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Abstract

Large-scale implementations of effective inquiry-based learning are rare. A European-

Chair of Biology Education, wide initiative gave teachers access to innovative e-learning tools (ranging from
University Campus NW-1, 95447 virtual labs, virtual games and simulations to augmented reality applications) for
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Full list of author information is lesson planning and classroom implementation. We examine suc

available at the end of the article implementations across 453 schools within the period of one school year. Teachers

could use a platform with digital resources and tools and were encouraged to adopt
five different phases of inquiry-based learning: orientation, hypothesizing, planning,
analysis, and conclusion. Additionally, an integrated interface for lesson
implementation tracked each students’ problem-solving competence (during the
inquiry lessons), culminating in about 12,000 datasets. Every user generated an
average of 22 digital inquiry-based digital scenarios, each of which required
approximately 50.14 min for completion. These scenarios, using high quality
resources adapted to school conditions, yielded significant learning outcomes for
participating students (age: 14.4 years, gender balanced). While the PISA study
identified 10% high achievers on average, we exceeded this number in our
framework scoring 20-29% high achievers and 37-42% low achievers (which was
close to the 45% PISA average). Offering tools to teachers, which help creating
individual inquiry scenarios and monitoring students’ achievement, does not yield
any insurmountable obstacles for classroom-implementation of inquiry-based lessons:
Compared to the PISA study, levels of high achievers increased even if complex
problem-solving competence was required.
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Introduction

E-learning is regarded a novel tool to remove barriers in the way of conventional class-
room teaching. It offers innovative teaching and learning environments engaging stu-
dents of different learning levels. Access to networks as well as tools for information or
data acquisition are considered to maximize learning processes (Breiner, Harkness,
Johnson, & Koehler, 2012). These may also foster individual competences if relevant
knowledge is readily available in the respective simulated situation and additional as-
sessment options provided. Moreover, efficient tools may encourage in-class communi-
cation with peers and/or autonomous exploration of databases and archives (Sotiriou
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& Bogner, 2008). Networking with other schools or with research centers may offer
new roles for knowledge management (Sotiriou & Bogner, 2011; Sotiriou et al., 2011).
Pilot implementations in schools may turn into large-scale deployments with both
teachers and students benefitting from new technologies available in the classroom,
which significantly improve teachers’ professional development and students’ learning
(Sotiriou, Riviou, Cherouvis, Chelioti, & Bogner, 2016). In the near future, the basic in-
frastructure of schools may include resource centers operating under a superordinate
management structure to encourage structured and open learning activities (Schmid &
Bogner, 2015). Information-Computer-Technology (ICT) will be an integral part of
school activities to consult with peers or tutors and to search for information on les-
sons or homework assignments. Furthermore, ICT may play a fundamental role in fos-
tering international interactions between students and teachers. Online discussion
forums may provide an open platform for others to participate (Linn, 2000). This may
help broaden the horizon of experiences since schools increasingly become virtual
spaces. Educational communities will thus become virtual organizations transcending
geographical and institutional boundaries (Sotiriou & Bogner, 2005, 2011).

Nowadays, E-learning tools and resources for science education are readily avail-
able. They differ in content, intention, interface and learner support to help
teachers tailoring their lessons to the needs of their students (Wecker, Kohnlet, &
Fischer, 2007). Nevertheless, many barriers remain that prevent teachers from
adopting these tools in daily practice (Kuhn, 2005; Moran, 2007). For instance,
existing online tools i) usually have no structuring and scaffolding inputs for an
inquiry process (Cooper & Ferreira, 2009). ii) have different interfaces and applica-
tion methods impeding classroom implementation; iii) they often focus on specific
age groups and therefore rarely meet teachers’ needs; or iv) they do not comple-
ment science curricula. v) Finally, teachers are often not familiar with the applica-
tion of online tools, particularly debugging procedures, and consequently refrain
from regularly implementing such activities in class (Shulman & Valcarcel, 2012).
Removal of these barriers may involve a) developing an authoring environment for
educational activities that offers structures for experimentation with online tools. b)
Providing teachers and students with a (or a variety of) standardized methodology
(based on inquiry- and problem-solving approaches) to organize online resources.
c) Making online tools and resources adaptable (Keselman, 2003; Pilkington, 2004;
Kelly, 2008). d) Organizing these resources effectively, that is, considering curricu-
lar guidelines, for instance, the “big ideas of science” (David, 2008; Harlen, 2010;
Wilhelm, Sherrod, & Walters, 2008). e) Indicating where and how online tools
(and the associated activities) support conventional classroom teaching (Burris,
2012). f) Providing teachers with established support facilities, which are managed
by external online tool providers. g) Strengthening online teacher communities with
special support infrastructures and offers for professional development (Sotiriou et al.,
2016). The long-term objective comprises content knowledge acquisition, application of
new technologies as well as turning novice learners into expert learners and reflective
problem solvers (Alberts, 2009; Bereiter, 2002). This may also foster critical thinking since
students who possess the necessary skills and motivation to self-regulated life-long learn-
ing reflect and assess their input and output (Franke and Bogner, 2011; Goldschmidt and
Bogner, 2016; Scharfenberg & Bogner 2011, 2013b). Thus, inspired science education
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should assist all teachers who plan lessons or develop curricula (goals, methods, materials,
and assessments) to help them overcome or reduce barriers in the way of innovative class-
room teaching, which individually engages and supports students of all learning levels
(Anderson, 2002; Breiner et al., 2012).

Embedding inquiry activities into lesson preparation allows the analysis of processes
involved in planning and preparing activities that may foster complex problem-solving
abilities (Blumenfeld et al, 1991; Rocard, Csermely, Jorde, Lenzen, & Walberg-
Henriksson, 2007). To solve a complex problem successfully, related problems should
be identified, characterized and understood to represent the problem, to solve the prob-
lem, and to help reflecting and communicating a potential solution (following the PISA
methodology, OECD, 2006, 2014). To summarize, our study had four objectives: First,
to prove that implementing inquiry-based learning into regular school lessons is feas-
ible (Shamos, 1995; Schaal & Bogner, 2005; Scharfenberg & Bogner, 2011). Second, to
demonstrate that the systematic introduction of inquiry processes is independent of
class size. Third, to exemplify the transformation of the teacher’s role from content
user to content developer and supplier. Fourth, to improve low and medium achievers’
performance levels by fostering their problem-solving abilities.

Methods & procedures

We collected our data in the course of a three-years European research project (Inspir-
ing Science Education; ISE) comprising 668 implementations in 453 schools within the
period of one school year. All in all, 12,550 students (aged 14.5 years with a roughly
balanced gender ratio) participated in 668 lessons. The overall approach is built on
three pillars: a) effective introduction of inquiry lessons in the school curriculum, b) de-
velopment of a systematic approach to assess the impact of such implementations on
students’ problem-solving competences and c) to reform teachers’ practice.

Supporting the integration of inquiry-based lessons in the school curriculum

The project platform (Inspiring Science Education Platform, http://portal.opendiscov-
eryspace.eu/ise) with its open development environment supported teachers in organiz-
ing inquiry-based and technology-enhanced learning activities. An “Instructional
Design Tool” helped teachers plan these activities. Instead of following step-by-step in-
structions, a user-centered approach assists teachers in tailoring their learning activities
to the desired learning outcomes and the respective classroom conditions. These dif-
fered with regard to the students’ age, ranging from strict structures to environments
that are more open-ended. As suggested by the inquiry-based model we limited lesson
plans to five phases (Bybee, 2002; OECD, 2014; Sotiriou et al., 2016): i) “Orienting &
Asking Questions” focused students on answering a question, investigating a controver-
sial question and solving problems. Teachers may support this phase with narratives,
videos or animations to encourage students to ask questions, discuss issues and take
notes of ideas. ii) “Hypothesis Generation & Design” encouraged students to express
hypotheses based on prior experience or on written notes as well as on the structure of
the question. This learning activity was particularly supported to generate hypotheses
required for the next stage. iii) “Planning & Investigation” built on previously generated
hypotheses and aimed at planning work processes. Thereby, the order of activities and
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intermediate goals, for instance, which tools and data to use, how to set a clear timeline
and how these activities could be assigned to participants, was determined. iv) “Analysis
& Interpretation” collected data for subsequent analyses. Teachers supported learners
who had difficulties and helped students process data by identifying key issues. Problem
solving also entails a comparison and examination of existing solutions described by ex-
perts with students’ solutions. For investigation of controversial cases, different per-
spectives of how a situation had been approached were analyzed. Finally, v)
“Conclusion & Evaluation” aimed at achieving a consensus about adequate solutions to
a problem, producing a common learning artifact, or reconciling different solutions
achieve a common decision. Presenting conclusions to a broader audience, resulted in

the replication and endorsement of results.

Problem-solving competence framework
For analysis, we refer to PISA achievement levels to validate our categorization in
schools. Piloting and field-testing results were analyzed systematically and widely dis-
seminated, ensuring immediate effects and widespread uptake. Problem-solving compe-
tence is a central objective in educational programs of many countries (OECD, 2014).
The acquisition of enhanced problem-solving competence is vital for future learning as
well as for active participation in society and personal activities. Students should there-
fore be able to apply their knowledge to new situations since their problem-solving
competences based on basic thinking and cognitive approaches helps them master vari-
ous challenges in life (Dewey, 1997; Barrow, 2006; Driver, Squires, Rushworth, &
Wood-Robinson, 1994; Lesh & Zawojewski, 2007).

The range of problem-solving assessment tasks included in the PISA 2012 PSF distin-
guishes six levels of problem-solving proficiency, which can be grouped into three main
categories (OECD, 2014, p. 56—60):

e High Performers (Level 5 and Level 6): students in this category can: a) develop
complete, coherent mental models in different situations and b) find answers by
means of purposive exploration and methodical execution of multi-step plans.

e Moderate Performers (Level 3 and Level 4): students in this category can: a) control
moderately complex devices, though not always efficiently and b) handle multiple
situations or inter-related properties by controlling different variables.

e Low Performers (Level 1 and Level 2): students in this category can: a) answer if a
single, specific constraint must be taken into account and b) partially describe a

simple, everyday topic.

In order to be able to assess students’ problem solving competence (following
the PISA 2012 Problem Solving Framework) in connection with inquiry-based
learning, it is essential to incorporate appropriate assessment tasks in various
phases of the inquiry cycle (as specified above). Our proposed framework com-
prises: a) mapping between problem solving steps and inquiry cycle phases (speci-
fied above) and b) proposed guidelines for developing assessment tasks in order to
assess each of the problem solving steps at different phases of the inquiry cycle.
To develop problem-solving competence, all the steps described should be
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completed to get from a presented situation to an actual goal. Our definition of
problem-solving competence follows the PISA definition and describes it as an “in-
dividual’s capacity to engage in cognitive processing to understand and resolve
problem situations where a method of solution is not immediately apparent. It in-
cludes the willingness to engage with such solutions to achieve one’s potential as a
constructive and reflective citizen.” (OECD, 2014, p. 123). Our assessment focused
on cognitive methods required to solve real problems. Following PISA, proficiency
levels were divided into high, moderate, and low (OECD, 2014). Students proficient
at high levels can develop complete, coherent mental models of different situations,
and find answers by means of purposive exploration and methodical execution of
multi-step plans. Based on PISA results, about 10% of students should be able to
answer a question at this difficulty level correctly. Moderately proficient students
can control moderately complex devices, though not always efficiently, and handle
multiple situations or inter-related properties by controlling the variables. About
45% of students should be able to answer questions at this level. Low-level stu-
dents can only answer if a single, specific constraint is taken into account and can
only partially describe a simple, everyday topic. About 45% of the students should
be able to answer questions at this level.

Data collection framework and ethics protocol

Advances in software development tools and the use of networked computers in-
creasingly enabled efficiency assessment analyses, including the capability to handle
dynamic and interactive problems. Assessment tasks can record and quantify infor-
mation about type, frequency, length and sequence of actions performed by stu-
dents collected while engaging students, arousing their interest, and capturing
information about problem-solving processes. The organization of inquiry activities,
for instance in school labs assess the impact of complex scenarios on complex
problem-solving skills (Wilhelm & Wilhelm, 2010). The different steps performed
by students (understanding and characterizing, representing and solving the prob-
lem, and reflecting and communicating the solution) are included in the educa-
tional design process and, thus, enables the mapping of changes in skills
throughout the problem-solving process (OECD, 2014). Thus, the analysis of poten-
tial solution indicates paths or strengths and weaknesses on an individual level.
This evaluation allows conclusions to be drawn with regard to an attained compe-
tence level after a specific science activity.

A systematic data collection approach was adopted to monitor the overall implemen-
tation of the inquiry lessons in the different schools. Web analytics were used as data
source to determine the time spent on task, the number of resources used, and the
number of students engaged per classroom. The teacher provided a URL to students,
and a passcode, which links learners to the teacher. The categorization of students into
low, medium, and high achievers was adapted from the PISA study. Students had to
solve two tasks involving partial ability, that is, if students in the “Orienting & Asking
Questions” phase completed the task successfully, they were categorized as high achiev-
ing. If students were however unable to solve both tasks, their profile value was low. If
answers were equal on high and moderate levels, the profile value was “moderate”. This
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gave us the opportunity to monitor achievement rating ranges in different lab activities,
also taking the complexity of the lab-related tasks into account.

Even though this procedure can lead to an underestimation of students’ real perform-
ance, it minimizes the risk of over-interpretation. Finally, percentages per class were
calculated for all inquiry phases and all lessons (about 12,000 students’ data sets of
about 668 lesson implementations).

All information obtained from students in the course of our implementation was
strictly confidential and only for the use of schoolteachers to design their lessons and
for the assessment of learning in the respective pilot activities. Revealing this informa-
tion to third parties was rigorously restricted. In general, management of all informa-
tion related to participating students complied with ethical rules and regulations
required in this context. Children and their parents, who were asked for consent, re-
ceived all relevant information to sufficiently understand the nature, purpose and likely
outcome of the current research. Thus, information sheets were presented to students/
participants as well as to their parents or legal representatives for participants below 16
and for participants aged 16 to 18 in countries where they are considered minors. In-
formation sheets ensured that participants and their parents or legal representatives
understood the conditions of participation prior to the pilots’ initiation. Explicit infor-
mation about data storage, access and use was also provided. The team used an in-
ternal, password protected area where they stored all relevant data and to which only
specific members of the research team had access.

Informing teachers practice

During lesson implementation, teachers were able to monitor students work and pro-
gress and to receive direct feedback. They could also provide individual support or ad-
dress the entire class if a topic was considered crucial for the lesson’s progress. Instead
of the entire class, they could additionally support groups of students facing similar
problems. The platform therefore offers scaffolds and supplementary materials/tools
(e.g. hypothesis creation scratchpad, graphical representation tools, error calculation
apps, report templates) to introduce students to inquiry process. This process catalyzes
informing teaching practice, helps teachers re-design their lessons (e.g. to highlight spe-
cific issues that could reduce or eliminate students’ misconceptions, to distribute the
time per task more effectively) as well as delivers focused and effective learning experi-
ences. The assessment method, with reference to the complexity of the tasks and ex-
perimental work assigned to students, can also help teachers adopt implementation
scenarios, which specifically focus on significant variations in students’ scores.

Results

Resource-based inquiry lessons in the school curriculum

Extended implementation of scenarios and lesson plans indicates the potential of the
inquiry model’s effective integration into real school environments. Data from 668
implementations demonstrate that the average instruction time (covering all inquiry
based teaching phases) was about 50 min, using approximately 22 digital resources (vid-
eos, images, animations, on-line labs, augmentations) to enrich lessons. This timeframe

is appropriate for an average lesson period of 60 min. Figure 1 presents the average
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Fig. 1 The average time spent (in minutes) and the number of digital resources used per phase in the 668
implementations examined throughout the pilots demonstrate that inquiry and digitally enriched learning
can be effectively introduced to normal lesson times. Phases: 1 = Orienting & Asking Questions; 2 =
Hypothesis Generation & Design; 3 = Planning & Investigation; 4 = Analysis & Interpretation; 5 = Conclusion &
Interpretation. The average time per lesson is 50 min, using 22 digital resources per lesson

duration of each phase of the inquiry model along with the average number of re-
sources used in each of the five phases for the total number of implementations. ‘Plan-
ning and Investigation’ is the most time-consuming phase as students perform
experiments and use online resources. Numerous digital resources were used during
both the ‘Problem-orientation and Asking Questions’ phase and the “Conclusion and

Evaluation” phase.

Implementations are independent of class size

A variety of educational scenarios and lesson plans were implemented in different edu-
cational settings. Figure 2 presents the duration of each lesson plotted against class size
(number of students). On average, the timeframe allocated to the respective lessons is
independent of class size (see the almost horizontal line in Fig. 2). Thus, the entire
inquiry experience is available to all students in a classroom, independent of class sizes
and with an average instruction period of 50 min.

Improving problem-solving proficiency levels

Compared to the OECD study (PISA 2015), where only 10% of all participating stu-
dents achieved high levels, 45% moderate levels and another 45% low levels (Fig. 3),
about 20-29% in our study were high achieving students, while the number of moder-
ate and low achievers was close to the expected PISA-norm (10%, 45%, 45%). Our ap-
proach apparently helps students achieve high levels while low achievers were
(unfortunately) not affected.

To assess the consistency and reliability of the achievement rating, especially across a
variety of different learning activities, students’ scores for different implementation sce-
narios were analyzed. The data demonstrate that students’ achievement rating varies in
each phase of the inquiry process and is dependent on task complexity. Fig. 4 presents
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implementations in the framework Inspiring Science Education pilots. Phases: 1= Orienting & Asking
Questions; 2 = Hypothesis Generation & Design; 3 = Planning & Investigation; 4 = Analysis & Interpretation.
The last lesson phase (conclusion and interpretation) is not included as those tasks did not involve
problem-solving competence
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Fig. 4 The partial ability achievement rating for different labs demonstrates the sensitivity of the approach
on the complexity of the tasks. The students’ scores (510 students involved) per phase are presented for a
demanding experimental activity (left graph) with high-energy physics (students groups show difficulty in
the areas of orientation and analysis, achieving higher scores if involved in the experimental phase) and the
comparably simpler recapitulation of the Eratosthenes Experiment (right graph) to estimate Earth’s
circumference. There, we achieved a more balanced distribution of the students’ scores (902

students involved)

such a comparison for two activities with different complexity. The first one (on the
left) is based on the use of data collected from the CERN'’s detectors of particle Physics
to simulate the discovery of the Higgs Boson. Thirty-three implementations with 510
students (average duration 1,5 h) demonstrate significant changes in achievement levels:
Students have significant difficulties in the areas of orientation and analysis. Design and
experimentation however seem to be more understandable for students. The second
one (on the right) displays the outcome of the Eratosthenes-experiment, which is ap-
parently far easier to comprehend for students, since we observed a more balance dis-
tribution of achievement levels per phase. An overall of 97 implementations (average
duration 1 h) with 902 students were analyzed.

Discussion

Inquiry-learning approaches in science lessons have repeatedly proven their feasibility
for long-term educational learning outcomes (e.g., Harlen, 2013, Linn et al., 2014,
Schmid & Bogner, 2015, Marth & Bogner, 2017). Especially if combined with practi-
tioner experience, inquiry-learning made considerable progress (Schwab, 1960; Shul-
man, 2004; Rust & Myer, 2006): Mixed method designs in inquiry projects frequently
yielded better learning outcomes and produced more motivated and academically suc-
cessful students compared to control groups (e.g. Falik et al, 2008; Chu, 2009). Inquiry
experiences could improve the understanding of science contents and scientific prac-
tices. To remain within the set timeframe of school lessons, scientific visualization tech-
nologies increasingly support inquiry learning in order to enable high-level
differentiated learning without being time consuming. Thus, digital tools and resources
offer an effective way to decrease time consumption and to increase the adoption of
inquiry processes in everyday lessons (Sotiriou, Bybee, & Bogner, 2017). Organizing
and deploying digital resources as part of a normal school lesson is demanding for
teachers and the reason why many refrain from following such an approach (Coiro,
Castek, & Quinn, 2016; Langheinrich & Bogner, 2016). Technology supported and
teacher-generated lessons enriched with high quality educational resources could sup-
port such interventions in a variety of classroom settings, meeting the needs of both
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students and teachers (Scharfenberg & Bogner, 2016). Such interventions could bridge
the gap to real life experiences as well as tap lifelong learning experiences and inspir-
ation of students — even of those with limited interest in science and math subjects
(Gialouri, Uzunoglou, Gargalakos, Sotiriou, & Bogner, 2011, Langheinrich & Bogner,
2016, Mierdel & Bogner, 2019, Trautmann, 2013). Teachers primarily focus on organiz-
ing (or help organize) learning resources, running collaborative activities among stu-
dents and making use of currently existing curriculum-sets (lessons) (Thousand, Villa,
& Nevin, 2006). There is no doubt that all these tasks were demanding for school-
teachers (Hamaildinen & Cattaneo, 2015; TALIS, 2014). It is however this kind of
competence-oriented, inquiry-based, lifelong learning experience, in particular sharing
(knowledge) domain- and (education) grade-specific practices and solutions, that helps
facilitate interaction between teachers or students and “knowledge scaffolds” in peer
communities (Valanides & Angeli, 2008; Wu, Lee, Chang, & Liang, 2013).

Implementing inquiry, teachers function as bottlenecks: A lack of experience with
new technologies, preparation requirements, and classroom management makes them
often feel uncomfortable in this context (Blumenfeld et al, 1991). Confronting them
with how to use these technologies for lesson planning, differentiated learning and in-
dependent learning in regular classroom settings will allow them to develop advanced
educational experiences. It of course accelerates teachers’ metamorphosis if offered a
variety of digital resources, which comply with existing curricula (Gordin, Polman, &
Pea, 1994). The developed scenarios were in line with school curricula and set time-
frames (an average time of 55 min) deploying about 22 digital resources on average.
Our platform has successfully provided access to numerous resources, which, due to
additional services and tools, teachers have managed to integrate into meaningful edu-
cational activities and to share with others (Minner, Levy, & Century, 2010). The plat-
form provided a series of exemplary scenarios and lesson plans, which helped teachers
introducing inquiry- and resource-based learning in their classes. It thus provided the
necessary framework for the introduction of innovative approaches to classroom teach-
ing (Donovan & Bransford, 2005; Meissner & Bogner, 2012). Timing and organizing
lessons should encourage teachers to adopt, improve, implement, re-design and re-
apply the scenarios (White & Frederiksen, 1998). This process fosters teachers’ profes-
sional development and simultaneously improves their instruction (Lieberman, 1992).
In our case, close to 700 implementations in different countries and classroom settings
indicated that the the timeframe allocated to the respective lessons was independent of
class. This is a significant advantage of our approach as inquiry can be implemented ef-
fectively in both large and small size classes.

Most important however is the impact of our intervention on students learning out-
comes. Using the platform enabled us to efficiently and effectively assess students’
learning progress, to monitor their reaction to dynamic and interactive problems, to
arouse students’ interest and to gain insights into problem-solving processes (Guardia,
Crisp, & Alsina, 2017; Scharfenberg & Bogner, 2013a). This result could also be defined
as deeper learning, which describes long-lasting, sustainable, and successfully acquired
cognitive knowledge (e.g. Fremerey & Bogner, 2015, Goldschmidt, Scharfenberg, &
Bogner, 2016, Randler & Bogner, 2009; Scharfenberg & Bogner, 2010). Computer-based
assessment tasks enabled the recording of data about the type, frequency, length and
sequence of actions performed by students as a response to items. The organization of



Sotiriou et al. Smart Learning Environments (2020) 7:29 Page 11 of 15

inquiry activities in lab work (through the “Authoring Environment”) helped analyzing
the impact of complex scenarios on complex problem-solving abilities (see above). All
steps, which students performed to solve a problem (understanding and characterizing
the problem, representing the problem, solving the problem, and reflecting and com-
municating the solution) were included in the educational design process: as a result,
the system enabled the mapping of changes in these partial abilities throughout the
problem-solving process. The measurement procedure permitted the analysis of solu-
tion paths or strengths and weaknesses on an individual level. 12.454 data demonstrate
a significant increase in high achievers (20-29% compared to the 10% OECD average)
while the impact of the intervention for low achievers was less noteworthy (39-42%
compared to 45% OECD average) (OECD, 2014). That usual barriers could be removed
in inquiry-based classroom lessons is shown by the substantial increase of proficiency
levels in complex problem-solving tasks. It is also possible to determine domain-
specific characteristics of the curricular content by analyzing if a student has attained
certain competence levels after a specific science activity. Enhancing problem-solving
competence is vital for future learning as well as for active participation in society and
personal activities. Students should therefore be able to apply their knowledge to new
situations since their problem-solving.

Although it is difficult to agree on relevant features for designing a new science-
learning model, social support is regarded crucial. Engaged teachers, parents, peers or
trainers can for instance provide access to expertise and social networks (Sotiriou &
Bogner, 2011). Reformed science-teaching pedagogy based on inquiry provides in-
creased opportunities for cooperation between actors in formal and informal contexts
(e.g. Hattie, 2009). Furthermore, technology-rich curricula may support deep under-
standing but will require competent and technology proficient teachers. Assessment of
learning, for instance timely feedback to students, must be meaningful for both stu-
dents and teachers (Schmid & Bogner, 2015). Learning how to learn as well as critical
thinking, higher-order thinking skills, and problem-solving skills are also core issues
(Berg, Bergendahl, Lundberg, & Tibell, 2003). Overall, technology provides new oppor-
tunities for teaching and learning and enables sustained learning as well as real life
experiences.

Moving from theory to practice, there is one vital question: Why it is so hard to
achieve effective science learning in school classrooms? Our current mode of teaching
fails to engange students who are fluent in technology but disenchanted with science.
But how could we improve our teaching given the constraints of single lesson sched-
ules, precise timing, internet firewalls, mandated textbooks, consensus-driven stan-
dards, highly disparate abilities within a single grade level, no technical support, and no
dedicated spaces for science and computer labs?

In fact, it is a difficult task, given all the efforts in the last decade to reform science
classrooms across Europe (European Commission, 2015). Previous education reforms
only had a marginal impact on students’ performance, giving little the hope for a simple
solution (Osborne & Dillon, 2008). Instead, education policy makers must support the
laborious task of improving teachers’ competences and classroom environment while
simultaneously providing teachers with due respect and trust in relation to their crucial
roles in society. In this context, “good practice” requires a bottom-up approach to set
the foundation for learning innovations and to encourage holistic policy-making.
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Balancing this approach with top-down planning, the challenges for emerging para-
digms, for instance access to learning, the creation and sharing of knowledge and the
building of competences in learning communities, will be met (Oerke & Bogner 2010).
According to the “Science Education for Responsible Citizenship” Report (European
Commission, 2015), there are many ways in which science education can provide citi-
zens, enterprises and industries with relevant skills and competences to develop sus-
tainable and competitive solutions to current and future challenges. These efforts call
for effective collaboration between formal, non-formal and informal education pro-
viders, enterprises and society as such. This increase interest in science studies,
science-based careers and will ultimately foster employability and competitiveness.

Our study indicates the impact of using resources from numerous providers in edu-
cational settings, besides the ones provided by educational authorities. Building on best
practices, bottom-up approaches aim at overcoming constraints of present structures
and developing an innovative, shared vision of excellence. Such innovation programs
offer great opportunities to conceive future classrooms. If we want a powerful, innova-
tive and self-sustaining culture in schools, we will have to support system-aware practi-
tioners and should see to it being widely adopted instead of isolated pockets of
experimentation. Supporting a design-based approach of collaborative learning and
inquiry between professional practitioners, will lead to a “pull” reaction not the usual
“push” attitude. More specifically, the latter should aim at capturing profiles, needs,
contributions and relationships of all school-related actors, to develop a sustainable, in-
novative ecosystem that operates within a holistic framework of organizational learning
and promotion of educational innovations.
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