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Abstract—The UniSchooLabs project aims at creating an 
infrastructure supporting web access to remote/virtual labs 
and associated educational resources to engage learners 
with hands-on and minds-on activities in science, technology 
and math in schools. The UniSchooLabs tool-kit supports 
the teacher in selecting a remote or virtual lab and 
developing a lab activity based on an inquiry model 
template. While working with the toolkit the teacher has 
access to three main features: a) a catalogue of available 
online laboratories; b) an archive of activities created by 
other users; c) a tool for creating new activities or reusing 
existing ones. 

Index Terms—Laboratories, Science education, Remote and 
virtual labs, Virtual learning environment  

I. INTRODUCTION 
Laboratories are an essential part of the teaching and 

learning experience in many branches of science and 
engineering. Ideally, laboratories provide a window on 
science-in-the-making, showcase the ambiguity of 
empirical work, develop practical skills, and foster 
teamwork abilities. On-line laboratories are becoming a 
major component of the college level teaching and 
learning experience since they enable students to make 
use of the equipment 24/7 [1]. 

UniSchooLabs, a two-year project funded under the 
European Commission’s Lifelong Learning Programme, 
aims at improving quality in science education in Europe 
by promoting collaboration between universities and 
schools in the provision of remote access to university 
science laboratories for primary and secondary schools 
through internet-based services and mobile learning 
devices. UniSchooLabs (which started in October 2010) is 
carried out by Scienter S. Cons.r.l. together with European 
Schoolnet, MENON Network EEIG, Ellinogermaniki 
Agogi Panagae-Savva S.A., and Consiglio Nazionale delle 
Ricerche. 

While remote and virtual labs are usually hosted by 
individual institutions, we assume that remote and virtual 
labs will eventually become a cloud of interoperable web 
based resources providing tools for integration into the 
school’s Learning Management System. We are aware 
there is still major work to be done to this end. In 
particular remote laboratories, being physical resources, 
require scalable shared architectures that minimise the 
cost of building and maintaining laboratory equipment and 
infrastructure, while maximising the percentage of time in 
which equipment is used. For example a unified booking 

system [2] will be an important component of such 
architecture. Furthermore both remote and virtual labs 
should be seamlessly accessible from a browser without 
having to install extra layers of software or plug-ins on the 
client side. International organizations like the Global 
Online Lab Consortium and the International Association 
of Online Engineers are working toward this end. 

Our goal is to support school adoption of remote and 
virtual labs. To this end we draw upon the results of 
educational research on practical work in science teaching 
and learning to derive requirements for a toolkit to 
scaffold teacher and learner use of on-line labs. We 
conclude with reporting on preliminary feedback from 
field-testing in 10 European schools that points to ways of 
improving the toolkit. 

II. EDUCATIONAL RESEARCH 
The educational research literature on the role of the 

laboratory in science teaching and learning points out that 
labs should involve both hands-on investigation and 
minds-on reflection. Furthermore, it warns that 
incorporating inquiry-type activities in school science is 
inhibited by limitations in resources — including access to 
appropriate science curricula. Other inhibiting factors 
include large classes, inflexible scheduling of laboratory 
facilities, and the perceived foci of external examinations 
[3]. 

Common-sense understanding of the natural world, 
including fundamental ideas such as cause and effect, 
conservation of number, substance, weight, volume, 
classification and groupings and their interrelations are 
“naturally” developed since these basic ideas are regularly 
tested against experience in everyday situations; they are 
clearly functional in dealing with these and so are 
reinforced. Scientific knowledge, however, has developed 
for more specific and specialized purposes. Many of its 
explanations are counter-intuitive and not supported by 
everyday experience (at least not until you have learned to 
“read” that experience in very specific ways) [4]. 
Furthermore, common-sense ideas are not isolated; they 
constitute a network of mutually supporting concepts. 
Failure of a single idea to explain a phenomenon does not 
trigger a conceptual change unless a corresponding 
reorganisation of the network of concepts takes place. For 
example, it is well known that a naive explanation of the 
phases of the moon is based on the idea of shadow (that of 
Earth). However, simply letting one observe that early in 
the morning, sometimes, both the moon and the sun are 
visible does not imply a conceptual change. 
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Learning to read the experience in the ways of a 
scientist requires opportunities for specific hands-on 
activities and support for minds-on activities that foster 
scientific reasoning by practising these specific ways of 
building ideas, testing, discussing and arguing about them. 
Recent research into the current practices of English [5] 
and German [6] science teachers provides evidence that 
laboratory work might be counterproductive, in terms of 
science learning, if there is no provision for scaffolding 
that makes connections between hands-on and minds-on 
activities. 

The so-called Rocard report entitled Science Education 
Now: A Renewed Pedagogy for the Future of Europe [7] 
calls for an inquiry approach to science education. “The 
science education community mostly agrees that 
pedagogical practices based on inquiry-based methods are 
more effective, the reality of classroom practice is that in 
the majority of European countries, these methods are 
simply not being implemented.” The report borrows the 
definition of inquiry from Linn, Davis & Bell [8] “we 
define inquiry as the intentional process of diagnosing 
problems, critiquing experiments, distinguishing 
alternatives, planning investigations, researching 
conjectures, searching for information, constructing 
models, debating with peers, and forming coherent 
arguments. In science inquiry projects, students 
communicate about scientific topics, evaluate scientific 
texts, conduct investigations, ask questions about science 
or technology policies, create designs, and critique 
arguments, often using technology resources.” 

The Nuffield report [9] states that: “Research would 
also suggest that deep, as opposed to superficial 
understanding, comes through knowing not only why the 
right answer is right but also through knowing why the 
wrong answer is wrong. Such learning requires space to 
discuss, to think critically and to consider others’ views.” 

The Framework for K-12 Science Education [10] put 
forward the idea of science as a set of practices and 
focuses on “important practices, such as modelling, 
developing explanations, and engaging in critique and 
evaluation (argumentation), that have too often been 
underemphasized in the context of science education. In 
particular, we stress that critique is an essential element 
both for building new knowledge in general and for the 
learning of science in particular. Traditionally, K-12 
science education has paid little attention to the role of 
critique in science.” 

Recent research [11, 12] shows that opportunities for 
students to engage in collaborative discourse and 
argumentation offer a means of enhancing students’ 
conceptual understanding and their skills and capabilities 
in scientific reasoning. Considerable work has been 
undertaken in the past decade by the Computer-Supported 
Collaborative Learning community to develop software 
tools that either enable the visualization of argument or 
scaffold argumentation [13]. 

III. TOOLKIT 
Remote & Virtual Labs facilities become actual 

educational resources when used in pedagogically 
meaningful ways. In a learning process, educational 
effectiveness cannot be thought of as an exclusive 
attribute of the educational resources which are used, but 
rather of the whole pedagogical plan that involves the use  

 
Figure 1.  Lab activities life cycle. A new lab activity is created either 
from scratch or reusing an existing one. To enroll students activities are 

cloned (C1..CN). New activities are reviewed; they are added to the 
activities catalogue if they are considered good practices (GP1..GPN). 

of those resources. The concept of pedagogical plan has 
been widely investigated within a specific research area 
referred to as Learning Design [14]. Pedagogical plans are 
also identified in the literature with a variety of 
substantially equivalent terms such as learning scenarios, 
pedagogical scenarios, learning design. 

The pedagogical plan can be thought of in two different 
but complementary ways: (i) as communication oriented 
objects intended to share among teachers a given 
(successful) learning path, to propagate innovative 
approaches and to support individual and collaborative 
design [15], and (ii) as computational objects which can 
be designed by authors (teachers) and executed in a 
specific learning environment [16, 17]. The term executed 
may have different meanings in different proposals: from 
computer delivered instruction to environments which 
cooperate with the teacher to guide the learners 
throughout the different stages of the learning path, 
providing them access to the facilities and resources 
required at each stage and supporting them while 
performing the different required activities. 

Thinking of pedagogical plans as purely descriptive 
entities seems to be inadequate to support a process of 
educational innovation. Therefore we propose to adopt a 
perspective of integration between the above mentioned 
visions by thinking of pedagogical plans as computational 
objects intended (i) to support interpersonal 
communication among teachers and (ii) to become a sort 
of engine of the actual learning process. 

A toolkit for the development of pedagogical plans for 
lab activities should support three categories of users: 
 authors: a simple authoring/editing environment for 

(i) structuring the plan, (ii) specifying the access to 
the required resources and learning materials and (iii) 
describing the rationales of the key choices adopted 
in the plan (of paramount importance for sharing and 
reuse); 

 learners: an environment where the learner can 
choose to access a given resource, take lab notes, 
discuss with peers, receive support;  

 teachers: they must be able to monitor learners’ 
activities, to participate in group activities, to give 
suggestions or otherwise stimulate selected 
individuals or the whole group and so on. 
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The UniSchooLabs toolkit comprises a catalogue of 
available remote and virtual labs kindly provided by their 
developers along with good practices to inspire the teacher 
in their use. The core of the toolkit is a pedagogical plan 
editor that enables the teacher to integrate learning 
materials, access to lab experiments, and students’ lab 
notebooks within a virtual learning environment. Lab 
activities can be directly used by students. They can also 
become part of a library of plans for other teachers to 
reuse. 

The pedagogical plan editor allows the teacher to devise 
plans based on templates modelled after inquiry based 
science education models. A minimalist template for 
structuring a lab activity is Predict-Observe-Explain [18]. 
Students are first asked to predict what they would expect 
to happen in a given situation and to write this down, then 
to carry out some observations, and finally to explain what 
they have observed (which may or may not be what they 
predicted). 

A more detailed inquiry template [19] might include: 
 Plan and design - What is our question or problem? 

What do we want to know? How will we find out? 
What do we predict will happen in the experiment? 
Do we have a hypothesis?  

 Implement the experiment - What do we observe? 
Are we using the right tools? How much detail do we 
need to record? Why did we choose these 
parameters’ values? 

 Collect, organize and analyse data - How do we 
organize the data? What patterns do we see? What 
relationships might there be? What might this mean? 

 Draw tentative conclusions - What claims can we 
make? What evidence do we have? What else do we 
need to know? 

 Formulate new questions - Do we have a definite 
answer to our question? (Why or Why not) What 
questions do we still have? What new questions do 
we have? How can we find out? 

 Draw final conclusions - What do we know from all 
our investigations? What evidence do we have to 
support our ideas? 

 

An inquiry template provides a structure that scaffolds 
both the authoring of an activity and its use by learners. 
However, it should not be interpreted as a sequence of 
steps in a recipe. The inquiry process is iterative and its 
phases are interdependent. Furthermore a given inquiry 
might omit phases [20] . Science inquiry, whether that of 
the student or of the scientist, is a complex process and 
various parts may need to be revisited, dwelt upon, or 
even skipped at times. For example, if the results of 
students’ investigation do not validate their original 
prediction, they need to question their assumptions, return 
to the beginning of their investigation and develop a new 
experiment. If they design an investigation plan and it 
doesn’t work, they need to redesign it. If they come to a 
tentative conclusion but it differs from that of another 
team, both teams may need to redo their investigations 
[19].  

Inquiry Based Science Education (IBSE) is a popular 
approach adopted in a number of European projects (e.g. 
COSMOS [21], Fibonacci [19], and nQuire [20]) and 

teacher training initiatives. Although the proposed IBSE 
models vary, they are variation of a basic theme (Table 1).  

A school laboratory usually comes with textbook and 
notebook. The textbook includes manuals, learning 
materials for the subject of study, assignments. The lab 
notebook is used for recording, in some form, the question 
or purpose of the investigation, the predictions, the ideas, 
the investigation designs, the data collected, the analysis 
of the data, emerging ideas and reflections, and 
intermediate and final conclusions.  

The UniSchooLabs toolkit integrates remote and virtual 
labs with a Learning Management System to provide an 
electronic version of the lab textbook and notebook. The 
toolkit supports the teacher in selecting a remote or virtual 
lab and developing a lab activity based on an inquiry 
model template. Online lab activities comprise web pages 
with associated document folders. The teacher creates the 
learning materials and the students write in the lab 
notebook. The document folder is a means for making 
available a variety of learning materials: readings, forms, 
computational models (e.g. spread-sheets), experimental 
data, and graphs. 

The authoring process starts with the outline of the 
activity derived from the adopted inquiry model (Table 
II). Then the teacher can write the notes for each phase of 
the model and upload readings and assignments. 

TABLE I.   
COMPARISON OF IBSE MODELS 

COSMOS Fibonacci nQuire 
 Exhibit curiosity 
 Define questions 

from current 
knowledge 

 Propose 
preliminary 
explanations or 
hypotheses 

 Plan and conduct 
simple 
investigation 

 Gather evidence 
from observation 

 Explanation 
based on 
evidence 

 Consider other 
explanations 

 Communicate 
explanation 

 Engage 
 Plan and design 
 Implement 
 Organize and 

analyse data 
 Draw tentative 

conclusions 
 Formulate new 

questions 
 Draw final 

conclusions 
 Communicate 

with other 
audiences 

 Find topic 
 Decide inquiry 

question or 
hypothesis 

 Plan methods, 
equipment and 
actions 

 Collect evidence 
 Analyse and 

represent 
evidence 

 Decide 
conclusions 

 Share and 
discuss inquiry 

 Reflect on 
progress 

TABLE II.   
LAB ACTIVITY OUTLINE FROM MODEL 

Inquiry model Activity Plan 

Exhibit curiosity 
The Challenge: Is the Moon 
really larger when you see it on 
the horizon? 

Define question from current 
knowledge Your thoughts about the moon 

Plan investigation Planning 
Conduct investigation Carrying out your exploration 
Gather evidence from 
observation Measuring moon's images 

Explanation based on evidence Making sense of your results 
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Figure 2.  A page of the UniSchooLabs activity “Is the Moon really larger when you see it on the horizon?” with its four sections hosting the learning 

materials (Planning the Activity, Readings and Assignments) and the lab notebook (Class report, Classwork upload). 

A UniSchooLabs activity is composed of a number of 
web pages. Through these pages the teachers are able to 
present the tasks at hand while providing the students with 
supporting learning materials and assignments. Students 
can navigate through the pages and follow the instructions 
given while writing, on the same page, their own notes 
and group reports on different matters (questions or 
purposes of the investigation, predictions, ideas, 
investigation designs, data collected, analysis of the data, 
emerging ideas and reflections. 

Let’s examine in detail the different sections of an 
activity page (fig. 2): 
 What to do in this phase of the inquiry process. This 

is the main section of every page. 
 Readings and Assignments - This section is the 

storage place of all accompanying materials. This 
contains any supporting documents for the students, 
like  worksheets, questionnaires or a lab guide. Each 
page has its own separate “Readings and 
Assignments” section. 

 Class Report - Students may edit this section and add 
comments including images, videos or links. Based 
on the activity and the guidance provided by the 
teacher, the students can write down their thoughts, 
keep notes while experimenting, answer questions or 
write their predictions.  

 Classwork Uploads - This section allows students to 
collect information generated by experiment tools or 
as part of an assignment and record it in their lab 
notebook. Students might be requested to upload 
experiment data that they need to import from the 
remote/virtual lab being used. As part of an 
assignment, teachers might provide forms to fill in 
within the “Readings and Assignments” section, 
requesting students to upload their answers. If, for 
example, students are divided into groups, they might 
be required to create multiple folders. In this way, 
each group may have its own folder in the 
“Classwork Uploads” section, thus allowing better 
organization of the materials produced. 

 

To use a lab activity with a class, we have to enable the 
enrolled students to access the learning materials and add 

text, experimental data, graphs and mathematical 
expressions to the lab notebook. This is achieved by 
cloning the authored lab-activity and instantiating it for 
the class. This same mechanism allows for reuse of the 
learning material. A teacher can adopt and/or adapt an 
existing activity, as well as create new instances for a 
number of classes (Fig.1). Students can write in the lab 
notebook (Fig. 2) as individuals, groups, and the whole 
class. These three cases may be as follows: 
 Students keep track of: questions or purposes of the 

investigation; predictions; ideas; investigation 
designs; data collected, analysis of the data, emerging 
ideas and reflections.  

 Several activities are carried out in small groups both 
for practical reasons (availability of resources) and 
fostering team work. Group work is also an 
opportunity for collaboration and discussion. The 
group records information in the notebook  for 
presenting ideas and tentative conclusions to the 
whole class. 

 Class discussions, based on individual and group 
records, are held to reach conclusions under the 
teacher’s guidance. Class discussions are held to 
compare and discuss questions, predictions, 
hypotheses, data and interpretations. They produce 
tentative conclusions, new questions, final 
conclusions, and reports for a wider audience. 

IV. CONCLUSIONS 
The UniSchooLabs portal1 is hosted by the European 

Schoolnet. The toolkit pilot has involved ten schools in 
Germany, Greece and Italy.  

The school teachers involved have used the toolkit to 
select a remote or virtual lab and design their own lab 
activities. In this process they have had to learn how to use 
both our toolkit and the chosen lab. While this process 
was not a straightforward one and required assistance 
from our side, they managed to complete the task. Lack of 
a single sign-on service and integration with the labs was a 

                                                           
1 The toolkit is available at http://unischoolabs.eun.org. To access the 
toolkit as a teacher, please login with the following credentials: 
username: toolkit – password: itslabtime.  
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nuisance but it did not seriously impact the use of the 
tools. Classroom usage did match teachers’ expectations; 
remote labs were usually perceived as more motivating 
than virtual ones. 

While we stressed classroom discussion and reporting, 
we didn’t find strong evidence of these activities in the 
notebook data. Our interpretation is that this approach, as 
for the inquiry model for authoring, might be fostered by 
developing dedicated tools for scaffolding scientific 
argumentation. A future revision of the toolkit might 
include support for an argumentation environment based 
on Toulmin’s model [11] that scaffolds collaborative 
discussion [12] and enables the graphical visualization of 
arguments [13]. 
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