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Abstract

:

Formulating questions is an integral part of pupils’ learning process and scientific inquiry. Investigating pupil-generated questions in a collaborative science learning setting, combining self-regulation theory and phases of inquiry, can extend the previous research into pupils’ questions. This study considered questions from pupils (n = 24, aged 11–12) as types of interaction to share and reflect on both their own and others’ ideas during a collaborative open inquiry. The study was qualitative in nature. The data was collected by making video recordings of pupils’ team discussions during the study process in 12 science lessons. A content analysis demonstrates that through their questions, the pupils were actively involved in guiding their work from various points of views. These results suggest that fifth graders can successfully conduct a complex open inquiry in teams. Consequently, this study underlines that allowing pupils to work at their own pace, and to take responsibility for their learning, opportunities can arise for pupils to pose questions and regulate their learning through questions.






Keywords:


pupil-generated questions; self-directed learning; socially regulated learning; collaborative open inquiry; inquiry phases












1. Introduction


Formulating questions is an integral part of pupils’ learning process and their scientific inquiry [1,2,3]. Posing questions either to themselves or to their peers can reveal much about pupils’ interests and the issues that they find problematic [3,4,5]. Since asking questions stimulates pupils to think and communicate with each other, it is important that at school, pupils have opportunities to pose questions. Even though formulating questions is crucial during inquiry, the authors acknowledge that inquiry learning is a challenging process that does not happen automatically see e.g., references [6,7,8].



Most recent studies in science education [8,9] have focused on the characteristics and influence of open inquiry learning. Open inquiry is the most complex level of inquiry [10]. Open inquiry learning offers a high degree of autonomy to pupils and it allows students to select a wide variety of questions and approaches. However, open inquiry does not have to occur without a teacher’s guidance; for example, teachers can scaffold the students’ inquiry process [11].



Generally speaking, during open inquiry lessons, pupils independently plan and conduct the inquiry process, usually in small groups [12]. However, there is still a limited understanding of how pupils engage in social regulation processes, and what roles these regulatory processes play in collaborative open inquiry. Since formulating questions is essential in scientific learning, this study focuses on investigating pupil-generated questions in a collaborative open inquiry setting.



Earlier research has focused on investigating how pupils formulate research questions, collect and record data, and draw conclusions in the context of inquiry learning in science education. However, students’ reflection of inquiry learning is rarely examined [13]. Especially, the regulation of inquiry is not often investigated in the context of collaborative open inquiry. Furthermore, according to our knowledge, in previous research contexts, allowing pupils to take responsibility for making decisions about their learning environment is not generally typical. This means, for example, that the interaction between pupils in teams has not included processes controlling contextual factors, such as deciding where to study in the classroom and selecting learning materials and tools. In this study we want to extend this current way of thinking and investigate pupils’ interaction when they make decisions about their inquiry, the classroom environment and learning materials. In doing so, we are able to see whether pupils can regulate an extremely complex collaborative learning procedure. As stated earlier, formulating questions is an integral part of pupils’ learning process and scientific inquiry [1,2,3]. Therefore, in this study, we investigate pupils’ interaction through questions. Focusing on investigating pupils’ questions, we examine all the questions that the pupils asked during a collaborative open inquiry. We aim to determine the content of pupil-generated questions and whether there are changes in the pupils’ interaction during a collaborative open inquiry. The research questions for this study are the following:




	(1)

	
What are the contents of pupil-generated questions in a collaborative open inquiry?




	(2)

	
To what extent do the contents of the pupil-generated questions change during a collaborative open inquiry?




	(3)

	
What are the similarities and differences in the way pupils pose questions in teams in a collaborative open inquiry?










2. Theoretical Framework


2.1. Socially Shared Regulation of Learning


The focus of this study is to consider pupil-generated questions as a means for regulating social interactions in small teams. The usual way to understand the shared regulation of learning is that it involves independent cyclical phases in the inquiry process [14,15,16]. These phases consist of planning, monitoring, (regulation of) performance, and reflection. Planning relates to the activation of prior knowledge and other processes that occur before task performance [17]. Monitoring involves pupils’ efforts to keep track of their ongoing progress in a learning activity. Regulating performance describes pupils’ actual use and management of learning strategies to reach the intended learning goals. Finally, reflection includes pupils’ meta-level knowledge about the tasks, strategies or themselves. Shared regulation of learning, therefore, presumes situations in which pupils face learning challenges [18]. In challenging situations, pupils can co-regulate the learning process of other pupils who may need assistance, or a pupil can ask a classmate to co-regulate their own learning processes for a specific aspect of the learning task [19,20,21]. In each instance, the regulation process is shared between the pupil and their classmates, and aims to influence the pupil’s cognitive, metacognitive, emotional or motivational and contextual processes to support and guide their and others’ learning [17].



An important reason for investigating pupil-generated questions is that scientific inquiry is rarely a solitary task. Being collaborative or shared in nature, it requires active learning and engagement in joint learning situations and this involves complex interactions in small teams [18]. Therefore, the success of shared regulation depends on each member of a small team, because achieving the final goal is based on mutual support.




2.2. Inquiry Phases


The scientific inquiry is generally divided into smaller, logically connected units that divide the learning process. Each unit includes inquiry activities which are typically related to that specific unit. By dividing scientific inquiry into smaller units, scholars have aimed to reduce the complexity of progression by drawing teachers and pupils’ attention to key features of scientific thinking and self-directed learning [8]. These individual units are referred to as inquiry phases, and their set of connections forms an inquiry cycle [7]. Despite structuring the inquiry into phases, the inquiry cycle is not a prescribed, uniform, linear process; connections between the phases may vary depending on the context.



A scientific inquiry starts usually with some form of orientation which aims to stimulate the pupils’ curiosity and enable them to formulate a research question about a scientific topic of their interest [6,7,8]. Examples of activating pupils’ curiosity include familiarizing pupils with the phases of the inquiry and clarifying to them that they are working the same way as real researchers do [8]. The second phase of inquiry, conceptualization, includes generating research questions in relation to the topics the pupils are curious about [6]. However, pupils do not just formulate questions that fit the topic of the inquiry; they can also differentiate between previously acquired knowledge and remaining questions. Some scholars also stress that during the inquiry, pupils should modify their research questions and revise their problem statements [8]. This illustrates that conceptualization is not merely a one-time step, but rather that it is an ongoing phase.



The investigation phase is the third phase of the inquiry, including planning and conducting the investigation. According to the research approach used, the investigation phase can involve systematic, planned data generation on the basis of a research question, or designing and conducting an experiment in order to test a hypothesis [7]. Conducting a systematic investigation includes planning and recording data in an organized and systematic way. Furthermore, evaluating information and interpreting data are activities in which pupils are involved during the investigation phase. Information gathering requires pupils to constantly understand and evaluate pieces of information, for example by making sense of online information. Interpreting data requires pupils to evaluate data in line with the research questions.



Data interpretation is closely linked to the fourth phase of inquiry, drawing conclusions [8]. The conclusion phase includes planning how to process the results, drawing conclusions, and thinking about why the results were the way they were and how the results match the pupils’ previous experiences. The process of drawing meaning out of the collected data and synthesizing new knowledge illustrates the idea that special attention is needed for pupils to analyze the final outcome of an investigation by interpreting the data [6,7]. The process culminates in drawing a conclusion about the findings of the inquiry.



Presenting and sharing the research results and conclusions of an inquiry with others is also an important phase of the inquiry [6,8]. In this phase there is a focus on communication, involving disseminating the research results and conclusions, and specifying that planning and preparing presentations of all the phases of the inquiry and the outcome is part of the process.



Even though the central basis in many theoretical frameworks is to focus on self-directed learning and metacognition, the regulation of learning by pupils is not usually defined as a separate phase within the inquiry. However, Pedaste et al. (2015) [6] visualize the importance of the reflection and communication phases by linking them clearly to all the other phases of inquiry. This means that the reflection and communication phases interact with all the other phases, and instead of arguing that pupils communicate and reflect on their study process only after completing the inquiry, they claim that pupils discuss their study process while conducting the activities of a specific phase. Thus, pupils use the results of their communication and reflection to revise the activities they engage in during the specific phase, but they can also evaluate the inquiry as a whole.




2.3. Open Inquiry


There are several main aspects to consider in implementing open inquiry methods in primary schools. One is the need to establish a balance between open and guided approaches in terms of who directs the inquiry. In the open approach, pupils engage in conducting an inquiry as a process that they control right from the beginning, participating in the decision-making process of all aspects of the inquiry [10]. In the guided approach, pupils’ inquiry is instead more under the control of their teacher, who deliberately provides help and gives instructions throughout the process [8]. The lowest level of pupil direction occurs in structured inquiry, during which the pupils receive complete instructions from their teacher, leading to a predetermined inquiry process.



The value of an open inquiry approach in which the teacher only scaffolds pupils’ inquiry is not without problems. For example, if the value of open inquiry is evaluated with respect to pupils learning domain-specific knowledge [22] versus how pupils handle their knowledge and skills [23], it is difficult to assess and justify the benefits of the open inquiry approach equally. Furthermore, according to Dorfman et al. (2017) [9], some researchers stress that open inquiry leads to a high cognitive load and thus cannot be effective, while others emphasize that guided inquiry prevents a “waste of time” and reduces pupils’ fears of the unknown. Despite the ongoing debate as to which type of inquiry is more relevant to science education, recent studies have highlighted the need to understand pupils’ ability to regulate their open inquiry in teams, and especially, how students engage in social forms of regulation [21].



Sadeh and Zion (2012) [24] found that students who studied in an open inquiry felt more involved in the project, and felt a greater sense of cooperation with others, in comparison to students who studied in a guided inquiry. Even though an open inquiry can positively affect pupils’ learning, it can be challenging to implement [8,22]. Therefore, since the pupils’ ability to regulate their learning from the social as well as the individualistic perspective are considered important for inquiry [21], the regulation of learning in open inquiry is undoubtedly crucial.





3. Methodology


3.1. Participants and Context


To study pupils’ questions within an authentic learning situation, we employed a case study design. Case studies are particularly useful in investigating complex, dynamic phenomena as situated in context [25,26,27]. This design was particularly useful in our investigation of pupils’ interaction in small teams. The research was carried out in the Space module, which was designed for fifth-grade pupils (24 pupils aged 11 to 12, with 12 girls and 12 boys) in a rural primary school in eastern Finland. The Space module was designed to fit the school curriculum regarding physics and the school calendar. The module was implemented in 2016 and was taught in twelve 45-min lessons over 12 weeks. The pupils worked in cross-gender teams of four to five. The group composition was arranged so that the teacher selected one member of each team, and as the groups expanded, all members of each team were involved in the selection of the rest of the team.



The goal of the Space module was to engage pupils in the process of self-directed learning in a collaborative science education setting. In practice, the pupils planned, performed and reflected on their learning in teams while conducting an open inquiry in physics. In this study, the pupils had a lot of control over their learning, since they took responsibility for conducting the inquiry and designing their learning environment, and they worked at their own pace. The teacher’s role was to provide a scaffold for the teams and to provide help when pupils asked for it.



In practice, the pupils posed their own questions to investigate the subject, and then located, examined and combined both online and printed information resources to answer their research questions. The learning process required the pupils to negotiate together and make decisions about the methods the group would use. Each team designed their own learning environment, including choosing the working environment (e.g., the classroom, lobby, or library), selected appropriate study materials (e.g., books, notebooks, pens) and equipment (tablet and laptop computers, mobile phones). Furthermore, they also negotiated which software or applications to use during their inquiry. Finally, the pupils planned the exact content of their study according to the idea of open inquiry by negotiating in teams how the information would be shared, how they would all learn, and how the inquiry would be documented. Table 1 summarizes the phases of open inquiry and descriptions of the activities in each lesson.



The communication and reflection were designed to continuously create links between the phases of the inquiry. From the beginning of the module the pupils discussed their choices in teams: e.g., why they chose to use certain learning materials or to do certain activities. The space theme was also integrated during these 12 weeks with the lessons in Finnish language and literature, and the visual arts. In these lessons, the pupils read texts about space, completed learning activities, and, using process writing techniques in a computer environment, wrote their own texts and designed cover pages for their texts.




3.2. Data Collection


All the team discussions were video recorded during the module. Video data was collected by equipping one pupil in each team with a head-mounted camera (GoPro). Although only one pupil had the camera, the camera recorded the whole team during the lessons. The team decided who would wear the camera, and they could also swap it around during the lessons. Five head-mounted cameras were used simultaneously in the lessons. The recorded material amounted to 2250 min of video data, out of which 1260 min was analyzed and transcribed in full, as one lesson and one team were excluded for technical reasons. Furthermore, the first two lessons and the final lesson of the Space module were intentionally left out, since the pupils were not working in teams or planning their learning environment during these lessons. Altogether, the transcribed data consisted of 144,388 words.




3.3. Analysis


Interaction during the collaborative open inquiry lessons were analyzed by developing a coding scheme to categorize the content of all the questions posed by pupils. Furthermore, changes in interaction were analyzed by calculating the frequency of question contents during collaborative open inquiry. Finally, similarities and differences in the way pupils interacted in teams were analyzed by calculating the numbers of questions and the content of the questions in each team.



In more detail, the analysis of the question content consisted of two independent rounds. Firstly, a coding scheme was iteratively developed to structure the content of the pupils’ questions based on two randomly selected team discussions. A data-driven content analysis technique was applied, which included open coding, creating categories, and abstraction steps [28,29]. The selected coding unit for analysis was an interrogative or rhetorical question posed by one pupil. During the open coding phase, notes were written on each question to describe the content of the question. The notes were subsequently collated, and initial codes were generated keeping in mind the phases of inquiry and principles of self-directed learning theory. In creating categories, the lists of initial codes were grouped under higher order categories to reduce the number of codes. Formulating the higher order categories took place by collapsing initial codes that were similar or dissimilar and classifying them as ‘belonging’ and ‘not belonging’ to the same broader higher order category. In the abstraction step, final categories in terms of combining self-directed learning theory and phases of inquiry were formulated. Categories were named using content-characteristic words by grouping them into subcategories, which in turn were grouped into generic and main categories.



Secondly, all the questions using the coding schema created in the previous round were analyzed. The number of questions was counted, and they were arranged according to the coding scheme and teams. Relative percentages of the frequencies of the questions were established within each team as well. Since the sequence of the inquiry phases was not straightforward [7], the pupil-generated questions were organized and split into three sets, keeping in mind that the pupils designed their learning environment from lesson 3 to 11 (see Table 1). Therefore, lessons 3–5 were considered the beginning phase of the open inquiry, as the pupils started to work in teams and also began to design their learning environment. Lessons 7–8 produced the middle phase of the open inquiry, since lesson 6 was left out of the analysis for technical reasons. Lessons 9–11 constitute the end phase of the inquiry, since in lesson 12 the pupils did not design their learning environment and all teams gave their presentations at the front of the classroom.



The first two authors created the coding scheme. However, in order to prove the analysis and to agree on question descriptions, exact concepts and meanings, different versions of the coding scheme were compared and discussed three times during the analysis together by three authors. The fourth author of this paper was the class teacher and so knew the pupils very well. Therefore, in order to verify the result results, she did not take part in analysis of the data.





4. Results


4.1. Content of the Pupil-Generated Questions


The first research question focused on investigating the contents of the pupil-generated questions during the collaborative open inquiry lessons. The question contents (see Table 2) related to five main areas: coordinating teamwork, conducting the investigation, organizing resources, organizing software use and questions unrelated to the inquiry. The content of the teamwork coordination area included questions on taking, sharing and monitoring responsibilities by revising the scientific research topic, taking turns performing inquiry activities and ensuring that team was carrying out the inquiry. The content of conducting the investigation involved questions about planning and performing data retrieval and data interpretation. Preparing how to present the inquiry for others also formed the content of these questions. Arranging the physical learning environment and problems using the learning materials formed the content of the questions related to organizing resources. Organizing software use, in turn, included questions related to selecting which software to use for inquiry and problems in using it. The content of the questions not related to the inquiry involved questions about hobbies, music, TV shows, friends, families and life in general.




4.2. Frequency of the Question Contents During the Collaborative Open Inquiry


The second research question was related to investigating to what extent the contents of the pupil-generated questions changed during the collaborative open inquiry. The total number of questions the pupils asked in teams was 2911 (Table 2). The most common question content was related to conducting the investigation (n = 1004) and fewest questions concerned organizing the use of software (n = 281). The pupils asked 1155 altogether questions near the beginning of the inquiry, 938 in the middle, and 818 towards the end of the process (Figure 1).



The relative percentages of the question contents at the beginning, in the middle and at the end of the collaborative open inquiry process show that there are similarities and differences between lessons (Figure 2). When comparing the beginning, middle and end lessons, there was some similarity in the number of questions concerning conducting investigation in the lessons since it was the most frequent content area of the questions throughout the inquiry. The middle lessons of the inquiry differed most from the other lessons. The least frequent questions in the middle phase were those that were not about the inquiry. The difference between the lessons was significant since these questions are 8 percent more common at the beginning than in the middle, and 10.6 percent higher at the end than in the middle. It is also notable that the frequency of questions related to conducting the investigation, organizing resources and software use were highest in the middle lessons, while questions related to coordinating teamwork were at their lowest.




4.3. Questions by the Teams


The third research question considered what the similarities and differences were in the way the pupils posed questions in teams during the collaborative open inquiry lessons. The number of questions varied between the teams (Figure 3). The difference between the most and least active teams was 417 questions: in Team D, the pupils asked 974 questions, while pupils in Team C generated 557 questions. The difference between the first and the second most active teams was notable, since in Team D pupils asked 263 more questions compared to Team A. However, the difference between the second and third most active Team A and Team B was low and amounted to only 42 questions.



There were differences between the teams regarding the content of the questions they asked as well (Figure 4). Comparing the relative percentages of questions asked in teams reveals that Team B asked a smaller proportion of questions concerning conducting the investigation than the other teams. Instead, Teams A, C and D asked nearly the same number of questions linked to conducting the investigation. Team B also differed from the other teams in the number of questions they asked about coordinating teamwork. In Team B, taking, sharing and monitoring responsibility were the most frequent types of question by far: 36 percent of all Team B’s questions were about coordinating teamwork. It is also notable that in Team A, only 15 percent of the questions were about coordinating teamwork.



There are only minor distinctions between the teams in terms of the questions regarding organizing resources. Team D was less active with this type of question content, but the difference between Team D and the most active teams was only 6 percent. In practice, Teams A, B and C were equally active in asking questions about controlling resources, since 22 percent of Team A’s questions and 20 percent of Team C’s questions were linked to this content.



The teams differed when it came to questions which were unrelated to the inquiry. Pupils in Team D asked these questions more frequently than the other three teams. The relative percentage of questions that were not related to the study content was 21 percent in Team D and only 5 percent in Team C. Teams A and B asked nearly equal numbers of questions of this type, since 10 percent of Team A’s and 12 percent of Team B’s questions were related to topics which were unrelated to the inquiry.



The teams did not ask questions about organizing the use of software equally actively. Team C was the most active in asking these sorts of questions: 18 percent of their questions were linked to this content, compared to only 2 percent of Team D’s. There were also differences between Teams A and B in these questions: questions about software use made up 14 percent of Team A’s questions and 9 percent of Team B’s questions.





5. Discussion


Inquiry in small teams requires interdependence between leaners to achieve mutual goals, and collective responsibility concerning any difficulties encountered during learning activities [30]. Our results show that by using questions, the shared regulation of the open inquiry occurred as the pupils searched for answers on how to (1) organize teamwork, (2) conduct the investigation, and (3) organize resources and software. These questions were related to planning, performing and monitoring the inquiry, and arranging and using the learning environment in which the inquiry occurred. In addition to questions related to the inquiry, the pupils also asked questions which were unrelated to the immediate learning event.



Our study also shows that the contents of questions shifted during the phases of the inquiry, but there were also similarities between the phases. The middle phase of inquiry seems to be the most intensive time for learning science content including pointing out the role of contextual aspects as well. This included versatile and rich participatory strategies that were likely to support a joint understanding of ideas, not only in conducting the investigation, but also setting up the learning environment in which the inquiry took place. Thus, the pupils also monitored their ongoing inquiry performance from wider contextual perspectives, but those perspectives were closely related to clarifying the contextual conditions of inquiry learning.



Despite conducting the investigation and the contextual aspects playing an important role in the middle phase, these elements also played a continuous role for all the teams and stimulated them to pose questions throughout the inquiry. By asking questions related to conducting the investigation the pupils maintained a continuous inquiry [8] and did not answer the research questions “immediately” but linked them to the required data collection activities. As interpreting information is a sign of critical thinking [31], the questions related to conducting the investigation demonstrated the pupils’ strategies to constantly share their data retrieval, data interpretation and dissemination strategies in a wide sense. It is evident that the questions linked to conducting the investigation demonstrate that the pupils were aware or became aware that there were different ways to search for information, and the difficulties inherent to searching and interpreting information, as well as the challenges of sharing the data. These all are important inquiry actions and illustrate the pupils’ engagement in performing important scientific working activities [7].



On the one hand, the questions concerning organizing resources seem to imply that arranging the learning environment contained aspects that were presumably unfamiliar to the pupils, but on the other hand, illustrate that the pupils were eager to plan their learning environment. Since the pupils in our study studied in different places (e.g., in the classroom, lobby or library), the physical distance between the teacher and the pupils might partly explain why the flexibility in choosing the learning space also invoked cognitive regulation within the teams: the pupils asked each other for help in using the learning materials and equipment. Our results are in line with earlier studies [32] that have found that changes to learning in flexible spaces demonstrate that the physical classroom environment facilitates self-regulation and collaboration. Since the questions focused on organizing resources and software were at their highest in the middle phase of the inquiry but fairly evenly distributed throughout inquiry process, our study suggests that leaving more freedom to the learners to structure the learning environment could also promote their engagement in the inquiry phases.



The teams differed from each other in terms of how actively they posed questions and which question contents were typical for each team. The team interaction tended to be of two types: that which focused on the task the team was dealing with, and that which sustained, strengthened or awoke interpersonal relationships within team [33]. Our study showed that the open inquiry provided a context wherein the pupils create norms for collective responsibility and checked whether the participants had a shared understanding of how the team could remain focused on the task [34]. However, monitoring responsibilities and taking turns might be more important in some teams than conducting the investigation (see Figure 4). Focusing especially on each members’ responsibilities and the turn taking illustrate that the team members were more often determining what the members were doing than negotiating a synthesis of ideas related to understanding the goals of the inquiry itself. There may be several reasons which are likely to explain this. Ucan and Webb (2015) [21] found that student groups often activated shared emotional and motivational regulation processes when they experienced a variety of socially challenging situations. This included having different priorities in relation to the task, failing to reach a consensus over a shared understanding, or exhibiting disruptive behavior during a group activity. Since in this study it was not captured why the pupils posed questions or who posed them, it remains unclear whether coordinating teamwork questions demonstrate socially challenging situations within the team. It remains also unclear if the team members equally actively asked questions about mutual responsibilities or whether they were under one member’s control. In any case, our study shows that pupils related coordinating teamwork and conducting investigation activities closely to each other. This suggests that reflection in an inquiry includes not only how to conduct inquiry activities successfully [7], but also how to maintain the team’s shared engagement in relation to carrying out their task [19].



Questions about the use of software illustrated that the pupils considered alternative software to use in the inquiry and sought help in using software for task-related purposes. This result supports earlier findings that computer environments trigger pupils to seek help [35], but did not show any attempts by the pupils to use software collaboratively for specific inquiry activities. Previous research has shown that digital tools may also promote self-regulated learning from motivational perspectives [36]. However, our results do not fully support this argument. Even though our results show that the pupils planned which digital tools they wanted to use and asked for help when they encountered problems using them, they did not generate questions to consider interesting alternatives, or demonstrate that selecting and using digital tools was enjoyable and satisfying. Instead, our results confirmed that digital tools encouraged the pupils to consider their thinking strategies by identifying and correcting mistakes in using digital platforms [37]. Focusing on identifying and correcting mistakes might tell us that the pupils in our study were not familiar with the software they chose to use in a technical sense. Furthermore, since organizing the use of software did not get much of the pupils’ attention and one team posed very few of these questions, it may be because they relied more on printed materials in the inquiry. Another explanation might be that the actual software use was easy for them, or that it was not shared but under the control of pupils who could use the software skillfully and did not need help. The most promising explanation for the low number of questions related to organizing the use of software is, however, that the pupils might have had difficulties linking the use of software to their collaborative inquiry. The content of the questions concerning the use of software did not explain in detail which inquiry activities triggered the pupils to pose these questions. Instead, it can be argued that while using questions, the pupils did not negotiate software use to conduct data retrieval, data selection and data recording activities. The only exception which illustrated pupils’ attempts to make links between software use and inquiry phases was scientific writing. However, planning and preparing presentations in this study was understood as a part of conducting investigation questions, not as separate question content.



The questions which were unrelated to the inquiry showed that the pupils did not only ask task-related questions. Asking these sorts of questions can be interpreted as a sign of creating a positive team climate for collaboration, or these questions could tell us that the teams were too socially active during their collaboration [38] or not interested in the inquiry. In many studies, these kinds of off-task activities are considered to have a deleterious effect on learning and performance [39,40], and negative relationships between social activities and team performance have been found [38]. However, since the number of off-task questions were relatively low in three teams (Figure 4), and suggestively high only in one team, it can be suggested that by asking questions which were unrelated to the inquiry the pupils aimed to show that they needed a break from the complex inquiry. Furthermore, since the team which most actively asked questions which were unrelated to the inquiry were also the team who asked the most questions related to conducting the investigation, the use of off-task questions indicates more a rather positive than negative interaction between the team members.



Especially from the perspective of the phases of inquiry, making sense of the constraints of the inquiry in general is missing from the pupils’ questions. This finding resonates with related research on how individuals interpret their own inquiry experiences [41], which finds that even adults can complete an inquiry as a set of stepwise procedures without considering how knowledge is created in science. Even though the pupils in our study did not visibly pose questions about how and why knowledge is created through the phases of inquiry, asking questions as a whole suggests they follow the phases of open inquiry by planning and conducting data retrieval and interpretation activities, as well as planning and preparing the dissemination of the results.



Despite the fact that this research did not examine whether the question strategies facilitated the construction of any new scientific understanding, our results support the idea that pupils’ awareness of the significance of the phases of an open inquiry requires special attention in low-structured classroom conditions [35]. The explanation may be that pupils need time to learn how to learn through the phases of an open inquiry in order to strengthen their understanding of the phases of scientific inquiry [8,42]. In particular, a lack of awareness among the pupils of the precise purpose of the phases of open inquiry may explain why, in our study, not all the core aims of each phase of the inquiry were fulfilled. For example, reformulating research questions and drawing conclusions did not emerge as a significant type of pupil-generated question. Instead, asking questions related to conducting the investigation revealed that the open inquiry triggered pupils to evaluate and interpret pieces of information throughout the process. Evaluating and interpreting pieces of information itself is a positive result, but analyzing the final outcome of the investigation and the learning process as a whole are examples of the core content of the inquiry as well [6,7]. Since these important types of question were not captured in our study, it remains unclear whether pupils became aware of the wider picture of open inquiry through the questions posed during their inquiry.



There are certain limitations to consider in our study. Firstly, it is important to address the context of the study. The Space module was planned and implemented in collaboration with the first and fourth author of this paper, and altogether 24 pupils participated in our study. However, this study was constructed in an authentic school context as a part of the normal schoolwork. To increase the internal validity and authenticity of this study, the context was emphasized, and the study design was set in the terms of the context in which the study was conducted. To validate our findings, we recommend future research to further investigate other open inquiry projects in primary schools.



Second, the way team discussions were recorded must be considered. Since we analyzed videos captured with GoPro cameras, it is likely that we did not observe all the pupils’ questions that were raised when some pupils were too far away from the camera. Another consideration regarding video recordings is that since the teams did not start to work together at the very beginning of the project, the first two lessons of the Space module were not recorded. For future research, we advise recording the pupils’ discussions from the very beginning of open inquiry process. Nevertheless, similarities between different teams show that the recorded videos sufficiently represent the pupil-generated questions. Furthermore, in this study, it was possible to use research triangulation to increase the credibility and validity of research. However, for future research, we recommend capturing all the pupils’ actions on camera.




6. Conclusions


This study showed that when investigating pupil-generated questions in a collaborative science learning setting, combining self-regulation theory and the phases of inquiry can extend the earlier understanding of pupils’ questions. By investigating pupil-generated questions, it seems to be possible to gain insight into the pupil’s interaction and how they regulate a collaborative open inquiry. Thus, an inquiry in small teams can create a challenging—but also beneficial platform for pupils to activate their own, and shared, problem exploration and participation. During a collaborative open inquiry, the teacher needs to adapt her/his instruction to the pupils’ needs and provide individual help when pupils have difficulties understanding the topic or task.



Young learners can conduct a collaborative open inquiry, even if conducting collaborative open inquiries in primary schools is not common. The integration of the space theme with subjects other than physics during the open inquiry might have facilitated the pupils’ engagement in an extended science topic. Therefore, further studies to focus more on the effect of the classroom learning culture on pupil-generated questions are required. Allowing pupils to design their entire learning environment could be very motivating, since the pupils consistently and regularly shared their ideas about organizing resources. However, making links between software use and collaborative open inquiry seems to be a challenging task for the pupils. Therefore, future research to investigate the reasons for the pupil-generated questions, especially from the software use perspective, is required.
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Figure 1. The number of questions at the beginning, in the middle and at the end of the collaborative open inquiry. 
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Figure 2. Relative percentages of the types of question contents at the beginning, in the middle and at the end of the collaborative open inquiry. 
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Figure 3. The number of questions by team. 
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Figure 4. Relative percentages of the question content for each team. 
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Table 1. Descriptions of pupils’ work and the teacher’s scaffolding in each lesson and phase of inquiry.
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Phases of Inquiry

	
Lesson

	
Description of Pupils’ Work and Teacher’s Scaffolding Efforts






	
Communication and reflection

	
Orientation and conceptualization

	
1

	
Pupils’ work: The pupils independently watched videos which the teacher selected. Teacher’s scaffolding: The teacher motivated and introduced the pupils to the topic of space using whole-class discussions. The teacher went around the classroom and helped the pupils only when they asked for help.




	
2

	
Pupils’ work: The pupils independently formulated their initial research questions in teams. Teacher’s scaffolding: The teacher described the phases of inquiry and the idea of ongoing and not directed open inquiry. The teacher went around the teams and helped them only when the pupils asked for help.




	
Investigation

	
3

	
Pupils’ work: The pupils started to work independently in teams by planning and conducting their open inquiry, including designing their entire learning environment. Teacher’s scaffolding: The teacher went around the teams and helped them only when the pupils asked for help.




	
4

	
Pupils’ work: The pupils worked independently in teams. Teachers’ scaffolding: The teacher asked all the teams to visualize their open inquiry by documenting their research questions, responsibilities and aims on a large sheet of paper. The teacher went around the teams and helped them only when the pupils asked for help.




	
5

	
Pupils’ work: The pupils worked independently in teams by planning and conducting an open inquiry, including designing their entire learning environment. Teachers’ scaffolding: The teacher reminded the teams that they should also negotiate the content of the homework and how it would be shared between team members. The teacher went around the teams and helped them only when the pupils asked for help.




	
6–8

	
Pupils’ work: The pupils worked independently in teams by planning and conducting their open inquiry, including designing their entire learning environment. Teacher’s scaffolding: The teacher went around the teams and helped them only when the pupils asked for help.




	
Conclusion and planning presentation

	
9

	
Pupils’ work: The pupils worked independently in teams. Teachers’ scaffolding: The teacher asked the pupils to update the visualization of the open inquiry that they initially made in lesson 2. The teacher went around the teams and helped them only when pupils asked for help.




	
10–11

	
Pupils’ work: The pupils worked independently in teams. Teachers’ scaffolding: The teacher reminded the teams that they had two lessons left and should focus on drawing conclusions and planning their presentations. The teacher went around the teams and helped them only when the pupils asked for help.




	
Discussion

	
12

	
All the teams presented their inquiry to the whole class.
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Table 2. Content and the number of pupil-generated questions in the collaborative open inquiry.
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Main Category

	
Generic Category

	
Subcategory

	
Examples of Pupils’ Questions






	
Coordinating teamwork (n = 669)

	
taking and sharing responsibilities

	
revising a scientific research topic

	
“What topic was I supposed to investigate?” “What was Anna’s topic?”




	
taking turns performing inquiry activities

	
“May I take this computer now?” “Do you want to colour planet Venus?”




	
monitoring responsibilities

	
ensuring that the team had achieved its goals

	
“Should we include our whole story here, because otherwise it’s going to be so short”




	
ensuring that team is carrying out the inquiry

	
“Should we start working?”




	
clarifying what inquiry activities the team members are doing

	
“What we should do now?” “What’s Anna doing?”




	
Conducting investigation (n = 1004)

	
planning and carrying out data retrieval

	
planning information searches

	
“How do we search for information?”




	
recognizing problems in information searching

	
“What was the name of that book?”




	
evaluating data sources

	
“What does it say there about Earth?”




	
performing data interpretation

	
ensuring scientific facts

	
“Does Mars have an atmosphere?”




	
confirming scientific information

	
“The main task of the Sun is to warm the Earth, right?”




	
deepening scientific information

	
“Why it [black hole] is pulling everything towards itself?”




	
asking for self-explanation for scientific information

	
“What do you think is in the black hole?”




	
planning and preparing presentations

	
formulating the text in line with research topic

	
“Should we include a picture about the structure of black holes too?”




	
specify the layout of the presentation

	
“What is a suitable font size?”




	
doing scientific writing

	
“Is ‘solar system’ written with capitals?”




	
Organizing resources (n = 568)

	
arranging the physical learning environment

	
deciding which room to work in

	
“Where should we go to work?”




	
deciding which equipment to use

	
“Do we use iPads?




	
using physical learning materials

	
asking for help with technical problems while using equipment

	
“How does this memory stick work?”




	
asking for help with problems using pens and books

	
“Have you seen my pencil?”




	
Organizing software us (n = 281)

	
arranging software use

	
considering alternatives and which software to use

	
“Where to write our work?”




	
ensuring software use

	
“Is PowerPoint OK with you?”




	
using software

	
asking for help with problems using software

	
“How do I add a new page here?”




	
Unrelated to the inquiry (n = 389)

	
unrelated to the immediate learning event

	
questions about hobbies, music, TV shows, friends, families and life in general

	
“How was your football match on the weekend?” “Who are your favourite singers or bands?” “What grade is your little sister in?” “Your eyes water when you yawn, right?”
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