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Abstract
The study aimed to investigate students’ capabilities to work in collaboration, to generate hypotheses as part of the inquiry based collaborative learning in a virtual environment and to take part in developing this environment as a learning and teaching tool. The study group consisted of the second year Finnish International Baccalaureate students (n=12) who worked either individually, in pairs or in groups of four students. Evidently, students only in one of the three tetrads showed genuine collaboration at different phases while working in the virtual laboratory. The value of collaboration was evident as it was shown that the students had learned both the cognitive issues and how to combine their forces to achieve common learning goals. As a whole, several aspects were identified how to develop the virtual environment to be more interactive, such as using social media as a learning platform or planning exercises to be studied outside the classroom, still in interaction with other groups or even with specialists outside the school. These were the most practical implications. However, the students perceived the virtual laboratory beneficial but alongside hands-on laboratory work is needed to deepen comprehension. 
Key words: science learning, collaborative learning, inquiry based learning, high school students, virtual environment
Introduction
Science teaching and learning faces severe challenges implying powerful learning environments are needed, which engage students in learning demanding scientific topics. Therefore, both scientific approach and inquiry based collaborative virtual learning are in focus of the study. This is a part of a large project in which also students’ self-regulation, emotions and engagement are studied. 
Research dealing with the newly developed digital learning tools and learning processes has shown changes in the practices of an effective learning and in attitudes of teaching (Eloranta et al., 2013). The meaning of the social interaction, engaged and self- and socially regulated learning (Vauras et al., 2008; Volet et al., 2009) has become more important than earlier. However, as an example, the study of Järvelä and Häkkinen (2005) shows that when learning physics very little of collaborative learning was observed during laboratory work among 6 graders, partly because of the unfamiliarity of this learning method. 
Recent challenges for education in science are the increasing ocean acidity a major threat due to the climate change. Global warming is likely to have an impact on marine species and ecosystems and further on man’s life, e.g. on the food provided by the oceans (Doney et. al. 2009). These global changes should be taken in collective actions, and one way to influence peoples’ knowledge, attitudes and awareness of these tasks is the education (Jones & Dunlap 1992). 
The purpose of this article is twofold; first, to briefly introduce the Studying and supporting productive disciplinary engagement in demanding learning environments across cultures and settings (PDE) –project and secondly, to show some preliminary results of a pilot part of the study and conclude outcomes how to develop virtual environment for collaborative inquiry based study tool using students’, teacher´s and researchers´ experiences of the VMS. From the PDE project two topics were chosen, and this pilot study ended up to the following research questions: 
What is the students´ capability 
1.  to write in collaboration a study plan, including the generation of research questions and hypothesis to obtain a research grant (an application for research funding)? 
2.  to independently transfer their knowledge learned in a virtual environment into another context (Cambodia floods)? 
In this study, the students´ capability is expressed as simply as to act according to the required tasks (e.g. write a study plan), to carry out the tasks and as ability to transform their knowledge.  
Background
Studying and supporting productive disciplinary engagement in demanding learning environments across cultures and settings (PDE) –project
The PDE is an interdisciplinary and international research project in the field of natural sciences (biology, chemistry), information technology, education and educational psychology. The students’ deep understanding of science, i.e. science literacy, such as ecosystems and environmental changes among other goals are studied among the research partners in Australia, Finland, Sweden and the USA. The Finnish project included students’ work in virtual laboratory environment and tests (Fig.1). The teacher also evaluated her students´ emotions, reactions and their endeavours to solve problems etc. while working in the Virtual Marine Scientist (VMS) virtual environment (Fauville et al., 2012). An evaluation form describing the students’ learning practices in general was also filled by the teacher.   
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Figure 1. The structure and stages of the study project in southwestern Finland 2013. The numbers indicate the mean time (in minutes) used at each stage.
Before the VMS study commenced, the students were pre-tested for their scientific reasoning skills (Lawson 2004, 2010), for their epistemic beliefs of factors affecting climate change (Bråten et al., 2009 ) and for their skills in applying scientific knowledge, i.e. the applied scientific knowledge test concerning the flooding in Cambodia. The students were also post-tested using the same pre-tests except the scientific reasoning test.
The studies in the virtual learning environment included several stages (Fig. 2), such as reading a virtual book, watching video clips, making virtual experiments, doing data collecting data, compiling statistics and making graphs. It is possible to combine the virtual studies with hands-on experiments in a school laboratory.
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Figure 2. The structure of the Virtual Marine Scientist (VMS) laboratory and its stages (Fauville et al. 2012) 
The VMS studies are based on ocean acidification. The carbon dioxide concentration is increasing in air causing global warming and ocean acidification, which means that the pH in the oceans has fallen, corresponding to a 25% increase in acidity since the industrial revolution (Caldeira & Wickett 2003, 2005) and this is a continuing process at the moment. These changes will have substantial impacts, e.g. on water ecosystems. The consequences of the ocean acidification for marine ecosystems, its flora and fauna are studied in the VMS using virtual experiments based on raw data gathered by scientist (Fauville et al. 2011) and inquiry based learning methods, in connection to collaborative learning.
The results presented in this article form a pilot part of the Finnish side of the PDE project and are meant to be introducing examples of the large study and its biological part. 
The challenges in biology studies in virtual environment
There is no single definition for learning in virtual environment (eLearning). Students´ learning can be facilitated by different kind of platforms such as Moodle, Wikispaces, Ville and Edmodo or using mobile technologies (Naismith et al. 2004) or gaming (Kirriemuir & McFarlane 2004). There are biologically oriented virtual study programs from primary school level to the undergraduate level at the university (Bromham & Oprandi 2006; Fauville et. al 2011, 2012; Jussila & Virtanen 2014; Shwartz et al. 2013). The goal of all these four virtual study programs has been to construct an online resource for active learning. In the self-directed study of online evolution (Bromham & Oprandi 2006) the learning was supported by the provision of regular opportunities for self-assessment. In the three other studies the teachers supported the students learning (Jussila & Virtanen 2014; Shwartz et al. 2013). The novel idea in the VMS, developed by Fauville and others (see Fauville et. al 2011, 2012) and implemented in this project, is that learning is supported by collaboration among the students with the aid of teacher scaffolding. 
Inquiry based and collaborative learning in biology
The inquiry based learning in school science simulates the genuine scientific research approach, and it always includes experimental work based on the generated hypothesis and conclusion (Bass & Carin 2000; Keys et al. 2001; Moyer 2012; Näsäkkälä et al. 2001). The inquiry based learning supports the scientific (system) thinking of the learner and improves understanding on how the scientific knowledge is produced and processed. It has been a teaching method on many occasions in school biology during several years, e.g. in Finland (National Core Curricula 1994, 2003, 2004) but has been connected to the learning and teaching in virtual environment only recently (Bromham & Oprandi 2006; Fauville et. al 2011, 2012; Jussila & Virtanen 2014; Shwartz et al. 2013). 
Inquiry based and cooperative learning (the individual’s learning is strengthened by the group) relies on the learning theories focused on an individual learner (Repo-Kaarento 2004; cf. Dillenbourg, 1999), whereas the idea of collaborative learning is based on sociocultural and socio-cognitive learning theories (see, Dillenbourg, 1999). It is argued that via collaboration, cognitive and metacognitive skills in a group are developed and the learning gains of the group are more than those of an individual (Vahtivuori et al. 1999). The interaction is seen as a process, and the genuine interaction helps students’ learning (Säljö 2004). The students are encouraged to gain knowledge and process it in consensus groups independently and further to discuss about the knowledge (Repo-Kaarento 2004). It has been shown that in pedagogically well planned inquiry based learning environments students are able to engage in constructive peer interaction that help them to go beyond surface-level phenomena and toward higher level understanding (e.g., Hakkarainen, 2003; Iiskala, Vauras, Lehtinen & Salonen, 2011; Zhang, Scardamalia, Reeve, & Messina, 2009).
The inquiry based learning has been introduced as a learning method in biology for Basic Education and upper secondary school in the Finnish National Core Curricula (The National Board of Education 1994, 2003, 2004). However, in the national curriculum of biology education the collaborative learning is not found whereas it is mentioned in the IB curriculum (Erickson 2012).
Study design
The data collection
This study had both a quantitative and a qualitative approach and the data were collected using mixed methods (Cohen, Manion & Morrison 2011) consisting of tests (Fig. 1) and studies in virtual environment (Fig. 2). 
The virtual laboratory studies were based on the marine ecosystem (Virtual Marine Scientist (VMS) –program developed by Fauville et al., 2011, 2012, http://www.ipkl.gu.se/english/Research/research_projects/vms/). The duration of virtual laboratory work was three times 75 minutes. The students’ studies included reading, writing a study plan, that is, an application for funding including generation of research questions and hypotheses, as well as conducting virtual experiments, statistical analyses, making a power point presentation at the end and group discussions. The study issued causes and consequences of the different environmental problems for the water ecosystem due to climate change/ ocean acidification.
The study material was gathered by collecting the students’ studies produced in virtual environment as well as their presentations, by using the teacher observations and evaluations in classroom, and by collecting the students’ feedback (all this data analyzed by two researchers). Further, the data included videotapes of the students’ collaboration during the whole VMS studies. In the virtual studies, the students were asked to generate research questions and hypotheses, and to clearly describe how they reached the hypotheses based on what is already known and how did they planned to test their hypothesis.
The data analyses
All the quantitative and qualitative data of the tests (Fig. 1) and the students´ VMS studies have been transcribed to Microsoft Excel sheets. The results of the present study are based mainly on the following three set of data analyses to answer the three research questions: (1) collaboratively (in tetrads, in dyads) written virtual study plans (including hypotheses) (2) individual answers of the applied scientific knowledge post-test (Cambodia, including the individually generated hypothesis); and (3) the students’, the teacher’s and the researchers’ observations of the VMS advantages and disadvantages. Other analyzed data, such as video recordings, have been used as additional information to clarify the results. The video recordings were used to generally assess collaborative working in groups. Students’ texts in VMS were analyzed using content based analyses (Tuomi & Sarajärvi 2011).
The study group and teacher’s instructions
The participants were second year International Baccalaureate (IB) students (n=12; 6 boys, 6 girls) in an urban school in southwestern Finland. They were experienced, motivated and familiar with the use of internet resources. Students were randomly divided into three research groups of four students (= tetrads), in which they were instructed to discuss the study plan before applying for funding for their experiments. These research groups were allowed to divide into subgroups of two students (= dyads) which were able to apply for their own funding. Before the virtual experiments, students logged in the VMS and read the book to learn about the impact of climate change and ocean acidification on species such as mussel. On the second day, students wrote the funding application with the study plan and the hypothesis. The teacher received and evaluated the study plans. Only after receiving the funding, students were able to set up their experiments and collect the data. As homework, all three research groups were instructed to collaborate and share their findings in social media (e.g. Facebook). On the final day, groups of four students presented their results in a conference for the whole class.
Results
What was the students’ capability to collaboratively write a study plan?
The results of the students’ study plans, i.e. the application for funding including research questions and hypotheses, are presented in this chapter by using representative examples. First, all groups of students were able to write a study plan to get funding for their research. In their study plans the students introduced their hypotheses, which all qualified to be tested, and described the experiments, which they planned to test during the virtual laboratory studies (Table 1). 
In their study plans the students had presented issues which are typical key factors for scientific research such as the importance of controls (Groups I, IIb) or replicates (Groups IIa, IIb, IIIa) in experiments in addition to the hypothesis (all groups) they were asked to generate. They also understood some ecological relationships (like prey and predator) between the studied objects.
Table 1. The details of the content of the study plans of the 5 participating groups (Group I = tetrad, other two groups worked as pairs) 
	Study plan  /group
	Group
 I
	Group IIa
	Group
Iib
	Group IIIa
	Group IIIb

	Hypothesis
	yes
	yes
	yes
	yes
	yes

	Studied groups
	control and study group
	
	control and study group
	study group
	study group

	Studied issues
	population of blue mussels
	mollusc population size 
	Crossaster population size
	size of blue mussel larvae
	number and size of larvae

	Studied objectives
	blue mussels, sea star, phytoplankton
	mollusc larvae
	sea star
	blue mussel larvae
	mussel eggs

	Studied variables
	two pH values, three temperatures
	four pH values, six temperatures
	three pH values, three temperatures
	constant pH,six temperatures
	four pH values

	Replicates
	not mentioned
	10
	3
	2
	5

	Other issues
	show understanding of predators and preys
	larvae good indicators for spe-cies reactions to changing environment
	tests of pH, temperature combined and separately
	
	



The parameters that students wanted to study are also important in the study plans. Parameters like larval size, larval density, respiration rate and feeding rate were mentioned in at least one study plan. 
One tetrad (Group I) wrote a joint study plan after their discussions, and collaborated during the whole planning stage while the other two groups were in collaboration e.g. in dividing the variables for the dyads. The study plan of the tetrad was the following: 
We will have a control of blue mussels in normal water temp. and acidification. Then blue mussels with higher acidification and warmer water. Then sea star control with normal water temp and normal acidification. Sea star with higher acidification and warmer water. And lastly phytoplankton control with normal water and acidification and lastly phytoplankton with high acidification and warmer water. (Group I, M3, M9, F10, F11)
These students (Group I) clearly showed improved learning of the cognitive biological issues when writing the study plan. They planned to test all subjects such as sea star, blue mussel and phytoplankton population growth in connection to abiotic factors such as changing pH and temperature. They did not mention whether the study object was larvae or juveniles or adults.
The other two tetrads shared their tasks, and the dyads wrote their own applications and study plans for obtaining a bigger funding to collect more data. The following study plan of the Group IIIb shows that they concentrated to study one abiotic variable in the VMS laboratory; on the other hand, their peer group IIIa chose another abiotic factor, the temperature with six values to be studied. Therefore, this group clearly collaborated to maximize the number of collected of data.
Five or more sets of mussel eggs will be placed in test solutions with different pH levels and given some time to grow, after which they will be compared in terms of number and size of larva. (Group IIIb, M8, M12)
In sum, true collaboration in preparing the study plan varied between the groups. The biological content knowledge (Table I) generated by students as well as ability to do biological research showed students’ capability to co-operate in collaborative virtual learning environment. Some of the students discussed only in dyads, some in tetrads, e.g. about the variables and replications. Very seldom students made questions to other tetrads. No conflicts were observed between the tetrads, as the students concentrated to carry out their tasks. Even though the students were grouped randomly, they tended sometimes to choose a familiar peer in another tetrad they were used to work with. From the teachers’ point of view true collaboration during the data processing was difficult to measure especially for the virtual work carried out outside the school in the social media. However, all the three groups were able to collaborate and pool their results to make a presentation combining all the findings collected either in dyads or in a tetrad.
What was students’ capability to build up hypotheses as part of the inquiry based learning?
All groups were able to generate a testable hypothesis for their studies in the VMS. The collaboratively working tetrad (Group 1) built up the following hypothesis to work in the VMS.  
The population of Blue Mussels will continue to decline with the effects of global warming making the oceans warmer and more acidic. This decrease of Mussels will have a large economical effect on those who rely on it for an income, and as a source of food. We will study the effects on the Mussels predators, the seastar, as well to get an idea of what the overall population idea of how many predators and prey there will be. (Group I, M1, M2, F4, F6)
This hypothesis of the Group 1 is written in the first sentence. The students also explained how they ended up with this hypothesis. Their text showed wider understanding that the students were aware of climate change and its impact, i.e. the consequences of the ocean acidification and increased temperature to mankind, its economy and food sources. 
Usually the hypothesis concentrated to study the consequences for only animals, not e.g. for plants or human beings. In the hypothesis of the Group IIIa only temperature has been chosen to study, to be important and especially for larvae stages.  
As the temperature increases, the growth of the Blue Mussel larvae, Mytilus, also increases. (Group IIIa, F6, F7)
These two students studied only temperature; however, they managed to conclude after VMS studies that both pH and temperature were the important factors and finally that the acidification decreased the amount of Mytilus (data shown in students’ presentation). Although they tested only the effect of temperature on the larvae, not pH, they had learned from their peer group IIIb during the VMS studies that air temperature is somehow connected to marine ecosystem.
What was students’ capability to transfer knowledge learnt individually in virtual environment into another context?
The results in this chapter are based on the students´ individually formed hypotheses in the applied scientific knowledge test, which are interpreted with regard to the issues studied in VMS laboratory. Also some examples of the pre- and post-test and scientific reasoning test have been used as background information to explain the results. One student (M9) of the Group I wrote the following hypotheses in post-test, in which the students were supposed to apply the knowledge they had learnt in VMS.
The first hypothesis was: Increasing agriculture, due to increasing population, means that more land is used and modified which has a negative effect in the river. (According to the student’s answer the solution was based on the given information in the post-test dealing with Population growth rate in Cambodia graph.)
The second hypothesis was: Due to global warming, the amount of rainfall annual increases, overflowing the river. (According to the student answer the solution to make this hypothesis was based on the given information: Heavy rain period – monsoon, 80%)
This example shows that this student (M9) was able to apply at least some of the issues he had learned in VMS into other circumstances. He was also able to connect the floods to global warming, the main challenging issue in VMS studies.
Knowledge in generating hypothesis was in line with students’ skills in the scientific reasoning test (the detailed data not shown here). The results showed that every student knew how to generate the hypothesis in general, although not all of their hypotheses were correct or properly formed regarding the theme (even not in the post-test).  An example of improved capability to form an ecologically right hypothesis of one student (F11), who applied her knowledge from virtual marine ecosystem to fresh water environment and got the following results in the post-test 16 out of 19, in the pre-test 13,5 out of 19 and in the scientific reasoning test 21 out of  30 maximum, is shown below.
The smaller amount of the rainforest coverage makes the ground more bare, thus the water will flow through rather than moistering the ground. This would also cause the floods to be greater in power and volume”. (Group I, F11)
This student was able to connect the cutting of rainforest to be one reason for the floods in Cambodia, however she did not find the connection between the increasing human population – rainforest cutting – and floods. Not even the effect between cutting the rainforest and greenhouse effect/global warming was mentioned.
Outcomes how to develop the virtual laboratory environment for collaborative inquiry based learning?
The following outcomes emerged in teachers’ and researchers’ observations and students’ feedback. The content of the video animation introducing the scientific experimental approach in the VMS learning environment was informative, engaging and motivational to the students. The video clips in VMS laboratory could be more interactive (e.g. adding exercises where students make questions and comments on the interactive board while watching the video) and the studies should give students opportunity to work also outside the classrooms in teams. The iteration and teacher-student interaction could be supported, e.g. by offering multiple occasions for students to interact with the teacher. Collaborative learning should be scaffolded in the virtual laboratory. All technical issues should be minimized. 
Another design idea to support interaction is to have an internal frame that houses a search engine so teachers could track e.g. the group work of the students when they collaboratively work in social media (e.g. Google.docs). A database should be formed to support collecting as much data as possible (e.g. data collection of patterns used, submissions from students) and also support to use data from existing databases. 
In students’ opinion the virtual lab was, although very beneficial, only an alternative choice for hands-on activities (e.g. pH, density or respiration measurements).
Discussion and conclusions
The first main finding in this study was that the International Baccalaureate students were able to complete their study in English. They also expressed skills to work in dyads or tetrads while completing their studies. Thus the students’ capability to collaborate in socially shared virtual learning environment was shown to exist among the students. However the profundity how deep the capability was, were not analysed. 
All dyads or the tetrads managed to generate a testable hypotheses, collect the data and do statistics using a collaborative virtual study tool, which means that they had understood the scientific research process in general, which was our second finding. However only the students of one tetrad who did mostly work in two dyads discussed in their power point presentation the validity of their hypotheses presented and decided that one out of two hypotheses was supported by the study results. Thirdly the students also showed improved understanding of the importance of the number of the studied objects, replicates, variables and statistical validity while doing the virtual experiments.
Our fourth finding was that only one group out of three worked in genuine collaboration when preparing the study plan and writing the application for research money. This indicates a lack of readiness for group work in Finnish schools as also found in the study of Järvelä and Häkkinen (2005). Thus more support to problem solving and collaborative learning is needed to practice group learning. Controversial results have been presented on this subject. On the one hand studies by Lord (2001) support the view that the teacher centered learning methods familiar from school are easily transformed to collaborative working, as in this study to the virtual collaborative learning environment. On the other hand Tolmie and others (2010) pointed out that the success of collaborative learning is dependent on the students’ group working skills and social relations of the group. 
The students in this study were advanced and familiar with the inquiry based learning. They had no big problems with building up their basic knowledge, which was the matter with the students in the study of Tolmie and others (2009) in the primary school. Our students were motivated in working in the virtual laboratory (video analysis; data not shown here) but considered also that hands-on activities were needed to fully comprehend the research processes, which was the first implication of this study. 
Outcomes of this study were that the virtual laboratory studies can be developed to be much more interactive, e.g. by using social media and its opportunities. This new concept of learning in groups is challenging for the teacher, especially how to evaluate individual students’ learning as well as the group evaluation. Bromham and Oprandi (2006) showed that self-assessment tasks during the virtual studies provided encouragement to the regular, independent self-study and critical assessment of the hypothesis. So not only self-assessment and but also group assessment tasks could be included into the virtual learning environments in the future.
One practical implication of this study is that “hands on” learning opportunities should be given together with virtual learning. Another important implication for schools and teacher education is that, in this challenging and changing situation, both the students, student teachers and teachers at school need support such as scaffolding, when teaching in virtual environment or giving continuing education for teachers. Also the assessment system should strengthen evaluation of consensus groups instead of individuals.
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