
Science Education

RESEARCH ARTICLE

Teacher Guidance and On‐the‐Fly Scaffolding in Primary
School Students' Inquiry Learning
Heide Sasse1 | Anke M. Weber2 | Timo Reuter1 | Miriam Leuchter1

1RPTU, Landau, Germany | 2Department of Behavioural and Cognitive Sciences, University of Luxembourg, Luxembourg, Luxembourg

Correspondence: Heide Sasse (heide.sasse@rptu.de)

Received: 21 December 2023 | Revised: 2 September 2024 | Accepted: 25 September 2024

Keywords: control of variables strategy | inquiry learning | instructional design | primary science education | responsive teaching | scaffolding | teacher
guidance

ABSTRACT
In primary science education, inquiry‐based science instruction stands out as an optimal learning environment for fostering

domain‐specific content and procedural knowledge. Recognizing the effectiveness of different forms of teacher guidance, there

is an ongoing debate about the planning of high (structured inquiry) and low (guided inquiry) guidance and their optimal

sequencing. This debate revolves around balancing the level of autonomy and the amount of conceptual information given to

students. Furthermore, the complete understanding of the impact of responsive teaching, which encompasses a broad range of

practices, including on‐the‐fly scaffolding such as Promoting Participation, Focusing, and Problematizing, remains elusive. To

address this gap, this study examines the relationship between planned teacher guidance and specific instances of responsive

teaching, particularly on‐the‐fly scaffolding in the inquiry‐based science classroom. A pre‐posttest design was employed,

involving 164 primary school students (M= 9.9 years, SD = 0.66, 57% female) and one female experimenter. Domain‐specific
content knowledge contained science concepts of thermal insulation, whereas procedural knowledge comprised the application

of the control‐of‐variables strategy. The sequential order of planned teacher guidance, structured inquiry, and guided inquiry,

was systematically varied, and the experimenter was allowed to provide spontaneous on‐the‐fly scaffolding. The study assesses

the influence of planned teacher guidance and specific instances of responsive teaching, particularly on‐the‐fly scaffolding on

students' conceptual and procedural knowledge. Results indicate no differential learning effects based on the order of planned

guidance. However, when planned guided inquiry was provided second, the teacher gave less on‐the‐fly scaffolding. Addi-

tionally, Problematizing had a positive effect, while Focusing had a negative effect on students' procedural knowledge learning.

1 | Introduction

Scientific inquiry involves students experimenting actively, that
is, asking research questions and collecting, analyzing, and
interpreting data (NGSS Lead States 2013). According to Kind
and Osborne (2017) it includes various styles of reasoning:
representing models mathematically, engaging in experimental
exploration, constructing hypothetical models, categorizing,
and classifying entities, predicting outcomes probabilistically,
and using abductive reasoning to explain phenomena. This
approach aims at facilitating students' active construction of

domain‐specific content knowledge (CK), which in turn is
supposed to lead to a significant transfer and long‐term reten-
tion of knowledge (De Jong et al. 2023; Furtak 2006;
Hume 2009; Ruzaman and Rosli 2020). Moreover, by going
through a scientific inquiry process, students are supposed to
acquire procedural knowledge such as the control‐of‐variables
strategy (CVS). The CVS is needed to conduct a conclusive ex-
periment in a specific content domain, with a focal variable that
must be manipulated, while all other variables must be held
constant (e.g. Chen and Klahr 1999; Van Vo, Csapó, and
Greiff 2023). In general, studies indicate that domain‐specific
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content knowledge and procedural knowledge are related to
one another and that the two can be mutually reinforcing (e.g.
Koerber and Osterhaus 2019). Thus, in this study, scientific
inquiry is characterized by students' active participation in ex-
perimentation, which serves as a critical component of their
learning experience.

Scientific inquiry, involving active experimentation, can place a
high cognitive load on students (Kaiser and Mayer 2019;
Kirschner, Sweller, and Clark 2006; Sweller et al. 2024). The
amount of cognitive load that primary school students experience
in scientific inquiry involving experimentation may depend in
part on the lack of control of variable strategy (CVS) skills, as
developmental studies show (Koerber and Osterhaus 2019;
Lazonder et al. 2021; Piekny and Maehler 2013). Some students
might fail in applying the CVS, by manipulating the wrong
variable, producing confounded results, or not even assessing the
given question (Koerber et al. 2015).

Without help, primary school students may not be able to en-
gage productively in scientific inquiry involving experimenta-
tion and may need teacher guidance (Martella, Klahr, and
Li 2020). As several meta‐studies have shown, scientific inquiry
is effective as a teaching method, provided that students are
guided by the teacher (Alfieri et al. 2011; Furtak et al. 2012;
Lazonder and Harmsen 2016). With guidance, teachers might
reduce the cognitive load (Corbalan, Paas, and Cuypers 2010).
For scientific inquiry, teacher guidance can vary the level of
inquiry by varying the extent of students' autonomy ranging
from high to low and the degree of conceptual information
provided (Blanchard, Southerland, and Granger 2009;
Vorholzer and von Aufschnaiter 2019). These aspects of teacher
guidance may be planned beforehand. However, while carrying
out the planned scientific inquiry lesson, the teacher may
realize that the respective goal can only be achieved by pro-
viding spontaneous scaffolding on the fly, for example, through
promoting participation, focusing students' learning, and pro-
blematizing students' thoughts. Thus, many teachers adapt their
planned lessons and respond in line with the responsive
teaching approach. They react to their students' behavior by
noticing, attending to, and responding to the substance of their
students' thinking, thereby supporting their engagement in
disciplinary practices (Hammer, Goldberg, and Fargason 2012).

Previous studies have either primarily compared different
scopes of planned guidance: high guidance (such as structured
inquiry) versus low guidance (such as guided inquiry) (Klahr
and Nigam 2004; Strand‐Cary and Klahr 2008), or order effects
of the high‐low or low‐high guidance sequence (Martella,
Klahr, and Li 2020; Matlen and Klahr 2013), or analyzed
spontaneous guidance (e.g. Leuchter and Saalbach 2014).
However, to the best of our knowledge, studies that compared
different scopes of planned guidance and effects of their
sequential order have not analyzed responsive teaching aspects
like spontaneous scaffolding given on the fly within the planned
setting, thus missing an important aspect of teaching in class-
rooms. In studies that have investigated guidance, it is notice-
able that aspects of guidance in scientific inquiry have been
investigated in laboratory settings with one‐on‐one interactions.
In these cases, an experimenter conducts highly standardized
experimental designs (Klahr and Nigam 2004), in settings with

a single experimenter and multiple children (Ashman, Kalyuga,
and Sweller 2020), in real classroom settings where teachers
conduct lessons with whole classes (Hammer, Goldberg, and
Fargason 2012, Klika and Abels 2016), and in case studies,
where one teacher's actions are analyzed in detail (Jaber 2021).
As advocated by Klahr and Li (2005), optimizing research
findings requires a recurring transition between investigations
conducted in both laboratory and classroom settings. Our study
aims to contribute to this discourse by conducting research in
an ecological setting (real classrooms, with the class split in
half), and implementing standardized instruction led by a
trained experimenter rather than a teacher. Hence, the objective
of our study was to investigate the effects of teaching scientific
inquiry in a realistic classroom environment. We aimed to dif-
ferentiate between the scope of planned guidance and its
sequential order within a curriculum. Additionally, we ex-
amined the spontaneous guidance provided within the planned
instructional setting.

1.1 | Scopes of Planned Teacher Guidance

Teachers plan the type of guidance in scientific inquiry‐based
learning to tailor their instruction to the learning objectives and
students' abilities (Coffman 2017). Previous work in scientific
inquiry has defined four types of inquiry with different levels of
guidance (level 0 = verification, level l = structured, level
2 = guided, and level 3 = open inquiry; (see Blanchard,
Southerland, and Granger 2009). In level 0, the teacher gives
students a question and data‐gathering methods, guiding them
toward an expected conclusion. In level 1, students get a
question and method but interpret the results themselves, while
in level 2, they determine both method and interpretation. Level
3 involves students generating the question, and assuming full
responsibility for the scientific inquiry (Settlage and
Southerland 2007). This is in line with Vorholzer and von
Aufschnaiter (2019) who state that the teacher must consider
two dimensions when planning guidance: (1) the extent of
autonomy the students are given during scientific inquiry and
(2) the degree of conceptual information provided to the stu-
dents. In settings with low autonomy, the students are supposed
to conduct predefined experiments, similar to Blanchard's levels
of inquiry 0 and 1, whereas in settings with high autonomy, the
teacher (or the student) specifies a research question and leaves
it to the students to design the experiments, similar to Blan-
chard's levels of inquiry type 2 and 3. Additionally, the teacher
must decide on whether to provide explicit, implicit, or minimal
conceptual information to the students (Vorholzer and von
Aufschnaiter 2019). In settings with explicit conceptual infor-
mation, the teacher provides direct instructions on principles
such as the CVS and/or domain‐specific content knowledge,
corresponding to Blanchard's levels of inquiry type 0 and 1. In
settings with implicit conceptual information, the teacher pro-
vides the students with hints or asks prepared questions that
should help the students to discover conceptual principles
without explicit explanations, corresponding to Blanchard's
level of inquiry type 2. In settings with minimal conceptual
information, students are supposed to discover principles such
as the CVS and/or domain‐specific content knowledge without
receiving any conceptual information from the teacher, corre-
sponding to Blanchard's levels of inquiry type 3 (Vorholzer and
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von Aufschnaiter 2019). Thus, depending on the extent of
autonomy given, combined with the degree of conceptual
information provided, the scope of planned guidance and levels
of inquiry will vary.

Numerous studies on primary school students' CVS learning
have compared planned teacher‐guided settings within struc-
tured inquiry to planned teacher‐guided settings within guided
inquiry. For instance, Klahr and Nigam (2004) and Strand‐Cary
and Klahr (2008) demonstrated that 8‐ to 10‐year‐old students
who conducted guided experiments with explicit conceptual
information acquired the CVS after a short time period and
were able to apply it. However, primary school students might
also learn the CVS in inquiry settings without explicit concep-
tual information, but then it takes more time (Dean Jr. and
Kuhn 2007; Schalk et al. 2019). In Schalk et al.'s (2019) study
with 8‐ to 11‐year‐old students, the teacher offered implicit
domain‐specific information, without explicit CVS instruction.
After 1 year of school, the students had learned both the
domain‐specific content knowledge and the CVS. In contrast,
Studhalter et al. (2021) found no significant learning of the CVS
when 6‐ to 7‐year‐old students conducted given experiments
with implicit conceptual information provided by the teacher.

Another thread of research investigated sequential order of
planned teacher guidance within structured inquiry and guided
inquiry, with inconsistent results. Sweller (2006) suggests that
novices benefit from explicit instruction by first studying a step‐
by‐step expert solution to a problem before attempting to solve
similar problems themselves. Receiving instruction before
attempting to work on a task reduces the cognitive load, en-
abling students to use their working memory effectively in
constructing problem‐solving strategies for present and future
tasks (Cooper and Sweller 1987). Accordingly, an explicit‐
minimal sequence was found to be superior to a minimal‐
explicit sequence for 10‐year‐old's learning of domain‐specific
content knowledge about light energy efficiency (Ashman,
Kalyuga, and Sweller 2020) and for 16‐year‐old's learning about
the inclined plane (Hsu, Kalyuga, and Sweller 2015). In con-
trast, Kapur (2008) argues that it can be beneficial for students
to initially tackle tasks independently, even if they encounter
problems, and subsequently, are given guidance by a teacher.
This approach is particularly advantageous for those who
already have some level of expertise (Kalyuga et al. 2001).
Correspondingly, Schwartz et al. (2011) found a minimal‐
explicit sequence to be superior to the reverse order for eleventh
grade students' learning of kinematics and eighth grade stu-
dents' learning the concept of density. However, Martella, Klahr
and Li (2020) and Matlen and Klahr (2013) found that, at any
stage in a sequence of inquiry activities, providing explicit
conceptual information was more effective to enhance third
grade students' CVS learning than giving minimal conceptual
information. The contrasting findings may be due to differences
in student age, prior knowledge, and subject complexity.

Nevertheless, teacher guidance is not necessarily a dichotomy
where students are given exclusively either planned guidance
within guided inquiry or structured inquiry, but guidance can be
seen as a continuum in which the teacher spontaneously ad-
justs the scope of guidance in the course of the inquiry (Baur
and Emden 2020; Zhang 2016). Teachers who adjust their

teaching spontaneously can be seen as having a positive belief
in children's rich understanding of the world and their ability to
improve it through generative activities. They encourage stu-
dents to explore and apply effective scientific methods by
involving them in the learning process and utilizing their ex-
isting resources (cf. Croker and Buchanan 2011; Metz 2011;
Siegler 2013; Sodian, Zaitchik, and Carey 1991). Hammer,
Goldberg and Fargason (2012) refer to this as a responsive
teaching approach. It involves the close observation of student
actions and statements, which serve as the basis for the provi-
sion of adaptive support. This support is intended to leverage
students' existing knowledge and skills, with the objective of
making progress towards deep conceptual understanding of
scientific phenomena. Teachers may apply spontaneous, on‐
the‐fly scaffolding (for an overview see: Van de Pol, Volman,
and Beishuizen, 2010), to adapt the amount and type of planned
teacher guidance according to momentary learning situations
(Baur and Emden 2020; Corno 2008; Van Leeuwen and
Janssen 2019). Thus, researching sequential order of planned
teacher guidance within structured inquiry or guided inquiry in
realistic classroom settings, spontaneous teacher guidance such
as on‐the‐fly scaffolding has to be taken into account.

1.2 | Scopes of Spontaneous Teacher Guidance

In line with the responsive teaching approach, spontaneous
teacher guidance occurs in response to students' immediate
needs or questions and is often flexible in nature, addressing
specific learning challenges as they arise during the learning
process (Robertson, Scherr, and Hammer 2016; Van de Pol,
Volman, and Beishuizen 2010). As an instructional strategy in
which a teacher supports and guides students in their learning
activities in real time, it can be specified as “on‐the‐fly scaf-
folding,” that is, the teacher pays attention to the students'
needs and intervenes in the learning process when necessary
(cf. Ruiz‐Primo and Furtak 2006). Such dynamic support is of
particular importance when students are confronted with
information that is complex, as Costley et al. (2023) and Reiser
(2004) emphasize.

In situations where learners need to consider numerous elements
simultaneously, explicit instruction is often required. Novice
learners faced with complex tasks such as designing experiments
benefit significantly from explicit instruction (Ashman, Kalyuga,
and Sweller 2020). However, as learners gain expertise or engage
in tasks where the complexity of the elements is inherently low,
the effectiveness of explicit instruction may decrease, potentially
leading to a reversal effect (Chen, Kalyuga, and Sweller 2017;
Kalyuga 2007). Therefore, the provision of on‐the‐fly scaffolding,
such as promoting participation, focusing students' learning and
problematizing students' thoughts plays a crucial role in re-
sponding to the evolving learning needs of students, particularly
when considering the varying complexities of learning tasks. This
also applies to differently planned levels of inquiry. The less
structure, the more flexibility teachers need to support students
with on‐the‐fly scaffolding.

Accordingly, there is an inclination among teachers to provide
on‐the‐fly scaffolding, planned or intuitively, in the discretion-
ary scope of the lesson, as research shows. Hammer, Goldberg
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and Fargason (2012) studied a third grade “energy” lesson
where one teacher in her class prioritized recognizing and
promoting productive scientific thinking over following a strict
lesson plan. The data showed the teacher used spontaneous
scaffolds like asking for explanations, encouraging compari-
sons, and categorizing students' statements to engage their
conceptual and epistemological resources. Ainley and Luntley
(2007) studied the teaching practices of six mathematics
teachers in their own classes in England. They found that some
teachers used spontaneous scaffolding effectively, while others
lacked the subject expertise to do so. Some teachers, despite
having strong subject knowledge, missed opportunities to en-
gage responsively with students. The study highlights how
responsive teaching impacts instructional outcomes. Schwarz
et al. (2021) examined how 16 elementary science teachers in
their own classes influence sense‐making by analyzing their
responsiveness to students' thinking. They identified various
on‐the‐fly scaffolding strategies, for example, asking questions,
and pressing for reasoning. Klika and Abels (2016) compared
the instruction of one teacher in his own eighth grade class
using structured inquiry (level 1) and guided inquiry (level 2)
over the course of a year. They found that in the structured
inquiry setting, only a few students, often the same ones,
actively participated in the discourse. In contrast, students who
were less involved in the structured inquiry lessons showed
more engagement and even took on leadership roles in the
guided inquiry lessons. However, the students mainly focused
on the practical aspects of the experiments rather than the
underlying scientific concepts, which led to higher participation
but not necessarily better academic learning outcomes. The
study also identifies challenges and dilemmas in the teaching
process, such as the limited time frame while adhering to the
curriculum, which restricts the opportunities for responsive
teaching with on‐the‐fly scaffolding during guided inquiry.
Overall, the studies indicate that while on‐the‐fly scaffolding is
one strategy teachers can employ to respond to students'
thinking and enhance engagement, its effectiveness depends on
the teacher's expertise and the instructional context. This
highlights both the advantages and challenges of applying
responsive teaching strategies.

2 | Specific On‐the‐Fly Scaffolding Strategies

In addition to studies on the general use of on‐the‐fly scaf-
folding, there are various studies that have delved deeper into
different strategies for on‐the‐fly scaffolding. To begin with,
there are studies that have examined strategies which essen-
tially involve teachers ensuring that students understand the
assigned tasks and remain engaged (Doyle 2013). There are
several basic aspects of typical teaching practices. Teachers may
consistently monitor their students' work progress and provide
on‐the‐fly scaffolding to promote their active participation in a
task when students encounter difficulties (Marzano et al. 2000).
According to Ruiz‐Primo and Brookhart (2017), basic support
measures to promote students' participation include repetition
of tasks, specifying tasks and pointing out missing aspects of
processing the task. Regarding the role of teachers' appreciation
of students' participation, the results seem to be inconsistent.
Chiu (2004) found that ninth graders needed less explicit
explanation when their task processing was regularly

acknowledged by teachers. Shanab et al. (1981) showed that
teachers' encouraging statements such as “That's much better
than average” supported college students' engagement in a task.
However, Amato‐Zech, Hoff, and Doepke (2006) found that
encouraging statements had no effect on primary students' on‐
task behavior. Meta‐analytic studies examining the effects of
encouraging statements on motivation have shown that such
statements tend to increase intrinsic motivation (Cameron and
Pierce 1994; Deci, Koestner, and Ryan 1999). Specifically, Deci,
Koestner, and Ryan (1999) found that the exact wording of
encouraging statements matters. Statements such as “Excellent,
you should continue to work so well” might even be perceived
as pressure and thus have a counterproductive effect on
intrinsic motivation, especially in primary school students.
Moreover, Drews et al. (2020) found that for primary school
students, encouraging statements had no effect on learning
when the task itself was inherently motivating. In addition to
these studies on rather typical teacher practices, developmental
studies indicate that students' concentration can wane over time
(Betts et al. 2006). Therefore, teachers should employ cues and
highlight strategies to improve their concentration, to draw
attention to important aspects of a task (Calleja, Foster, and
Hodgen 2023).

In a study with sixth grade students, Munshi et al. (2022) found
that focused, individual teacher advice for undergraduate stu-
dents improved both high and low achievers' task performance,
whereas generalized advice only had an effect on high achie-
vers. Mulder, Lazonder, and de Jong (2014) showed that high
school students who received focusing prompts on the CVS
developed more conclusive experiments than students without
these prompts. In addition, Soncini, Matteucci, and Butera
(2021) found that primary school students' mathematics learn-
ing improved when teachers pointed out students' mistakes
while also encouraging them to stay focused on the task.
Moreover, Simons and Klein (2007) showed that seventh grade
students performed significantly better in a problem‐based
learning environment when they were given on‐the‐fly scaf-
folding in the form of provided help cards that limited the
students' tasks to focus their attention on essential aspects,
compared to students who were not given scaffolding.

Finally, studies have shown that spontaneous on‐the‐fly scaf-
folding can also encourage students to think further by pro-
blematizing, pointing out discrepancies in students' thoughts
and providing cognitive conflicts (Reiser 2004). English and
King (2019) found that when teachers encouraged students to
reflect on their strategy, sixth graders improved their problem
solving. Similarly, Heemsoth and Heinze (2016) found that
seventh and eighth grade students' procedural knowledge im-
proved when they were prompted to reflect on their solution
strategy rather than just the solution. Furthermore, teachers
may explicitly ask students to compare their solutions with each
other, prompting them to actively engage in their knowledge
construction (Kleickmann 2012). For instance, Rittle‐Johnson
and Star (2007) studied the effects of comparing different stu-
dent solutions among seventh graders regarding linear equa-
tions. The experimental condition was explicitly asked to
compare different ways of problem solving. The control condi-
tion was given similar tasks and solution examples. However,
the solutions were presented without the explicit request to be
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compared. The results showed that the experimental condition
was superior in terms of flexible procedural knowledge. More-
over, a study by Miller‐Cotto, Booth, and Newcombe (2022)
showed that 11‐year‐old students who were prompted to solve
science tasks using self‐explanations, acquired more accurate
understanding compared to a control condition. Furthermore,
Siverling et al. (2021) showed that scientific reasoning in fifth to
eighth graders can be significantly enhanced by teachers asking
students to justify the set‐up of their experiments. However,
Studhalter et al. (2021) found that problematizing may have no
effect or even a negative effect on preschool students' knowl-
edge construction if it is not individualized.

By reviewing the studies above, we find that there are numerous
scaffolding strategies that responsive teachers can employ in the
classroom. In this study, we identify three scaffolding categories
that can guide us to design strategies to enhance young chil-
dren's scientific understanding:

• Promoting participation: Summarizing the findings of for
example, Chiu (2004), Deci, Koestner, and Ryan (1999), or
Shanab et al. (1981) this includes common methods like
explaining tasks, keeping students engaged, and encoura-
ging their engagement.

• Focusing: Summarizing the findings of for example,
Mulder, Lazonder, and de Jong (2014), Munshi et al. (2022),
or Soncini, Matteucci, and Butera (2021) this includes
strategies to make tasks easier by guiding students' focus on
important parts through cues and pointing out strategies.

• Problematizing: Summarizing the findings of for example,
English and King (2019), Miller‐Cotto, Booth, and
Newcombe (2022), or Siverling et al. (2021), this includes
strategies to deepen students' understanding by prompting
them to think more deeply, highlighting inconsistencies in
their thoughts, and providing cognitive conflicts.

Yet, in general, research shows that while most teachers agree
that being responsive to students' learning needs by providing
on‐the‐fly scaffolding has significant benefits, their initial
response when questioned about it is often to express concern
about students persisting with wrong ideas or deviating from
prescribed standards‐based curricula (Maskiewicz 2015; Radoff
et al. 2018; Richards et al. 2020). Thus, teachers often fail to adapt
spontaneously to the learning situation with on‐the‐fly scaffold-
ing, but rather stick to their planned instruction, giving all stu-
dents the same support (Corno 2008; Hoffman and Duffy 2016;
Martin et al. 2019; Wittwer and Renkl 2008). Consequently,
further research is needed to explore the use of scaffolding
strategies and its impact on students' learning. In particular, we
must delve into the impact of diverse strategies on students'
learning, aiming to gather evidence that lays the groundwork for
equipping teachers with effective methodologies.

2.1 | Challenges in Implementing
Research‐Based Teaching

Sweller, Kirschner, and Clark (2007) emphasize that translating
research findings into effective teaching practices poses signif-
icant challenges. Particularly in the realm of inquiry‐based

learning, research often encounters methodological hurdles,
with key variables insufficiently controlled and confounding
factors overlooked. Zhang et al. (2022) state that there is a lack
of empirical evidence supporting research‐based approaches in
teaching. They point out that existing studies largely rely on
program‐based investigations, complicating the assessment of
specific teaching methods' effectiveness. Consequently, con-
ducting studies on effective teaching practices presents signifi-
cant challenges and requires a balance between laboratory
research and classroom interventions (Klahr and Li 2005).
Research efforts such as those by Chase and Klahr (2017),
Leuchter and Naber (2019), or Weber and Leuchter (2022) have
attempted to address this issue by implementing an interme-
diate step that integrates elements of both laboratory and
classroom research. This approach aims to preserve as much of
the authentic classroom environment as possible while ensur-
ing a high degree of standardization. We tried to achieve this by
conducting a study in the students' original classroom, with
each class halved, but by having a trained experimenter con-
ducting the lessons. This methodology aims at providing in-
sights into aspects of responsive teaching practices involving
on‐the‐fly scaffolding in the context of planned guidance,
within guided inquiry compared to structured inquiry.

3 | The Present Study

To sum up, findings from studies on sequential order of planned
teacher guidance within structured inquiry and within guided
inquiry during scientific inquiry for students' learning are
inconsistent: Whereas some studies indicate superior learning
for structured inquiry—guided inquiry sequences (Ashman,
Kalyuga, and Sweller 2020; Hsu, Kalyuga, and Sweller 2015),
other studies suggest the reverse order to be superior (e.g.
Kalyuga et al. 2001; Kapur 2008) or showed that the order did
not matter (Martella, Klahr, and Li 2020; Matlen and
Klahr 2013). However, these studies were conducted in the
laboratory, providing highly controlled conditions. Yet, realistic
classroom settings, in which teaching for scientific inquiry take
place, might look different. In realistic classrooms, the teacher
can compensate possible disadvantages of planned guidance
within either guided inquiry or structured inquiry with on‐the‐
fly scaffolding. To the best of our knowledge, previous studies
on the sequential order of planned guidance within structured
inquiry and planned guidance within guided inquiry have not
yet addressed the influence of on‐the‐fly scaffolding (Berthold,
Eysink, and Renkl 2009; Limón 2001).

In the present study, we put into practice scientific inquiry in
realistic classrooms with one experimenter in two ways: One
way was Planned Guidance within Structured Inquiry (S) where
students had to follow a step‐by‐step instruction to set up a
given experiment with given material to investigate a given
research question. By following the step‐by‐step instruction,
students received implicit conceptual information on the CVS.
The other way was Planned Guidance within Guided Inquiry
(G), where students had to set up their own experiments with
self‐chosen material to investigate a given research question.
The selection of materials also included unusable materials. By
setting up their own experiments, students received minimal
conceptual information on the CVS. In both settings, we allowed
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the experimenter to provide spontaneous on‐the‐fly scaffolding
to students who, in her estimation, required it to complete the
task. We compared the sequential order of Planned Guidance
within Structured Inquiry (S) and Planned Guidance within
Guided Inquiry (G) in two experimental conditions: S followed
by G versus G followed by S. In particular, we are interested in
how the experimenter uses on‐the‐fly scaffolding, depending on
the sequential order. Possibly, if G follows S, the experimenter
might decide that less on‐the‐fly scaffolding is needed, because
the students already are supposed to have built up the CVS
principle before in S. By investigating the occurrence of spon-
taneous on‐the‐fly‐scaffolding, we aim at shedding light on
possible teacher strategies in a realistic classroom environment.

We addressed the following research questions (RQ):

RQ1 How do the different types of on‐the‐fly scaffolding
(Promoting Participation, Focusing and Problematizing)
contribute to students' CVS learning when controlled for
students' prior domain‐specific content knowledge and science
self‐concept regardless of the experimental condition?

RQ2 Does (a) the amount and (b) the type of on‐the‐fly
scaffolding differ for the sequential order S followed by G versus
G followed by S?

RQ3 Does the order S followed by G versus G followed by S
influence students' CVS and domain‐specific content knowledge
learning gains?

4 | Method

4.1 | Sample

In total, 164 students from 10 classes participated in the
study. Each class was randomly divided in half, resulting in a
total of 20 half classes. The participants were drawn from six
primary schools located in rural German towns, aged
8–11 years of age, M= 9.9, SD = 0.66, including 93 female
students. This sample reflects typical demographic char-
acteristics in terms of age and sex. The racial background of
the students was not documented, following the common
practice in German research, where samples typically lack
explicit information on this aspect.

Each half class was assigned to one of the experimental con-
ditions (10 half classes for the group S followed by G, 10 half
classes for the group G followed by S). Standard procedures were
used for recruiting participants: Written consent was obtained
from the parents of each participant. This consent was approved
by the university institutional review board and the school
board, including ethics approval. Participation in the study was
voluntary, and the students were able to revoke their consent at
any time during the course. The school board allowed for a total
of 4 h of study in each class, resulting in two lessons, each
60min long, one Planned Guidance within Structured Inquiry
(S) and one Planned Guidance within Guided Inquiry (G). The
remaining time was used for testing. The instruction took place
in the respective classrooms of the students, to maintain their
familiarity with the learning environment.

4.2 | General Procedure

Students in the participating groups were given two lessons on
“thermal insulation” with one task each lesson. Students'
domain‐specific content knowledge of thermal insulation and
their CVS skills were assessed before the first lesson (pretest)
started, immediately after the second lesson (posttest), and
about 6 weeks after the second lesson (follow‐up test) using an
identical test. Students' self‐concept regarding science was
assessed in the pretest (see Table 1).

Each lesson included one task (Task 1: Why do desert foxes have
bigger ears than arctic foxes?, Task 2: Why do we wear a hat in
winter?). The tasks were rated by five experts as equally difficult
for this age group. One lesson was S and the other lesson was G
(work sheets, Figures 1–4). The order of the tasks and the order
of S and G were counterbalanced (see Table 2). To investigate
order effects (i.e. the order in which a guidance type was
applied), groups were assigned to one of two experimental
conditions: S followed by G or G followed by S.

The lessons were conducted by one trained experimenter, who is
also one of the authors of this paper (a 31‐year‐old female with
4 years of teaching expertise). In line with the responsive teaching
approach, the experimenter was allowed to use on‐the‐fly scaffold-
ing during the lessons. She was instructed to provide as little sup-
port as possible, only providing on‐the‐fly scaffolding when she
deemed it necessary, to maintain the course of the lesson. Thus, she
was allowed to give different types and amounts of on‐the‐fly
scaffolding based on her own assessment of the students' needs

TABLE 1 | General procedure.

Step 1 Step 2 Step 3 Step 4 Step 5
Pretest Task Posttest Follow‐up test

Questionnaires:

• Content knowledge

• CVS skills

• Science self‐concept

Lesson 1 Lesson 2 Questionnaires:

•
Content knowledge

•
CVS skills

Questionnaires:

•
Content knowledge

•
CVS skills
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FIGURE 1 | Work sheet high guidance: Why do we wear a hat in winter? (German and English Version).

FIGURE 2 | Work sheet low guidance: Why do we wear a hat in winter? (German and English Version).
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spontaneously. However, to create an ecological setting that is as
valid as possible the experimenter received theoretical training on
the three types of scaffolding beforehand (Promoting Participation,
Focusing, and Problematization). The training included the appli-
cation of these three types as verbal on‐the‐fly scaffolding (Table 3,
in the scaffolding section) as well as the use of prepared help‐cards
(Figure 5 and 6). In addition, she was also trained in the practical
implementation of the three types of on‐the‐fly scaffolding in a 2‐h
session with two groups of ten children. She was unfamiliar with
the students who took part in the training or study. The experi-
menter was supported by an assistant (male, 25 years old) who
handed out teaching materials. The intervention was videotaped
and coded.

4.3 | Classroom Procedure

The structure of the two lessons was identical: The lesson
started with an introduction to the task, with the entire half
class seated in a circle (15 min). Afterwards, the students were
asked to state their assumptions, which were collected by the
experimenter and shown on the board (5 min). This was fol-
lowed by the work phase according to the experimental con-
dition (30min). In each half class, two to four students
(M= 2.96) were randomly assigned to teams in which they
carried out the experiments. At the end of the lesson, the

students presented the results of the work phase, with the entire
half class seated in a circle (10 min).

4.4 | Measures

4.4.1 | Content Knowledge Test

The students' domain‐specific content knowledge of thermal
insulation was assessed by a researcher‐developed questionnaire.
The questions were aligned with the learning objectives of
the lessons. Initially, the test consisted of 18 items, however, one
item depicting an oven was excluded because it did not fit into
the internal consistency. The final version of the test is shown in
Figure 7. The test consisted of a total of 17 items, whereby 16
claims were to be answered with true/false/unknown. In one
item, students had to complete a drawing. Items were rated as 0
(false) or 1 (correct). A mean score was calculated for the
domain‐specific content knowledge variable, ranging from 0 to 1.

4.4.2 | Procedural Knowledge (CVS) Test

The questionnaire assessed students' procedural knowledge of
the CVS with 5 items focusing on the development and

FIGURE 3 | Work sheet high guidance: Why do desert foxes have bigger ears than arctic foxes? (German and English Version).
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evaluation of experiments from a validated test (see
Edelsbrunner et al. 2018). The students had to find out and
explain which experimental set up was fair, considering
whether the focal variable was manipulated, and other variables
were correctly held constant. All items treated domains
unrelated to the intervention of the study (force, aviation, and
mechanics) (Figure 8).

4.4.3 | Science Self‐Concept

The students' academic self‐concept in relation to science
learning was assessed using 8 items (Figure 9). The items
were taken from the questionnaires TIMMS “The Trends in

International Mathematics and Science Study” (Bos 2012),
“Science Interest Survey” (Lamb et al. 2012) (Curricular
Engagement and Self‐Concept) and “The Test of Science
Related Attitudes—TOSRA” (Robinson and Fraser 2013)
(Extracurricular Engagement). The science self‐concept was
surveyed using a 4‐point Likert scale (0 = not at all,
3 = very much).

The measures were tested and recorded on tablet PCs. There
were no time restrictions. No time constraints were imposed,
with the typical completion time being 20–30min.

4.4.4 | Scaffolding

The experimenter's on‐the‐fly scaffolding was coded by two
trained raters, both research assistants, and one reference rater
using videos and transcripts of the lessons. The raters' training
began with an introduction to the different categories of scaf-
folding. Categories were classified using a scale based on Hsin
and Wu (2011): (1) Promoting Participation, (2) Focusing, or (3)
Problematizing. Next, 10 transcripts/videos of the experi-
menters' actions were coded deductively alongside the reference
rater. Afterward, each rater independently coded the scaffolds
inductively. For every five independently coded transcripts/vi-
deos, two were jointly evaluated to ensure consistency. Devia-
tions in the coding of the experimenter's scaffolds were rare, as
the experimenter was trained in advance on the scaffolds to be

FIGURE 4 | Work sheet low guidance: Why do desert foxes have bigger ears than arctic foxes? (German and English Version).

TABLE 2 | Counterbalanced manipulation: Sequence of the task,

structured inquiry and guided inquiry.

Experimental
condition A

Experimental
condition B

Task 1 2 1 2

Teacher
guidance

Structured inquiry Guided inquiry

Task 2 1 2 1

Teacher
guidance

Guided inquiry Structured inquiry
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given. The inter‐rater reliability between the two raters and the
reference rater was κ> 0.85. All experimenter statements
were categorized and scored as events (0 = not appearing,
1 = appearing).

4.5 | Data Analysis

The statistics program R, version 4.0.3 (R Core Team 2023), was
used to analyze the data. First, we computed descriptive sta-
tistics of all variables for the whole data set. All variables were
normally distributed with skew < |2| and kurtosis < |7| (West,
Finch, and Curran 1995).

Research question 1 on the effect of on‐the‐fly scaffolding to
students' CVS learning was addressed by running additional
mixed‐level models with children on level‐2 and time of mea-
surement on level‐1 with procedural knowledge as the outcome
variable and time of measurement as an indicator for rate of
change as the independent variable. In a second step, science
self‐concept and content knowledge were added to the model as
control variables. Last the three types of scaffolds, Pro-
blematizing, Focusing, and Promoting Participation were added
to the model as predictors.

To address the following research questions, we divided the sample
into two groups according to the order they had received guidance
in (S followed by G or G followed by S). We addressed research
question 2a on differences in the amount of scaffolds between group
order, we compared the number of scaffolds received between the
two order (structured inquiry followed by guided inquiry or guided
inquiry followed by structured inquiry) with z‐tests of proportions.
For research question 2b on differences in the type of scaffolds
between group order, two proportions z‐tests were conducted.

Last, to test research question 3 whether the order S followed by
G versus G followed by S influences changes in students' CVS
and domain‐specific content knowledge, we used mixed‐level

models with children on level‐2 and time of measurement on
level‐1, content or procedural knowledge as the dependent
variable, and time of measurement as an indicator for rate of
change and order of guidance received as independent vari-
ables. Missing data occurred when children missed the test
dates that they had agreed upon with their schools (e.g. because
of illness). A total of 153 children had complete data sets.
Therefore, the number of participants varied between different
analyses. Some students dropped out of the study, for example,
because of illness. Others had missing values on some of the
items. Pairwise deletion was used to include the largest amount
of data possible. However, to ensure that missingness would not
affect the results, we ran all the analyses only with the children
who had a complete data set, that is, used listwise deletion. The
results are the same for the pairwise and listwise deletion.

5 | Results

The descriptive statistics for the measures can be found in
Table 4.

RQ1 How do the different types of on‐the‐fly scaffolding
(Promoting Participation, Focusing, and Problematizing)
contribute to students' CVS learning when controlled for
students' prior domain‐specific content knowledge and science
self‐concept regardless of the experimental condition?

To answer RQ1, we specified hierarchical mixed‐effects models
to investigate whether on‐the‐fly scaffolding affected changes in
students' CVS skills, controlled for interindividual covariates of
domain‐specific content knowledge and science self‐concept.
We investigated the normal distribution of residuals. The
assumption of normal distribution was slightly violated for
Model 1, W= 0.99, p= 0.034. Therefore, a robust mixed‐effects
model was calculated instead, which yielded similar results as
the nonrobust model. Shapiro–Wilk tests showed no significant
deviation from normal distribution for the other two models,

TABLE 3 | Overview of on‐the‐fly scaffolding strategies used in the study.

Scaffolding code Scaffolding aim Example

Promoting
participation

Clarification of task and procedure
Maintaining students' involvement

Teacher monitors work status and

• Repeats task

• Points out missing aspects of the task

• Specifies task

• Acknowledges progress of work

• Gives encouraging statements

Focusing Focusing students' attention • Gives specific, individual advice

• Gives strategy prompts

• Points out mistakes

• Encourages to use help cards

Problematizing Stimulating higher order thinking • Prompting reflection

• Prompting comparison

• Prompting explanations

• Prompting reasoning
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Model 2, W= 0.99, p= 0.291, and Model 3, W= 0.99, p= 0.159.
The results of the three models are presented in Table 5. Model
1 shows that time affects change in CVS skills, thus confirming
the results of RQ1. Model 2 integrates domain‐specific content
knowledge and science self‐concept and shows that domain‐
specific content knowledge is positively related to change in
CVS skills and that the effect of time vanishes when integrating
the covariates into the model. In a last step, on‐the‐fly scaf-
folding was included into Model 3. Promoting Participation was

not related to students' change in CVS skills, while Focusing
was negatively related, and Problematizing was positively
related. A deviance test shows that Model 2 explains the data
better than Model 1, Δχ2 = 47.76, df= 2, p< 0.001 and that
Model 3 explains the data better than Model 2, Δχ2 = 12.24,
df= 3, p= 0.007.

RQ2a Does the amount of on‐the‐fly scaffolding differ for the
sequential order S followed by G versus G followed by S?

FIGURE 5 | Help cards: Why do we wear a hat in winter? (German and English Version).

FIGURE 6 | Help cards: Why do desert foxes have bigger ears than arctic foxes? (German and English Version).
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FIGURE 7 | Questionnaire: Conceptual knowledge (German and English Version).
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FIGURE 7 | (Continued)
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In total, we found 488 incidences of on‐the‐fly scaffolding given
by the experimenter. The sequential order S followed by G
comprised 212 incidents, whereas G followed by S comprised
276 incidents.

To get a more detailed picture on how the scaffolding inci-
dences were distributed among the students, we grouped the
students according to the number of scaffolding incidents they
were given by the experimenter. Forty‐four students (29%) were
given three or more on‐the‐fly scaffolds, referred to in the fol-
lowing as High Scaffolding, 53 students (34%) were given two
on‐the‐fly scaffolds, referred to in the following as Medium
Scaffolding, and 57 students (37% of the sample) were given
zero to one on‐the‐fly scaffolds, referred to in the following as
Low Scaffolding.

In the structured inquiry (S) condition, we found 35 incidences of
on‐the‐fly scaffolding. The sequential order S followed by G com-
prised 12 incidents, whereasG followed by S comprised 23 incidents.

Again, we grouped the students according to the number of
scaffolding incidents they were given by the experimenter. No
student was given three or more on‐the‐fly scaffolds, 27 stu-
dents (17%) were given two on‐the‐fly scaffolds, and 130 stu-
dents (83% of the sample) were given zero to one on‐the‐fly
scaffolds. We compared the number of students classified as
High, Medium, or Low Scaffolding for the two sequential orders.
The results are presented in Tables 6 and 7.

To compare the probability of on‐the‐fly scaffolding for the two
experimental conditions with guided inquiry (G), z‐tests of

FIGURE 8 | Questionnaire: CVS; selected items (German and English Version).
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FIGURE 8 | (Continued)
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proportions were calculated. They revealed that when S was
followed by G, the experimenter was less likely to give a high
amount of on‐the‐fly scaffolding, z= 9.53, df= 1, p= 0.002, and
more likely to give a low amount of on‐the‐fly scaffolding,
z= 5.19, df= 1, p= 0.023 than when G was followed by S. The
probability of giving a medium amount of on‐the‐fly scaffolding
did not differ for the experimental conditions, z= 0.39, df= 1,
p= 0.535.

Similarly, to compare the probability of on‐the‐fly scaffolding
for the two experimental conditions with structured inquiry (S),
z‐tests of proportions were calculated. In both groups, the ex-
perimenter was equally likely to give a low amount of on‐the‐fly

scaffolding, z(1) = 0.12, p= 0.727, and equally likely to provide a
medium amount of on‐the‐fly scaffolding, z(1) = 0.12, p= 0.727.
As there was no high amount of on‐the‐fly scaffolding, the
probability of it was not calculated.

RQ2b Does the type of on‐the‐fly scaffolding differ for the
sequential order S followed by G versus G followed by S?

Concerning the type of scaffolding in the experimental condi-
tion with guided inquiry (G), two proportions z‐tests were
conducted. Results showed no differences for Promoting Par-
ticipation, z(1) = 0.30, p= 0.582 between the experimental
conditions. However, when S was followed by G, the

FIGURE 8 | (Continued)
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experimenter used more Problematizing than when starting
with G, z(1) = 8.89, p= 0.003. In contrast, when G was followed
by S, the experimenter used more Focusing than when starting
with S, z(1) = 11.70, p< 0.001 (Table 8).

Similarly, in the experimental conditions with structured
inquiry (S), results showed no order effects for Focusing, z
(1) = 3.19, p= 0.074, and Problematizing, z(1) = 0.33, p= 0.568.
However, when S was followed by G, the experimenter used
more Promoting Participation than when starting with G, z
(1) = 4.67, p= 0.031 (Table 9).

RQ3 Does the order S followed by G versus G followed by S
influence students' CVS and domain‐specific content knowledge
learning gains?

We examined the change in students' CVS skills and domain‐
specific content knowledge depending on the sequence of S and
G, that is, whether the students engaged in S or G first, from
pretest to follow‐up test.

The descriptive results show that CVS mean scores and domain‐
specific content knowledge mean scores increased from pretest
to follow‐up test in both experimental conditions (Table 10). We
then analyzed this increase using inferential statistics. We
investigated the intraclass correlation and found that differ-
ences between students explained 68% of the variance in
changes in CVS skills and 37% of the variance in changes in
domain‐specific content knowledge. This indicates that the
points of measurement were nested in students and therefore a
two‐level structure was necessary.

Thus, we specified two mixed effects model with students on
level‐2 and point of measurement on level‐1. To check the as-
sumptions of normal distribution of the residuals, we ran a

Shapiro–Wilk normality test on the models. For the model with
CVS skills as the outcome, the Shapiro–Wilk test showed a
deviation from the normal distribution, W= 0.99, p= 0.008.
Therefore, a robust mixed effect model was run instead, which
showed similar results to the nonrobust model. For the model
with content knowledge as the outcome, the Shapiro–Wilk test
did not show a deviation from normal distribution, W= 0.99,
p= 0.053. The results are presented in Table 11. Results suggest
that the increase in CVS and domain‐specific content knowl-
edge did not differ for the experimental conditions, indicating
that the sequence of S and G did not affect the learning of CVS
nor of domain‐specific content knowledge.

6 | Discussion

In the present study, we manipulated the level of planned
teacher guidance (structured inquiry vs. guided inquiry) during
primary school students' scientific inquiry on the topic of
thermal insulation. In both settings, the students conducted
given experiments without explicit teaching of the CVS princi-
ple. In the setting with Planned Guidance within Structured
Inquiry, the students were given low autonomy (predefined
experiments) including a written step‐by‐step instruction on
how to conduct the experiments and implicit conceptual
information on the CVS. In the setting with Planned Guidance
within Guided Inquiry, the students were given high autonomy
(developing their own experiments) and minimal conceptual
information on the CVS. Moreover, in the setting with Planned
Guidance within Guided Inquiry, the experimenter provided
implicit conceptual information on the CVS principle via
spontaneous on‐the‐fly scaffolding. Each student went through
both settings, but in a different order: One half of the students
started with conducting given experiments (Planned Guidance

FIGURE 9 | Questionnaire: Science self‐concept (German and English Version).
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FIGURE 9 | (Continued)
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within Structured Inquiry) followed by a lesson in which they
had to design their own experiments without any material
scaffolding (Planned Guidance within Guided Inquiry). The
other half of the students worked in reverse order. The lessons'
topic was counterbalanced.

Our primary research aim was to investigate the effects of dif-
ferent types of guidance, with on‐the‐fly scaffolding, on learning
during scientific inquiry. We were particularly interested in the
role of responsive teaching with on‐the‐fly scaffolding during
structured inquiry (following Blanchard's level 1 of scientific
inquiry), and guided inquiry as (following Blanchard's level 2 of
scientific inquiry), when these are sequenced in different order.
We examined (1) what type of on‐the‐fly scaffolding contributed
to students' CVS learning after controlling for their prior
domain‐specific content knowledge and science self‐concept,
(2) whether the amount and type of on‐the‐fly scaffolding
during the lessons differed based on the order used, and (3)
whether students' CVS and domain‐specific content knowledge
learning differed based on the respective order used.

We found that (1) Problematizing on‐the‐fly scaffolding con-
tributed to students' CVS learning, (2) the experimenter pro-
vided more Focusing on‐the‐fly scaffolding when Planned
Guidance within Guided Inquiry was first, while providing more
Problematizing on‐the‐fly scaffolding when Planned Guidance
within Guided Inquiry was the second lesson, as well as the
experimenter provided more Promoting Participation on‐the‐fly
scaffolding when Planned Guidance within Structured Inquiry
was first, and (3) students' CVS and domain‐specific content
knowledge learning did not differ, independently of the
respective order used. We will discuss these findings in the
following sections.

The experimenter was allowed to promote students' participa-
tion, focus students' attention, and problematize students'
thinking whenever she felt it was appropriate. The different
types of on‐the‐fly scaffolding had different effects on students'
CVS learning and were also given differently by the experi-
menter depending on the sequential order of the planned
guidance. Experimenter's Problematizing had a positive effect

on students' CVS learning which is in line with other studies on
the benefits of engaging students in active and reflective
learning processes (Aleven and Koedinger 2002; English and
King 2019; Heemsoth and Heinze 2016; Miller‐Cotto, Booth,
and Newcombe 2022; Rittle‐Johnson and Star 2009). We found
that Problematizing was more likely to be given when Planned
Guidance within Guided Inquiry was second. In this sequential
order, students had already been introduced to experimentation
in the preceding Planned Guidance within Structured Inquiry
lesson. Thus, students who received more Problematizing
received it in addition to the knowledge they had already built
up beforehand. Moreover, this sequential order, with the
Planned Guidance within Structured Inquiry lesson preceding
Planned Guidance within Guided Inquiry, may have led the
experimenter to believe that the students' skills were sufficient
for more challenging scaffolding that would provide additional
cognitive stimulation. The experimenter might have thought
that these students would be able to cope with the challenges of
provoked cognitive conflicts.

In contrast to other studies (Chiu 2004; Gettinger and
Kohler 2013; Mirkovic et al. 2020; Shanab et al. 1981), we found
no effects in relation to the experimenter's promotion of par-
ticipation on students' CVS learning. This result is consistent
with the findings of Amato‐Zech, Hoff, and Doepke (2006), who
also found no effect of teacher's encouraging statements on
students' participation. However, on the one hand, during
Planned Guidance within Guided Inquiry, the amount of Pro-
moting Participation did not differ between the sequential order,
resulting in a lack of variance. The experimenter might have
taken for granted that all students, regardless of the sequential
order, could profit equally from clarifying goals of a task, sup-
porting procedures, and keeping students involved. On the
other hand, during Planned Guidance within Structured Inquiry,
we found that the experimenter gave more Promoting Partici-
pation for the sequential order S followed by G. The experi-
menter might have felt that providing more Promoting
Participation scaffolds during the first lesson was necessary to
help students adjust to the new learning environment and to
ensure they understood the task structure.

Focusing, in our study giving individual advice, giving prompts
on strategies, pointing out mistakes and encouraging to use
help cards had a negative effect on students' CVS learning,
which is in contrast to many studies (Kapur 2016; Mulder,
Lazonder, and de Jong 2014; Munshi et al. 2022; Simons and
Klein 2007; Soncini et al. 2022). However, the experimenter
gave more Focusing when the Planned Guidance within Guided
Inquiry lesson took place first. Thus, Focusing was given to
students who did not have the chance to build up knowledge
beforehand. This may have led the experimenter to consider
that the students' skills were insufficient for independent sci-
entific inquiry learning and that Focusing might reduce stu-
dents' cognitive load (Sweller 1988), directing the students'
attention to essential aspects of the task. However, according to
Reiser (2004), too much structure may prevent students from
engaging actively in a task. Thus, the students in our study may
have found the Focusing scaffolds rigid, and therefore could not
fully engage in the learning process. In addition, the Focusing
scaffolds may have been too prescriptive or direct, not allowing
for students to engage in their own ways of problem solving and

TABLE 4 | Descriptive statistics.

N M SD Range α

CK pretest 130 0.31 0.17 0–1 0.71

CK posttest 152 0.57 0.23 0–1 0.78

CK follow‐up 130 0.54 0.23 0–1 0.79

PK pretest 149 0.29 0.26 0–1 0.49

PK posttest 135 0.35 0.30 0–1 0.74

PK follow‐up 146 0.37 0.31 0–1 0.75

Science SC 139 2.18 0.53 0–3 0.83

Promoting
participation

164 1.84 1.31 0–5

Focusing 164 4.03 2.07 0–9
Problematizing 164 3.45 1.87 0–5

Abbreviations: CK, content knowledge; PK, procedural knowledge (CVS); science
SC, science self‐concept.
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thus, hindering intrinsic motivation (Ryan and Deci 2000).
Moreover, the timing of Focusing may have been inappropriate,
resulting in the experimenter pointing out the students' mis-
takes too early, potentially causing the students to not deal
productively with their own mistakes in alignment with an
error‐friendly classroom (Soncini et al. 2022). Instead, they may
have been discouraged from continuing to work on the task.
Otherwise, Focusing may have been given too late, so that the

students did not have enough time to sufficiently reflect on
their task completion.

We also analyzed the students' test scores and found improve-
ments for both the CVS and domain‐specific content knowledge
from pretest to follow‐up‐test. This is in line with the findings
from Schalk et al. (2019) who showed that 8‐ to 11‐year‐old
primary school students improved their CVS skills and domain‐

TABLE 5 | Mixed‐effects models to investigate whether on‐the‐fly scaffolding affected students' CVS skills, controlling for other interindividual

covariates.

Model 1 Model 2 Model 3

Fixed effects γ SE t γ β SE t γ β SE t

Intercept 0.31*** 0.02 15.27 0.11 — 0.09 1.27 0.12 — 0.11 1.06

Time 0.04** 0.01 4.36 −0.02 — 0.01 −1.20 −0.02 — 0.01 −1.19

Content knowledge 0.43*** 0.36 0.06 7.00 0.43*** 0.36 0.06 6.90

Science SC 0.01 0.02 0.04 0.35 0.00 0.02 0.04 0.94

Promoting participation 0.01 0.01 0.02 0.71

Focusing −0.02* −0.01 0.01 −2.18

Problematizing 0.03* 0.01 0.01 2.53

Random effects Var SD Var SD Var SD

Person 0.06 0.24 0.04 0.21 0.04 0.20

Level‐1‐residuum 0.02 0.14 0.02 0.15 0.02 0.15

Marginal R2/conditional R2 0.01/0.74 0.14/0.69 0.20/0.70

Note: Marginal R2 and conditional R2 are used as effect size measures (Rights and Sterba 2021).
Abbreviations: Science SC, science self concept; SE, standard error; time, rate of change.
*p <0.05; **p< 0.01; ***p< 0.001.

TABLE 6 | Distribution of on‐the‐fly scaffolding during guided inquiry depending on the sequence of S and G.

Groupings S followed by G G followed by S

High scaffolding 13 (28%) students 31 (41%) students

Medium scaffolding 29 (33%) students 24 (32%) students

Low scaffolding 36 (39%) students 21 (28%) students

Note: In the column S followed by G, the percentages add up to 101% due to rounding principles.
Abbreviations: G, planned guidance within guided inquiry with on‐the‐fly scaffolding; S, planned guidance within structured inquiry.

TABLE 7 | Distribution of on‐the‐fly scaffolding during structured inquiry depending on the sequence of S and G.

Groupings S followed by G G followed by S

High scaffolding 0 (0%) students 0 (0%) students

Medium scaffolding 15 (19%) students 12 (16%) students

Low scaffolding 65 (81%) students 65 (84%) students

Abbreviations: G, planned guidance within guided inquiry with on‐the‐fly scaffolding; S, planned guidance within structured inquiry.

TABLE 8 | Amount and type of on‐the‐fly scaffolding incidences during guided inquiry for the sequential orders S followed by G versus G

followed by S.

Total Promoting participation Focusing Problematizing
n (%) (%) (%)

S followed by G 276 (21%) (37%) (42%)

G followed by S 212 (19%) (47%) (34%)

Abbreviations: G, planned guidance within guided inquiry with on‐the‐fly scaffolding; S, planned guidance within structured inquiry.
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specific content knowledge by conducting given experiments
over the course of a school year without getting explicit teach-
ing of the CVS principles. Even more so, our findings suggest
that an improvement in CVS skills without explicit teaching on
the CVS principle can occur over the course of only two lessons.
However, this contrasts with the findings of Studhalter et al.
(2021), who found that in realistic classroom settings, most 6‐ to
7‐year‐old students failed in acquiring the CVS principle by
conducting given experiments without explicit CVS teaching for
1 h. Yet, students in the study by Studhalter et al. (2021) were
younger than the students in the study of Schalk et al. (2019)
and in the present study (8‐ to 11‐year‐olds), indicating that
learning the CVS without explicit teaching might work for older
but not for younger children.

In our study, learning gains in CVS and domain‐specific content
knowledge did not differ for the order of Planned Guidance within
Guided Inquiry and Planned Guidance within Structured Inquiry.
This is in line with results from Martella, Klahr and Li (2020) and
Matlen and Klahr (2013), but contrary to previous studies that
found order effects. Some of these studies concluded that a
sequence of structured inquiry—guided inquiry guidance was
superior for learning than a sequence of guided inquiry—
structured inquiry guidance (Ashman, Kalyuga, and Sweller 2020;
Hsu, Kalyuga, and Sweller 2015). Other studies found that a
sequence of guided inquiry—structured inquiry guidance was
superior to learning than a sequence of structured inquiry—guided
inquiry guidance (Kapur 2008; Schwartz et al. 2011). The results of
our study, conducted in a controlled but realistic classroom setting,
expand these findings by suggesting that both orders of Planned
Guidance within Guided Inquiry and Planned Guidance within
Structured Inquiry can be applied in case of 8‐ to 11‐year‐old stu-
dents' learning the CVS and domain‐specific content knowledge.

However, this outcome could be attributed to the specific design
of our study, as we defined Planned Guidance within Structured
Inquiry as low autonomy with implicit conceptual information
on the CVS through written step‐by‐step instructions on how to
conduct the given experiments. Planned Guidance within Guided
Inquiry was defined as allowing for high autonomy with minimal
conceptual information. In our study, the experimenter was able
to provide on‐the‐fly scaffolding in accordance with a responsive
teaching approach. Consequently, the fact that we did not find
any order effects could be attributed to the higher amount of
spontaneous on‐the‐fly scaffolding in the Planned Guidance
within Guided Inquiry condition. In our specific context, when
we analyze an experimenter's behavior, it is conceivable that
professional self‐conception leads the experimenter to take
responsibility for her students' learning. Consequently, the ex-
perimenter may use on‐the‐fly scaffolding to mitigate the
potential disadvantages of the initial instructional environment.

7 | Limitations

First, our study design was conducted in a realistic classroom
setting. Hence, the students' behavior was authentic, and the
scaffolds given by the experimenter were spontaneous. Our results
can therefore be interpreted in light of an ecologically valid setting.
Nevertheless, they may not be as reliable, and objective compared
to a highly standardized laboratory study. In addition, there could
be the potential for experimenter bias, despite receiving theoretical
training on different types of scaffolding. The experimenter's per-
sonal teaching style and biases could still influence the type and
amount of on‐the‐fly scaffolding provided during the lessons.
Furthermore, the fact that the experimenter was one of the au-
thors of the paper might introduce a conflict of interest, as she may
have vested interests in the success of the study.

Second, the study was conducted in two lessons 60‐min each with
two different topics, which is in line with other study
designs (Bihler et al. 2018; Guerrero‐Rosada et al. 2021;
Slot et al. 2018). However, instructional quality often varies across
lessons and topics (Hill, Charalambous, and Kraft 2012; Praetorius
et al. 2014). Thus, increasing the number of lessons in a broader
range of science topics, would have allowed us to better control for
these influences, thereby increasing the validity of our results.

Third, only one experimenter gave the lessons. Hence, the decision
of which scaffolds to give was based on one subjective assessment of
one person. Therefore, our results may be interpreted with caution
due to limited objectivity. Thus, future studies should involve more
experimenters or teachers (Eid, Gollwitzer, and Schmitt 2015).
Then, experimenters or teachers should be able to give insight into
their professional self‐conception to be able to explain variance in
their scaffolding (Buehl and Beck 2015).

TABLE 9 | Amount and type of on‐the‐fly scaffolding incidences during structured inquiry for the sequential orders S followed by G versus G

followed by S.

Total Promoting participation Focusing Problematizing
n (%) (%) (%)

S followed by G 12 68 15 17

G followed by S 23 46 31 23

TABLE 10 | Means and standard deviations of the change in stu-

dents' CVS skills depending on the sequence of S and G.

S followed by G G followed by S

n M (SD) n M (SD)

T1 CK 72 0.30 (0.17) 73 0.28 (0.14)

T2 CK 72 0.58 (0.23) 73 0.56 (0.24)

T3 CK 63 0.55 (0.23) 71 0.57 (0.23)

T1 PK 72 0.31 (0.27) 73 0.28 (0.25)

T2 PK 63 0.36 (0.32) 64 0.34 (0.28)

T3 PK 64 0.36 (0.33) 71 0.36 (0.30)

Note: The differences in n compared to the calculations in the “Measures” section
are due to missing data.
Abbreviations: T1, test 1; T2, test 2; T3, test 3; CK, content knowledge; G, planned
guidance within guided inquiry; PK, procedural knowledge (CVS); S, planned
guidance within structured inquiry.
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Fourth, this study did not consider control variables, such as
students' science curiosity or the socioeconomic status of par-
ents. Yet, research has shown that these variables significantly
influence the learning process of children (Van Schijndel,
Jansen, and Raijmakers 2018; Freitag and Schulz 2018). Thus,
in future studies such variables should be controlled to further
explain learning gains in inquiry‐based science education.

Fifth, it would have been desirable to conduct an interview with
the experimenter immediately after the lessons to better
understand her perspective on the decision‐making processes
involved in providing scaffolds. According to the study design,
the experimenter appeared to adhere to offering only the scaf-
folds she deemed necessary. An interview would have provided
direct insights into her considerations, pedagogical intentions,
and the specific reasons behind her decisions. This would have
helped refine the interpretation of the results and enhance
understanding of the potential implications of her actions.

Finally, regarding the effects of the scaffolding given, we
showed that Problematizing had a positive effect on learning.
However, the experimenter mainly gave these scaffolds to stu-
dents who had the chance to build up knowledge in the prior
lesson, having received Planned Guidance within Structured
Inquiry first. It is possible that the experimenter unintentionally
disadvantaged students who received Planned Guidance within
Guided Inquiry first, misjudging the needs of these students to
also receive Problematizing. Therefore, in a future study, it
would be valuable to train experimenters or teachers on how to
accurately assess students' needs and provide adaptive scaf-
folding regardless of the sequential order of lessons.

8 | Conclusions

Our investigation into the impact of Planned Guidance within
Structured Inquiry and Planned Guidance within Guided Inquiry
sequencing on students' CVS learning has revealed noteworthy

insights. While the order of guidance did not yield significant
effects on overall CVS learning, a closer examination illumi-
nated distinctive patterns in the provision of on‐the‐fly scaf-
folds. In practical terms, our findings underscore the potential
for teachers in real classrooms to optimize students' develop-
ment of scientific inquiry skills through thoughtful lesson
planning and the preparation and use of on‐the‐fly scaffolding.
Our findings contribute to the ongoing discourse on optimal
methodologies for science education, a discussion that De
Jong et al. (2023) and Sweller et al. (2024) have highlighted
recently. Our study demonstrates that a standardized instruc-
tional approach is not necessarily required for science learning.
Instead, teachers may adapt their methods by offering varying
degrees of support, based on their perception of the individual
needs of students, in accordance with a responsive teaching
approach. This aligns with the consensus of both research
groups, emphasizing that a successful pedagogical strategy
is likely to involve a synthesis of inquiry‐based learning, as
highlighted by De Jong et al. (2023), and direct instruction, as
recommended by Sweller et al. (2024). In conclusion, our study
contributes to the understanding of the nuanced interplay
between guidance and the provision of on‐the‐fly scaffolding in
shaping primary school students' scientific inquiry skills.
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Intercept G first 0.30*** 0.03 10.73 0.47*** 0.02 21.57
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Random effects Var SD Var SD

Person 0.06 0.24 0.03 0.16
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