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Abstract
This paper describes the development of the BE COOL! learning environment that gives 
all children, gifted and non-gifted, the opportunity to learn at a level matching their spe-
cific needs and abilities within the social context of regular education. BE COOL! uses the 
ability-adjusted jigsaw method, in which children of varying ability levels work together on 
a design for which they acquire knowledge by working on tailored assignments in groups 
with children with the same ability level. This differentiation method unites elements of 
learning by design, learning together, and learning by inquiry. In this article, we first pre-
sent the conceptual foundations underlying BE COOL! Next, we describe the learning 
environment and its components as incorporated in a seven-week science lesson series in 
which fourth to sixth graders must design a liveable house on the moon for a family of four. 
Then, we describe our design process, in which research and development alternated and 
we end with a brief presentation of the learning environment’s added value for educational 
practice.

Keywords Giftedness · Differentiation · Inquiry learning · Collaborative learning · 
Learning by design · Primary education

Introduction

This paper describes the theoretical foundations, design, and implementation methods 
of a digital learning environment that challenges gifted children while socially includ-
ing them in the regular classroom. Gifted children, as defined by the National Associa-
tion for Gifted Children (2010), are “those who demonstrate outstanding levels of apti-
tude (defined as an exceptional ability to reason and learn) or competence (documented 
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performance or achievement in top 10% or rarer) in one or more domains” (p. 1). Pro-
viding gifted children with the opportunity to gain knowledge and skills at their own 
level is critical for developing their talent (Olszewski-Kubilius et  al. 2016). Talent 
development can be stimulated by tailoring their education. In Dutch primary educa-
tion, this tailoring is most often realized by differentiation within the regular classroom 
in which learners who are gifted in the cognitive domain share the classroom with 
average-ability learners and at-risk, or low-ability, learners of the same age. Another 
commonly-used educational adaptation consists of pull-out classes that gifted children 
in regular education visit once a week, in most cases. As a third option, some schools 
have a department consisting of classes that gifted children attend fulltime (Doolaard 
and Oudbier 2010).

Although all three scenarios can be viewed as valuable ways of adapting education 
to the gifted child, they also have specific drawbacks. Differentiation within the class 
is often implemented as a combination of compacting, acceleration, and enrichment 
(Renzulli et al. 1982). In current educational practice, this often means that the gifted 
learner works individually and independently, a situation not always preferred by 
themselves (French et al. 2011; Samardzija and Peterson 2015). An educational answer 
is provided by pull-out classes, in which gifted children work together with gifted 
peers. Meta-analytical studies (Kulik and Kulik 1982; Vaughn et al. 1991) have shown 
that this benefits the performance of gifted children as well as their attitude towards 
school subjects. A drawback is that the gifted children only attend these classes two or 
three hours a week; for the rest of the week, they have to cope with the regular curricu-
lum with little or no differentiation and cognitive challenge. In schools specializing in 
education for the gifted, this drawback is replaced by another: namely, gifted children 
do not learn to work together with their less gifted peers and are socially excluded 
from them. From a societal point of view, this is an undesirable situation, as working 
together with less gifted peers is an important skill in later life, too. In addition, a con-
siderable portion of gifted learners indicate that they prefer to keep in touch with their 
less gifted friends during the school day (Adams-Byers et al. 2004).

In sum, finding a balance between demands regarding the cognitive development 
of gifted children and their needs on the social-emotional level appears to be difficult 
and a solution can be seen as a valuable contribution to education. In the BE COOL! 
project, we searched for this balance by pursuing a learning arrangement in which 
gifted children are given the opportunity to engage in learning activities matching their 
specific needs and abilities, in which ideas can be exchanged and discussed at a high 
cognitive level with their gifted peers, and in which they are able to work with other 
(less gifted) classmates. During this four-year design project, several studies building 
upon each other were conducted which, in the end, resulted in the BE COOL! learning 
environment. By presenting these studies collectively, it becomes clear how they are 
related and how the learning environment evolved. The paper starts with the descrip-
tion of the conceptual foundations and the rationale to use them in our context. Next, 
we describe how these foundations are brought together in our differentiation method 
that aims to provide opportunities for both the gifted and the non-gifted to develop 
their talents. This is subsequently illustrated by a seven-week science lesson series in 
which children from grades 4 to 6 work together on the design of a moon house and in 
which they learn by inquiry about light and heat, oxygen, water, and nutrition. Finally, 
we describe the different studies that were part of the design process and which led to 
the final version of the learning environment.
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Conceptual foundations

BE COOL! stands for ‘Bevorderen van Excellentie door Coöperatief Onderzoekend en 
Ontwerpend Leren’, which translates from the Dutch as ‘Promoting possibilities for excel-
ling by learning together within the context of inquiry learning and learning by design’. 
The name includes three conceptual foundations, learning by design, learning together, and 
learning by inquiry, which will be discussed one by one.

Learning by design

The overarching pedagogical approach used in the BE COOL! learning environment is 
learning by design. The main idea of this approach is to engage learners in designing a 
solution for an authentic problem so that they achieve an understanding of complex sys-
tems (Hmelo et al. 2000). Kolodner et al. (2003) shaped this approach by proposing a cycle 
of two core activities: Design/Redesign and Investigate and Explore. This cycle depends on 
a problem or design challenge that is formulated at a level such that learners have the need 
to learn (Kolodner et al. 1996). Learners engage in activities that are applied to the cycle 
to guide the process (see, e.g., van Breukelen et al. 2017): They review their prior knowl-
edge in the context of the problem and identify what they need to know, what they already 
know, and what still needs to be learned. Next, they acquire this knowledge by investiga-
tion and use this knowledge in their design. This results in an initial prototype which can 
be iteratively tested and adjusted until the final design is reached and presented. Research 
has shown that learning by design results in deep and transferrable knowledge and skills 
(Etkina et al. 2010).

Based on the activities incorporated in a typical learning-by-design approach (e.g., 
Kolodner et al. 2003), seven steps were included in the BE COOL! learning environment 
to guide learners through their design process: (a) problem statement: learners are intro-
duced to the problem (e.g., design a moon house in which a family of four can live), (b) 
orientation: learners are stimulated to activate relevant prior knowledge (e.g., think about 
what is needed to survive on the moon), (c) gathering information: learners receive assign-
ments through which they acquire knowledge and information needed to make substanti-
ated design decisions (e.g., assignments on light and heat, oxygen, water, and nutrition), 
(d) designing: learners share and discuss their knowledge and make a first design (i.e., a 
drawing of their moon house), (e) testing and improving: learners reflect on their design 
by checking whether it satisfies predefined conditions and improve the design if necessary 
(e.g., is the moon house equipped with facilities for producing and storing oxygen?), (f) 
developing a prototype: learners convert their first design into a prototype (i.e., a moon 
house crafted to scale), and (g) reporting: learners write a report in which they describe 
and justify their design decisions.

Learning together

The second foundation on which BE COOL! is built is learning together, in which learn-
ers work together to reach a common goal or to complete a group assignment (Lou et al. 
1996). Learning together effectively is characterized by sharing ideas, actively listening 
to each other, asking questions, building upon each other’s reasoning (i.e., transactivity), 
commenting constructively on others’ ideas, and making decisions democratically (Gillies 
2016). When these conditions are met, learning together is associated with good learning 
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outcomes (Kyndt et al. 2013) and social benefits (Johnson and Johnson 2002; Lou et al. 
2001).

Learning together, by definition, takes place in groups. With the goal of giving gifted 
children the opportunity to work together with their non-gifted classmates as well as with 
their gifted peers, learning together is implemented in the BE COOL! learning environ-
ment as a combination of learning in heterogeneous and homogeneous ability groups. In 
heterogeneous ability groups, children experience the value of working together with chil-
dren of different ability levels. They learn to interact with such other children and they 
are stimulated to take into account and act upon differences between themselves and their 
group members (Castelijns and Stevens 1996; Förrer et  al. 2000). Homogeneous ability 
groups, on the other hand, give teachers the possibility of challenging children at their own 
ability levels. Assignments can be matched and support can be adapted to the ability level 
within the group. This can result in interactions in which children can have discussions 
with each other at their own level. There is a joint degree of comprehension and each child 
is able to contribute at the same level. In addition, it enhances engagement of all children in 
the discussion (Murphy et al., 2017).

Inquiry learning

The third foundation of BE COOL! is inquiry learning. In inquiry learning, learners 
actively engage with the subject matter by collecting and processing information, drawing 
conclusions based on this, and constructing new knowledge (National Research Council 
2012). Research has shown that inquiry learning can lead to deep learning (Alfieri et al. 
2011; Minner et al. 2010) and that it results in better learning outcomes than learning by 
more direct forms of instruction (e.g., Aditomo and Klieme 2019; Eysink and de Jong 
2012; Furtak et al. 2012; Smetana and Bell 2012). Besides its general cognitive benefits, 
we adopted this instructional approach in our method because it is suitable for differentia-
tion. First, inquiry learning provides enough room to present challenging tasks to gifted 
children. It is a type of instruction that aligns with the advanced knowledge schemas of the 
gifted (Kalyuga et al. 2003) and with their preferred modes of learning (Kanevsky 2011; 
Scager et al. 2013). Due to its open-ended tasks that call for scientific reasoning, inquiry 
learning is considered to be an appropriate instructional approach for gifted children (De 
Corte 2013). Second, in order to be effective, inquiry learning should be supported (Furtak 
et al. 2012), even when gifted children are involved (Eysink et al. 2015), and inquiry learn-
ing provides ample possibilities for differentiation in this support. There are different types 
of guidance available that can be used to adapt to the learners’ level (de Jong and Lazonder 
2014). For instance, nondirective types of guidance, such as prompts, provide help without 
informing learners about exactly what to do, whereas directive types of guidance, such as 
scaffolds and explanations, are more explicit and steer the learners in a certain direction (de 
Jong and Njoo 1992; Lazonder and Harmsen 2016). Furthermore, the level of support can 
differ, as suggested by research showing that children with lower cognitive abilities benefit 
from extra structure and guidance in their learning process in comparison to their gifted 
peers (Wang et al. 2010).

In the BE COOL! learning environment, inquiry learning is embedded in the third 
step of the design cycle, in which children work in homogeneous groups (see Fig. 1 for 
an overview of steps, phases, and group compositions). In this step, learners must gather 
information by inquiry learning. Based on different frameworks for inquiry learning (see, 
for example, Pedaste et al. 2015), five phases were distinguished to guide learners through 
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the inquiry cycle: (a) orientation: learners are stimulated to think about what they already 
know about the topic, (b) investigation: learners actively engage with the topic by perform-
ing an investigation (e.g., by conducting an experiment, constructing a concept map based 
on a text or video, or collecting data from the outside world in a diary), (c) drawing conclu-
sions: learners examine the data collected in the investigation phase and think about what 
the data mean and what conclusions can be drawn, (d) evaluating: learners reflect on their 
learning process, from a content perspective (e.g., was my hypothesis correct?), a coopera-
tion perspective (e.g., did we work well together?), and/or a learning perspective (e.g., did 
we reach our learning objectives?), and (e) broadening: learners are stimulated to transfer 
their newly acquired knowledge to other situations.

The ability‑adjusted jigsaw method

The three conceptual foundations just described are united in the ability-adjusted jigsaw 
method (see also Eysink et al. 2017). This method is based on the original jigsaw pro-
cedure of Aronson et al. (1978) which, compared to more traditional types of instruc-
tion, has proven to be effective in terms of academic achievement (Karacop and Doymus 
2013; Tarhan et  al. 2013). In the ability-adjusted jigsaw method, children of varying 
ability levels work together in design groups. They are presented with a complex, open-
ended problem for which they must design a solution. The solution requires knowledge 
about different topics. Each child in a design group is made responsible for one of these 
topics (resulting in positive interdependence and individual accountability; Johnson 

Fig. 1  Overview of steps, phases, 
and group compositions
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et al. 2007). The topic assignment depends on the child’s ability level. In order to gain 
knowledge about their specific topics, the individual members of the design groups split 
up to work in so-called expert groups. These expert groups consist of children of similar 
ability levels who are responsible for becoming experts about the same topic. They learn 
about their topic by completing inquiry learning assignments matching the ability level 
of their expert group. After having acquired this knowledge, all children return to their 
original design group in which the knowledge gained is shared with the other members 
and integrated in order to design a solution for the original problem. See Fig. 2 for a 
visual overview.

Using this method, gifted children experience the stimulation of working with gifted 
peers while working on inquiry assignments and at the same time, they interact in a 
goal-driven way with less gifted children. As such, the method combines learning by 
design, learning together, and inquiry learning, while taking the cognitive as well as the 
socio-emotional needs of gifted and non-gifted children into account.

Fig. 2  Overview of the ability-adjusted jigsaw method as implemented in the BE COOL! lesson series 
on the topic of living on the moon. Note. The four colors represent the four topics assigned to children 
of different ability levels. The plus signs and minus signs represent the ability levels of the children (i.e., 
+  = gifted, + − = average-ability, and – = low-ability). The numbers identify the heterogeneous design 
groups to which the children belong
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BE COOL! learning environment

The ability-adjusted jigsaw method was implemented in the BE COOL! learning environ-
ment. This environment is illustrated using the example of a seven-week science lesson 
series designed for grades 4 to 6 that focuses on the topic of living on the moon.

A personal learning environment

When logging into the BE COOL! learning environment, registered children are redirected 
to their personal learning environment that corresponds to the topic and groups to which 
they are assigned (see Fig. 3 for an example). The menu on the left displays the different 
steps of the learning by design approach, and the names on the bottom left indicate whom 
the child works together with during that step. Upon clicking on the buttons, the assign-
ments are shown that define the corresponding step of the learning by design approach. In 
the following sections, these steps and assignments are described in more detail, for each 
phase of the adapted-jigsaw method.

Heterogeneous prior knowledge phase

Children start by working in heterogeneous groups in which they are introduced to the 
problem and the inquiry method, and in which their prior knowledge is activated.

In the Problem statement, they receive a letter from the ‘Research & Design Depart-
ment of BE COOL!’ that calls upon them to design a house on the moon so that a family 

Fig. 3  Overview of the set of assignments in the homogeneous expert phase for the gifted children [screen-
shot, translated from Dutch, names are fictitious]
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of four can live there. Moreover, they are introduced to the procedure that they are 
going to follow in order to design the moon house (i.e., the groups are told that they are 
going to design a house on the moon by following the learning-by-design approach, that 
each group member is individually responsible for gathering information on one spe-
cific topic, and that they will gather this information in another group by following the 
learning-by-inquiry cycle).

In the Orientation step, the children are introduced to the inquiry cycle while learn-
ing about gravity and air friction in a simulation. Following the literature, this is done 
by direct instruction (Klahr and Nigam 2004; Lorch et  al. 2014; Zohar and Peled 
2008). The five different steps of the inquiry cycle are explicitly named and treated by 
the teacher on the smart board. In a second assignment, children’s prior knowledge is 
activated (Ausubel 1968). In heterogeneous groups, the children think about what is 
needed to survive on the moon, they connect their ideas and knowledge to four topics it 
is relevant to know about when designing a moon house (i.e., ‘Light & Heat’, ‘Oxygen’, 
‘Water’, and ‘Nutrition’), and they reflect on what knowledge is still lacking but relevant 
to be gathered to design the moon house.

Homogeneous expert phase

In the next phase, children split up to work in homogeneous groups to learn more about 
the topic they are assigned to according to their ability level. ‘Light & Heat’ is for the 
gifted children, ‘Oxygen’ or ‘Water’ for the average-ability children, and ‘Nutrition’ for 
the low-ability children. The four topics differ in complexity and the amount of structure 
and support given (Tomlinson 1996).

The Gathering information step consists of a set of 8–10 inquiry learning assignments 
for each topic (see Fig.  3 for an example: the overview of all assignments for the topic 
‘Light & Heat’). The type of inquiry varies, from investigating and drawing (e.g., drawing 
the process of photosynthesis as part of the topic ‘Oxygen’) to building an experimental 
design (e.g., investigating the optimal conditions for growing tomato plants as part of the 
topic ‘Nutrition’). Similar types of inquiry assignments are provided for each topic.

In order to enhance learning and activate self-evaluations, specific, challenging 
learning goals are formulated (Seijts and Latham 2001). When an assignment is opened 
for the first time, the learning goals associated with that assignment are presented, and 
the children must indicate to what extent they think that they already have met these 
learning goals (i.e., self-judgment; Schunk 1990). When handing in the assignment, 
they must reflect on what they learned by indicating to what extent they now think that 
they have reached these learning goals.

All inquiry assignments consist of a short introduction (“What are you going to do?” 
and “Explanation”) and a list of materials (“What do you need?”) followed by the five 
steps of the inquiry cycle (see Fig. 4 for an example). These steps themselves provide 
guidance to the children (Lazonder and Harmsen 2016); depending on the targeted abil-
ity level, more or less structure is given within these steps. In addition, children have 
access to relevant resources and additional support, which can be requested by clicking 
the tabs Resources and Help at the top of the task window.

After finishing all inquiry assignments, the children complete a core assignment in 
which they summarize the most important information they gathered by answering six 
core questions about the topic (see Fig. 5 for an example, for the topic ‘Oxygen’).
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Fig. 4  Inquiry assignment for the topic ‘Water’ for the average-ability children [screenshot, translated from 
Dutch]

Fig. 5  Core assignment for the topic ‘Oxygen’ [screenshot, translated from Dutch]
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Heterogeneous design phase

After having gathered information in the homogeneous expert groups, children return to 
their heterogeneous design groups to share their knowledge and integrate it into their design.

In the step, Designing the moon house, children work on an assignment in which the 
knowledge that has been gathered in the homogeneous expert groups must be shared and 
converted into design proposals. This process is guided by a worksheet, which strength-
ens the principles of the jigsaw method by stressing children’s different, yet equally 
important roles as experts in creating the final design of the moon house. It emphasizes 
the role of each expert and the content of the four topics by: (a) stimulating children in 
a structured way to share their knowledge using the core assignment from the previous 
phase as input, (b) actively involving their group members in this process by prompting 
them to listen carefully and writing down the most important information, (c) stimulat-
ing them to evaluate the information on each topic and translate it into concrete design 
ideas, and (d) having them all sign the worksheet to ensure that each child’s topic and 
ideas are represented in the group’s design ideas.

Next, groups engage in Testing and improving their design ideas using four flow-
charts, one for each topic, that help them to identify further improvements (see Fig. 6 
for an example). Then, the design decisions and improvements are implemented when 
Developing a prototype. The children create a house on the moon to scale. Finally, 
they have to Report on their design decisions by writing a design report in which they 
describe their decisions, justify them, and reflect on the project.

BE COOL! teacher section

The BE COOL! learning environment also includes a personal teacher section that enables 
teachers to register their class and group them, and to monitor the children’s progress and 
provide them with feedback. The features of the teacher section are described in the follow-
ing sections.

Fig. 6  Flowchart for the topic ‘Water’ [translated from Dutch]
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Registration and grouping

Teachers can register their class in the BE COOL! learning environment by entering chil-
dren’s names and ability levels. Teachers can use formal systems to indicate their children’s 
ability. The teachers in our studies used a categorization procedure based on children’s 
scores in the Dutch student monitoring system CITO, which indicates children’s achieve-
ment level for different subjects, and, if available, information from the Dutch ‘Digital 
Action Protocol for Giftedness’ (i.e., Digitaal Handelingsprotocol Hoogbegaafdheid; van 
Gerwen and Drent 2011) which identifies gifted children, including gifted underachievers.

After registration, the BE COOL! system assigns the children to their heterogeneous 
design groups and homogeneous expert groups (see Fig. 7 for an example). Teachers can 
make changes to the groups suggested by the BE COOL! system.

Monitoring and providing feedback

Teachers are provided with an overview of the children’s progress. For each topic, the 
names of the children responsible for that topic and the status of the assignments they 
must complete are given. Children’s progress is displayed by five different symbols (see 
Fig.  8): (a) an opened envelope showing that children opened the assignment and are 
working on it, (b) a closed envelope showing that children handed in the assignment, 
(c) a red cross showing that the teacher has given feedback on an assignment that was 
handed in, (d) a green exclamation mark showing that the assignment is approved by 
the teacher, but that there is feedback, and (e) a green curled ribbon showing that the 
assignment is fully approved by the teacher.

Fig. 7  Teacher’s overview of the categorization and group assignments of a fictitious class with fictitious 
children [screenshot, translated from Dutch]



2384 T. H. S. Eysink et al.

1 3

Assignments that groups hand in can be approved and/or provided with feedback. By 
clicking on the closed envelope symbol, teachers are forwarded to the feedback page 
consisting of different elements: (a) name of the assignment and names of the chil-
dren who worked on the assignment, (b) the assignment with children’s answers, (c) 
a response model supporting teachers in checking children’s work, (d) an overview of 
feedback on this assignment previously given to the group by the teacher, and (e) an 
input field in which teachers can write their feedback and provide the assignment with a 
rating (i.e., red cross, green exclamation point, or green curled ribbon). See Fig. 9 for an 
example of a feedback page.

In the children’s learning environment, the feedback is presented in an additional tab, 
‘Feedback’. When children who worked on the assignment log into their digital learn-
ing environment, they see the teacher’s rating(s) in the overview of assignments. Upon 
clicking on the assignment, it opens with the feedback tab, so that the feedback is imme-
diately visible.

Teacher manual

A teacher manual provides information on the digital learning environment (i.e., techni-
cal information and practical information) and an overview of children’s assignments, 
supplemented with printable worksheets that are part of some assignments.

Design process

The BE COOL! learning environment was developed in a four-year design project in which 
research and development alternated. The overall research question was what a learning 
environment should look like, in which gifted learners are socially included in the regu-
lar classroom and still being challenged cognitively by using the ability-adjusted jigsaw 
method in which learning by design, learning together, and inquiry learning are combined. 
Based on this overarching research question, three underlying questions were defined. The 
first question was “What are the needs and expectations of the teachers concerning such 

Fig. 8  Teacher’s overview of children’s progress in the ‘Water’ group in a fictitious class [screenshot, trans-
lated from Dutch]
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Fig.9  Example of feedback page for the assignment ‘Water cycle’ from the topic ‘Water’ [screenshot, trans-
lated from Dutch]
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a learning environment?”, which gave input for the learning environment in general. The 
second question was “How much and which type of support do children of different ability 
levels need when working on inquiry assignments?”, which gave input for the design of 
the homogeneous expert phase. And finally, the third question was “Should the knowledge 
sharing and integration process between children of different ability levels be supported 
and how?”, which gave input for the design of the heterogeneous design phase. This sec-
tion summarizes all studies that were performed and which together form the scientific 
basis of the BE COOL! learning environment.

Needs assessment

In order to answer the first question, a needs assessment was performed prior to the first 
design. For this purpose, 14 teachers were interviewed about their needs and expectations 
of the BE COOL! learning environment. Eight main issues were raised by the teachers: 
(a) the domain of the lesson series and the corresponding assignments should fit into the 
standard curriculum, (b) topics and assignments should be challenging and feasible for 
children of different ability levels, (c) the learning environment should contain clear infor-
mation and (links to) resources must be provided, so that children can work independently, 
(d) heterogeneous cooperation should be supported, (e) children should be given freedom 
to choose their own assignments and order of completion, (f) children should be stimu-
lated to evaluate and reflect on their learning process, (g) the learning environment should 
enable teachers to monitor children’s progress and to provide completed assignments with 
feedback, and (h) a teacher manual should be available to give teachers information about 
group composition, assigning topics, lesson plans, and response models.

The results of the needs assessment gave input for the learning environment in general 
(including the teacher dashboard and teacher manual) and for the design of the homogene-
ous expert phase and the heterogeneous design phase in particular.

Designing the homogeneous expert phase

The idea of the homogeneous expert phase was to challenge children with tasks that 
match their abilities. For this to happen, we needed insight into the amount and type 
of support children of different ability levels needed when working on inquiry assign-
ments (question 2). We started with a usability study among 37 fourth, fifth, and sixth 
graders of varying ability levels working on different types of inquiry assignments. 
Children were asked to think aloud while performing their activities in the learn-
ing environment and the researcher recorded their actions and choices by means of 
a checklist. The study showed that, independently of age, gifted children needed less 
support than lower-ability children, and if support was needed, they were satisfied with 
more abstract prompts than the lower-ability children, who preferred and needed more 
concrete instructions for successful completion of the inquiry assignments.

Based on the usability study, support was designed to guide children of different 
ability levels in their inquiry process. Support by means of prompts that children could 
access when they needed them was implemented in an inquiry assignment and tested 
in an exploratory study with 478 fifth and sixth graders of three different ability lev-
els (for details, see van Dijk et  al. 2016). A comparison was made between groups 
that had these prompts available and those who did not. Children’s use of prompts and 
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the quality of their inquiry processes were derived from logfiles; their domain knowl-
edge was assessed by pre-, post-, and retention tests. Results showed that children who 
had support available displayed a more active and effective inquiry process than those 
who did not. Moreover, gifted children used the support frequently, whereas average- 
and low-ability children hardly used it. However, if they did, their learning process 
improved. These results gave insight into how to support gifted children and made 
clear that the average- and low-ability children needed to be instructed more explicitly.

Based on these results, four complete sets of inquiry assignments (i.e., ‘Nutrition’ 
for low-ability children, ‘Water’ and ‘Oxygen’ for average-ability children, and ‘Light 
& Heat’ for gifted children) were developed, matching structure and support to abil-
ity level. These four sets of assignments were piloted with 155 fourth, fifth, and sixth 
graders of varying ability levels. Based on observations and interviews with teachers 
and children, it became clear that the gifted children were able to work with the assign-
ments. The average-ability children needed a more concrete explanation of the learn-
ing goals in order to place their newly-acquired knowledge in the overall context and 
they needed more structure when performing experiments. The low-ability children 
also needed more structure, not restricted to the experiments, though, but they needed 
a more concrete step-by-step description of the assignment as a whole and what they 
were supposed to do.

In addition to testing the individual assignments and their suitability for the three 
ability levels, in this pilot study we also focused on the sets of inquiry assignments as a 
whole and children’s ability to select assignments and make a plan. In the first version, 
children were given a large set of inquiry assignments from which they could choose. 
The idea of this non-structured set of assignments was to give children the opportunity 
to make their own plan by selecting assignments of their interest in the order they 
preferred, and to provide them with ample assignments to work on during extra time 
or at home. Teacher evaluations, however, showed that children were overwhelmed by 
the large non-structured set of assignments and did not have enough planning skills 
to work through the assignments as intended. These results led to a reduction of the 
number of assignments. In addition, the assignments were assigned to specific weeks 
in a predefined order and this schedule was implemented in the learning environment.

Both the predefined schedule for the set of assignments as a whole and the addi-
tional structure within the assignments for the average-ability and low-ability children 
were monitored in the next study. That study focused on the design of the heterogene-
ous design phase (see next section), but before entering this phase children had to go 
through the homogeneous expert phase. Evaluations showed that children were better 
able to work with the predefined schedule of assignments and were able to finish them 
within the set time, and they showed that all children were now able to work with the 
assignments.

Designing the heterogeneous design phase

In this phase, children of different ability levels must work together on their design. Each 
child, independent of ability level, is now an expert on one of the four topics and must 
share the newly-acquired knowledge with the other group members so that all knowledge 
can be integrated into their design. Although the jigsaw method in itself (with the ele-
ments of positive interdependence and individual accountability) is presumed to elicit this 
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knowledge-sharing and integration process spontaneously, the needs assessment as well 
as the literature indicated that elementary school children might still experience problems 
with this (Mercer 1996; Mercer et al. 1999) and that these problems might even be ampli-
fied when children differing in knowledge level and pace of learning must work together 
(Lou et al. 1996; Wang et al. 2010). For example, gifted children often believe that they 
have the expertise and ability to complete the task on their own (Webb et al. 2002). They 
tend to dominate the cooperative process by solving problems individually and not leav-
ing room for their lower-ability group members or ignoring their suggestions (Mugny and 
Doise 1978). At the same time, low-ability children often consider their gifted classmates 
as more knowledgeable, resulting in less motivation to contribute (see also Shepperd 1993) 
and acceptance of statements made by the gifted without critical reflection (Chaiken and 
Maheswaran 1994).

In order to get insight into whether the knowledge sharing and integration process 
between children of different ability levels should be supported or not (question 3), we 
developed a support tool which could guide the children in this process. The tool was based 
on insights from literature which shows that scripting this process is an effective type of 
support (Dillenbourg and Tchounikine 2007; Weinberger et  al. 2010). It systematically 
guided the heterogeneous groups through four steps of knowledge sharing and knowledge 
integration. The steps were intended to increase children’s awareness of positive social 
interdependence and their individual accountability, and they were designed to stimulate 
promotive interaction and evaluation of the group process. As a consequence, the tool 
which was implemented as a worksheet, was expected to lead to more equal participation 
in the knowledge-sharing process, more focus on domain knowledge sharing, and more 
knowledge acquisition. A full description of the worksheet can be found in van Dijk et al. 
(2019).

In the earlier mentioned pilot study, an initial version of the worksheet was piloted. The 
study showed that children were able to work with the four steps on the worksheet that 
guided them through the cooperative knowledge-sharing process. In addition, in line with 
the literature (e.g., Vuopala et al. 2019), an initial comparison with groups that did not use 
the worksheet showed that there was a more equal distribution of contributions to the coop-
erative process in the worksheet groups. However, the second step of the worksheet, which 
focused on writing down knowledge that was shared by the other group members, was not 
self-evident. Children did not always understand what the step involved and they needed 
additional explanation about the purpose of this step. Therefore, more extensive explana-
tion of the second step was provided in a new version of the worksheet.

This version was used in an experimental study investigating its effectiveness (for 
details, see van Dijk et al. 2019). In the study, 136 fourth to sixth graders worked coopera-
tively in heterogeneous groups of four while being videotaped. A comparison was made 
between groups that worked with and without the worksheet. Children’s cooperative pro-
cesses were coded on participation and content. Results showed that the group dialogues 
benefited from working with the worksheet: Children of all ability levels who worked with 
the worksheet participated more equally in domain-related dialogue, groups who received 
the worksheet spent more of their dialogue on discussing content regarding the four top-
ics that were central to the assignment, and children who used the worksheet also spent a 
larger proportion of their dialogue on providing theoretical explanations about the domain 
than the unsupported groups. On the grounds of that, the worksheet was implemented in 
the final version of the BE COOL! learning environment.
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Conclusion

In educational practice, there is often a struggle to find a balance between demands regard-
ing the cognitive development of gifted children and their needs on the social-emotional 
level. In the BE COOL! project, we searched for this balance which resulted in a differen-
tiation method using the ability-adjusted jigsaw method which was implemented in the BE 
COOL! learning environment.

In this method, gifted children are given the opportunity to investigate topics together 
with their gifted peers and to exchange and discuss ideas at a high cognitive level, result-
ing in knowledge and skills development matching their cognitive needs and abilities. For 
this purpose, the method uses inquiry assignments which are, following the results of our 
research, combined with differentiated support which fosters active and effective ways of 
learning, not only for the gifted, but also for the non-gifted children.

In addition, the method encourages and supports cooperation between children of differ-
ent ability levels. Following the results of our research, this is done by a worksheet guid-
ing them through the different steps of the knowledge sharing and knowledge integration 
process. Working in these heterogeneous ability groups takes into account the social-emo-
tional needs of the gifted with regard to social interaction with their peers.

Moreover, gifted and non-gifted classmates work together on a design problem in a set-
ting in which the input of each group member, gifted or not, is indispensable. Each child 
becomes an expert in a specific field which results in a situation in which gifted and non-
gifted children not only learn with each other, but also learn from each other. Children are 
individually accountable as well as socially interdependent from each other. They do not 
receive enrichment materials that are not related to what their classmates following the 
regular curriculum get and which they have to work on individually and independently. 
Instead, they work on a project together with their classmates in which everybody has his 
or her own role and responsibility. As such, the method truly includes the gifted children in 
the classroom.

Finally, using this differentiation method is not at the detriment of the cognitive out-
comes, as shown in a large-scale experimental study in which the ability-adjusted jigsaw 
method as implemented in the BE COOL! learning environment was compared to a setting, 
in which children received more traditional tailored tasks that had to be performed indi-
vidually (van Dijk et al., submitted). This shows that including children of all ability levels 
in an encompassing learning environment is possible, without giving away the cognitive 
outcomes. This makes it a valuable tool teachers can use to challenge and socially include 
gifted learners in the regular classroom.
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