore be useful for comparing children’s
performance in more or less natural situations.
Overall, skill theory is widely applicable and has the potential to enhance the quality
of research methods and teachers’ educational skills within science education. Future
research needs to establish the reliability and ease of use of this coding scheme outside
research settings. Furthermore, transition mechanisms between and within levels need
to be unraveled as well as the learning pathways following misconceptions.
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Stability and variability in
young children’s
understanding of floating
and sinking during one
single task session8

ABSTRACT
Intra‐individual variability is a key component in explaining children’s development and
learning. Studying this type of variability on the micro‐timescale can help us understand
real‐time constructive processes and the subsequent long‐term development. The aim of
this paper is to study the process of children’s understanding of floating and sinking during
a single task session. Thirty‐eight kindergartners were asked to explain the floating or
sinking of fourteen different objects. The results show that the majority of children
showed a high degree of intra‐individual variability. In general, most children had a
decrease in variability of both content and complexity of explanations during one task
session and stabilized in both complexity and content towards the end of the task. The
analyses indicated that hypothesis testing was not related to changes in children’s
explanations. These results can be the starting point for further research about change on
different, nested, timescales.

8
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(accepted). Stability and variability in young children’s understanding of floating and sinking during one single
task session. Mind, Brain, and Education.
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INTRODUCTION
Learning, which is all about change, is at the core of cognitive development (Smith, 1985)
and plays a large role in children’s lives (Siegler, 2000). Traditional views on cognitive
development, such as stage models following Piaget’s pioneering work, have focused on
static periods of performance with short periods of transition in between (Siegler, 1994).
However, these theories rarely address children’s moment‐to‐moment variability in daily
performance. Presently, more and more studies take a situated view which includes
variability in performance as a central part of cognitive development (Fischer & Bidell,
2006; Siegler, 1994; Van Dijk & Van Geert, 2007). Variability is often considered as a
methodological problem: there is a true score and variability is sees as the result from
random measurement error. From a situated view, there is no true score and variability is
considered as an intrinsic part of development (Smith & Thelen, 2003; Van Geert & Van
Dijk, 2002). By studying this variability, dynamic patterns of growth can be revealed that
provide insight in the nature of cognitive change (Yan & Fischer, 2002). In the current
study, we focus on the change of children’s understanding of floating and sinking
(buoyancy) and consider the role of intra‐session variability and stability in this
understanding. This intra‐session variability and stability can provide information about
the process of change.
The process of change needs to be studied while change occurs (Lavelli, Pantoja, Hsu,
Messinger, & Fogel, 2005). According to the theory of complex dynamic systems (which
can also be considered as a situated view), change occurs over different nested timescales
(Lewis, 2002; Smith & Thelen, 2003; Van Geert & Steenbeek, 2005) varying from the real‐
time timescale (micro‐development) to the long‐term developmental scale (macro‐
development). These different timescales are integrated, which means that real‐time
patterns directly affect long‐term development, and long‐term processes also influence
the real‐time performance. For instance, a teacher might assist a child in understanding
floating and sinking by giving hints to why a pencil floats (e.g., ‘What material is the pencil
made of?’). This assistance not only influences the child’s immediate performance (the
child could state that the wood of the pencil is responsible for the floating) but also a
child’s future understanding of floating and sinking (the teacher’s questioning might no
longer be required to have the child consider the material of the object). Also, the child’s
previous experience with floating and sinking affects the performance in the here and
now. Since changes on the micro‐timescale are intertwined with long‐term development,
analyzing children’s actions during real‐time interactions might be helpful in
understanding the processes of change.
The theory of complex dynamic systems states that developmental phenomena can
be understood as the result of self‐organizing processes involving several components of
the system and the environment (Thelen, 1992; Van Geert & Steenbeek, 2005; Van Geert,
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1991).The outcome of these processes, such as a child’s understanding, thus emerges from
the interaction between the here‐and‐now and the long‐term development (Steenbeek et
al., 2011). This outcome is the starting point for the self‐organizing processes in the next
moment in time which outcome affects the processes in the moment after that, a property
that is called iterativity. We therefore define children’s understanding about floating and
sinking as an emerging phenomenon in a particular context, resulting from the real‐time
interaction between a particular child with particular experiences, memories, and so forth
and its context, e.g., an adult and/or the task (Meindertsma et al., 20139).

Change following a dynamic systems approach
The process of self‐organization not only results in variability, but also in temporarily stable
states in children’s understanding, so‐called ‘attractors’ or ‘attractor states’ (Thelen, 1992;
Van Geert, 1998). Typically, consolidated knowledge corresponds with a strong attractor:
under a wide variety of problem and support contexts, the child will rapidly move towards
that particular understanding. On the short‐term timescale, both social and task context
are part of the process of self‐organization (Meindertsma et al., 20137). A change in the
context (e.g., manupulation of the task, high or low social support), can move a system
into a higher (or lower) level of performance, which makes it possible that a child functions
at two (or more) different levels on the same task in a single task session (variability;
Fischer & Bidell, 2006; Goldin‐Meadow et al., 1993). Several studies have shown that this
high variability precedes the discovery of something new (Bassano & van Geert, 2007;
Goldin‐Meadow et al., 1993; Siegler & Svetina, 2002; Siegler, 1995).
After repeatedly reaching a higher level of performance, the strength of an attractor
increases and a new period of stability at this higher level begins, which makes it more
difficult to make a developmental leap (Van Geert, 1998). During a stable period, the
child’s performance becomes more stable, better integrated and extended to other tasks
and situations (Fischer & Bidell, 2006; Granott et al., 2002) until the self‐organizational
process results in an even higher level of performance and a new period of variability
begins.
The theoretical framework discussed above provides a formal framework for
describing how change might occur, for instance in a child’s understanding of floating and
sinking. This dynamic approach is especially suitable since it incorporates variability in the
process of change. The question remains whether we can find evidence for this variability
and stability on the short‐term timescale in real life. By increasing our understanding of
this real‐time process of learning, we should be able to better explain long‐term
development and also influence learning and development on both timescales.

9
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Change in the understanding of floating and sinking
One suitable task for studying changes in children’s understanding is a floating and sinking
task. The understanding of floating and sinking has been studied from different angles:
cognitive development in general (Penner & Klahr, 1996; Piaget, 1930), conceptual change
(Havu‐Nuutinen, 2005; Smith, 1985), scientific reasoning (Kohn, 1993; Tytler & Peterson,
2003, 2004) and science education (Butts et al., 1993; Hardy et al., 2006; Hsin & Wu, 2011).
From these studies, we know that children as young as 3 years are capable of predicting
what happens for different objects when placed in the water (Kohn, 1993). However, many
children aged 3 or 4 refer only to weight and have no understanding of the concept density
(Smith, 1985). Kloos, Fisher, and Van Orden (2010) demonstrated the emergent character
of children’s understanding of floating and sinking by studying the influence of contextual
circumstances.
Change in the understanding of floating and sinking is predominantly investigated in
the context of interventions with a focus on the longer‐term timescale. Several studies
have shown improvement in children’s explanations from pre‐ to the post‐interview (e.g.,
Havu‐Nuutinen, 2005; Hsin & Wu, 2011). Some researchers included a follow‐up session
in their design (Hardy et al., 2006), prolonging the studied timescale. Rappolt‐
Schlichtmann, Tenenbaum, Koepke, and Fischer (2007) also added a follow‐up session and
used a dynamic approach to study the effect of contextual support by an adult on
children’s understanding of buoyancy. After an initial increase in the complexity of
children’s explanations directly after the intervention, most children showed a drop to
their previous level of explanation. Age differences are also well‐studied on the long‐term
timescale. In general, older children display a better understanding by giving more
complex reasons and using different content in their explanations, corresponding with
cognitive attractors on higher levels (Hsin & Wu, 2011; Kohn, 1993; Rappolt‐Schlichtmann
et al., 2007).
In order to get a more complete picture of the development of children’s
understanding, the studied changes on the long‐term timescale (context dependency,
support, age) need to be coupled to changes on the real‐time timescale (Van Geert &
Steenbeek, 2005; Yan & Fischer, 2002). This article makes a start by focusing on the micro‐
timescale using a microgenetic approach. This is a method that is suitable for examining
the process of change by taking repeated measurements in a short time span (Flynn et al.,
2007; Siegler & Crowley, 1991). Unfortunately, almost no microgenetic studies on
scientific understanding have focused on changes within a single task session. For
instance, Tytler (1998) used multiple timescales in order to capture conceptual change in
the understanding of air pressure whereas Siegler (1995) studied children’s reasoning
about number conservation within and during multiple sessions. He also emphasized the
need to additionally focus on individual levels of performance besides group levels to fully
understand change patterns.
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The present study
In the present study, change in understanding is examined by analyzing kindergartner’s
explanations regarding the floating or sinking of objects during one single session.
Children’s explanations are used as a measure for children’s understanding of floating and
sinking.
First, we investigate the variability of children’s explanations with regard to their
complexity and content. On the long‐term timescale, the theory presented above predicts
children having stable periods (one stable attractor state) in their levels of explanations
and periods of variability in which learning can take place (multiple, weaker, attractor
states). We are interested whether this pattern of stable periods and periods of variability
is also distinguishable on the short‐term timescale. Our first hypothesis states that, in a
random sample of young children between the ages of 4 and 6, there will be children
performing in a stable way as well as children performing in a variable way. The stability
or variability of explanation levels can be an indication for the existence of one or more
attractor states (Yan & Fischer, 2002). The second hypothesis focuses on learning. On the
long‐term timescale, it has been suggested that variability is a precursor of change (Thelen
& Smith, 1994; Van Geert & Van Dijk, 2002). On the short‐term timescale, we expect that
children showing variability during one single task session show an increase in
performance during the task session along with a decrease in variability (hypothesis 2.
Following a dynamic approach, this decrease in variability (and increase in stability) might
indicate the presence of an attractor state.
The hypotheses described above will be studied on group level. Although group
analyses can give us valuable information about change on the short‐term timescale, it
still uses averages of children and does not inform us about individual trajectories (Yan &
Fischer, 2002). Therefore, we will use state‐space grids to visually explore the individual
real‐time trajectories in order to detect patterns of stability and variability on an individual
level.

METHOD
Participants
A total of 38 children (18 girls and 20 boys) from two different elementary schools in the
northern part of the Netherlands participated in this study. Only children whose parents
returned an informed consent form were included. The mean age was 63 months (SD =
6.43 months).
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Materials
Fourteen objects, eight daily used objects and six round objects, were presented to the
children in two different orders (table 1). Children had to predict whether the object would
float or sink in the water tank and explain the floating or sinking behavior of the objects.
In both orders, two example, daily‐used, objects (match and paperclip) were
presented first. Order A consisted of first the set of the other daily‐used objects and then
the round objects. This was switched in order B. Within each set, objects were presented
in a random order but the same for all children receiving order A and the same for order
B. Due to practical circumstances, a non‐transparent plastic container was used as one of
the fourteen objects in order A, where in order B a transparent plastic container was used.

Table 1
The objects in order of presentation for order A and order B

Category
Example
Round 1

Round 2

5
6
7
8
9
10
11
12

Order A
Object
Behavior
Match
Float
Pebble
Sink
Paperclip
Sink
Plastic container
Float
(non‐transparent)
Coin
Sink
Pencil
Float
Plastic card
Float
Eraser
Sink
Marble
Sink
Clay pebble
Float
Golf ball
Sink
Metal ball
Sink

13
14

Ping‐pong ball
Apple

Number
1
2
3
4

Float
Float

Order B
Object
Behavior
Pebble
Sink
Match
Float
Clay pebble
Float
Ping‐pong ball
Float
Apple
Metal ball
Marble
Golf ball
Paperclip
Coin
Plastic card
Plastic container
(transparent)
Pencil
Eraser

Float
Sink
Sink
Sink
Sink
Sink
Float
Float
Float
Sink

Procedure
One of two research assistants administered a test protocol, based on the protocol for
administering the WISC‐III NL (Kort et al., 2002). It stated explicitly what the test leader
had to say and do and in what order. In addition, she was not allowed to assist children in
answering the questions. After a short introduction, the child received the objects one at
a time and was asked to predict and explain what would happen if the object was placed
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in the water tank. Then, the adult placed the object in the water tank. After this, the child
was asked to describe what had happened and to give a second explanation of why the
object floated or sank. The adult was instructed to continue the questioning until he/she
thought the child had reached the highest possible explanation and then move on to the
next object.
Children received one of two different orders of objects with a group of 20 children
receiving order A (M = 63.50, SD = 6.54) and 18 children receiving order B (M = 62.44, SD
= 6.45).

Coding
All explanations were coded for both their complexity level and their content. A dynamic
systems approach called dynamic skill theory is used as a ruler to determine the complexity
of the explanations (Fischer & Bidell, 2006; Fischer, 1980). This ruler is content‐
independent and easily applicable in multiple settings (Meindertsma, Van Dijk, Steenbeek,
& Van Geert, 201210). According to skill theory, development occurs through ten different
levels. Explanations by definition start at the third level (sensorimotor system), since an
explanation requires a combination of an action with a result. Lower complexity levels only
focus on the action or only on the result. A specific coding scheme for the floating and
sinking task based on dynamic skill theory is presented in table 2 (Meindertsma et al.,
20128; Rappolt‐Schlichtmann et al., 2007). Higher levels than level 6 are not included, since
none of the children reached such a high level. For each object the maximum level of
explanation prior to the drop into the water was determined as well as the maximum level
afterwards, which resulted in a total of 28 explanations per child with two per object (one
prior and one after visual feedback per object). Missing data (no answer and “I don’t
know’) were not included in further analyses.
Whereas the complexity of an explanation is content‐independent and applicable to
all kinds of tasks, the content of an explanation is dependent on the task. Content and
complexity are to a certain extent related to each other, since the content is used to
establish complexity. For instance, explanations with a level‐3 complexity (referring to
sensorimotor knowledge) can have content relating to the object (‘because it is a pencil’),
the behavior of the object (‘because the pencil floats’) or to something else (‘because you
do it’; coded as ‘other’). From complexity level‐4 onwards, children are capable of
understanding that an object is related to specific characteristics. For the floating/sinking
task, the content of the higher complexity levels can refer to shape, size, weight, material
or other. If children used more than one argument in their explanation, they received

10

Chapter 2 in this dissertation
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multiple codes for content. For both complexity and content, answers are not judged on
their correctness but only on complexity and content.
Table 2
Coding scheme for children’s explanations with a description of the complexity levels according to
Skill Theory and the content of the explanations
Code

Complexity level

6

Representational
system

5

Representational
mapping

4

Single
representation

3

Sensory‐motor
system

Description of
explanation
Combination of all
relevant representation
mappings

Examples

Content

‘The pencil is light
for its size in the
water’

shape, size,
weight, material,
other, or a
combination

Two or more parts of
the explaining
mechanism , but the
complete picture is not
yet given
One part of the
explaining mechanism

‘The pencil is light
and thin’

shape, size,
weight, material,
other, or a
combination

‘The pencil is
long’

Child states a
relationship between
action and result
(means and end), or
describes what is
directly observed

‘Because it is a
pencil’

shape, size,
weight, material,
or other
referring to
object, behavior
of object, or other

Furthermore, changes in complexity level and content were calculated: For every
explanation, a change was coded when the child moved to a different complexity level
(complexity change) or a different content (content change) compared to their previous
explanation. A change in complexity level is almost always combined with a change in
content, whereas a content change is not necessary combined with a change in
complexity. The coding of changes resulted in 27 change scores for both level and content
of explanations. For each moment in the task, the percentage of change can be calculated
by dividing the number of changes on that moment by the total number of explanations
given by the whole group on that time.
To establish the inter‐observer agreement of the coding scheme for the complexity
two trained coders (first and second author) independently coded the utterances of ten
children out of the sample (26 % of the data set 2012). This resulted in an good to excellent
inter‐rater reliability for both the predictions (average agreement rate of 99 % , kappa .97)
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and the complexity of the explanations (agreement rate of 95 %, kappa .92). The reliability
of the content scheme was good with a kappa of .83 and an average agreement of 86 %.

Analysis
Given the relatively small groups, a permutation method called Monte‐Carlo analysis
(Good, 1999) was performed using Microsoft Excel and Poptools (Hood, 2008). By
repeatedly (10.000 times) drawing random samples from a data set and comparing these
to the empirically found values, hypotheses can be tested. For example, if one is interested
in the difference between two groups, the empirical data are randomly placed in one of
the two groups. This results in two simulated means. This is repeated 10.000 times and
each time the two simulated means are compared to the empirically found means. If the
observed values are found in less than 5% of the randomly taken samples, this is seen as
differing significantly from the null hypothesis. A value between 5 and 10% is interpreted
as a tendency.
To explore individual trajectories, state space grids were made using Gridware
(Lamey, Hollenstein, Lewis, & Granic, 2004). State space grids can be used to visualize the
trajectory of a child’s explanations over time. The grid consists of all possible states the
system can go to. For each moment in time the place of the child is registered on the grid
and the succession of such places corresponds with the trajectory for that child. Each point
of time consists of a complexity level (y‐axis) and the change in content (x‐axis) compared
to the previous explanation. The task session was divided in four equal parts of seven
explanations to study the pattern over time.

RESULTS
Part 1: Group wise analyses
Hypothesis 1: Stability versus variability
The data showed that children in our sample could be arranged into five separate groups,
based on their complexity levels. Figure 1 shows the number of children placed in each
group. Most children, 31 of the 38, show some within‐session variability of complexity
levels. However, seven children used only one complexity level during the whole session
and could be placed in one of the stable groups (I and III).
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Figure 1. Number of children per group based on their within‐session variability. The five groups of
children are placed on the X‐axis. The Y‐axis shows the different complexity levels. The pictured line
is fictitious to indicate possible patterns of variability.

Regarding the content of the explanations, all children were variable in the content
referring to at least two different contents during the task. The content of the explanations
is further explored in table 3, where for each group, the percentage of the different
content categories is reported. The most obvious difference between the groups is with
regard to weight, with group III (stable in complexity level) almost exclusively referring to
weight (94.71%). A Monte Carlo analysis revealed that this percentage is higher than the
use of weight in group II (54.97%, p = .03) and group IV (37.50%, p < .01) and there is a
tendency that it is also higher than group V (58.54 %, p = .06). Also, there is a difference in
the use of size between group III (1.67 %) and IV (31.90 %, p = .02). No other differences
were statistically significant. Thus, the children who are stable in their complexity level at
level 4, tend to use only a small range of different contents to explain floating/sinking
whereas children who are more variable in terms of complexity tend to have a broader
range in terms of content.
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Table 3
The percentage of used content per complexity group
Complexity group
Content

I

II

Object

38.71

23.16

2.83

Behavior

35.48

7.02

2.43

Other

25.81

2.81

0.81

Shape

10.53

Size
Weight

III

IV

V

0.83

17.82

10.44

10.18

1.67

29.96

15.82

36.84

94.17

35.23

58.54

Material

1.05

2.50

0.40

4.43

Other

8.42

0.83

10.52

10.76

100

100

100

100

100

Hypothesis 2: Learning on the short‐term timescale
To study a possible increase in understanding over the micro timescale, a Spearman
correlation between the complexity level and the order of the objects over time was
calculated for the variable groups II, IV and V (figure 2). This was not possible for groups I
and III since by definition they remain stable over time. A positive correlation would
indicate that on average children increase in their complexity level in the course of a single
session. The correlation of group IV was positive and significant (rho = .56, p = .04). The
correlations of the two other groups were not significant (group II: rho = .39, p = .17; group
V: rho = ‐.14, p = .63).
We further hypothesized a decrease in variability for both complexity and content of
explanations. This was operationalized as the percentage of change for each explanation
compared to the previous explanation (see Coding). This change in complexity is displayed
in figure 3. Spearman’s correlation was calculated between the percentage of change (y‐
axis) and the 27 change points in time (x‐axis). This revealed that groups II (rho = ‐.59, p <
.01) and group V (rho = ‐.41, p = .03) had a decrease in variability whereas the correlation
of group IV (rho = .16) was not significant (p = .42).
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Figure 2. Mean complexity level of explanation per object and linear trend line for groups II, IV & V

Figure 3. Percentage of change in complexity level over time (over 28 given explanations, displayed
on the X‐axis) and trend lines during one task session for groups II, IV and V

The decrease in variability for changes in content was even more pronounced for
these groups (figure 4). Group II (levels 3 & 4) showed a correlation of ‐.84 (p < .01),
whereas Spearman’s rho of group IV (level 3, 4, & 5) was ‐.71 (p < .01). Also, group V (level
4 & 5) showed a significant negative correlation (rho = ‐.48, p = .01). The two stable groups
(group I: level 3 and group III: level 4) did not show a significant correlation. (rhoI = ‐.08, pI
= .71; rhoIII = .19, pIII = .34).
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Figure 4. Percentage of content change over time (over 28 given explanations, displayed on the C‐
axis) and trend lines during one task session for groups II, IV and V

To summarize, children in group IV (complexity levels 3, 4 and 5) had an increase in
complexity level and a decrease in content variability but no clear decrease in complexity
variability. Group II (complexity levels 3 and 4) and V (complexity levels 4 and 5) also had
a decrease in variability of complexity level and content, but showed no significant
increase in complexity level over time.

Part 2: Exploration of individual patterns
The results presented so far are based on group averages. To study the process of change,
individual patterns over the course of one single session should be studied as well. We
therefore created state space grids for each individual pathway of all 38 participants
(Lewis, Lamey, & Douglas, 1999). To make the pathways easier to read, we divided the
pathway into four equal parts of seven explanations. Since the group results indicate that
for the variable groups, complexity level increases and content variability decreases, we
are interested how these two variables interact over time within each individual.
All grids were visually inspected and for 27 of the 31 children in groups II, IV, and V, a
pattern could be detected for both complexity and content of the explanations over time.
Four children had more than three consecutive missing values which made it impossible
to detect a pattern and were left out. The complexity level could be stabilizing over time
(criterion: only one complexity level in the last part of the session and variable in at least
the first part), remain variable (criterion: variable in all four parts of the session), or show
another pattern (table 4). The amount of content changes could decrease, remain variable,
increase or no distinct pattern was detected (‘other’). In total, 18 of the 27 found patterns
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showed a stabilization towards one complexity level during this single task session (table
5) and 13 of these children also had a decrease in content change. Even more so, 15 of
these 18 children stabilized in level 4, regardless of whether they were in group II, IV or V.
Only two children stabilized in level five and one child regressed to level 3. In total, six
children remained variable in their complexity level, of which five children also remain
variable in the content change.
Table 4
Frequency of found individual patterns over time based on the complexity levels and content changes
during one task session. # = typical pattern illustrated by a state space grid in figure 7

Content
change

Decrease
Variable
Increase
Other
Total

Stabilizing
13#
5#

18

Complexity level
Variable
Other
1
5#
2
1
6
3

Total
14
10
2
1
27

In figure 5, four representative illustrations of these different patterns are presented
with two examples of children stabilizing towards the end of the session, one child
stabilizing in complexity but remaining variable in content and one child showing a variable
pattern. These children were chosen to illustrate the three most typical patterns as
presented in table 5, indicated by an #. The first child, K., starts off fluctuating in level from
4 to 5 and in the second and third frame even shows some drops to level 3. There are
several changes in content but never more than one at a time. At the end of the session,
during the last seven explanations, the child does not show any changes anymore and
stabilizes in level 4. The next illustration, child R., displays a lot of variability in the
beginning of the session. She begins with level 4 explanations but increases to level 5 over
time, with one drop to level 3. This is combined with a high number of content changes
until a stable pattern is reached halfway the task after which she stays at level five with no
content changes. Child S. also ends up being stable in complexity level, but continues to
show some content changes until the end of the session although the number is lower
than in the previous time slots. The last example, child T., shows a variable pattern over
the whole task session. In every part of the task, content changes are occurring as well as
changes in complexity level.
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Figure 5. Four examples of the most common individual state space grids with content change on
the x‐axis and complexity level on the y‐axis. The task session is divided in four equal periods of
seven explanations. The open circle indicates the starting point. See text for further explication.
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DISCUSSION
In this study, most children showed variability with two or more complexity levels and a
minority showed stability in their complexity level throughout the whole session. We were
able to group children according to the complexity levels of their explanations. All children
were variable in the content of their explanations using two or more different contents.
During the task session, the three variable complexity groups had a decrease in variability
of both complexity and content. One group of children also showed an increase in
complexity level. Individual patterns revealed that the majority of children in the variable
complexity groups became stable towards the end of the session using one complexity
level with one content.
In this study, we focused solely on the short‐term timescale. On the long‐term
timescale, children often progress following a sequence of variable and stable periods with
learning taking place during variable periods (e.g., Thelen & Smith, 1994). In our study, we
made a ‘snapshot’ of children somewhere in their long‐term development. Some children
were stable at complexity level 3 or level 4, indicating one strong attractor state limiting
children’s variability in performance. The finding that none of the children in our sample
showed a stable performance at complexity level 5 (representational mapping) suggests
that the children in our sample are still making the transition to the level of
representational mapping and regularly fall back to single representations or even
sensorimotor system explanations. More evidence for the strength of the level‐4 attractor
state in this sample is found in the individual state space grids where most children
stabilized towards level 4.
In our view, a task session actually consists of a series of repeated real‐time
processes, i.e. interactions between child and context, which together form the iterative
process of the whole session and this thus leads to a change in understanding in most of
the children. In our study, we saw the overall tendency of the system to become stable
during the task. The iterative nature of the construction process leads to the preference
for one cell in the state space. Change on the micro timescale will be influenced by long‐
term processes but also the other way around. The change on the short‐term scale that
we analyzed in this study can thus influence learning and development over a longer
period of time by altering the existing attractor landscape. Future research is needed to
analyze the relation between different timescales as well as the strength of this new
attractor landscape.
In this study, we focused on both content and complexity of explanations. These two
variables are related: complexity is determined based on the content, but different
contents are possible within one complexity level. The complexity and content of
explanations showed a similar pattern over time, although there was a higher percentage
of content changes than complexity changes. This means that there is more change within
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one complexity level than between complexity levels. It might be argued that variability in
content precedes change in complexity, but this is something that needs to be studied
further using a different timescale in order to detect the order of change. Also, we only
focused on explanations whereas another operationalization of understanding would also
have been possible, such as focusing on nonverbal behavior (Pine et al., 2004) or the
predictions of children (Kohn, 1993). Future research needs to establish the relationship
between these different operationalization of scientific understanding.
Our results can be implemented in future intervention studies. Since variability is
associated with consequent learning (Goldin‐Meadow et al., 1993; Siegler & Svetina,
2002), it is important to study whether the children in the variable groups (groups II, IV
and V in our study) would benefit more from an intervention than children performing at
one stable complexity level (groups I and II). If this is the case, variability in pretest scores
might be more informative than for instance age differences. In addition, process analysis
of pretest, intervention, and posttest are indicated to study the intertwining of the
different timescales.
The main limitations of this study are the small age range of the children and the
specific task that was used. With respect to the task, we only studied the understanding
of floating and sinking and no other areas of scientific reasoning. The task we used had a
high repetitive character, but this is also the case in many other science tasks, such as the
balance beam (e.g., Siegler & Chen, 1998). However, it remains to be studied whether
other tasks result in the same results regarding variability and attractor states.
In conclusion, this study has increased our understanding of change in scientific
understanding by adding some additional pieces to the puzzle regarding the variability and
stability during a single task session. Multiple attractor states can be detected in individual
pathways of children’s understanding of floating and sinking. Even within this one task
session, stabilization into one preferred attractor state occurs for most children, but not
for all. This knowledge can be the starting point for further research about conceptual
change on different, nested, timescales.
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PREDICTIONS AND
EXPLANATIONS IN SCIENTIFIC
UNDERSTANDING: TWO
DISTINCT EMERGENT
PROCESSES11

ABSTRACT
Predictions and explanations have both been used as measures for children’s
scientific understanding. However, the relationship between these two separate aspects
of reasoning remains unclear. Traditional views of cognitive development state that
predictions and explanations about floating and sinking originate from one single mental
representation. Theories following a situated view argue that predictions and explanations
emerge in interaction with the context and are not necessarily intrinsically related. In this
study with 38 young children predicting and explaining the floating/sinking behavior of 14
objects, no correlation was found between children’s predictions and explanations.
Results further showed that predictions were strongly affected by the objects itself and
order of objects, whereas explanations were more stable. Explanations also turned out to
be rather stable after visual feedback, regardless of the correctness of the prediction
beforehand. The results indicate that predictions and explanations should be regarded as
two distinct, emergent processes in young children.

11

This chapter is submitted as: Meindertsma, H. B., Van Dijk, M. W. G., Steenbeek, H. W., & Van Geert, P.

L. C. (submitted). Predictions and explanations in scientific understanding: two distinct emergent processes
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INTRODUCTION
Predictions and explanations are both used as a measure for children’s understanding of
scientific phenomena. In his classical work ‘The child’s conception of physical causality’
(1930), Piaget described children’s predictions and explanations on three types of tasks
(floating and sinking, the level of water, and shadows). From his descriptions, it becomes
clear that children’s explanations and predictions do not always correspond with one
another, especially at younger ages. However, many years after Piaget’s publication, the
precise relationship between predictions and explanations still remains unclear.
Theories that promote a representationalist view (e.g., Karmiloff‐Smith, 1975;
Posner, Strike, Hewson, & Gertzog, 1982, Vosniadou, 1994) pose that there is one internal
entity responsible for children’s understanding of a particular scientific concept such as
buoyancy. From this viewpoint, predictions and explanations stem from one mental
representation (Vosniadou, 1994). Theories promoting a more situated view (e.g., Thelen
& Smith, 1994; Van Geert, 1998) reason that children’s understanding is not a general,
internal state of mind, but a local and temporal product that emerges from the interaction
with the specific context at hand. These theories argue that predictions and explanations
are the result of self‐organizing processes in interaction with the context instead of
originating from one mental entity. In this article we will follow this situated approach and
argue that predictions and explanations have to be regarded as two distinct, emergent
processes.

Predictions and explanations in previous research
Before we continue reviewing the literature, we have to clarify the scope of the research.
Predictions and/or explanations as variables are used in a wide variety of studies, ranging
from topics such as theory of mind (e.g., Wimmer & Perner, 1983), conceptual change
(e.g., Havu‐Nuutinen, 2005), causal reasoning (e.g., Bonawitz et al., 2010), cognitive
development (e.g., Siegler, 1976), scientific literacy (e.g., Callanan & Jipson, 2001) to
effectiveness of intervention programs (e.g., Hsin & Wu, 2011). In this article, we use
predictions and explanations in the field of scientific understanding of young children, but
our findings can also be used in other fields as we will explain in the discussion. In our short
overview of previous research, we discuss relevant findings from different fields.
When reviewing the literature, it becomes clear that many studies that have
compared children’s predictions with their explanations conclude that they cannot be
directly linked to each other. For instance, Glauert (2005) discovered that practical
competence, predictions and explanations do not have a one‐on‐one relation in a
classroom setting with 4‐ and 5‐year‐olds. Siegler (1976), however, claimed that
predictions and explanations were highly related. He found that 84 of the 99 children were
judged using the same rule in their predictions as in their explanations. In an article by
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Messer, Pine, and Butler (2008), the relationship between predictions and explanations
using different versions of Siegler’s balance scale (Siegler, 1976) and Karmiloff‐Smith’s
balance beam (Karmiloff‐Smith, 1992) was studied. Whereas the original versions of these
tasks asked for respectively only predictions or only productive outcomes combined with
an explanation, the authors adapted the tasks so that both predictions and explanations
were required on the two tasks. The results show that the predictions of children were
highly dependent on the type of task and the relationship between predictions and
explanations also differed per task. A last example from Rappolt‐Schlichtmann,
Tenenbaum, Koepke, and Fischer's study (2007) on buoyancy shows that progress in the
number of correct predictions following a high support condition did not necessarily mean
that children also progressed in explanation level.
Piaget (1930) argued that predictions develop earlier than explanations (a similar
point was made by Mayringer (1998) in the context of theory of mind). Piaget even made
a separate developmental stage (second stage) for this in which children are able to make
correct predictions (discovering the law), but their explanations stay behind. More
recently, Wellman and colleagues have claimed that explanations are sometimes easier
than predictions, both in the context of theory of mind (Wellman & Liu, 2007) as in
biological reasoning about contamination (Legare, Wellman, & Gelman, 2009).
Explanations are mostly asked when the outcome is known (postdiction) whereas
predictions are about the future. In that case the problem‐space can be smaller for
explanations than for predictions (Wellman & Liu, 2007). Moreover, even in cases where
the problem‐space was made equal, evidence was found that explaining was easier than
predicting for children (Legare et al., 2009) which is counterintuitive and contradicts
Piaget’s finding. It is important to note that the difference between predictions and
explanations is possibly age‐related since adults showed no difference between
predictions and explanations in Legare et al.’s study.
Not all researchers agree on the importance of explanations of young children
(between the ages of 3 to 6 years). It has been reasoned that the explanations of young
children do not reflect their underlying understanding since explanations can be hindered
by verbal capabilities (Bullock, Gelman, & Baillargeon, 1982; Kohn, 1993). However, other
studies have shown that even young children are capable of explanatory conversations
(Callanan & Jipson, 2001). In their review of explanations, Brewer, Chinn, and
Samarapungavan (1998) state that children can be viewed as little scientists, at a young
age capable of much of the everyday explanations of adults. Even more so, some have
claimed that explanations have an important role in children’s learning (e.g., Crowley &
Siegler, 1999; Legare et al., 2009).
Many studies have chosen to use either predictions or explanations to determine a
child’s understanding of a scientific concept or monitor a child’s progress over time. For
example, children in the study of Howe, Tolmie, and Rodgers (1990) had to predict and
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explain in the pre‐ and posttest, but only explanations were used in the analyses. The
authors defended their choice as follows: ‘it was felt that the children’s explanations
would provide the best indication of their viewpoints’ (p. 463). Kloos, Fisher, and Van
Orden (2010) focused only on predictions and found evidence that children’s
understanding of density is situated in the context. Kohn (1993) also used predictions,
since she argued that young children are verbally incapable in density tasks compared to
weight tasks. It is unclear whether the results of these studies would have been the same
if the explanation measure was applied.
Predictions and explanations cannot only be used as measures for children’s
understanding, but can also be viewed as process skills within scientific reasoning since
the definition of scientific reasoning includes both understanding and skills (Zimmerman,
2000). These skills are often referred to as inquiry skills and include skills such as
questioning, hypothesizing, experimenting and generalizing. According to Peterson and
French (2008), young children can use these skills with the right amount of adult support.
One specific skill that is often studied is hypothesis testing (e.g., Klahr, Fay, & Dunbar,
1993). Hypothesis testing requires children to make a link between expressing predictions
beforehand and explaining posterior. There are some indications that young children (4‐6
years of age) have a rudimentary understanding of the use of hypotheses (Callanan &
Jipson, 2001; Ruffman, Perner, Olson, & Doherty, 1993), but anomalies (evidence
contradicting expectations) do not necessarily lead to change in their performance (Chinn
& Brewer, 1993; Kloos & Somerville, 2001; Ohlsson, 1999).

Cognitive development theories in relation with predictions and
explanations
The choice for predictions and/or explanations as a measure for children’s understanding
can be related to the underlying theoretical framework about cognitive development.
Theories that promote a representationalist view describe cognition in terms of mental
representations in which knowledge is portrayed as an internal, causal entity, producing
the child’s observable performance in problem situations (Posner et al., 1982; Thelen &
Smith, 1994; Vosniadou, 1994). Predictions and explanations would then be viewed as
originating from a single mental representation (Vosniadou, 1994). Moreover, the term
conceptual change implicitly refers to the existence of one concept in the mind. According
to Hardy, Jonen, Möller, and Stern (2006), conceptual change “involves the restructuring
of underlying concepts” (p. 308).
There are many studies that have tacitly supported this viewpoint of mental
representations. Butts, Hofman, & Anderson (1993) used predictions and explanations as
if they are originating from one and the same concept. In the article of Pine and Messer
(2003), differences were found between the explanations, predictions and actions on a
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balance beam task. These differences were argued to be the result of the fact that children
are not (yet) capable of explicitly accessing their representations and thus verbalizing their
reasoning. Bonawitz et al. (2010) reasoned that there may be distinct causal
representations (in their study one for predictions and one for designing new actions)
which are gradually connected with increasing age.
In contrast to the representationalist view, the situated view emphasizes that there
is no fixed, mental structure which represents knowledge. Instead, knowledge and skills
are conceived to be embedded (‘situated’) and created in real‐time interactions with the
environment (Thelen & Smith, 1994). Cognitive development is described as a complex
dynamic system (Smith & Thelen, 2003) with internal (e.g., previous experiences) and
external variables (for instance, difficulty of the task) mutually and continually influencing
each other during a process of self‐organization. Thoughts and behaviors are not hard‐
wired somewhere, like in the brain, but are softly assembled from the interaction between
these internal and external variables (Thelen, 1992).
Theories following a dynamic approach stress the importance of change occurring
over multiple time scales (Spencer et al., 2009). Learning and development are typical
long‐term processes, whereas the child’s performance in the here‐and‐now is a short‐term
process. These timescales are intertwined with each other (a child can only develop on the
long‐term if there is a change in actions on the short‐term, and long term changes restrain
the short term behaviors) and both long‐term and recent history influence the real‐time
performance (Schöner & Thelen, 2006). Making predictions and explanations are short‐
term processes which are influenced not only by children’s previous experiences with
similar tasks (long‐term history) but also by its immediate history, that is the events that
occurred right before the present event. For instance, the performance on a certain object
in a floating/sinking task influences the predictions of the next object. This is often called
iterativity or recursion: the result of the previous step influences the outcome of the
following step and the next, and so on (Van Geert, 2003).
On first glance, there are some similarities between the representationalist view and
the situated view. First, both argue that context is important. According to the
representationalist view, the context influences what part of the internal model is used
and only this part is visible for the researcher through the child’s answer. This mental
model exists independently of the real‐time construction, and is represented in the form
of some internal template or scheme. However, the situated view states that the internal
model is only a theoretical construct (Smith, 2005) and that the output of a child is
constructed in real‐time without the existence of one or more independently existing
mental concept(s). This emergent character was demonstrated by Kloos et al. (2010) who
made the density of an object more or less salient, which co‐varied with the nature of
children’s predictions on a floating and sinking task. Second, both views acknowledge that
previous knowledge can hinder real‐time performance. Whereas one view states that an
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existing mental concept can influence children’s performance, the other view argues that
performance is created through the interaction between internal (such as memory) and
external components of the process in the here‐and‐now. These two examples of
(dis)similarities emphasize that the main difference between both views is whether there
is a representation in the mind that guides children’s performance or that performance is
constructed in real‐time on the basis of many interacting components, none of which can
be identified as the central mental representation.

The present study
In this paper, we aim to clarify the relation between children’s predictions and
explanations and demonstrate that predictions and explanations can be considered as
distinct emergent products of a local (context dependent) and temporary nature. In order
to do this, we designed a floating/sinking task as used by many other studies focusing on
children’s scientific understanding. Children are asked to predict and also explain
beforehand whether an object will float or sink. After receiving visual feedback, children
have to explain the floating or sinking behavior of the object. If predictions and
explanations are indeed distinct, emergent processes, we should find the following results.
First, if they are indeed distinct, there should be no correlation between the correctness
of predictions and the different measures of explanations (hypothesis 1). Furthermore, of
performance is the product of emergent processes (and recent history influences), then
we should see different reactions to different contexts, for example, to different objects
(hypothesis 2), and/or to a different order of objects (hypothesis 3). If the two measures
also react in a dissimilar way to the different objects in comparison to the different order,
this too confirms that the processes are distinct. Finally, we will check whether information
based on visual feedback has an immediate effect on explanations and whether this is
linked to the correctness of children’s predictions (hypothesis 4). This pattern of
performance would be expected if explanations and predictions are the expression of the
same underlying mental representation. The visual feedback after an incorrect prediction
would then be an indication that their mental representation is incorrect and therefore
their explanation should be altered.
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METHOD
Participants
The sample consisted of 38 children (18 girls and 20 boys, Mage = 63 months, SDage = 6.43)
from two different elementary schools in the North of the Netherlands. The children
whose parents returned the informed consent form participated in the study. Twenty
children received the objects in order A (Mage = 63.50, SDage = 6.54) and eighteen children
received order B (Mage = 62.44, SDage = 6.45).

Materials
The task consisted of a water tank and fourteen familiar objects, grouped into two
example objects, six daily‐used objects and six round objects (table 1). Children were asked
to first predict and explain two example, daily‐used, objects (match and pebble). In order
A children received first the set of daily used objects and then the round objects. This was
turned around in order B. The order of objects within a set was randomized, but the same
for all children receiving order A and the same for order B. Due to practical circumstances,
a non‐transparent plastic container was presented as one of the fourteen objects in order
A, whereas in order B a transparent plastic container was used.
Table 1
The objects in order of presentation for order A and order B
Order A
Category
Example
Round 1

Round 2

Number
1
2
3
4

Order B
Result
Float
Sink
Sink
Float

Object
Pebble
Match
Clay pebble
Ping‐pong ball

Result
Sink
Float
Float
Float

5
6
7
8
9
10
11
12

Object
Match
Pebble
Paperclip
Plastic container
(non‐transparent)
Coin
Pencil
Plastic card
Eraser
Marble
Clay pebble
Golf ball
Metal ball

Sink
Float
Float
Sink
Sink
Float
Sink
Sink

Float
Sink
Sink
Sink
Sink
Sink
Float
Float

13
14

Ping‐pong ball
Apple

Float
Float

Apple
Metal ball
Marble
Golf ball
Paperclip
Coin
Plastic card
Plastic container
(transparent)
Pencil
Eraser

Float
Sink
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Procedure
Children were interviewed by one of two research assistants. The research assistant used
a test protocol, based on the protocol for administering the WISC‐III NL (Kort et al., 2002).
The protocol stated explicitly the questions and actions the test leader had to perform. In
addition, no assistance was offered to the child in answering the questions. After a short
introduction, the child was handed the objects one at a time and asked to predict and
explain the floating or sinking behavior of the object. Next, the adult asked for the object
and placed it in the water tank. The child was asked to describe and explain the floating or
sinking behavior of the object for a second time, but now after the visual feedback. The
adult continued questioning until she thought the child had reached the highest possible
explanation and then moved on to the next object. This order of actions is related to
inquiry skills: children have to hypothesize what will happen (prediction) and construct a
theory (explanation). After testing, children can adjust their theory (explanation).

Coding
All the child’s predictions and explanations were coded. First, the predictions of children
were coded as correct or incorrect. If children gave more than one prediction, the last
prediction was coded. Missing predictions were coded as incorrect. Ideally, predictions
and explanations would be coded on a comparable scale. However, at this young age, it is
unlikely that children give a fully correct explanation (e.g., the pencil floats because it is
light for its size in the water). We found one study that coded explanations as correct or
incorrect (Legare et al., 2009) in a study about children’s understanding of contamination.
Here, an explanation was coded as correct if children referred to at least one aspect of
contamination. Parallel to this approach, we coded explanations as being correct if it
contained at least one aspect of density in this current study. We regarded references to
size, weight or material as relating to density. All other explanations were coded as
incorrect.
In addition to the correctness of the explanations, we also code the explanations
according to their complexity level. The complexity level is based on skill theory which
makes it possible to determine the complexity of a child’s explanation and compare this
across different tasks and settings (Fischer & Bidell, 2006; Fischer, 1980; Meindertsma et
al., 201212). According to skill theory, development occurs through ten different levels,
arranged in three tiers. For each task, a coding scheme can be made based on these ten
levels (table 2; Meindertsma et al., 20129; Rappolt‐Schlichtmann et al., 2007). In our case,
with young children, the highest complexity levels will not be reached. Further, because
only explanations are coded, the lowest two levels are also not possible since children at
12
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these levels do not link an action (placing an object in the water tank) with a result (the
object floats or sinks). Complexity levels are independent of content or correctness: stating
that the pencil floats because it is heavy, results in the same complexity level as stating
that it floats because it is light. Both explanations refer to one characteristic of the pencil,
which is the same complexity level.
Table 2
Coding scheme for the explanations with a description of the complexity levels according to Skill
Theory
Code

5

4
3

Complexity level

Description of explanation

Examples

Representational
system
Representational
mapping

Combination of all relevant
representation mappings
Two or more parts of the explaining
mechanism , but the complete
picture is not yet given

‘The pencil is light for its
size in the water’
‘The pencil is light and
thin’

Single
representation
Sensory‐motor
system

One part of the explaining
mechanism
Child states a relationship between
action and result (means and end), or
describes what is directly observed

‘The pencil is long’
‘Because it is a pencil’

For each object, the maximum complexity of explanation prior to the drop into the
water was determined as well as the maximum complexity posterior to it. If a child
referred to one or more aspects of density, it received a 1 for correctness. It did not matter
if children additionally referred to non‐density characteristics. The correctness of the
explanations was also coded prior to and posterior to visual feedback. This resulted in a
total of 28 explanations coded per child, two per variable per object. Missing data (no
answer and “I don’t know’) were not included in the complexity data, but coded as a zero
in the correctness data. The complexity level and correctness of explanations are partially
intrinsically related. Referring to weight, size of material requires a child to explain at least
at complexity level 4 since they have to refer to a characteristic of the object (table 2).
Level 3 answers are always combined with a zero on correctness.
To establish the reliability of the coding scheme for the explanations based on skill
theory, two trained coders (first and second author) independently coded the utterances
of eight children out of a larger sample (13 % of the data set, see Meindertsma et al.,
201213). This resulted in an adequate to good inter‐rater reliability for both the predictions
(average agreement rate of 95 % , range 75‐100 %, kappa .95) and the complexity of
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explanations (agreement rate of 82 %, range 77‐100%, kappa .78). The reliability of the
correctness was high with a kappa of .90 and an average agreement of 92 % (range 74‐
96%).

Analysis
The coding of the correctness of predictions and explanations resulted in percentages.
The complexity levels of the explanations were averaged before further analysis. Given
the relatively small groups, a permutation method called Monte‐Carlo analysis (Good,
1999) was performed using Microsoft Excel and Poptools (Hood, 2008). By repeatedly
(10.000 times) drawing random samples from a data set representing the null hypothesis,
and comparing these to the empirically found values, hypotheses can be tested. If the
observed values are found in less than 5% of the randomly taken samples, the observed
result is seen as differing significantly from the null hypothesis. Furthermore, a Pearson
correlation was used to calculate the statistical association between the different
measures.

RESULTS
In order to get a general impression of children’s performance, overall scores are
presented first. On average, children made a correct prediction for 63.53 % of the objects.
The explanations prior to the drop in the water tank referred to at least one aspect of
density in 62.22 % of the explanations. A Monte Carlo analysis revealed that this did not
differ from the 60.90 % of correct explanations posterior (p = .26). The complexity of the
explanations also was the same for the prior and posterior scores (prior: M = 3.94, SD =
.50, posterior: M = 3.93, SD = .45, p = .46).
No evidence was found for a statistical association between predictions and
explanations (hypothesis 1). The predictions only had negligible correlations to the
correctness of the explanations (prior: r = .09, p = .030; posterior: r = .14, p = .002) and
non‐significant Pearson correlations to the maximum complexity scores per object. The
two different types of measurements for explanations (correctness and complexity) were
moderately to strongly correlated to each other which indicates that both measures give
the same picture of children’s performance. There also was a modest to strong correlation
between the two prior explanations scores (r (470) = .59, p < .001) and the two posterior
explanation scores (r (449) = .56, p < .001). The prior correctness of explanations is
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moderately correlated to the posterior complexity score (r (449) = .41, p < .001), just as
the posterior correctness and the prior complexity score (r (470) = .42, p < .001).14

Different objects (hypothesis 2)
Different objects elicited different levels of performance in children, but almost exclusively
in the predictions of children. A Monte Carlo analysis indicated that the most difficult
objects to predict (see table 3) were the paperclip, the apple, the clay pebble and the
plastic container. The objects with the highest percentage correct predictions were the
pebble, the coin, and the metal ball. The objects lowest or highest in percentage correct
were not the same objects lowest or highest in the explanation variables. For instance,
children were quite good in predicting the behavior of the pebble, but the mean
complexity was lowest for the pebble, prior and posterior. For the correctness of the
explanations, the clay pebble was not significantly lower than the other objects (both prior
and posterior to the drop in the water tank).

Order of objects (hypothesis 3)
Children received the objects in one of two orders. A Monte Carlo analysis revealed that
children in group A (M = 64.29 %) performed equal to the children in group B (M = 62.70,
p = .383) with regard to their predictions. They also did not vary in the complexity of their
explanations (prior: MA = 3.91, SDA = .52, MB = 3.97, SDB = .48, p = .091; posterior: MA =
3.92, SDA = .49, MB = 3.95, SDB = .40, p = .259). However, the two groups did differ in their
references to density in the explanations. Children in group B had significantly higher
percentages correct explanations than children in group A, both prior (MA = 56.79, MB =
68.25, p = .003) and posterior (MA = 51.79, MB = 71.03, p < .001). Thus, the order of objects
did affect children’s correctness of explanations with children in group B having higher
scores but the complexity of the explanations remained the same.

14
This is not surprising since the correctness is partially intrinsically related to the complexity score as
explained in the Coding section
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If we take a closer look at the performance on each separate object, a different
picture arises for the predictions. The order of objects does affect the predictions for five
of the fourteen objects, namely the clay pebble, marble, paperclip, pencil, and plastic
container (table 4). This final difference can also be due to the use of a different container
(non‐transparent) in order A (MA = 30.00) than in order B (transparent; MB = 66.67, p =
.03). The marble was mostly influenced by the order, with a difference of 45 % between
order A (M = 95.00) and B (M = 44.44, p = .001). Children receiving order A, were asked to
predict the floating/sinking behavior of the marble after they had seen the eraser sink,
whereas children in order B first saw (and felt) the metal ball which resulted in a much
lower percentage correct. The immediate history (an eraser versus a metal ball) thus
seems to influence the current prediction. In table 4, the other objects are presented with
the previous object in both orders.
Children’s complexity of explanations on the separate objects did not differ between
order A and B. However, the correctness was somewhat affected but in some cases for
different objects than we saw with the predictions. In case of the metal ball, children in
both groups performed equally in predicting the behavior, but referred more often to
density in order B (M = 88.89, p = .045) than in order A (M = 60.00) prior to the visual
feedback. The posterior explanations showed more differences between both orders,
specifically for the objects coin, paperclip, pencil, and ping‐pong ball. The pencil and
paperclip were also different for the percentage of correct predictions, but do not show
the same relation for both objects. The paperclip had the highest scores in order B for both
predictions (MA = 15.00, MB = 44.44, p = .048) and percentage of correct explanations (MA
= 45.00, MB = 61.11, p = .04). Children predicted the behavior of the pencil more often
correct in order A (MA = 85.00, MB = 55.56, p = .048) but posterior referred more to density
in order B than A (MA = 45.00, MB = 61.11, p = .04).

Hypothesis testing (hypothesis 4)
If predictions and explanations would be the result of one mental representation, one
would expect that visual feedback after a prediction would influence the explanation. In
table 5, the data are presented of the explanation measures after correct and incorrect
predictions. There were no differences found for the correctness and complexity of the
explanations after a correct or an incorrect prediction (see table 5). The prior and posterior
scores also showed no significant difference (table 5). In order to check whether children
adjust their explanations posterior to visual feedback (hypothesis testing), we scored
whether the explanation posterior was different as prior to feedback for both variables.
Next, it was calculated whether there were differences between children’s behavior after
correct and incorrect predictions. Overall, children most often remained stable in their
explanations (complexity: 84.78 %; correct: 83.27 %).

| 63

Chapter 4
Table 4
Differences in correctness of predictions and explanations between order A and order B for each of
the objects
% Correct
predictions
Object
Apple
Clay pebble
Coin

Eraser
Golf ball
Marble
Match
Metal ball
Paperclip
Pebble
Pencil

Ping‐pong ball
Plastic card
Plastic
container
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Order
A
B
A
B
A

No.
14
5
10
3
5

B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B

10
8
14
11
8
9
7
1
2
12
6
3
9
2
1
6
13

A
B
A
B
A
B

13
4
7
11
4
12

Previous
object
Ping‐pong ball
Ping‐pong ball
Marble
Match
Plastic
container
Paperclip
Plastic card
Pencil
Clay pebble
Marble
Eraser
Metal ball
Pebble
Golf ball
Apple
Pebble
Golf ball
Match
Coin
Plastic
container
Metal ball
Clay pebble
Pencil
Coin
Paperclip
Plastic card

M
25.00
44.44
55.00
22.22
90.00
77.78
80.00
61.11
80.00
66.67
95.00
44.44
50.00
66.67
85.00
83.33
15.00
44.44
80.00
77.78
85.00
55.56
70.00
83.33
60.00
83.33
30.00
66.67

p
.18
.04
.28

.17
.28
.001
.24
.62
.048
.59
.048

.28
.12
.03

% Correct
explanations
prior
M
p
60.00
.10
83.33
50.00
.37
61.11
45.00
.09

% Correct
explanations
posterior
M
p
60.00
.52
61.11
55.00
.49
83.33
40.00
.01

72.22
60.00
72.22
60.00
77.78
55.00
77.78
70.00
50.00
60.00
88.89
65.00
77.78
45.00
55.56
65.00
55.56

83.33
60.00
77.78
60.00
72.22
55.00
61.11
45.00
77.78
65.00
77.78
45.00
61.11
50.00
77.78
45.00
83.33

55.00
55.56
45.00
55.56
60.00
72.22

.33
.21
.13
.18
.045
.31
.38
.392

.64
.38
.33

50.00
61.11
50.00
61.11
45.00
61.11

.11
.20
.23
.25
.31
.04
.35
.04

.03
.36
.25
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Table 5
Comparison between explanations following correct and incorrect predictions for both explanation
measures and a comparison between prior and posterior scores of both measures after correct and
incorrect predictions
Prior

Complexity
Correctness

Predictions
Correct
Incorrect
Correct
Incorrect

M
3.94
3.93
59.47
65.98

SD
0.49
0.52

Posterior
p
.19
.07

M
3.94
3.92
58.28
64.43

SD
0.45
0.45

p
.15
.08

Prior vs.
posterior
p
.50
.42
.34
.38

We found no differences between the complexity levels after a correct or an incorrect
prediction (figure 1). However, children more often referred less to density after an
incorrect (10.31 %) than after a correct prediction (8.28 %, p = .01). This same pattern is
visible for the stability of referring to density: this is higher after a correct prediction (84.32
%) than after an incorrect prediction (81.44 %, p = .01). There was no significant higher
increase after an incorrect prediction (8.26 %) than after a correct prediction (7.40 %, p =
.21).

Figure 1. Percentage of explanations that are lower, the same or higher posterior to visual feedback
compared to the explanation prior to visual feedback
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DISCUSSION
The results in this study support the idea that predictions and explanations have to be
regarded as two distinct processes. First of all, no correlations were found between
predictions and explanations (hypothesis 1), which is in line with the findings of Piaget
(1930), Glauert (2005), and Rappolt‐Schlichtmann et al. (2007). Secondly, the finding that
predictions varied more among different objects than the explanations further supports
the idea of it being two distinct processes (hypothesis 2). Third, the order of objects
affected children’s reference to density but the complexity of the explanations remained
the same just as the predictions. When we looked at each of the objects, we found
differences in the predictions and also in the correctness of the explanations between the
two orders, but not in the complexity levels of the explanations (hypothesis 3). Finally,
children mostly remained stable in their correctness and complexity of explanation after
visual feedback regardless whether their prediction was correct or incorrect (hypothesis
4). Several researchers have raised the question whether predictions develop earlier than
explanations or the other way around. If we regard predictions and explanations as distinct
processes, they should have their own line of progress and this implies that some
predictions may develop earlier than some explanations, and also the other way around.
Furthermore, the results are in line with the proposed emergent character of both
processes. The iterative process of predictions seems more susceptible for contextual
influences such as objects and object order than the process of explanations. The
explanations are influenced less strongly, as is seen in the differences in density scores
between objects, differences between object orders and the stability of the prior and
posterior scores. No differences were found for the complexity scores which is probably a
rougher measurement than the more fluctuating references to density.
Our study shows that the immediate history influences children’s performance. Not
only did we find that the predictions were affected by the behavior of previous objects,
but also that children receiving order B more often referred to density. This can be
regarded as an example of the iterative character of the emergent process. Somewhere
during the task, the self‐organization process of explanation leads children to refer to
aspects of density in order B, whereas the context in order A does not have the same
effect. In order B, the set of round objects was presented prior to the set of daily used
objects which can explain the found differences between the two orders. The presentation
of round objects limits the possible content of children’s explanations, since shape is stable
across the different objects. One concern might be that the transparency of the plastic
container was not similar in both orders. However, since the container was the 12th object
in order B (and the 4th in order A), we do not think this had much influence on the results
that compared order A with order B.
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There are some issues that remain unresolved by this study. For instance, Messer et
al. (2008) found that the relationship between predictions and explanations also
depended on the type of task. In the current study, we only focused on floating and sinking
(in this study) and chose to use a test protocol and mimic some inquiry skills often studies
in scientific reasoning studies. Future research might try to replicate our findings in other
tasks and task settings. We also have no information about the long‐term development of
both processes. It is possible that both processes are integrated at a later age, since Legare
et al. (2009) reported no differences between predictions and explanations in adults, but
did find them in children. Such integration at a later age is in line with a dynamic approach,
which expects that soft assembly processes are fluid and can become a set of integrated
dynamic principles (Thelen, 1992). These issues need to be answered in future studies.
One limitation of our study was the use of two groups of children who received one of two
orders. Although overall group measures were similar for both groups, we cannot be
totally sure that individual characteristics, such as previous (long‐term) experiences, have
had no influence on the differences we reported.
To conclude, we have argued that predictions and explanations seem to be emerging
independently in real time based on both previous experiences and real‐time contextual
influences. We want to stress the importance of this finding for future research on
children’s scientific reasoning. Researchers have to be aware of but also clarify their
choices to use either predictions or explanations outcomes as a measure for cognitive
development, or progress in scientific understanding. In this article, we used predictions
and explanations in the context of scientific understanding, but the finding that they are
two distinct, emergent processes probably also influences other fields of research. For
example, researchers studying theory of mind have to realize that their type of questioning
might determine a child’s performance and thus also determine the scores children
receive on various tests or procedures for measuring a child’s developmental level on
theory of mind. The same goes for teachers: asking young children for predictions can lead
to other results than asking them to explain. The main question, in testing as well as in
education, is not so much about the "true" state of some internal representation, but
about how children, or adults for that matter, perform in a variety of contexts, that is, how
performances emerge out of the dynamic confluence of person and context properties,
situated in the here‐and‐now.
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ASSESSMENT OF
PRESCHOOLER’S SCIENTIFIC
REASONING IN ADULT‐CHILD
INTERACTIONS: WHAT IS THE
OPTIMAL CONTEXT?15

ABSTRACT
In educational settings, continuous assessment of the child’s level of understanding is
necessary to effectively utilize the principles of scaffolding and to create contexts that can
advance the scientific reasoning of the child. In this article, we argue that a child’s
performance is a dynamic notion that is created by all elements in an interaction, including
the task. Therefore, we studied preschoolers’ levels of scientific reasoning varying
different properties of the assessment context. Young children were interviewed about
four scientific tasks using one out of four different protocols (varying in the degree of
flexibility and adaptiveness) by an adult.
In the first study, different task contents resulted in different performance levels. The
second study indicated that the most structured protocol elicited the highest maximum
level of reasoning in children and the highest percentage correct predictions. The third
study showed differences between the protocols in adult’s verbal behavior. Adaptation by
the adult did not result in higher performance level by the children, whereas task structure
did. Combined, the studies emphasize the importance of context, which has implications
for assessment and teaching situations.
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INTRODUCTION
Science education in early childhood is currently a popular topic, not only in the scientific
community (Eshach & Fried, 2005; Gelman & Brenneman, 2004) but also in the context of
education policy (Duschl, Schweingruber, & Shouse, 2007; Rocard et al., 2007). One of the
reasons for introducing science at a young age is to promote the development of scientific
thinking and to encourage positive thinking about science in general (Eshach & Fried,
2005), that might lead to an increase in student’s interest to study science topics
(Mantzicopoulos, Patrick, & Samarapungavan, 2008) which is necessary to ensure enough
technical personnel to maintain a high level of wealth in western societies (Rocard et al.,
2007). In several countries, programs have been initiated aimed at stimulating science and
technology, for instance the Curious Minds project in the Netherlands (e.g., Steenbeek et
al., 2011) and the ‘ScienceStart!’ curriculum in the USA (e.g., French, 2004). Teachers play
an important role in promoting children’s science learning, especially if they use
scaffolding. In order to successfully scaffold in a teacher‐child interaction, assessment of a
child’s initial level by the teacher is necessary (Ruiz‐Primo & Furtak, 2007; Van de Pol,
Volman, & Beishuizen, 2010). It has been well documented that context is highly relevant
for the performance of people, which is referred to as situated cognition (e.g., Fischer &
Bidell, 2006; Lave, 1988), but the question remains to what extent properties of the
assessment context affects the scientific reasoning of young children.
Consider the excerpt of an adult child dialogue from one of the presented studies
about floating and sinking below:

The interviewer presents the apple: What will the apple do, do you think?
The child responds: Sink
Adult: Why do you think it will sink?
Child: Because it is heavy.
Adult: Well, let's have a look.
[The child hands the apple to the adult and the adult places the apple
in the water tank.]
[…]
Child: Floats
Adult: That apple floats … and how is that possible?
[Child is distracted]
Adult: How is it possible that the apple floats?
Child: Because it is light, but when I hold it, it is a bit heavy.
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The example shows how a child can reach a higher level of reasoning within the
context of the task setting. Here, the child generates a more complex level of reasoning
(instead of giving just one argument, that it is heavy, the child increases the number of
arguments and combines them in saying that it is light in one context and heavy in another)
in the course of one session. This increase does not necessarily mean that from now on
the child will always perform at this higher level of understanding. He is brought to this
level of understanding by this particular situation: the child’s skill emerges during the
interaction. Contextual support can bring this child to a higher level in this situation but it
may well be that this level will not be reached in subsequent tasks. The child does not have
one fixed level of performance, but it creates the present level in the situation itself
(Fischer & Bidell, 2006).
This emergence of a child’s skill in real‐time interaction with the context has been
adressed by many different authors (e.g., Fischer, Bullock, Rotenberg, & Raya, 1993;
Fischer, 1980; Kloos et al., 2010; Rappolt‐Schlichtmann et al., 2007; Thelen & Smith, 1994).
It also implies that the skill exists only in that specific context at that point in time, a
process called soft‐assembly (Thelen, 1992). The context consists not only of the people
around the child, but also comprises the task itself. In the case of an adult and a child
performing a particular scientific reasoning task together, this reasoning context can be
visualized as a triangle (figure 1a). This triangle (Steenbeek et al., 2011) shows that it is the
interaction process between the three participating components in the situation that
forms the competence level of the child.

Figure 1. Left: Talent triangle which shows the reciprocal relations between adult, child and task.
Right: The triangle over time: each change in the triangle is a new starting point for the rest of the
interaction16

16

This figure is also presented in chapter 1
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As the triangle shows, the child is influenced by the task as well as by the adult, but
at the same time also actively influences the task and the adult. The context is thus created
by all participants together, including the child. By way of illustration, if the child
manipulates the task (for instance, puts the apple in the water tank), the task itself changes
as an influence of the child (the apple is now floating in the water tank). With this change,
it influences the child and the adult since the situation is now different (they both see that
the apple floats). Next, the adult might alter the task (for instance, by introducing a new
object), which also affects both task and child. This sequencing of influences when the next
step is based on the preceding one(s), is called ‘iterativeness’ (Van Geert & Steenbeek,
2005), and is represented in figure 1b. It is important to state that the three corners of the
talent triangle cannot be seen as isolated variables (Steenbeek et al., 2011) since they are
mutually dependent. However, we can focus on the role of task and adult separately and
explore its relative contribution.
In our view, both task and adult can act as scaffolds for the child. The notion of
scaffolding originates from Wood, Bruner, and Ross (1976) who emphasized the role of
the adult. They described scaffolding as the adult’s controlling those parts of the task that
are too difficult for the child, so that the child can give attention to those parts that he or
she is capable of performing. However, scaffolding is not limited to the support provided
by an adult, but can ‐‐ according to several authors‐‐ be divided into three types: 1) social
scaffolding (by another person; Hsin & Wu, 2011; Salonen, Lepola, & Vauras, 2007), 2)
ecological or task scaffolding (Hardy et al., 2006; Kloos et al., 2010; Mascolo, 2005), and
3) self‐scaffolding (Granott et al., 2002; Mascolo, 2005). In this paper, we address only the
first two types.
In the current studies, we aim at exploring the role of the context on the scientific
reasoning of young children in an interaction with one adult and one task. Although
scientific reasoning can refer to both conceptual understanding and inquiry skills
(Zimmerman, 2000), we define it here as conceptual understanding. Since the seminal
work of Piaget (1930), many studies have focused on the scientific reasoning of children
in scientific tasks such as floating and sinking (e.g., Hardy et al., 2006; Havu‐Nuutinen,
2005; Tytler & Peterson, 2004) and the balance scale (e.g., Philips & Tolmie, 2007; Pine,
Lufkin, Kirk, & Messer, 2007; Siegler & Chen, 1998) but few have actually compared
performance over different task settings. However, if the child's understanding is a soft‐
assembled property, contextual differences in the task and/or adult role can be relevant
for the assessment of reasoning skills of young children.
By systematically altering two parts of the triangle, namely the task and the use of
different protocols by the adult, different task contexts are created. Of course, both adult
and child are also influenced by their own specific history, personality, etcetera, and it is
virtually impossible to disentangle the contributions of each of these components in the
deployment of a particular dyadic reasoning process. Nevertheless, by describing in more
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detail the emergence of reasoning in conditions where the adult’s behavior is guided by
different instruction styles and where different tasks are used, we can gain insight in the
influence of the context on the scientific reasoning skills of children. We argue that since
assessment is an indispensable part of the teacher‐learner interaction, we need to know
more about this role of the context. In order to describe the relationships between child
and task and child and adult in relation to the levels of reasoning produced, we use
dynamic skill theory as a conceptual ‘ruler’ (Fischer & Bidell, 2006; Fischer, 1980).

Dynamic skill theory
Dynamic skill theory (Fischer, 1980) poses a theoretical framework for understanding the
development of reasoning, both at a micro‐ and macroscopic level (Fischer & Bidell, 2006;
Fischer, 1980). The dynamic part of the theory is present in the description of the self‐
organizing and adaptive character of skills. Skills are conceived of as arising in interaction
with the context and are constantly built up and broadened in other contexts (Fischer &
Bidell, 2006). Since a skill is built in real time, a minor change in the context can affect the
skill as it emerges in the situation (Fischer, 1980). This conceptualization is consistent with
the idea of the creation of context, as presented in the talent triangle.
Dynamic skill theory proposes a series of ‘complexity levels of understanding’ that
can be used to score skills for a wide range of topics among which is scientific reasoning,
e.g., about floating/sinking (Rappolt‐Schlichtmann et al., 2007) and about building
electrical circuits (Schwartz & Fischer, 2004). It is argued that the development of children
occurs through three qualitatively different tiers. Each tier consists of four different levels
that have been corroborated by empirical data (Fischer, 1980). However, in descriptive
terms the fourth level is equal to the first level of the next tier, resulting in a description
of ten distinct levels in total. Within each tier, each consecutive level is increasingly
complex and differentiated and includes all underlying levels. Each levels starts with a
‘single set’ level, followed by a ‘mapping’ level (two single sets connected), a ‘system’ level
(two mappings connected to a system) and finally a ‘system of systems’ level that also
functions as the ‘single set’ level of the next tier.
According to skill theory, development can be portrayed as a dynamic developmental
web instead of a static ladder (Fischer & Bidell, 2006). The stages that persons go through
are not conceived of as fixed steps but as becoming more and more differentiated where
one strand can be at a high and highly differentiated level, whereas another strand can be
limited to a low, less differentiated state. Furthermore, a child can be at different levels at
one moment in time for different domains and even within one domain (Mascolo &
Fischer, 2010). This implies that there is large variability in the performance of children
over and within different skill domains and in different contexts. Within one domain such
as science, children might be at different levels for different tasks. For instance, a balance
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scale task and a floating/sinking task both refer to scientific aspects, but children might
perform at different levels at both tasks.

The material context
One way that the task influences the child’s performance is by the affordances of the
material. The term ‘affordance’ was introduced by Gibson (1979) to describe what
opportunities the environment offers to the person in the eye of the person. An affordance
thus refers to both the task (environment) and the person. In order to illustrate this point,
Gibson (1979, p. 127) gives an example of the affordances of a chair. If we see a horizontal,
flat solid surface at knee height, it affords sitting. We perceive something and know
instantly how to act upon it. We do not need a preceding mental representation of a chair
as an object‐that‐is‐used‐for‐sitting in order to show the proper action. However,
affordances exist only in relation to a particular person who is characterized by particular
"effectivities", which allow that person to make use of the affordances (Chemero, 2003;
Shaw, Turvey, & Mace, 1982). If the horizontal, flat solid surface is actually a wall of two
meter high, most people do not automatically perceive it for sitting on. However, some
people will, depending on the situation: in a normal setting the wall does not afford sitting
on, but during a busy concert, many people might see it as a great opportunity to sit (and
see the artist on stage). Thus, the affordances of an object depend on the interaction
between object, person and context.
Some affordances have to be learned. Presented with a novel object, children (and
adults) do not always know instantly what it affords (Gibson, 1988). Exploration is needed
to learn about the affordances of a task (Gibson, 1988) and exploration is often seen as
one of the main components of curiosity (Chak, 2010). Some children are more curious
than other children, but also the task affects the curiosity and exploration in children
(Chak, 2010). Both novelty and the difficulty of the task influence the amount of
exploration (B. Henderson & Moore, 1980; Ruff, 1984).
Another way that the task can influence the performance of a child is the design and
the presentation of the task. Kloos et al., (2010) for instance, showed that differences in
task presentation influence the performance of children and adults on a floating/sinking
task. Changes in the setup of a task can also drastically influence performance as Smith
and Thelen (2003) have demonstrated in the context of their object concept experiments:
by changing the physical position of infants, the infants no longer made the A‐not‐B‐error.
In our view, a task can act as a scaffold in two separate ways, on the one hand by the
affordances it offers, on the other hand by the structure of the task setting. Task
scaffolding through affordances occurs in the interaction between child and task. These
affordances may vary with regard to their familiarity and visibility. The scaffolding through
task setup can be influenced by the adult. As we shall see in the next section, the adult can
also have a direct effect on the performance of the child.
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The social context
Several studies have focused on the adult’s influence on the performance of the child in
an adult‐child interaction. For instance, Rappolt‐Schlichtmann et al. (2007) found that the
complexity of answers regarding buoyancy in children was higher if the teacher modeled
complex answers than if the teacher only formulated a prediction. Henderson (1984)
looked into the effect of context on explorative behavior of children. Aside from the
existence of high‐ and low‐explorative children, he found that the adult’s behavior altered
the explorative behavior of the child. Hoogsteder, Maier, and Elbers (1996) have argued
that the interaction patterns should be studied, instead of only concentrating on the
teaching role of the adult and consequently on the learning role of the child. By acquiring
more insight on the effect of differently structured protocols, we hope to enhance our
understanding of the influence of the adult on the child’s performance.
In studies on the reasoning of children, various types of protocols are used without
investigating the influence of that specific protocol. For instance, Tytler and Peterson
(2003) chose to use a version of the Piagetian clinical interview whereas Havu‐Nuutinen
(2005) constructed a semi‐structured interview using an interactive approach. If there are
reasons to believe that a child has a unique and true level of understanding, we should ask
ourselves which type of protocol is the most appropriate one for revealing the child's
optimal level. However if, as we have argued, the child's level of understanding emerges,
within particular constraints, on the basis of a specific contextual interaction, then we
should ask ourselves which particular kind of context is most appropriate for revealing
which particular type of emergent understanding (e.g., a functional or an optimal level).
In educational contexts, the interaction between child and adult is often studied
within the framework of social scaffolding. In this context, scaffolding is defined as
providing assistance adjusted to the level of the child: in the beginning of a learning
process more assistance is needed and this can slowly be discarded when the child’s
learning increases (Van Geert & Steenbeek, 2005b; Wood et al., 1976). This implies that
the scaffolding level must be higher than the child’s level in order to lift the child’s level
up to the scaffold’s level, which requires a constant adaptation by the adult to the child’s
performance. Mascolo (2005) speaks of ‘coactive scaffolding’ to emphasize the interactive
part of scaffolding. In terms of dynamic skill theory, we argue that scaffolding can be
viewed as an attractor for the child to perform at a higher, more optimal level than the
functional level of the child.
According to Van de Pol et al. (2010), there are three elements in the adult‐child
interaction that characterize scaffolding, which are contingency, fading and transfer of
responsibility. Contingency refers to adapting to the child’s level, fading means that the
scaffold is slowly reduced and by the transfer of responsibility is meant that the child
slowly takes over as learning progresses. In order to successfully implement scaffolding,
the teacher should constantly use diagnostic strategies (Van de Pol et al., 2010) to assess
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the learner’s level and the needed scaffolding level. Dynamic skill theory can be used to
assess the present level of understanding in the child.
In a particular task setting, adult and child create interaction patterns that can be
characterized according to their role distribution (symmetry), their (communicative)
instruments, and the pursued aims (Hoogsteder et al., 1996). For instance, when using a
test protocol, the role distribution may be more asymmetric than in a playful setting with
the adult clearly leading the interaction. One of the communicative instruments might be
the degree of ‘Openness’ of the adult’s verbal behavior. Openness is defined here as the
degrees of freedom that the adult leaves for the child, with for example the adult’s
encouragement giving a child more degrees of freedom in its possible consecutive actions
than if the adult were to give an instruction.

This study
In the current study, we aim to explore the role of the (social and material) context in the
assessment of optimal scientific reasoning skills of young children during a dyadic
interaction. Although many researchers, such as Piaget (1930) and Tytler and Peterson
(2003), have addressed the question of scientific reasoning of children, the present study
is one of the first to compare the reasoning of the same children in different contexts.
Since we define scientific reasoning as the child’s conceptual understanding, we focus on
children's predictions and their explanatory reasoning. For this purpose, we set up three
separate studies that correspond to the following aims. First, with regard to the task‐child
relation, we aim to describe whether and how different scientific tasks elicit different
performance levels (performance in the sense of correct predictions and reasoning skills)
in the children. As development is seen as a developmental web (Fischer & Bidell, 2006),
we expect that children will show different performance levels on different tasks. The
question is which of the tasks results in the highest performance in the child.
Our second aim, concerning the adult‐child interaction, is to analyze how different
social scaffolding contexts, in particular adult’s different level of structure / Openness
given, elicit different performance levels. By limiting the freedom of initiatives and replies
in the adult, the adult is hindered in the adaptation to the child’s level. This means that we
expect adults in the highest structured protocol to elicit the lowest level of children’s
scientific reasoning skills. However, material and social context also interact with each
other. A stricter protocol for the adult means that the task setting is also more structured,
which might in turn lead to higher performance in children. Therefore, we predict that a
compromise in the form of a slightly structured protocol (see Study 2) will result in the
highest performance levels for the child.
Finally, we also want to gain more insight in the verbal behavior of the adult using
different protocols. Considering the scaffolding rules of contingency, fading and transfer
of responsibility, we expect that adults who adapt their behavior to the behavior of the
76 |

Optimal context

child, will yield higher performance levels in children. Also, if an adult is verbally more open
(the child has more degrees of freedom in the reaction to the verbal utterance of the adult,
e.g., an open question gives a child several options where an instruction tells the child
what to do), a child might have more opportunities for exploration and hence, show more
insight in the task affordances and perform at a higher level.

GENERAL METHOD
Overview
Three separate studies were conducted in order to answer the research questions
formulated above. In the first study, a comparison of children’s performance on four
different tasks was made to study the influence of the material context. The second study
focused on the social context by comparing children’s performance when adults used four
different protocols. The final study further analyzed the social context by analyzing the
verbal behaviors of the adults using these different protocols.

Materials
All children were interviewed about the underlying physical principles of four different
tasks, namely water tank task, linked syringes task, balance scale task and a marble track
task. Photographs of the four different tasks are shown in figure 2.
Water tank (WT). The task consists of fourteen objects and a water tank. The objects
are eight daily used items (match, pebble, paperclip, plastic container, coin, pencil, plastic
card, eraser) and six round items (marble, clay pebble, golf ball, metal ball, ping‐pong ball,
apple). Half of the objects will float on the water surface, whereas the other half will sink.
The child was asked to predict and explain the floating or sinking behavior of each object.
Linked syringes (LS). In the linked syringes task, two syringes are connected with a
single tube. If one of the syringes is pushed inwards, the compression of air presses the
other syringe outwards. The opposite effect is reached by pulling on one of the syringes:
the other syringe goes inwards. The child was asked to predict and explain the events after
the inward or outwards movement of the piston.
Marble track (MT). The marble track is a wooden track in which a marble first climbs
‘up the stairs’ and then rolls back down. A handle is connected to six eccentric wheels that
push six increasingly long blocks up‐ and downward. The blocks have a slanted top that
allows the marble to roll down onto the next block. By spinning the handle, the marble
moves up these stairs and then rolls back through a steep, cornered slope to the beginning
of the stairs. The blocks can be removed in order to let the child reassemble the stairs. The
child was asked to predict and explain the working of the marble track.
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Figure 2. The four tasks from top left to right bottom: water tank, linked syringes, balance scale and
marble track

Balance scale (BS). The balance scale consists of a fixed fulcrum with ten different
pins on each beam and twenty cards with an equal weight. Multiple cards can be hung to
one pin and also at different distances. The child was asked to predict and explain the
movement of the balance scale prior to and after adding one or more cards.

Procedure
All children in three classes (from two different elementary schools) received information
letters about the research. Children whose parents returned the informed consent (N =
35) participated in one of the three studies. Children from the elementary school with two
participating classes were randomly selected for study 1 or study 2 and 3 (study 2 and 3
involve the same sample), whereas the children from the other school were only selected
for study 117.
Each child was interviewed about all four tasks by an adult who was given one of four
protocols. Each of the protocols had a general aim of gaining insight in the competence
performance of the child. The interviews were not intended for teaching the child
something about the task but instead on discovering the reasoning of the child about the
17
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task. The protocols were increasingly less structured for the adult: a test protocol, an
adaptive protocol, a lesson plan protocol, and a free protocol situation. The protocols are
thus rank ordered in accordance to the level of degrees of freedom permitted in the
interaction to the adult. Each adult was given one of the protocols, with specifications for
each separate task. In all protocols, the child was allowed to touch and/or use the task
material. The order of tasks was randomly assigned and the adults and children were
unfamiliar to each other. The tasks were administered in a quiet room in their own primary
schools and recorded with two cameras.
Test protocol (TP). In the test protocol, based on the procedure for administering the
WISC‐III‐NL (Kort et al., 2002), there was a standard set of questions. First, the child was
asked to predict and explain what would happen. Then, the adult tested this prediction
(e.g., place the object in the water tank) and asked the child why this had happened. The
adult had to follow the protocol strictly, but was instructed to keep asking until he thought
the child had reached his/her highest level of explanation. For each task, there was a fixed
order of items and questions.
Adaptive protocol (AP). In the adaptive protocol session, the same fixed order as in
the test protocol was used, but the adult was free in the formulation of the questions and
the amount of assistance provided. Additionally, a puppet was used to limit the social
power distance between the child and the interviewer (Epstein, Stevens, McKeever,
Baruchel, & Jones, 2008; Nunkoosing, 2005). The puppet was introduced as being a bit silly
and during the interview the puppet questioned the child about his/her explanations until
a satisfying answer was given.
Lesson plan protocol (LP). In the lesson plan protocol session, several educational
aims of the task were stated; all focusing on letting the child discover the principles of the
task. The adult was encouraged to ask for predictions and explanations. The lesson plan
was based on those used in kindergartens and elementary schools in the Netherlands.
Free protocol (FP). The adult receiving a free protocol was free to administer the task
in his or her own way.
Although the adults received instructions about how and what to do, these were
mostly content related and not necessarily form related. The adults were free in their use
of open and closed questions, encouragements, and instructions during the task. Contrary
to the test and adaptive protocol, adults in the lesson plan and free protocol condition
were free to give feedback if they wanted to.
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Coding
All task sessions were videotaped by the first author. The video‐recordings were
transcribed and then exported to Microsoft Excel where the coding of the verbal
utterances of the adults and the children was done by the first and second author. All
language of the adult was coded using the scheme presented in table 1 with regard to the
‘Openness’ of the utterances. The categories refer to the amount of freedom the child
receives for responding. For example, giving a single instruction to the child limits the
possibilities for the child more than asking an open question.
Table 1
Coding scheme for the verbal utterances of the adult
Code

Utterance

Example

7

None

[Adults says nothing]

6

Encouragement

‘Yes’

5

Open question

‘What will happen next?’

4

Closed question

‘Does something happen there?’

3

Giving information

‘If I push, yours will go out and if I pull, yours will go in’

2

Instruction

‘Pull yours out’

1

Stop

‘Stop, stop!’

Of all the verbal utterances of the child, only predictions and explanations were
coded. Codes for predictions were ‘correct’, ‘incorrect’ or ‘don’t know’. Explanations were
coded according to the hierarchical complexity scale used in skill theory (Fischer & Bidell,
2006; Fischer, 1980; Meindertsma et al., 2012 18 ). The coding used by Rappolt‐
Schlichtmann et al. (2007) served as starting point. Table 2 summarizes the general coding
scheme. In the extended coding book, this general scheme is adjusted for every task,
specifying the specific combination of terms that belonged to each level (cf. Meindertsma
et al., 201214). The same codes were used for both correct and incorrect explanations,
indicating that complexity is considered to be independent of whether the explanations
are correct or not. By definition, the lowest possible level for explanations was level 3
(sensorimotor system), since an explanation already contains a combination between
what happened and a reason why this happened. Explanations that were given in a series
of short utterances with short encouragements of the adult in‐between, were coded as
one explanation. If the adult interrupts the explanation of child by saying anything else
than an encouragement, the interrupted explanation was coded as two separate
explanations.
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Table 2
Coding scheme for the complexity level of children’s explanations
Code

Complexity level

Content of explanation

Example (water tank task)

6

Representational
system
Representational
mapping
Single
representation
Sensorymotor
system

Combination of all relevant
representation mappings
Two or more parts of the
explaining mechanism
One part of the explaining
mechanism
Child states a relationship
between action and result

‘The pencil is light for its size in
the water’
‘The pencil is light and thin’

5
4
3

‘The pencil is long’
‘Because it is a pencil’

Inter‐observer reliability was determined by comparing two trained coders
independently coding four sessions, which resulted in an 80% agreement on average for
the adult categories (range 78 ‐ 83%). The mean kappa coefficient was .79, which indicates
adequately reliable coders. Inter‐rater reliability of the children’s categories was also
good. For the child categories, eight sessions of study 2 were independently coded by two
trained coders, resulting in an average of 87% agreement on the type of utterance
(prediction, explanation or other; range 91‐95%) with a kappa coefficient of .92. The
reliability of the correctness of predictions was even higher (94 % agreement on average;
range 75‐100%) with an average kappa coefficient of .94. The mean kappa coefficient for
the explanations was .78, with an agreement on average of 82 % (range 77‐100%).

Analyses
Three variables were calculated for the child and used in the analyses in all three studies:
the percentage correct predictions, mean complexity level and maximum complexity level.
The other analyses are described in the method of the specific study.

STUDY 1
The first study was set up to answer the question whether different tasks elicit different
levels of performance in the child. In order to do this, children were interviewed about
four different tasks by one single adult.

Method
Participants. Twenty children (age M = 65.4 months; SD = 7.9) participated in the first
study, eleven boys and nine girls. The children were attending one of two elementary
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schools in the North of the Netherlands. The participating adults were all experienced in
working with children, either in administering tests or teaching.
Procedure. The children were interviewed about the four different tasks during one
session with the same adult. The adult received one of four protocols. The protocols were
equally distributed so that five children received all tasks in combination with the test
protocol, five children all tasks with the adaptive protocol, and so on. The order of the
tasks within one session was randomly assigned.
Analyses. For the variable percentage correct predictions, missing data (the child did
not formulate a prediction) were substituted with a zero, since there was no correct
prediction. Missing explanations were not substituted considering there is no complexity
level zero. A Monte Carlo analysis (e.g., Good, 1999) was performed to test whether the
performance on the tasks were different from what would be expected if all data came
from one single distribution. For this purpose, the scores of the children on the four tasks
were randomly shuffled (10,000 times) over the four tasks. If the simulated data deviated
from the empirical data more than 95% of the 10,000 runs, we can state that it is very
unlikely that our empirical findings arise from one single distribution of the observations.

Results and discussion

Figure 3. Percentage correct predictions (left), mean complexity level (middle) and maximum
complexity level (right) for the four different tasks. WT = Water Tank; LS = Linked Syringes; BS =
Balance Scale; MT = Marble Track; * = p < .05

As shown in figure 3, the tasks resulted in differences in the performance levels. For all
three performance measures, the water tank task yielded the highest performance in the
children, independent of the protocol that was used. The mean percentage correct
predictions for the water tank task was 55.07 (p = .01), mean complexity level was 3.87
(SD = 0.33, p < .001) and maximum complexity level was on average 4.25 (SD = 0.65, p <
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.001). The children had most difficulty in predicting what would happen in the linked
syringes task (M = 30.92, p = .02), whereas the marble track was more difficult for the
variable mean complexity level (M = 3.44, SD = 0.38, p = .001). The small differences found
between the other tasks were not significant.
However, this higher level of performance on the water tank task does not imply that
all children had their best performance at that task. Only eight of the twenty children
reached their highest level of correct predictions on the water tank task. Also, just eight
children were worst in predicting in the linked syringes task. There was more consistency
in the other two variables, mean and maximum level of explanation, with sixteen children
showing their highest mean level on the water tank task and seventeen the highest
maximum level. Nevertheless, only in seven of the twenty children, the lowest mean
complexity level occurred on the marble track task.
In summary, the results indicate that children showed clear differences in the
performance level on the four tasks: the water tank task elicited the highest percentage
of correct predictions, the highest mean complexity level and the highest maximum level
of complexity of explanations. This suggests that the affordances of the four tasks are
different. It might be speculated, for instance, that the water tank task is quite
straightforward in its purpose, whereas the marble track on the other hand is less clear
(for instance the handle is not directly visible from the front view, the marble is often
presented separately by the adult and only when the handle is used, is the staircase really
visible). It also suggests that familiarity with the affordances is an important factor, such
as the developmental web suggests. Many children already have experience with concepts
such as floating and sinking and balance in their everyday life (Callanan & Jipson, 2001),
for example the bath ducks in the bathtub and the seesaw in the playground. The
affordances of some of the tasks might already have been learned, whereas other
affordances are totally unfamiliar.
On the other hand, novelty elicits explorative behavior (Henderson & Moore, 1980),
which in turn might make children learn the affordances of new tasks such as linked
syringes and the marble track. Even if children might have explored more in these tasks, it
did not result in higher performance levels. However, the aim of the interviews was not
to teach children or to let them explicitly learn (although they might learn just by
predicting and explaining), but to gain insight in the performance levels in different
contexts. Familiarity might therefore be more important than novelty.
One other possible reason for the higher performance on the floating sinking task
might be in the structure of the task setting, more precisely the repetition of the problem:
each child was asked to predict and explain the floating or sinking of fourteen different
objects even in the free protocol situation. Through repetition, the child can build up
his/her knowledge during the task.
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STUDY 2
The second study investigates the influence of the social context. In order to do this, an
additional group of children was interviewed by four different adults: this time, each was
using a different protocol.

Method
Participants. An additional group of fifteen children (age M = 62 months; SD = 6.2) received
all four protocols. None of these children had already participated in study 1. This time,
each protocol was combined with a different task to avoid learning effects. The following
combinations were used for the fifteen children: 1) test protocol with water tank, 2)
adaptive protocol with linked syringes, 3) lesson plan protocol with balance scale, and 4)
free protocol with a marble track. Each protocol was given to a different adult, all
unfamiliar with the participating children. Also, the results of the twenty children
participating in the first study were used in the analysis.
Analyses. First, the data of the fifteen new children were analyzed to determine
whether children performed better (or worse) in one of the four protocols. Again, the
Monte Carlo testing technique was used to test the differences between the protocol
conditions. In this particular condition, the data were randomly shuffled within each child
separately. Since each protocol was combined with one task, we also corrected for task
difficulty based on the results in Study 1. Since the first study showed that the water tank
and linked syringes task deviated on the variable percentage correct prediction, we
statistically corrected for those tasks by multiplying the scores of the children by
respectively 0.75 and 1.35 with a maximum of hundred percent as score. These corrections
were based on the empirically found ratios between the expected mean (when there
would not have been differences between the four tasks) and the mean as found in Study
1. The mean complexity level variable was also correct with a multiplication of 0.95 for the
water tank and 1.05 for the marble track. For the maximum complexity level, only the
score on the water tank was corrected by multiplying by 0.95.
Secondly, we performed a Monte Carlo analysis on the data from Study 1 to check
whether the found differences in the first step were also found over different tasks. The
scores were also corrected for task difficulty. For the analysis, the scores of each child were
shuffled over the different protocols
Because both samples consist of a small number of cases, we performed a meta‐
analysis to combine the results from the two analyses. This meta‐analysis was executed in
the following way. First, each time the simulated value for the n =15 group was higher than
the observed value, a score of 1 was given. The same was done for the group children from
study 1. After this, we calculated how many times of 10.000 runs the sum of these scores
was 2 (both simulated values are higher than the observed values). If this occurred in less
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than 5 % of the runs, the meta‐analysis indicates that the protocol indeed results in higher
scores. The same procedure was performed if there was an indication that a protocol
resulted in a lower score but then the simulated value needed to be smaller than the
observed value to receive a score of 1.

Results and discussion
For the variable percentage of correct predictions, figure 4 shows that there were no
differences between the four protocols for the new group. In contrast, the adaptive
protocol resulted in the lowest percentage correct predictions in the group children from
study 1 (M =29.48, p = .02), whereas the test protocol yielded the highest percentage (M
= 51.68, p = .02). The meta‐analysis revealed that, overall, the test protocol was
responsible for the highest percentage correct predictions (p = .009). The Monte Carlo
analyses for the variable mean complexity level showed that the adaptive protocol was
lowest, but this was only statistically significant in the n = 15 group (M = 3.50, SD = .56, p
= .03). The graph in figure 4 indicates that overall, the adaptive protocol might be lowest,
which is confirmed by the meta‐analysis (p = .02).

Figure 4. Percentage correct predictions (left), mean complexity level (middle) and maximum
complexity level (right) for the four different protocols. TP = Test Protocol; AP = Adaptive Protocol;
LP = Lesson plan Protocol; FP = Free Protocol; * = p < .05.

For the final variable, the maximum complexity level, the Monte Carlo analyses revealed
no differences between the protocols. However, the test protocol seemed to be highest if
we visually inspect figure 4. Also, the p‐values for the test protocol were around .15 in
both instances (n = 15: M =4.05, SD = .56, p = .15; n = 20: M = 4.11, SD = .76, p = .16).
Therefore, a meta‐analysis was conducted which resulted in a p‐value of .02, indicating
that the test protocol yielded the highest maximum complexity level.
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In the introduction, we hypothesized that a certain degree of freedom in the task
administration for the adult might lead to a better performance of the child. It allows the
adult to better adapt his or her behavior to the level of the child, which in turn elicits a
higher level of performance in the child. However, the percentage correct predications
and the maximum complexity level were highest in the test protocol condition. This
suggests that ‐‐contrary to our expectation‐‐ a relatively high level of structure results in
better maximum performance levels. This finding implies that structuring might be an
important component in an assessment situation between child, task and adult.
In a more structured setting for the adult, it might be that children are more restricted
in their exploration and hence learn less about the affordances. Therefore, it is surprising
that the test protocol resulted in the highest maximum complexity level in the children.
On the other hand, the variable mean complexity level showed a different pattern with
the lowest mean level in the adaptive protocol. However, since we did not analyze the
amount of exploration in the different protocol conditions, we cannot support or reject
this possibility. Ramsey and Fowler (2004) argued that asking questions can help children
in their thinking. One important part that makes the test protocol seemingly better than
the other protocols, might be the repetition of asking questions which might have helped
the children to gradually improve their insights. The verbal behaviors of the adult are the
scope of the final study.

STUDY 3
In the third study, we elaborate on the influence of the social context and in particular on
the verbal actions of the adults using the protocols. The aim is to analyze the verbal
behavior of the adults using the different protocols. First, the verbal behaviors of the
adults per protocol are described, after which the adaptability of the adult’s behavior is
investigated and finally, the associations between specific behaviors of the adult and the
performance of the children are discussed.

Method
Participants. Fifteen children (the same as in study 2; age M = 62; SD = 6.2) participated in
this third study with each child interviewed by four different adults with each adult using
a different protocol with combined a different task (see study 2).
Analyses. The verbal behaviors of the adults using different protocols were
statistically compared using a repeated measures ANOVA. The mean Openness was
calculated for the verbal behavior of the adult per child. To answer the question whether
adults using different protocols differentially adapt their behavior to the child, the
variability of the Openness of the adult’s verbal behavior was analyzed using a coefficient

86 |

Optimal context

of variance (CV). This coefficient was calculated for each condition by dividing the standard
deviation by the average. First, it was tested whether the CV’s of the four conditions were
the result of a single distribution. Next, the empirically found pair‐wise differences
between the CVs of the four conditions (e.g., CV of the adaptive protocol minus CV of the
test protocol) were calculated. The ranking of the mean CV of the four protocols was
calculated and the probability that the empirically found ranking of variability among the
four conditions were the result of a single underlying data distribution was tested using a
Monte Carlo analysis.

Results and discussion
The verbal behaviors of the adults using different protocols are presented in figure 5. The
means and standard deviations are given in table 3, as well as the significant differences.

Figure 5. Percentages of used verbal behaviors by adults in the different protocol conditions

Differences were mostly found in the use of encouragements, giving information and
instruction (table 3). Contrary to our (intuitive) expectations, the most structured protocol
resulted in the highest percentage of encouragement. The adult with the test protocol
used ‘encouragement’ the most, compared to the adaptive protocol, the lesson plan, and
the free protocol. The use of encouragement also differed significantly between the free
protocol condition and the lesson plan and the free protocol and adaptive protocol.
Encouragement is the most open verbal behavior considering the amount of freedom the
child has in his/her own actions. The test protocol did not instruct the adult to use
encouragement, but instead stated that the adult should keep questioning the child until
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the adult believed the child’s answer was at the highest possible level. This instruction was
not explicitly stated in the other protocols, which might explain the lesser use of
encouragement.
Table 3
Mean percentage and standard deviation per verbal behavior for the four different protocols with
the significant p‐values between the different protocols

Protocol
Encouragement

Open question

Closed question

Giving
information

Instruction

Stop

AP

LP

F (p)*

F (p)*

F (p)*

M

SD

Test

35.71

4.60

Adaptive

14.77

3.75

226.58 **

Lesson plan

14.46

5.24

234.77 **

ns

Free

26.36

6.33

29.32 **

42.83 **

Test

24.17

4.01

Adaptive

18.35

4.77

16.02 (.001)

Lesson plan

19.36

5.26

7.88 (.01)

ns

Free

18.78

3.17

27.61**

ns

Test

16.83

3.85

Adaptive

12.63

4.30

7.95 (.01)

Lesson plan

13.95

5.05

ns

ns

Free

16.08

2.50

ns

7.72 (.02)

Test

13.32

2.00

Adaptive

26.92

6.27

50.27 **

Lesson plan

38.00

6.68

164.73 **

19.08 (.001)

Free

23.40

2.63

109.63 **

ns

Test

3.11

2.14

Adaptive

17.72

3.71

168.15 **

Lesson plan

9.30

3.83

48.31 **

31.15 **

Free

10.41

4.63

35.02 **

31.91 **

Test

0.45

0.52

Adaptive

1.86

1.79

103.79 **

ns

ns

49.69 **

ns

ns

Lesson plan

0.74

1.07

ns

5.14 (.04)

Free

1.40

1.64

5.96 (.03)

ns

* df = 1, 14, ** p < .001
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The adult in the test protocol also used more open questions than the adults using
the adaptive protocol (F (1,14) = 16.02, p < .01), lesson plan protocol (F (1,14) = 7.88, p =
.01), and free protocol (F (1,14) = 27.61, p < .01). The smallest percentage of closed
questions was asked in the adaptive protocol compared to the test protocol (F (1,14) =
7.95, p < .01), and free protocol (F (1,14) = 7.72, p < .01).The adult given the test protocol
stopped the child less often than in the adaptive protocol (F (1, 14) = 10.31, p = .01), and
the free protocol (F (1,14) = 5.96, p = .03). There was also a difference between the
adaptive protocol and the lesson plan protocol (F (1, 14) = 5.14, p = .04).
The frequency of giving information was higher in the less structured protocols: it
occurred most frequently in the lesson plan condition compared to the test protocol
condition, the adaptive protocol, and the free protocol, with test protocol using it least
frequently and less than in the adaptive protocol and the free protocol condition. This
giving information might be a form of scaffolding to elicit higher levels of reasoning.
However, in the second study, no evidence was found that the less structured protocols
(with more degrees of freedom for the adult) resulted in higher levels of scientific
reasoning in the child. In order to test whether the adults adapted their behavior to the
specific child, the variability of the verbal behaviors was analyzed.
Instructing was least frequent in the test protocol condition compared to the lesson
plan, adaptive protocol and the free protocol. In the adaptive protocol, the percentage of
giving instruction was highest compared to lesson plan, and to the free protocol.
The Openness over time ‐‐for each protocol separately‐‐ is displayed in figure 6. For
each interview session, the mean Openness of the adult’s verbal behavior is displayed.
Visual inspection of figure 6 shows that some protocols have more variability in the
Openness over sessions than others. When the coefficient of variability is calculated, the
test protocol is the least variable (CV = .025), whereas the variability of the adaptive
protocol (CV = .039), lesson plan protocol (CV = .05) and free protocol (CV = .12) is higher.
Only the variability in the free protocol condition proved to be higher than in the other
conditions (p < .001). However, if we compared the ranking of the conditions from highest
variability to lowest variability (that is: free protocol – lesson plan – adaptive protocol –
test protocol) with simulated rankings, the analysis showed that the observed ranking was
significantly different than expected (p = .04).
The stability of the behavior across sessions with different children confirmed the
expectations (and perhaps even the requirement) that the more structured the protocol,
the less variable the behavior of the adults. However, the results of Study 2 demonstrated
that, on average, the most variable protocol was not yielding the highest performance
level. In order to explore which behaviors of the adult influenced the performance of
children, correlation coefficients (Spearman’s rho) between the verbal behaviors of the
adults and the children’s performance were calculated.
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Figure 6. Average Openness scores over time for each of the conditions. The timeline represents the
sequence of children, which means that the first session for the test protocol might be with another
child than the first session for the adaptive protocol.

In table 4, the statistically significant correlations are presented. The table shows that
overall, only the percentage of encouragement used by the adult correlated with the
maximum complexity level of children. Within the test protocol, positive correlations were
also found between mean Openness and maximum complexity level. Within the adaptive
protocol, positive correlations were found between encouragement and mean and
maximum complexity level. Stopping the child verbally by the adult using the adaptive
protocol also correlated positively with the percentage correct predictions.
Table 4
Significant Spearman correlations between adult’s verbal behavior (percentage of used behavior)
and children’s performance
Protocol

Verbal behavior

Encouragement
Mean Openness
Open question
Closed question
Adaptive
Encouragement
protocol
Open question
Closed question
Stop
Note. * p < .05, **p < .01

% Correct
predictions

Mean
complexity level

Overall
Test protocol
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‐.67**
‐.60*
‐.63*
.71*

‐.54*
‐.68**
.57*
‐.58*

Maximum
complexity level
.32*
.60*

.61*
‐.58*
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The use of questions, both open and closed, correlated negatively with some of the
variables in the test and adaptive protocol. The frequency of open questions correlated
negatively with mean complexity level in the test protocol condition and with all
performance levels in the adaptive protocol condition. The amount of closed questions
also showed a negative relationship with mean complexity level in the test protocol as well
as with percentage correct predictions in both the test and the adaptive protocol.
No significant correlations were found in the least structured conditions: the lesson
plan and the free protocol condition. The reported correlations mainly suggest that
encouragement in the more structured protocols is positively correlated whereas asking
questions is negatively related. The amounts of questions were negatively correlated with
performance levels of children whereas encouragement had a positive correlation. The
hypothesis of Ramsey and Fowler (2004) that asking questions can promote children’s
thinking, was not supported in our study. The more questions the adults asked in the more
structured settings, the lower the performance levels of the children.
In summary, main differences in verbal behavior were found in the use of
encouragements, giving information and instruction. Of these three behaviors, only the
use of encouragement correlated highly with some aspects of the performance of the
children. Although the adult using the free protocol condition was most variable,
suggesting adaptation to the child, this did not result in the highest level of performance
in the children.
The description of the results tacitly assumes that the adult's asking is an independent
variable, resulting in a particular effect on the dependent variable, which is the child's level
of performance. However, as argued in the Introduction, there is a constant interaction
between participants and task elements. In this ongoing interactive cognitive construction
process, an adult's question may trigger a particular level of cognitive explanation in the
child, but a particular level of cognitive explanation in the child may also trigger a
consecutive, particular type of question in the adult. For instance, it is likely that during
the interaction process, repeated low levels of explanation in the child may lead to more
questioning in the adult, especially under conditions in which the adult is instructed to
attempt to obtain the best possible view on a particular child's performance level, which
adults might interpret as the highest possible performance level under the given
circumstances. This tacit interpretation may encourage adults to ask more questions in
particular if the child's level tends to be repetitively low.
The transactional relationship between the child and the adult is likely to be true also
for the transactional relationship between the child (or the adult) and the materials
offered. Children with higher levels of understanding may show a higher level of manual
exploration of the materials, dependent on the actual affordances these materials offer,
and high levels of manual exploration on their turn may lead to higher levels of verbal
understanding in the child, or may lead to more or more specific questions in the adult.
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This particular interpretation is in line with the notion of the dynamic talent triangle
discussed in the theoretical introduction.

GENERAL DISCUSSION
The three studies have provided us with a greater insight in the role of the material and
social context on the child’s level of understanding. The first study demonstrated that even
within one domain such as science, preschoolers’ performances are variable between
tasks. In our study, a floating and sinking task elicited the highest level of performance for
all three variables (percentage correct predictions, mean and maximum complexity level
of explanation). This was probably the most well‐known task to the children and has a
highly repetitive character. In addition, the second study, focusing on the social context,
indicated that a test protocol was best in eliciting the highest maximum complexity level
as well as the highest percentage correct predictions whereas the adaptive protocol
resulted in the lowest mean complexity level. The behavior of the adults in the third study
shows differences in the verbal behavior of the adults when using different protocols.
There are also differences in the stability of the adult’s behavior with different children,
but this adaptation does not necessarily result in better performance levels of the child.
The use of questions was negatively correlated with higher levels of performance, whereas
encouragement and more open behavior in general related positively to the performance
of children in the more structured conditions.
The aim of this paper was to assess the influence of the material and social context
on the child’s level of understanding. The results are in line with previous research which
emphasizes the influence of the context (e.g., Fischer et al., 1993; Kloos et al., 2010; Smith
& Thelen, 2003). Our findings strengthen the idea of the presented triangle: adult, task
and child create their own context and a change in one of the corners, can affect the whole
system. In this assessment situation, it may be speculated that the reason why the
standard testing protocol results in such high levels is that it challenges the child more
explicitly than the other protocols do, also by encouraging the child, which for the child
might be an additional prompt to try to increase his level of functioning during the
interaction process. Since the adult's degrees of freedom in the interaction are virtually
limited to repeated questioning and using encouragements in the test protocol situation,
it is easy to see why the interaction process that emerges from it is one in which the child
as well as the adult are highly challenge‐oriented, resulting in high levels of performance
(as long as these higher levels are within reach of the children).
The high degree of structure cannot only be a form of task scaffolding, but is also
related to social scaffolding. The adult using the test protocol constantly repeats the same
order of questions: prediction, explanation, observation, and explanation. The test
protocol resulted in the highest maximum complexity level for the explanations. We
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suspect that this repetition can be regarded as a scaffold for children’s performance,
although previous research mostly focuses on direct support instead of task structuring
(Hsin & Wu, 2011; Van Geert & Steenbeek, 2005b). Although it is not directly part of the
key characteristics of scaffolding (Van de Pol et al., 2010), one could link it to transfer of
responsibility. By taking over the responsibility of structuring the task, the child reaches a
higher maximum level.
Following another key characteristic of social scaffolding, contingency, adaptation to
the preschooler’s level was expected to lead to higher levels of performance. The results
indicated otherwise: in our study, the least adaptive protocol showed the highest
maximum levels of reasoning. Scaffolding is predominantly studied in the field of learning
processes. The aim of the interviews here was to assess the highest possible level, which
is necessary in the process of scaffolding to determine the needed scaffolding level (Van
de Pol et al., 2010). This means that in assessment situations, adaptiveness of the adult
may not be the key factor for eliciting higher levels of reasoning. Instead, a child might
perform better in more structured conditions.
Even within the same task domain (science), children can perform on different levels,
as predicted by dynamic skill theory (Fischer & Bidell, 2006). This can be partly due to the
children’s familiarity with the affordances of the tasks (Gibson, 1988). In a way, this
familiarity can act as a task scaffold, comparable to the way task structure does. For
instance, the floating/sinking task might be a more predictable task for the child (for each
object, regardless of the protocol, the adult wants to know if it floats or sinks) than the
marble track (questions used by adults varied from ‘what will happen’ to ‘can you let the
marble go the other way’).

Limitations and future research
It might be argued that the robust difference between protocols is not due to the protocol
influencing the performance levels in the children, but is a reflection of the individual
differences of the participating adults using the protocol. We agree that it may not be
possible to unravel the personal style of an adult from the prescribed protocol. However,
we consider the actual behavior of the adult and its influence on the child’s performance
as the central aspect that matters. Here we have demonstrated that a highly standardized
approach with many encouragements and repeated questioning was associated with a
higher performance of the child.
This study focused on the verbal behaviors of both adult and child. In the present
study nonverbal behavior has not been measured. However, nonverbal behavior of the
child is also important, since Pine, Lufkin, and Messer (2004) and Goldin‐Meadow, Alibali,
and Church (1993) showed that in a particular task, children's nonverbal performances in
the form of gestures might represent the higher cognitive level than their verbal
performances.
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Further, we have to take into consideration to what extent these results are
generalizable to other ages. The participants were all preschoolers, ranging in age from 4
to 6 years. Since we state that the context is created by all participants, including the child,
different child characteristics, such as higher reasoning skills, can lead to different
influences of the context. Similarly, different adults might influence the context
differently, even when using the more structured protocols.
Future research has to study whether older children, who are capable of reasoning at
a higher level (Fischer, 1980; Siegler & Alibali, 2005), need the same level of task
structuring or react the same to the different protocols. In addition, these studies need to
focus on the temporal unfolding of the cognitive interaction processes in individual adult‐
child dyads, in addition to analyzing the non‐verbal behaviors of the adults and the child's
particular from a cognitive level perspective. This could inform us, for instance, whether
encouragements by the adult precedes higher performance or vice versa, or both. Finally,
inter‐ and intra‐individual variability was not studied here, whereas we know that there
can be large differences between and within children (e.g., Van Dijk & Van Geert, 2007).

Implications and conclusion
In many countries, science education is an upcoming field of interest, especially in early
childhood. Our results contribute to the knowledge about teaching science to young
children. First, teachers are part of the social context and their behavior is part of the
interaction process that leads to a child’s performance. In the long‐term, there are
different developmental pathways children can follow while learning about science and
technology. Various protocols can be helpful in this long‐term learning process. However,
when assessing a child’s optimal level (which is a necessary step if teachers want to make
use of scaffolding in the learning process), a more strict protocol that challenges the child
and includes a lot of repetition and encouragement, can be the best choice. Teachers thus
have to consider whether they are using the right structuring and verbal behavior to
ensure assessing a child’s optimal reasoning level.
Teachers also have to be aware of the influence of the material context. A child’s
previous familiarity with the affordances of a task highly seems to play a large role in a
child’s performance on the short‐term. This naturally also affects long‐term development.
In our view, getting children acquainted with a large range of tasks should be an important
goal in science education.
The presented findings also have implications for researchers. First, researchers have
to consider the social and material context in their research design just as the teachers
need to do in the classroom setting. If they want to assess a child’s optimal level, they too
can best use a test protocol. Also, in their choice of a suitable task, a child’s familiarity with
the affordances needs to be kept in mind. Second, the decision for outcome measures has
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to be taken carefully. In our case, skill theory proved to be a good ruler for the comparison
of performance in different contexts, but effects differed even for closely related variables
such as mean and maximum complexity level. The maximum level in our study might be
related to the optimal level of performance as proposed by Fischer (Fischer, 1980; Fischer
& Bidell, 2006), whereas the functional level is more closely approximated by the mean
level. That is, there is a need for further validation of what is actually measured in studies
of learning.
Concluding, these three studies showed that relatively small changes in context can
result in changes in a child’s performance level which is in accordance with the idea of the
scientific reasoning triangle: the three participants (adult, child and task) together create
the context for performance. Task performance has to be considered as a process that
unfolds in real‐time, in a way both facilitated and constrained by the properties of all
elements involved, namely the child, the adult and the task context. Protocols can be
interpreted as particular constraints on the social and cognitive affordances provided by
the adult, leading to different types of unfolding of the real‐time interaction process. This
has implications for both researchers and educators (in all fields of education) who have
to be constantly aware of the influence of their choices in the creation of the context.
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INFORMAL SCIENCE ACTIVITIES
IN KINDERGARTEN: TOGETHER
OR ALONE, COMPUTER OR
HANDS‐ON?19

ABSTRACT
Informal science activities are a possible way to increase young children’s scientific
understanding without taking extra time for the teacher. In collaboration with a school, an
experiment was conducted to find out which type of informal set‐up would enhance
children’s scientific understanding the most: computer or hands‐on, individual or in a
dyad. In total, 49 children, aged 4 to 6, were placed in one of four conditions or a control
group. All children were interviewed about a water tank and ramp task during a pretest
and posttest. The experimental groups additionally performed two informal science
activities. Results show that a short informal science activity is not sufficient for most
children to make progress in their understanding of the task. However, lower‐level
performing children working with a higher‐level performing peer did increase more in the
complexity level of their explanations than their higher‐level peer. Implications for future
research are discussed.

19

This chapter is in preparation as: Meindertsma, H. B., Verbrugge, N.A.W., Van Dijk, M. W. G., Steenbeek,

H.W., & Van Geert, P.L.C. (2013). Informal science activities in kindergarten: together or alone, computer or
hands‐on? Manuscript in preparation.
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INTRODUCTION
Science education is increasingly a part of regular preschool and kindergarten curriculum.
Different programs involving formal science activities are initiated and their effectiveness
are studied, for instance the ‘ScienceStart!’ Curriculum (French, 2004), and the ‘PreSchool
Pathways to Science’ (Gelman & Brenneman, 2004), both in the USA. For an overview of
educational interventions, we refer to Osborne and Dillon (2010) and Klahr, Zimmerman,
and Jirout (2011). Informal science activities are a way to familiarize children with science,
without requiring time from the teacher. In addition, several authors have warned for the
current tendency to increase the amount of direct instruction which reduces a child’s play
time (Hirsh‐Pasek, Michnick Golinkoff, Berk, & Singer, 2008; Nicolopoulou, 2010). Play is
important for both cognitive and social development of young children (Hirsh‐Pasek et al.,
2008) and in some cases might be superior to a structured situation (Ramani, 2012).
Informal, playful, science activities might therefore be used to enhance children’s scientific
understanding without taking away play time or requiring additional efforts for the
teacher. In collaboration with a school, an experiment was set up to study the
effectiveness of different ways to organize informal science activities with the most
learning opportunities for children. The main question is whether children can increase
their scientific understanding by doing an informal science activity. Several considerations
were taken into account to create the various conditions.
The first consideration was the inclusion of hands‐on or computer material. On the
one hand, exploration is often seen as an important part of learning science. By engaging
in hands‐on activities, children can learn about gravity, buoyancy, and other scientific
concepts. Therefore, science programs often include hands‐on activities (French, 2004;
Gelman & Brenneman, 2004). Furthermore, Van Schijndel, Singer, Van Der Maas, and
Raijmakers (2010) argue that exploratory play precedes scientific reasoning. On the other
hand, no evidence was found that mere manipulation of objects helped children build a
concept of floating/sinking (Butts et al., 1993; Hsin & Wu, 2011). Also, Klahr and Nigam
(2004) found that children learned less about the control of variables strategy from
discovery learning than from direct instruction (see also Kirschner, Sweller, & Clark, 2006).
It thus remains questionable whether hands‐on activities result in an increase of scientific
understanding. Another option that is often used to get children acquainted with science
is by means of the use of special computer programs. The computer is increasingly used
at home and in classroom settings and even preschoolers are accustomed to playing
games on the computer (Lieberman, Bates, & So, 2009). Computer use by preschoolers in
general is related to cognitive development and school readiness (Li & Atkins, 2004).
Research has further established that computer assisted instruction can enhance a variety
of skills in children (Veenstra, Van Geert, & Van der Meulen, 2011, 2012; Vernadakis,
Avgerinos, Tsitskari, & Zachopoulou, 2006). However, if the same instructional method is

98 |

Informal science activities

used, no difference was found between learning from physical materials versus virtual
materials (Triona & Klahr, 2003). This led to the second research question to be answered
in the current study: do children increase their scientific understanding more by using
physical material in a hands‐on task or by playing a computer game?
The second consideration with regard to the conditions of the informal (playful)
activities concerns the social environment. In formal science education settings, with or
without the use of a computer, the presence of a teacher seems highly important (Havu‐
Nuutinen, 2005; Warwick, Mercer, Kershner, & Staarman, 2010). However, in a classroom
setting, the teacher is not always available. Furthermore, children often do not play alone
in the classroom. Although the scarce literature involving the learning of young children in
dyads is not clear about the effects of working alone or in dyads in young children (Ramani,
2012), several studies have found a positive effect of working together. The composition
of dyads or groups seems important. For instance, it is reported that novices learn more
from collaboration than working alone, especially if they work together with a more skilled
peer (Azmitia, 1988; Howe et al., 1990; Tudge, 1992). Chien, Hsiung, and Chen (2009) state
that working together with peers (or receiving help from teachers) during free exploratory
play is beneficial for children’s understanding of floating and sinking. Some authors have
argued for the combination of collaborative learning and the use of computers (Crook,
1998; Shahrimin & Butterworth, 2001). Unfortunately, working in dyads does not always
lead to improvement in understanding. Arterberry, Cain, and Chopko (2007) found that
the effect depends on task difficulty and whether or not the performance will be
evaluated. The third question to be studied is then: do children benefit more from dyadic
play compared to when they are working alone?
A final consideration was the choice of the task to be used. We chose to use tasks
that are suitable for young children and often reported in literature. One such task is the
water tank task. Similar tasks about floating and sinking are also used in some of the above
reported literature (Butts et al., 1993; Howe et al., 1990). Other studies confirm that young
children are capable of reasoning about floating and sinking and can learn from different
formal interventions (Hardy et al., 2006; Havu‐Nuutinen, 2005). Since different tasks elicit
different reasoning in children (Meindertsma et al., 201320), the choice was made to also
use a second task. A ramp task seemed to be suitable. This is, just as the floating‐sinking
task, a so‐called Piagetian task (Inhelder & Piaget, 1958). The task was also used by Klahr
& Nigam (2004) in their study on direct instruction versus discovery learning. A third
question is therefore whether there are differences in performing and learning between
these two tasks.
In this study, scientific understanding is measured by children’s predictions and
explanations. For the water tank, the predictions and explanations about the floating and
20
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sinking of different behaviors in the water tank task are used. For the ramp task, children’s
predictions and explanations about a marble reaching a predesigned area are coded. The
choice for two measures was made since previous research indicates that only predictions
or only explanations failed to provide a complete picture of a child’s understanding
(Meindertsma, Van Dijk, Steenbeek, & van Geert, submitted21).
To summarize, the main research question is:
1. Is an informal science activity sufficient to increase a child’s understanding of a
scientific task?
Additionally, there are four sub questions:
2. Which is more beneficial for a child’s scientific understanding: an informal science
activity on a computer or hands‐on version of the same task?
3. Does a child’s scientific understanding increase more if a child performed the
informal science activity alone or with a peer?
4. Are there differences in (the increase in) scientific understanding between a
floating/sinking task and a ramp task?
5. Is there an interaction between the different aspects of informal learning (e.g., it
might be that an informal science activity alone on the computer is more beneficial
for scientific understanding while a hands‐on activity might benefit more from
working together)?

METHOD
Participants
In total, 49 children who were between 4 and 6 years of age participated in this study (M
= 63.61 months, SD = 4.29), of which are 26 boys and 23 girls. Children from four different
kindergarten classes were invited to participate. Only those children whose parents filled
out an informed consent form, were randomly placed in one of five groups (table 1).

Materials
Water tank. For the pre‐ en posttest task a water tank and eight objects ‐‐cubes (pretest)
and cylinders (posttest)‐‐ were used. The objects had an equal size but were made of
different materials. Half of the objects float on the water surface, whereas the other half
sink to the bottom. The objects in the hands‐on task are eight common items (match,
pebble, paperclip, plastic container, coin, pencil, plastic card, eraser) and six round items

21
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(marble, clay pebble, golf ball, metal ball, ping‐pong ball, apple). Again, half are floaters
and half are sinkers. The computer version was made with the program E‐Prime and
contained the same objects as the hands‐on version.

Figure 1. Illustrations of (from top left to bottom right): pretest version of the ramp task, posttest
version of the ramp task, informal science activity version of the water tank task, informal science
activity version of the ramp task

Ramp. The ramps for the pre‐ and posttest both involved one downhill side and a shorter
uphill side (figure 1). The pretest version has a long uphill side and the marble either
reaches the upper or lower area of the uphill side. In the posttest, the uphill side is short
enough to release the marble and it either drops before or into a basket. The steepness of
the downhill side (steep versus shallow), the length of the downhill side (long versus short)
and the size of the marble (large versus small) are varied. In total, children get eight items.
The hands‐on version is a car racetrack and consists of two different ramps with only a
downhill side. The steepness of the ramps can independently be changed to one of three
positions. Two types of toy cars (one with weight and one without) are available. The
starting position of the cars can be anywhere on the ramp. The computer version used the
same car race track with 14 different set‐ups.
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Design and procedure
In the first and third week of the data collection, all children were individually tested for
the pre‐ and post‐test. During the second week, children in the experimental groups
performed the informal science activity on two separate days (table 1). All tasks sessions
took place outside the child’s classroom and were videotaped by the first author. The first
three groups participated prior to summer, the other two groups after the summer.
Table 1
Design of the study with per group the number of participants, mean age and standard deviation.
Also, per group the type of informal science activity (computer or hands‐on) and whether this was
done individual or in a dyad
N

M22

SD

1 (control)

11

64.09

4.48

‐

‐

‐

‐

2

10

64.60

4.14

Hands‐on

Dyad

Computer

Individual

3

10

64.70

4.14

Computer

Individual

Hands‐on

Dyad

4

10

61.90

4.38

Computer

Dyad

Hands‐on

Individual

5

8

60.63

3.42

Hands‐on

Individual

Computer

Dyad

Group

Water tank

Ramp

The dyads were composed by the first author, in consultation with the kindergarten
teachers. Based on the pretest performance, large contrasts in performance were avoided.
Dyads were formed from children from the same class to mimic the natural situation. If
this was not possible due to an uneven number of participants from that class, another
child from the same class who did not participate in the study, was asked to join for the
dyadic parts of the study.
Pre‐ and posttest. The pre‐ and posttest were administered by a research assistant
using a test protocol, based on the protocol of the WISC‐III NL (Kort et al., 2002). For each
problem, the child was asked to predict what would happen and explain this prediction.
After visual feedback, the child was asked for an explanation of what had happened. For
the water tank, all questions concerned the floating or sinking of the object. For the ramp
task, the prediction and explanation referred to the marble (not) reaching a predesignated
area. The questions and order of problems was explicitly stated in the protocol.
Furthermore, the test leader was not allowed to provide any assistance. In total, children
were asked to make 8 predictions and 16 explanations per task. The test leader was blind
about the group a child belonged to.
Informal science activity. For the informal science activity, the researcher brought the
child or children to an empty classroom. A short introduction was given to the child(ren)
about the procedure (play freely with the material until the researcher comes to get you)
22
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after which the researcher left the room. The researcher sat outside the room to be
available for any questions but not distracting the child(ren). The hands‐on activity was
placed on a large table in the middle of the classroom. The task was demonstrated briefly
and children were told that they were allowed to play freely with the task until the
researcher came back after ten minutes. For the computer task, the children were placed
in front of a personal computer and asked if they wanted to play the computer game. The
child(ren) first watched a short movie clip explaining the purpose of the game. Then, a
voice asked them to make a prediction about the task (e.g., ‘This is a pencil. Will the pencil
float or sink?’) while the child(ren) saw two pictures on the screen (e.g., a drawn pencil
floating in a water tank and one on the bottom of a water tank). The child(ren) then had
to click with the mouse on one of the pictures. The voice gave feedback and a happy or
unhappy cartoon figure appeared on the computer screen. Finally, the child(ren) watched
a movie clip showing the right answer.
The first difference between the computer and hands‐on condition concerns the
feedback. In the computer condition, feedback is given on the correctness of the task,
while there is no direct feedback in the hands‐on condition. The second difference is the
handling of the material. In the hands‐on condition, children are free to play with the
material, whereas the children in the computer condition only view the material on the
computer screen.

Coding and analysis
To determine children’s understanding of both tasks, their predictions and explanations
about the task on hand are used as measures of scientific understanding. Therefore, all
predictions and explanations by children in the pre‐ and posttest were coded. Children’s
predictions were either correct or incorrect. Missing predictions were coded as incorrect.
Pre‐ and posttest consisted both of 8 predictions. A percentage correct predictions per
task was used for the analysis. As illustrated in Meindertsma et al. (201223), dynamic skill
theory (Fischer & Bidell, 2006; Fischer, 1980) was used to compare children’s scientific
reasoning on separate tasks. Therefore, children’s explanations were given a complexity
level according to the scheme in table 1. A mean explanation level was calculated, with
missing values not included. The inter‐observer reliability of the coding scheme was high
with an agreement rate of 94 % and a kappa of .90 between two independent, well‐trained
coders who double‐scored 10% of the data set.

23
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Table 1
Coding scheme for both tasks based on skill theory
Code

Complexity level

Content of explanation

Example water
tank

Example ramp

6

Representational
system

Combination of all
relevant
representation
mappings

‘The pencil is light
for its size in the
water’

5

Representational
mapping

‘The pencil is light
and thin’

4

Single
representation

Two or more parts of
the explaining
mechanism , but the
complete picture is
not yet given
One part of the
explaining mechanism

‘The marble is
smaller and the
starting point was
higher as well as
the track itself’
‘The marble
started high and
the track is higher’

‘The pencil is long’

‘The track is
higher’

3

Sensory‐motor
system

Child states a
relationship between
action and result
(means and end), or
describes what is
directly observed

‘Because it is a
pencil’

‘Because he [the
marble] has to win’

Data analysis consisted of repeated measures ANOVA and t‐tests using SPSS‐20. For
the comparison of the performance of the children in the dyads, a Monte Carlo analysis in
Excel was used since the samples were quite small. The Monte Carlo analysis relies on
repeated random sampling with a large amount of simulated scores and compares the
simulated scores with the empirically observed values (Good, 1999). In this procedure, the
complexity levels were shuffled between higher‐level and lower‐level pupils or between
pre‐test and post‐test scores (10.000 iterations) and then compared to the empirically
observed values.
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RESULTS
A repeated measures ANOVA analysis showed that no evidence was found for interaction
effects between conditions for both predictions and explanations on both tasks (figure 2).
There was a main effect for time for percentage correct on both the water tank (F (1,44) =
79.54, p < .01) and the ramp (F (1,44) = 13.54, p = .001), but not for the explanations. Both
control group and experimental groups showed the same result. These first analyses
indicate that the form of the activity (hands‐on, computer) or set‐up (individual or dyad)
has no influence.
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Figure 2. Mean percentage correct predictions and mean complexity level of the explanations on the
pre‐ and posttest on both tasks for all groups
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In order to increase the power of the statistical test, we combined different groups.
First, we compared the hands‐on version of the informal science activity with the
computer version regardless whether this was done alone or in a dyad (research question
2; figure 3). Again, no interaction effects were found but main effects on both tasks were
found for the variable percentage correct predictions (water tank: F (1, 46) = 70.04, p <
.001; ramp: F (1, 46) = 14.82, p < .001). No main effect for time was found for the
complexity level of the explanations.
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Figure 3. Mean percentage correct predictions and mean complexity level of the explanations on the
pre‐ and posttest on both tasks with groups 2 and 5 combined and group 3 and 4 combined
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Next, we took a closer look at the differences between children working alone or in a
dyad (question 3; figure 4). Again, no interaction effects but only a main effect for time for
the predictions (water tank: F (1,46) = 70.41, p < .01; ramp: F (1, 46) = 14.59, p < .01). Since
we noticed that some children increased in their complexity levels and literature shows
that the composition of the dyads is important, additional analyses were done regarding
the children in the dyads. The higher‐level pupil was defined as the child who obtained the
highest maximum complexity level of the two children in a dyad. When both children
obtained the same maximum explanation level on the pre‐test, the dyad was coded as
equal.
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Figure 4. Mean percentage correct predictions and mean complexity level of the explanations on the
pre‐ and posttest on both tasks with groups 2 and 4 combined and group 3 and 5 combined
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All unequal dyads (8 unequal dyads on the floating and sinking task, 6 unequal dyads
on the ramp task) were analysed using a Monte Carlo permutation technique (Good,
1999). The null hypotheses stated that both lower‐level pupils and higher‐level pupils had
equal pre‐post differences. The results show that on both tasks, lower‐level pupils had
significantly higher pre‐post differences on the mean complexity level than higher‐level
pupils did (water tank: p < .001; ramp: p = .046). It is important to note that although the
lower‐level pupils had higher pre‐post differences than the higher‐level pupils, the
improvement between the pre‐ and post‐test was not statistically significant for these
lower‐level pupils on both the water tank task (Mpre = 3.45, Mpost = 3.68, p = .50) and the
ramp task (Mpre = 3.38, Mpost = 3.54, p = .06). All analyses were performed for both tasks
separately, but the differences between the two tasks are not yet clear.
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Explanations

100

4,10

90

4,00
Mean complexity level

80
% Correct

70
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50
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20
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10
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3,40
Pretest
Water tank

Posttest
Ramp

Pretest
Water tank
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Figure 5. Mean percentage correct predictions and mean complexity level on the pre‐ and posttest
for both tasks

In order to compare children’s performances on the two separate tasks (research
question 4), the groups were taken together to analyze task differences (figure 5. The
results show that children predicted correctly in 63.78 % (SD = 18.79) of the objects for the
floating and sinking task, whereas this was only 52.81 % (SD = 17.17) for the ramp task (t
(48) = 2.64, p = .01). There was also a significant difference between both tasks for the
mean complexity level of the explanations (water tank: M = 3.87, SD = .37; ramp: M = 3.71,
SD = .38, t (46) = 2.34, p = .02). On the posttest, a significantly higher % correct predictions
on the floating/sinking task was found (M = 89.29, SD = 11.69) compared to the ramp task
(M = 63.78, SD =14.71, t (48) = 9.53, p < .01). Additionally, a difference was found for the
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variable mean complexity level of explanations between the water tank task (M = 3.90, SD
= .35) and the ramp task (M = 3.73, SD = .39, t (44) = 3.00, p < .01). Children progressed
more on the water tank task (Mdifference = 25.51, SD = 20.08) for the variable % correct
predictions than on the ramp task (Mdifference = 10.97, SD = 19.70, t (48) = 3.76, p < .01). For
the variable mean complexity level, there was no difference in progression (water tank: M
= .05, SD = .23; ramp: M = .06, SD = .29, t (42) = ‐.24, p =.81).

DISCUSSION
To summarize, we found no evidence that children progressed in their understanding of
floating and sinking or gravity/friction due to performing one informal science activity on
the same topic. There was a main effect for time for the predictions of children in both the
control group and experimental groups, for the floating/sinking task and the ramp task,
indicating that a repeated administration of the same task leads to better performance in
making predictions (learning effect). Furthermore, there was no increase in the complexity
level of the explanations children made. However, lower‐level performing pupils in an
unequal dyad had higher pre‐posttest differences than their higher‐level performing
partner in the dyad. Although we cannot answer the question what informal science
activity can best be used in the classroom setting, we can stress the importance of the
composition of the dyads by the teacher.
Several other authors have reported that lower‐level performing children benefited
more from working with a higher‐level peer than the other way around (Azmitia, 1988;
Howe et al., 1990; Tudge, 1992). However, where Chien et al. (2009) reported a positive
effect on scientific understanding after playing together in a group of other 5‐year‐olds,
we were not able to replicate this finding in this specific task context. This might be due to
the fact that the participants did not share a common goal. Gauvain and Rogoff (1989)
believe that a shared responsibility for the task and a shared task definition are pre‐
conditions for the positive effect on cognitive development. In our study, children were
free to play with the material in the hands‐on condition and the computer task did also
not have a common goal. This is something that can be changed in a future study.
The results indicate that offering a single informal science activity is not enough for
most children. We chose to let children play only once with the computer game and the
hands‐on material. One reason for this design was that a previous study by Siegler and
Chen (1998) showed that a single feedback session consisting of sixteen items was
beneficial for children’s rule learning about the balance scale. There are three main
differences between Siegler and Chen’s study and ours, namely regarding the timescale,
the used material, and receiving feedback. We will concentrate on these three aspects and
make some suggestions for future research.
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Firstly, let us focus on the different timescales. There are two aspects related to the
timescales: the duration of the different activities and the timing. Our tasks lasted
approximately ten minutes. A short task of fourteen items can be enough to increase
children’s complexity levels as was seen in the study of Meindertsma et al. (201324). In
their study, children received a test about floating and sinking which was almost identical
to the pre‐ and posttest of the current study. Most children stabilized in the complexity
level of their explanations during a single session. The short pretest in the present study,
with repetitive questioning, was also sufficient to increase the percentage correct
predictions in the control group on the posttest, which indicates that it is not the duration
of the activity per se. The duration of the activity might not be enough to sustain a higher
level on a longer period of time (Rappolt‐Schlichtmann et al., 2007), which leads us to the
timing of the study. Our study took place in 3 weeks, whereas the study by Siegler and
Chen (1998) only took 3 days. The time between the informal science activity and the
posttest was a week, whereas the posttest in Siegler and Chen’s study happened the next
day. A possible increase in understanding after the informal science activity might be faded
out in this time. In a future study, we would suggest letting children play multiple times
with the activities in a short period of time and have an additional posttest one day after
the last activity.
A second point is the materials that were used. The informal science activities
consisted of different materials than the pre‐ and posttest to avoid test‐retest effects and
make it possible to detect increases in understanding. For the water tank task, commonly
used objects were chosen since they are normally available in the classroom. A new ramp
task was constructed that would be appealing for children to play with. It is possible that
children did increase their understanding during the informal science activity but were not
able to transfer this to the post‐test. Previous research has shown that context is highly
important for a child’s performance (Meindertsma et al., 201325).
With regard to feedback, children were free to play with the material in the hands‐
on version of the informal science activity. Previous research already indicated that hands‐
on activity itself might not be enough for children to learn (e.g., Butts et al., 1993; Hsin &
Wu, 2011). The feedback children received in the hands‐on condition is very dependent
on the type of exploratory play (Van Schijndel et al., 2010). There were large differences
in the play of the children, even within the same condition (individual or in a dyad) and
same task. For instance, some children never changed the steepness of the car race track
and thus had no feedback about the role of steepness. We also noticed that the ramp task
was easier to play with than the water tank task, especially if children played in a dyad.
Children playing the computer game did receive feedback about the correctness of their
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answers and watched a video containing the correct answer, but had no physical contact
with the material. Where Triona and Klahr (2003) found that both hands‐on and computer
were effective in increasing children’s skills in nine‐ and ten‐year‐olds, we found no proof
for the effectiveness of either of them. Future research could make use of guided play to
make sure children in the hands‐on condition get feedback about all possible mechanisms.
In the end, this study was set up in collaboration with a school to study what type and
form of informal science activity can best be used in a classroom setting. So what can we
advise teachers? Unfortunately, based on this study, we cannot be certain what activity
has the most learning opportunities. However, this should not withhold teachers from
giving children time to informally get acquainted with science. If they do so, they should
see to it that children have a particular goal with regard to achieving understanding and
are also actively invited to share explanations and predictions. Furthermore, when
arranging dyads, teachers preferably combine children with different levels of
understanding.
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In this dissertation, scientific understanding in young children was investigated by focusing
on the verbal predictions and explanations of children about different scientific
phenomena. The results are described in chapters 2 to 6. This final chapter provides a short
summary and finishes by discussing some key aspects regarding scientific understanding
in young children are discussed in more detail.
The first part of the dissertation focused only on explanations. Chapter 2, which was
methodological in nature and demonstrated seven possible ways to analyze children’s
explanations using the complexity levels of skill theory. In chapter 3, the intra‐individual
variability of the complexity of children’s explanations within one task session was the
focus of investigation. The results showed that a majority of children showed a high degree
of intra‐individual variability and that most of them decreased in variability of both content
and complexity of explanations during one task session. They stabilized in both complexity
and content towards the end of the task.
The analysis of the predictions children make was introduced in chapter 4. Here, a
comparison was made between the correctness of predictions, the correctness of
explanations and the complexity levels of the explanations. The results showed that
predictions and explanations were unrelated. Results further indicated that predictions
were strongly affected by the task objects and the order in which these objects were
presented, whereas explanations were more stable. Moreover, explanations turned out
to be relatively stable after visual feedback, regardless of the correctness of the prediction
beforehand. Together, the results indicate that predictions and explanations should be
regarded as distinct, emergent processes in young children.
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Chapter 5 presented a series of three smaller studies on the effect of changes in the
material and social context on children’s predictions and explanations. The first study
showed that different tasks (water tank, linked syringes, balance scale, and marble track)
resulted in different levels of scientific understanding in children and that the highest
levels were found on the water tank task. The second study demonstrated that protocols
with different levels of standardization for the adults in the social context also contribute
to the processes of understanding. The test protocol, with a high standardization and
repeated questioning, yielded the highest maximum level of explaining in children and the
highest percentage correct predictions. The third study investigated the verbal behaviors
of the adults and indicated that variability in the verbal behavior of the adult ‐‐and thus
the highest degree of flexibility or adaptation‐‐ was not related to higher performance by
children. Task structure seemed to be more influential. Overall, the three studies in
chapter 5 emphasized the nature of the effects of the material and social context for
children’s scientific understanding.
Chapter 6 described a study in which the learning effect of informal science activities
was examined. Results showed that a short informal science activity – on the computer or
hands‐on, individual or in a dyad – without additional support is not sufficient for most
children to make progress in their understanding of the task. However, performing a
single, highly‐structured pretest of 8 situations resulted in an increase of the percentage
correct predictions in the posttest.

YOUNG CHILDREN’S SCIENTIFIC UNDERSTANDING
One of the aims of Curious Minds is to increase our understanding of children’s talents for
science and technology. Scientific understanding as investigated in the previous five
chapters can reveal information about children’s talents. The five chapters were based on
four datasets collected separately (see Introduction). Aside from the large variability
within children, which I will address in one of the next sections, there was high variability
between children in their scientific understanding. The percentage of correct predictions
ranged from 0 to 100 in the first two datasets. When 4‐ to 6‐year‐old children received
only one task (water tank) combined with a test protocol, the range was smaller (between
28.6 and 92.9%, dataset III). The smallest range was found in the posttest of the water
tank task (chapter 6; dataset IV), with children predicting correctly somewhere between
62.50 to 100 percent of the objects. The range on the posttest of the ramp task was much
larger (37.50 – 87.50 %), even though this was performed by the same sample as the water
tank task. Thus, there are large differences between children in the percentages correct
predictions, but dependent on the task, some children had a perfect score.
With regard to the complexity of the explanations, nearly all children were shown to
be capable of explaining within the representational tier. This means that children relate
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the observed action to the characteristics of objects or events (Fischer & Bidell, 2006;
Fischer, 1980). Within this tier level 4 explanations were most frequent (e.g., ‘the pencil
floats because it is light’). However, nearly half (45 %) of the children reached level 5 at
least once (e.g., ‘the pencil floats since it is light and thin’). No children reached the sixth
(and final) level in the representational tier, for instance no children said things like ‘the
pencil floats because it is light for its size in the water’ (Rappolt‐Schlichtmann et al., 2007,
p.101). This is in line with Fischer and Bidell (2006), who argue that level 6 is in optimal
circumstances first achievable for children at the age of 6 to 7 years. A small minority of
children (6 %) never explained higher than level 3 which is part of the sensorimotor tier.
These children related to sensorimotor actions, such as ‘the pencil floats since it is a
pencil’. The mean explanation levels in the different datasets varied from 3.00 to 4.86.
Explanations about the floating and sinking of objects in the water tank task were also
coded for their content (chapter 3; dataset I & III and part of dataset II) and correctness
(chapter 4; dataset I & III and part of dataset II). With regard to the content of the
explanations about floating/sinking, 68 % of the children referred at least once to the
weight of the object. Again, there were large differences between individuals: 8 % referred
to weight in all their explanations, 32 % of the children never used the concept of weight
and the remaining 61 % children varied highly in referring to weight. In chapter 4, an
explanation was coded as being correct if children referred to at least one aspect of density
(size, weight or material). Using this coding method, a quarter of all children were correct
in all their explanations and only 5 % children never. Examples of incorrect explanations
are ‘because it is square’ and ‘because it is already wet’. The other children (66%) showed
a high variability and were correct in 7 % to 96 % of their explanations.
In summary, children between 4 and 6 years old vary considerably in the correctness
of their predictions in tasks regarding various scientific phenomena. When asked to
explain these phenomena, most children are capable of explaining at a representational
level (level 4 or 5 according to skill theory). With regard to the floating/sinking of objects,
a majority of children refers to at least one aspect of density in one or more of their
explanations. However, there remain large differences between children in their
explanations.

SCIENTIFIC UNDERSTANDING AS AN EMERGENT
PROPERTY
A dynamic approach was used to study scientific understanding. Scientific understanding
is conceptualized as emerging from self‐organizing processes with internal and external
variables that are in constant interaction with each other. Scientific understanding was
examined by studying children’s predictions and explanations about various scientific
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phenomena. In chapter 4, empirical evidence was presented that supports the idea that
these predictions and explanations have to be regarded as two distinct emergent
processes. Both are conceived to have the same characteristics as other dynamic
processes. Characteristics of dynamic processes are for instance multicausality, variability
and development occurring over nested timescales.

Multicausality
In the Introduction, a graphical representation of a triangle was presented referring to the
three main determinants of the child’s emergent scientific understanding: child, task, and
adult. With regard to the task (which is the material context of the emergent
understanding), chapter 4 explained that different objects elicited different levels of
performance in children, but almost exclusively in the predictions of children. In addition,
a different order of task items resulted in different performance levels in children. This
indicates that the material context is an important contributor within the self‐organizing
processes of predictions and explanations. A further piece of evidence was revealed in
chapter 5, where four tasks (water tank task, linked syringes task, balance scale task, and
marble track task) that all fall within the same domain, were shown to elicit different
performance levels. Also, the patterns for predictions and explanations were not the
same: a low percentage correct predictions was not necessarily combined with a low
complexity level in the explanations on the same task. In chapter 6, a water tank task and
a ramp task were performed by the children. Once more, children performed differently
on both tasks during both pre‐ and posttest. Additionally, the increase from pre‐ to
posttest was higher for the water tank task than the ramp task. Together, this strengthens
the idea of (separate) emerging processes that are highly influenced by the material
context.
With regard to the social context of the emergent understanding of the child, chapter
5 focused on the role of the adult. By using four different protocols, varying in the degrees
of freedom for the adult, children’s scientific understanding was studied. Although there
were some differences between the specific measures of predictions and explanations,
the performance was highest when a strict test protocol (which included many repetitions
and encouragements) was used. Despite the fact that the adult using the free protocol
condition was most variable, suggesting adaptation to the child, the free protocol
condition did not result in the highest level of performance in the children. In the matter
of the adult’s verbalizations, the frequency of encouragements was positively associated
with the complexity level of explanations of children. The fact that a child’s scientific
understanding varies with the use of different protocols supports the idea that the social
context, i.e. the adult’s behavior, is part of the self‐organization processes of scientific
understanding.
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Within education, the teacher is responsible for the social context of learning. An
important concept within teaching is scaffolding. Scaffolding refers to the process in which
learning takes place as a result of assistance to a child at a level slightly higher than the
child’s current level (Wood et al., 1976). Both material and social context can function as
a scaffold (chapter 5; Mascolo, 2005). In line with Van Geert and Steenbeek (2005b),
scaffolding has to be regarded as a dynamic process. In the context of one child, one task
and one adult, the structuring of the task setting and the repetitive questioning and
encouragements by the adult might have acted as a scaffold. Further research needs to
confirm whether this is enough to optimize a child’s scientific understanding on the long‐
term timescale.

Variability
Another core characteristic of dynamic processes is variability. Intra‐individual variability
is considered to be a key component in explaining children’s development and learning
(Siegler, 2000; Van Geert & Van Dijk, 2002; Yan & Fischer, 2002). Part of this variability is
related to different material and social contexts, as described in the previous section. But
also within a single task, children’s performances fluctuate from moment to moment. The
study of chapter 3 revealed that most children have a high degree of intra‐individual
variability with regard to the complexity levels of their explanations and that children were
variable in the content of their explanations. Only a small minority (18 %) of children
showed a single complexity level during the entire task. The five children that were stable
at level 4, also were highly stable in the content of their explanations (94.17 % of the
explanations referred to weight).
In contrast to the high variability between and within children, in chapter 4 stability
was found between the prior and posterior explanations. More than 80 percent of the
children’s explanations were stable in complexity and correctness from prior to posterior
visual feedback. Variability thus seems to occur between objects instead of within objects.
This means that the presentation of a new object results in another outcome of the self‐
organizational process of explaining, whereas visual feedback is not enough to change the
outcome. This has important implications for learning situations, which I will discuss later.
An overall tendency to become more stable during one task session was observed
and the stabilization coincided with a slight increase in complexity level (chapter 3).
Individual patterns revealed that the majority of children with varying performances
became stable towards the end of the session. This stability of explanations can provide
information about the strength of different attractor states. The finding that none of the
children in our sample showed a stable performance at complexity level 5
(representational mapping) suggests that the children at this age are still making the
transition to the level of representational mapping and regularly fall back to single
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representations or even sensorimotor system explanations. This is comparable to the
expectations of Fischer and Bidell (2006), who stated that level 5 can be reached for the
first time by children between 3,5 and 4,5 years of age, and only under optimal conditions.
More evidence for the strength of the level‐4 attractor state in the presented sample is
found in the individual state space grids where most children stabilized towards level 4.
It might be argued that variability in content precedes change in complexity. Previous
research has indicated that high performance variability can precede learning (Bassano &
van Geert, 2007; Siegler & Svetina, 2002; Siegler, 1995). In addition, the discrepancy
between verbal and nonverbal behavior in a balance scale task at a pre‐test was also
indicative for improvement in subsequent trials in a study by Pine, Lufkin, and Messer
(2004). In chapter 3, the explanations showed a higher percentage of content changes
than complexity changes, although there was a similar pattern of change for context and
complexity of explanations over time. This means that there is more change within one
complexity level than between complexity levels. Whether change indeed occurs first in
content is something that needs to be studied further using a longer timescale.

Nested timescales
The results presented in this dissertation indicate that a single and short task can affect
both predictions and explanations. The tasks that were used in these studies lasted
approximately 10 minutes. However, this short time frame actually consist of a series of
real‐time processes, i.e. interactions between child and context, which together form the
iterative process of the whole session which lead to a change in understanding in most of
the children. This iterative process can result in an increase of the complexity level of
children’s explanations, as was seen in chapter 3. Most children stabilized in the content
and complexity level of their explanations during a single session. Furthermore, these
effects can last longer than the task session itself. A short pretest in chapter 6 was also
sufficient to increase the percentage correct predictions in the control group on the
posttest two weeks later. This finding is in contrast with Rappolt‐Schlichtmann,
Tenenbaum, Koepke, and Fischer (2007), who suggest that the higher complexity levels
might not last for a long period.
The iterative process that takes place on the short‐term timescale can be extended
to the long‐term timescale. Each new interaction with a science activity will be influenced
by previous experiences with such activities just as this new interaction influences future
encounters. In terms of attractor states, this process can be described as follows: the
existing attractor landscape influences the present performance, just as the present
performance will alter the existing attractor landscape which will influence future
performance. The short‐term and long‐term timescale are thus intertwined (Lewis, 2002;
Smith & Thelen, 2003; Van Geert & Steenbeek, 2005a).
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The long‐term timescale can vary from several days to weeks to even years.
Eventually, short‐term experiences with scientific tasks during early childhood will be part
of the emergent process of scientific understanding of teenagers and even of young
professionals. In order to study the development of scientific understanding over a longer
period, more research is necessary. For instance, within the Curious Minds program Van
der Steen, Steenbeek, and Van Geert (2012) performed longitudinal research on the
development of scientific understanding over a period of three years in young children.
However, it is just as crucial to have an understanding of the short term timescale
dynamics of change, in order to later understand the long‐term dynamics.

SKILL THEORY AS RULER
Throughout this dissertation, the skill levels of Fischer’s dynamic skill theory were used to
quantify the complexity level of the explanations. In chapter 2, it was argued that a coding
scheme based on skill theory can be reconciled with existing task‐dependent schemes
even though there is no one‐on‐one resemblance. For instance, a comparison was made
with one of the most widely known schemes for a balance scale task by Siegler (1976). This
comparison showed that most of his rules are comparable to different skill levels (see
Chapter 2). Furthermore, several illustrations were given of possible analyses with this
ruler for the explanations of children to demonstrate the usefulness of this ruler. In
chapter 3, explanations about floating and sinking were also coded for their complexity
levels and related to the content of the explanations. In order to compare predictions and
explanations regarding floating and sinking (chapter 4), we additionally coded the
correctness of explanations. In chapter 5, the mean and maximum complexity levels were
used to study the influence of different material and social contexts on children’s scientific
understanding. Chapter 6 used mean explanation level to investigate the effect of informal
science activities. Overall, the studies in this dissertation demonstrate the usefulness and
versatility of skill theory as a ruler, which main advantage over other schemes is its task‐
independency.
Some task‐specific extensions can be applied to the coding scheme to make it even
more applicable for the study of change. In chapter 6, it was suggested is that the existing
categories are too broad to pick up the subtle changes that occur in the child’s
understanding. In chapters 3 and 4, content coding was added that makes it possible to
study change processes within one complexity level. The disadvantage is that the task‐
independence is lost. Nevertheless, combining a task independent coding scheme with a
scheme that categorizes task specific aspects could be a good solution if one wants to
investigate children’s progress in further detail. Another extension of the coding scheme
might be adding a code for the correctness of an explanation. According to Schwartz and
Fischer (2004), mistakes or misunderstandings should get the same complexity level as
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their correct counterparts since they also have a complexity level and can be the starting
point for more complex understanding. In chapter 4, each explanation was not only coded
according to the complexity but also for the correctness in the sense of whether it referred
to at least one aspect of density. However, this means again that comparison of different
tasks gets more difficult. Furthermore, referring to density does not mean necessarily that
a child has a correct understanding of density as mechanism of buoyancy, since it is
possible to refer to an aspect of density but use it incorrectly (e.g., ‘the marble sinks
because it is light’).
The complexity levels are used as if they were on an interval scale. Although this is in
line with previous research such as Rappolt‐Schlichtmann et al. (2007) and Schwartz and
Fischer (2004). For instance, although the skill levels are based on empirical evidence, it
remains unclear whether the steps between the different levels are comparable, i.e.
whether they span the same intervals. The progress from one tier to another can be
regarded as qualitatively different than progress within one tier. Even within one tier, one
could argue that the levels do not necessarily have the same degree of difference. For
instance, a level‐6 answer requires a complete explanation about the working mechanism,
whereas level 5 one needs to refer to only two parts of the mechanism. Nonetheless, the
coding scheme based on the complexity levels of skill theory proves to be a versatile and
useful method for quantifying children’s explanations that can easily be extended with
content and/or correctness coding.

LIMITATIONS AND FUTURE RESEARCH
The triangle presented in the Introduction showed three variables that mutually influence
each other. However, it has to be noted that both adult and child are also influenced by
their own specific history, personality, etcetera. In this dissertation, the focus was on the
short‐term processes of scientific understanding and no attempt was made to take into
account these influences on these participants. Nevertheless, the choice for this focus
does not imply that child characteristics are considered to be unimportant. One child
characteristic which is often used when studying scientific understanding is gender.
Previous research indicates that gender differences are already present at a young age
(Carr, Steiner, Kyser, & Biddlecomb, 2008; Desouza & Czerniak, 2002; Halpern et al., 2007).
In the current project, some preliminary analyses were performed to explore possible
gender differences (Meindertsma, Van Dijk, & Van Geert, 201226) and these results show
that boys and girls perform equally with regard to the percentage of correct predictions.
Also, the mean complexity level of the explanations was comparable. However, some
subtle differences were found in the frequencies of the different complexity levels. The
26
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most striking difference was that girls more often refrained from giving an explanation
than boys did. Further research is indicated to determine the robustness of this finding
and the role of the social and material context.
In this dissertation, scientific understanding is studied by the verbal predictions and
explanations made by children. Aside from this verbal scientific understanding, there are
many other variables that can be studied to increase our understanding of children’s
talents for science and technology. For instance, research indicates that children might
express their understanding in a nonverbal as well as a verbal manner (Goldin‐Meadow,
Alibali, & Church, 1993; Pine, Lufkin, Kirk, & Messer, 2007). Furthermore, our
understanding can be improved by studying children’s exploratory activities, as
exploration is considered to be one of the characteristics contributing to young children’s
talent for science and technology (Gelman & Brenneman, 2004; Van Schijndel, Franse, &
Raijmakers, 2010). Through manual exploration, children can get acquainted with the
affordances of task materials, which can alter their scientific understanding. Children’s
exploration is also an interesting variable with regard to the effect of informal science
activities (chapter 6).
Additional research is also indicated with regard to intervention studies and the
different timescales. In chapter 3, it was suggested that a high variability in explanations
possibly indicates a window of opportunity for learning. This knowledge can be used in the
design of future intervention studies. For instance, a child’s variability within a pretest can
be combined with the learning effects of an intervention, such as the informal science
activities in chapter 6. Future research is also needed to analyze the relation between
different timescales. Hopefully this type of analysis will also increase our knowledge about
transition mechanisms between and within levels

IMPLICATIONS
The first aim of the Curious Minds program as formulated in the Introduction are to
increase the understanding of young children’s talent for science and technology. The
second aim is to develop tools for teachers and parents to optimize the educational
context and to increase children’s opportunities to excel in science and technology. This
dissertation has contributed to both aims. The findings strengthen the idea of the triangle:
adult, task and child create their own context and a change in one of the components ‐‐
i.e. one of the corners of the triangle ‐‐ can affect the whole system. Relatively small
changes in context can result in significant changes in a child’s performance level, which is
in accordance with the idea of emergence. Scientific understanding has to be considered
as a process that unfolds in real‐time, in a way both facilitated and constrained by the
properties of all elements involved, namely the child, the adult and the task context. Aside
from multicausality, the findings emphasize the variability of children’s performance and
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the importance of short‐term interactions. This increased understanding can be used by
teachers, researchers and policymakers.
An implication for teachers is that they realize their importance for science learning
in young children. Chapter 6 demonstrated that simply playing a computer game or play
with the physical material is not enough to increase children’s understanding.
Furthermore, teachers (and parents) can influence the material and social context to
create optimal contexts for scientific learning. For instance, teachers and parents can use
the material context as a scaffold by structuring the task setting. Repetition of similar
problems within a single task, such as different objects in a water tank task, can lead to
stabilization of explanations in children. Even more so, because change in children’s
explanations was observed mainly between objects in the water tank task instead of
within objects, these slightly new problems might be necessary for change to occur since.
Furthermore, teachers can alter the social context by using the characteristics of a test
protocol such as repeated questioning and encouragement in assessment situations.
Teachers can also be trained to use skill theory classification in classroom settings and use
it as a tool to scaffold children’s scientific understanding (Parziale & Fischer, 1998). In
scaffolding, the level of assistance is at a slightly higher level than the current child’s level,
which results in an increased learning effect (Van Geert & Steenbeek, 2005b). The skill
levels may be a helpful instrument for a teacher to assess the pupil’s level of reasoning
and adapt their own explanation to a level to be slightly higher. Additionally, when children
get to play with science activities in dyads, teachers can use the current levels of children
to arrange dyads with differing levels of understanding.
The most important implication for researchers is that they have to be constantly
aware that the social and material context are a crucial part in a child’s scientific
understanding. This means that a young child’s performance in one specific situation
cannot be generalized to or predict a child’s performance in other situations. For instance,
a child’s scientific understanding of a water tank task does not predict the understanding
of a ramp task although the tasks are both part of the science domain. A test situation that
includes repetitions and encouragements might be the best option to assess a child’s
optimal level, but even here the result is not necessarily generalizable to other
performance settings. This also raises the question if it is feasible to classify a young child’s
performance on the basis of a limited number of test situations which is currently
discussed by policymakers. Aside from the attention for the context, researchers (and
teachers) have to be aware of the impact of their choice of outcome measures. Predictions
and explanations have to be regarded as two distinct emergent processes, which means
that learning effects in one of them are not necessarily associated with learning effects in
the other.
The finding that a child’s performance is situated and connected to the chosen
outcome measure means that one can question the testability of young children. The
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performance of a young child in a test situation has to be regarded as a child’s performance
in that situation at that moment in time and provides possibly no or little information
about a child’s possibilities in another context. The Curious Minds project demonstrates
that children show a variety of skills in the area of science and technology that are strongly
connected to the context. Another important implication for policymakers following the
results in this dissertation is the importance of fundamental research in the area of science
and technology in young children. Not only does it increase our knowledge about scientific
reasoning in young children, it also has practical implications as is described here.
In conclusion, results in this dissertation have demonstrated the importance of short‐
term processes as a part of the puzzle in describing the development of young children’s
scientific understanding.
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SAMENVATTING
Er wordt vaak verwezen naar kinderen als stabiele presteerders. Van een kind wordt
bijvoorbeeld gezegd “hij is goed in wiskunde”, “zij is een uitstekende lezer”, et cetera.
Echter, de prestatie van kinderen fluctueert, zelfs van moment tot moment binnen één en
dezelfde taak. De korte‐termijn prestatie van jonge kinderen binnen het domein
wetenschap en techniek (W & T) is het onderwerp van dit proefschrift.
De laatste jaren is er (zowel internationaal als nationaal) veel aandacht voor
wetenschap en techniek in het onderwijs, in het bijzonder voor jonge kinderen. Vanuit
Europa en de Verenigde Staten hebben beleidsmakers er voor gepleit om al op jonge
leeftijd te starten met wetenschap‐ en techniekles (Duschl et al., 2007; Rocard et al., 2007).
Eén van de belangrijkste redenen hiervoor is het belang van voldoende technisch
geschoold personeel om het huidige niveau van welvaart en innovatie te kunnen
handhaven.
In 2006 is in Nederland het project TalentenKracht geïnitieerd om de talenten van
jonge kinderen op het gebied van wetenschap en techniek te onderzoeken (Van Benthem
et al., 2005; Steenbeek et al., 2011). Volgens de initiatiefnemers van dit programma
beschikken jonge kinderen over verschillende vaardigheden op het gebied van
wetenschappelijk redeneren. Zo stellen zij voortdurend vragen, geven ze verklaringen,
observeren ze en doen ze voorspellingen. TalentenKracht heeft een aantal doelen. Eén
ervan is om tot een beter begrip te komen van het talentvol wetenschappelijk redeneren
van jonge kinderen. Een ander doel is om instrumenten te ontwikkelen voor docenten en
ouders om dit talentvol redeneren te stimuleren. Vanuit de Rijksuniversiteit Groningen,
één van de zeven samenwerkende universiteiten binnen dit programma, zijn er meerdere
onderzoeksprojecten gaande, variërend van toegepast tot meer fundamenteel onderzoek.
In dit proefschrift zijn de resultaten beschreven van een fundamenteel onderzoeksproject
dat zich heeft gericht op korte termijn processen van het wetenschappelijk redeneren van
jonge kinderen.
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De term ‘wetenschappelijk redeneren’ kan verwijzen naar zowel de vaardigheden
(bijvoorbeeld het opstellen van hypotheses, observeren, enzovoort) als het conceptueel
begrip of wetenschappelijk inzicht27 (Crowley & Galco, 2001; Zimmerman, 2000). In dit
proefschrift staat het wetenschappelijk inzicht centraal. Het wetenschappelijk inzicht van
een kind op een bepaald moment in de tijd is het resultaat van zelf‐organiserende
processen die ontstaan in en door de interactie tussen een kind (met bepaalde ervaringen,
herinneringen, enzovoort) en zijn/haar omgeving, bijvoorbeeld een volwassene en/of de
taak. Het ontstaan van wetenschappelijk inzicht op het moment zelf wordt emergeren
genoemd. De interactie in een situatie waarin een volwassene en een kind samen een taak
uitvoeren, kan worden weergegeven als een driehoek waarbij de drie deelnemers
(volwassene, kind, taak) elkaar continu en wederzijds beïnvloeden. Zowel de verbale als
de non‐verbale uitdrukking van wetenschappelijk inzicht kan onderzocht worden. In dit
proefschrift is gekozen voor het onderzoeken van de verbale uitingen van kinderen op het
terrein van W&T. Daarbij is, in navolging van andere onderzoeken, specifiek gekeken naar
de voorspellingen en verklaringen van jonge kinderen.

SAMENVATTING HOOFDSTUKKEN
In hoofdstuk 2 en 3 van dit proefschrift zijn specifiek de verklaringen van kinderen
onderzocht als onderdeel van hun wetenschappelijk inzicht. Aangezien de context wordt
gezien als medebepalend voor de prestatie van kinderen, is het noodzakelijk om een
taakonafhankelijk meetinstrument te gebruiken. Skill theory (Fischer & Bidell, 2006;
Fischer, 1980) biedt de mogelijkheid om een complexiteitsniveau toe te kennen aan elke
verklaring van het kind en is daarom geschikt als meetinstrument. In hoofdstuk 2, een
methodologisch hoofdstuk, wordt aan de hand van vier casussen een reeks voorbeelden
gegeven van analysemogelijkheden van een codeersysteem gebaseerd op skill theory. Dit
laat zien dat het instrument zich leent voor het in kaart brengen van het wetenschappelijk
inzicht, variërend van het gebruik als globale index, het doen van vergelijkingen tot het
bestuderen van het inzicht op micro‐niveau.
Het onderzoek in hoofdstuk 3 heeft zich vervolgens gericht op de intra‐individuele
variabiliteit binnen een enkele taaksessie. Intra‐individuele variabiliteit verwijst naar de
variabiliteit in prestatie die een kind van moment tot moment laat zien. Door te kijken
naar deze variabiliteit binnen een enkele taaksessie is het mogelijk om de
constructieprocessen op het moment zelf en de bijbehorende langere termijn
ontwikkeling van wetenschappelijk inzicht beter te begrijpen. In dit hoofdstuk zijn de
verklaringen van kinderen over het drijven en zinken van alledaagse voorwerpen
onderzocht. De resultaten hebben aangetoond dat de meerderheid van de kinderen een
27

De gebruikte Engelse term in dit proefschrift voor wetenschappelijk inzicht is ‘scientific understanding’
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hoge mate van intra‐individuele variabiliteit lieten zien. Over het algemeen hadden de
meeste kinderen een afname in de variabiliteit van de complexiteit en de inhoud van de
verklaringen tijdens deze enkele taaksessie. Dit betekent dat de verklaringen zich tegen
het einde van de taak stabiliseerden. Een taaksessie van tien minuten kan dus al een
verandering in wetenschappelijk inzicht teweeg brengen.
Niet alleen de verklaringen van kinderen kunnen iets zeggen over het
wetenschappelijk inzicht, ook de voorspellingen kunnen hier informatie over geven (Kloos
et al., 2010; Kohn, 1993). Het is echter tot op heden onduidelijk geweest in welke mate de
voorspellingen en de verklaringen aan elkaar gerelateerd zijn. In hoofdstuk 4 is daarom
een vergelijking gemaakt tussen het percentage goede voorspellingen, het percentage
goede verklaringen (verklaringen waarbij verwezen wordt naar minstens één component
van het fenomeen ‘dichtheid’) en de complexiteitsniveaus van de verklaringen (gebaseerd
op skill theory) binnen een drijven en zinken taak. De resultaten lieten zien dat de
voorspellingen en verklaringen niet met elkaar samenhangen. De voorspellingen werden
sterker beïnvloed door de context, zoals een nieuw object of de specifieke volgorde van
de objecten, dan de verklaringen. Kinderen pasten hun verklaringen meestal niet aan na
het zien drijven of zinken van het voorwerp, ongeacht of er een juiste of onjuiste
voorspelling aan vooraf was gegaan. Deze resultaten doen vermoeden dat voorspellingen
en verklaringen niet afkomstig zijn van één mentale representatie maar dat ze beschouwd
moeten worden als twee aparte, emergerende processen bij jonge kinderen.
De invloed van de context op het wetenschappelijk inzicht van kinderen (zowel
voorspellingen als verklaringen) is in hoofdstuk 5 vervolgens door middel van drie
deelstudies onderzocht. De eerste deelstudie richtte zich op de materiele context van de
taak, dus de taakinhoud en het materiaal. Hierbij werd aangetoond dat verschillende taken
(drijven/zinken, luchtspuit, balans en trapkogelbaan) resulteren in verschillende niveaus
van wetenschappelijk inzicht van dezelfde kinderen. Hierbij werd het hoogste niveau
gevonden bij een drijven/zinken‐taak. In de tweede deelstudie werden verschillende
manieren van afnemen met behulp van verschillende protocollen onderzocht. Deze
protocollen variëren in de mate van standaardisatie voor de testleider (een leerkracht,
onderzoeker of andere volwassene) om zo de rol van de sociale context te onderzoeken.
Een testprotocol met een hoge mate van standaardisatie en herhaling van vragen, bleek
te zorgen voor het hoogste maximale complexiteitsniveau van verklaren en het hoogste
percentage correcte voorspellingen bij de kinderen. De derde deelstudie richtte zich op
het verbale gedrag van de volwassene en deze studie liet zien dat variabiliteit in het
verbale gedrag van de volwassene – en dus een hoge mate van flexibiliteit of adaptatie,
niet gerelateerd was aan een hogere prestatie door kinderen. De taakstructuur leek echter
meer invloed te hebben. De drie deelstudies benadrukken het belang van de materiele en
sociale context bij het wetenschappelijk redeneren van jonge kinderen.
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Tot slot werd in hoofdstuk 6 een experimentele studie beschreven waarbij het
leereffect van een informele W&T‐activiteit is onderzocht (een drijven/zinken‐taak en een
hellingtaak). Vergelijkbare activiteiten worden regelmatig in het basisonderwijs gebruikt.
De resultaten toonden aan dat deze activiteit, of dit nu op de computer is of met het
materiaal zelf, individueel of met een klasgenoot, niet genoeg is om tot een hoger niveau
van verklaringen te komen. Wel bleek dat alle groepen (dus ook de controlegroep die geen
informele activiteit had gekregen) vooruit gingen in het aantal goede voorspellingen.
Belangrijk is het hierbij op te merken dat er in de voormeting andere objecten werden
gebruikt dan in de nameting. Kinderen in deze leeftijd (4‐6 jaar) generaliseerden dus
waarschijnlijk hun inzicht in de taken van de voormeting naar de nameting (beide
gestructureerde taken onder begeleiding van een volwassene), maar niet zo makkelijk
naar een informele leersituatie, zonder begeleiding.
De hierboven beschreven onderzoeken zijn gebaseerd op vier verschillende datasets
(zie hoofdstuk 1). De datasets zijn gebruikt om verschillen binnen kinderen te
onderzoeken, zoals de invloed van context en intra‐individuele variabiliteit. De data uit de
vier datasets laten echter ook zien dat er grote verschillen bestaan tussen kinderen. Zo is
er een grote variatie tussen kinderen in het percentage correcte voorspellingen op
verschillende taken. Ook met betrekking tot de verklaringen waren er grote verschillen
tussen de kinderen. Echter, een meerderheid van de kleuters was in staat om minimaal
één verklaring met een complexiteitsniveau 4 of 5 volgens skill theory te geven. Dit niveau
houdt in dat de verklaring minstens één verklarend mechanisme bevat, bijvoorbeeld het
gewicht van een object bij een drijven en zinken taak.

WETENSCHAPPELIJK INZICHT VANUIT EEN DYNAMISCHE
BENADERING
Het wetenschappelijk inzicht van jonge kinderen is onderzocht vanuit een dynamische
benadering. Drie begrippen spelen hierin een belangrijke rol. Deze begrippen zijn:
multicausaliteit (meerdere invloeden die elkaar ook onderling kunnen beïnvloeden),
variabiliteit en geneste tijdschalen.
Met betrekking tot multicausaliteit is ondersteuning gevonden dat zowel de
materiele als de sociale context onderdeel is van de zelforganiserende processen waaruit
wetenschappelijk inzicht emergeert. Een eerste aanwijzing voor de betrokkenheid van de
materiele context is de bevinding dat kinderen verschillende prestatieniveaus laten zien
bij verschillende taken (hoofdstuk 5). Ook binnen een taak zijn er aanwijzingen dat een
wijziging in de context (zoals een nieuw object in een drijven/zinken taak) resulteert in een
ander prestatieniveau (hoofdstuk 4). Naast de materiele context lijkt ook de sociale
context zeer bepalend voor het wetenschappelijk inzicht van jonge kinderen. Een strikt
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test protocol voor de volwassene, met veel herhalingen en aanmoedigingen, resulteerde
in gemiddeld het hoogste niveau van prestatie bij kinderen. Daarnaast hing het gebruik
van aanmoedigingen door de volwassene samen met het complexiteitsniveau van de
verklaringen van kinderen. Dit ondersteunt het idee dat het gedrag van de volwassene een
onderdeel is van de zelf‐organiserende processen van wetenschappelijk inzicht.
Een ander belangrijk kenmerk van wetenschappelijk inzicht vanuit een dynamische
benadering is variabiliteit. De variabiliteit is deels gerelateerd aan de verschillende sociale
en materiele contexten, maar ook binnen een enkele taak setting fluctueert de prestatie
van kinderen van moment tot moment. In hoofdstuk 3 werd aangetoond dat de meeste
kinderen een hoge mate van intra‐individuele variabiliteit laten zien, zowel in de
complexiteitsniveaus van de verklaringen als in de inhoud van de verklaringen. Deze
variabiliteit kan ons informatie geven over hoe veranderingen plaatsvinden, dus hoe
kinderen zich ontwikkelen van de ene attractorstaat naar de andere attractorstaat. Een
attractor verwijst naar een zelf‐stabiliserende en zelf‐in‐standhoudende toestand van het
systeem, waarbij de stabiliteit overeenkomst met een bepaalde, beperkte mate van
variabiliteit. De resultaten lijken te suggereren dat een hoge variabiliteit een indicatie is
voor een overgang naar een volgend niveau.
Een derde begrip dat van belang is bij wetenschappelijk inzicht is de term geneste
tijdschalen waarbij elke nieuwe interactie met een wetenschappelijke taak beïnvloed
wordt door voorgaande ervaringen net zoals deze nieuwe interactie de toekomstige
taakprestaties zal beïnvloeden. Deze geneste tijdschalen zijn gerelateerd aan het begrip
iterativiteit. Een korte taak van tien minuten bestaat uit een serie van real‐time processen,
waarbij de uitkomst van elk proces de uitkomst van het volgende proces in de tijd
beïnvloedt. Deze iterativiteit kan bijvoorbeeld resulteren in een toename van het
complexiteitsniveau van de verklaringen zoals te zien was in hoofdstuk 3. De meeste
kinderen stabiliseerden in de inhoud en complexiteit van de verklaringen in een enkele
taak. Het iteratieve proces op de korte termijn kan verlengd worden naar de lange termijn,
zoals in hoofdstuk 6 waar het percentage correcte voorspellingen toenam op een posttest
twee weken na de pretest. De korte en lange termijn tijdschaal zijn genest, waarbij ze
elkaar continu beïnvloeden. De resultaten in dit proefschrift hebben aangetoond dat de
korte termijn tijdschaal een goed beginpunt is voor het onderzoeken van
veranderingsprocessen.

SKILL THEORY ALS MEETINSTRUMENT
De onderzoeken in dit proefschrift hebben de bruikbaarheid en veelzijdigheid van skill
theory als basis voor een codeerschema voor de verklaringen van kinderen bevestigd. Het
belangrijkste voordeel is de taakonafhankelijkheid. Er zijn een aantal taakspecifieke
uitbreidingen mogelijk van het codeerschema om het nog bruikbaarder te maken voor het
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onderzoeken van veranderingsprocessen. Een eerste uitbreiding is de toevoeging van het
coderen van de inhoud van verklaringen zoals in hoofdstuk 3 en 4 is gebeurd. Een andere
mogelijke uitbreiding is de toevoeging van een code voor de correctheid van verklaringen.
In hoofdstuk 4 is de correctheid van de verklaringen bij een drijven/zinken taak gecodeerd
door te kijken of kinderen verwijzen naar ten minste één aspect van dichtheid. Hoewel bij
beide uitbreidingen de taakonafhankelijkheid verloren gaat, kunnen ze een goede
toevoeging zijn bij de analyse van de verklaringen van kinderen.

IMPLICATIES
Dit proefschrift heeft geleid tot een beter begrip van het wetenschappelijk inzicht bij jonge
kinderen, en beantwoordt hiermee aan één van de centrale doelen van het
TalentenKracht‐progamma. De belangrijkste bevinding is dat de prestaties van een kind
gezien moeten worden vanuit de interactie met de taak en de volwassene. Relatief kleine
veranderingen in de context kunnen resulteren in veranderingen in het prestatieniveau
van kinderen. Wetenschappelijk inzicht kan daarom begrepen worden als een proces dat
zich ontvouwt in real‐time, zowel bevorderd als beperkt door de kenmerken van alle
betrokken elementen, zoals het kind, de taak en de context. Behalve multicausaliteit
benadrukken de resultaten de variabiliteit van de prestatie van kinderen en het belang van
korte termijn interacties. Deze bevindingen zijn van groot belang voor leerkrachten,
onderzoekers en beleidsmakers.
Voor onderwijzers is het belangrijk om bewust te zijn van het belang van hun rol. In
hoofdstuk 6 bleek het spelen met een taak (op de computer of met het materiaal zelf)
zonder begeleiding van een leerkracht niet voldoende om het wetenschappelijk inzicht
van kinderen te vergroten. Leerkrachten (en ook ouders) kunnen de materiele en sociale
context op een dusdanige manier beïnvloeden dat er een optimale context voor leren
ontstaat. De materiele context kan als een hulpmiddel dienen door herhaalde
aanbiedingen van gelijke problemen binnen een taak (zoals meerdere objecten bij een
drijven/zinken taak) zodat kinderen kunnen stabiliseren in hun verklaringen. Het herhaald
aanbieden van objecten kan ook van belang zijn omdat verandering vrijwel nooit
plaatsvindt binnen objecten maar vooral tussen objecten. Leerkrachten kunnen natuurlijk
ook de sociale context beïnvloeden. Bij het beoordelen van het niveau van een kind, kan
een testprotocol met herhaalde vragen en aanmoedigingen gebruikt worden.
Ook kunnen leerkrachten getraind worden om de principes van skill theory toe te
passen in klassensituaties en dit gebruiken om het wetenschappelijk inzicht van kinderen
te beïnvloeden, bijvoorbeeld door scaffolding. Bij scaffolding wordt de hulp aan een kind
op een iets hoger niveau aangeboden dan het niveau dat het kind op dat moment laat
zien. Door het huidige inzicht van kinderen met behulp van skill theory in te schatten, kan
de leerkracht beter bepalen op welk niveau zijn/haar hulp moet zijn. Als een kind bij een
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drijven/zinken taak aangeeft dat het potlood drijft omdat het een potlood is (een niveau
3 verklaring), zou een leerkracht gericht vragen kunnen stellen om het kind een kenmerk
van het potlood te laten noemen dat een rol zou kunnen spelen bij het drijven (een niveau
4 verklaring). Wanneer kinderen in tweetallen met een taak bezig gaan, kunnen
leerkrachten rekening houden met de huidige niveaus van de kinderen en bij voorkeur
kinderen met verschillend niveau samen laten spelen.
De resultaten in dit proefschrift hebben ook implicaties voor onderzoekers.
Onderzoekers dienen zich voortdurend bewust te zijn dat zowel de sociale als de materiele
context een cruciaal onderdeel is van het wetenschappelijk inzicht van kinderen. Dit
betekent dat de prestatie in één situatie niet gegeneraliseerd kan worden naar de
prestatie in een andere situatie. Een voorbeeld hiervan is dat het begrip van een kind van
een drijven/zinken taak niet gerelateerd is aan het begrip van hetzelfde kind van een
hellingtaak, ook al lijken dit twee taken binnen eenzelfde domein. Bij het beoordelen van
het niveau van een kind lijkt een testprotocol met veel aanmoedigingen de beste keuze,
maar ook dan zegt het niveau van het kind alleen iets over het niveau dat een kind in die
materiele en sociale context op dat moment kan behalen. Onderzoekers en leerkrachten
dienen verder rekening te houden met de uitkomstmaat die ze gebruiken. In de
verschillende onderzoeken is aangetoond dat voorspellingen en verklaringen niet aan
elkaar gerelateerd lijken te zijn en waarschijnlijk beter als twee aparte, emergerende
processen moeten worden beschouwd. Dit betekent dat een toename van het percentage
correcte voorspellingen niet noodzakelijk samengaat met een toename in het niveau van
de verklaringen.
De bevinding dat de prestatie van een kind situatie gebonden is en zelfs afhangt van
de gekozen uitkomstmaat, heeft ook implicaties voor beleidsmakers. Dit betekent
namelijk dat er vraagtekens geplaatst kunnen worden bij de toetsbaarheid van jonge
kinderen. Een toetsuitkomst bij een kleuter moet beschouwd worden als een uitkomst die
een kleuter in die situatie op dat tijdstip heeft laten zien en geeft mogelijk weinig tot geen
informatie over de mogelijkheden van kinderen in een andere context. Het project
TalentenKracht laat zien dat jonge kinderen een variatie aan vaardigheden op het gebied
van W&T tonen die sterk beïnvloed worden door de context. Een andere belangrijke
conclusie voor beleidsmakers die getrokken kan worden uit dit proefschrift is het belang
van fundamenteel onderzoek op het gebied van W&T bij jonge kinderen. Niet alleen
vergroot fundamenteel onderzoek de kennis over wetenschappelijk redeneren bij jonge
kinderen, het heeft ook zeker directe implicaties voor de praktijk zoals hierboven is
beschreven.
Concluderend kan gesteld worden dat de resultaten in dit proefschrift hebben
aangetoond dat korte termijn processen een essentieel onderdeel zijn bij (het onderzoek
naar) de ontwikkeling van wetenschappelijk begrip bij jonge kinderen.
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Zoals de prestatie van een kind ontstaat in en door interactie met de directe sociale
context, zo ook is dit het geval bij het ontstaan van dit proefschrift. In dit dankwoord wil
ik daarom graag een aantal personen in deze sociale context bedanken.
Begeleiding. Paul, dank je wel voor je vertrouwen, kennis en enthousiasme. Vanaf het
moment dat je me telefonisch liet weten dat jullie mij als aio wilden, heb je me
voortdurend vertrouwen gegeven. Daarnaast waardeer ik je enorme kennis en je
eeuwige enthousiasme, die zeker bijgedragen hebben aan de kwaliteit van dit
proefschrift. Ik wil je ook bedanken voor de ruimte die je me hebt gegeven op bepaalde
momenten in het traject. Henderien, jij was mijn dagelijks begeleider in het eerste jaar.
Als je bedenkt dat het eerste jaar het begin is van het iteratieve proces van de
totstandkoming van dit proefschrift, dan is het duidelijk dat dit proefschrift er heel
anders uit had gezien zonder jouw input! Dank hiervoor en ook voor de vele, goede
vragen die je vanuit interesse bent blijven stellen. Ik vind het ook erg fijn dat we nu weer
nauwer samenwerken. Marijn, na het eerste jaar ben jij ingestapt als dagelijks
begeleider. Meteen heb je je hier vol op gestort en we hebben heel wat filmpjes samen
bekeken om tot goede codeerschema’s te komen. Nog steeds kunnen we mooie
discussies voeren over het verschil tussen sensorimotorische en representationele
verklaringen! Bedankt ook voor je oprechte en kritische commentaar op mijn stukken en
het altijd beschikbaar zijn voor een korte vraag of een goed gesprek. Binnenkort hoor ik
dan wel niet meer bij je aio’s, maar ik hoop dat je nog steeds langskomt bij je dagelijkse
rondje langs je aio’s… Tot slot, drie promoties in één maand: iets om trots op te zijn!
Data. Een empirisch onderzoek is niets zonder data. Bij deze wil ik dan ook de kleuters
van de Westerschool in Wildervank en de Starter in Groningen bedanken voor hun
mooie voorspellingen en verklaringen! Ook de leerkrachten (in het bijzonder Levi Austin:
dank voor al je hulp) en ouders ben ik dank verschuldigd voor het mede mogelijk maken
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van de verschillende onderzoeken. Meerdere studenten psychologie hebben mij
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