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We studied how interactions with interpretative science centre staff impacts the learning behaviours and engagement levels of visitors who engage with exhibits at Science North (Sudbury, Canada). This study uses the Visitor-Based Learning Framework. The tool consists of seven discrete learning-associated behaviours that visitors show when engaging with exhibits, which are grouped into three categories of engagement: Initiation, Transition, and Breakthrough. These categories reflect increasing levels of engagement and depth of the learning experience. We studied forty-seven Science North exhibits, and 4,835 visitors to analyse the impact of unstructured facilitation in a naturalistic setting. We compared visitor Engagement Levels with and without a facilitator present. We determined that the presence of staff has a statistically significant impact on the percentage of visitors that engage in Breakthrough behaviours. When a facilitator is present, more visitors reach the Breakthrough Level of Engagement (p < 0.001). In the second phase of the study, we explored what facilitators do and say through thematic analysis to uncover common patterns of facilitator actions and comments. Our findings showed that facilitators employed strategies and methods that can be grouped in four categories or Facilitation Dimensions: Comfort, Information, Reflection, and Exhibit Use. These dimensions encompass different strategies and techniques of facilitation, that are used in a variety of situations and sequences. Our study goes beyond anecdotal evidence to show that staff-visitor interactions have a positive impact on visitor engagement with exhibits and therefore, potentially on visitor learning from exhibits. Our findings can be used to inform not only training programs but also managerial decisions and considerations around resource allocation. We suggest that facilitators are a fundamental asset for institutions that prioritize visitor engagement, one that should be given top priority when considering areas for investing.
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INTRODUCTION
There is no doubt that learning science is not restricted to spaces and contexts traditionally recognized for this function. Terms like “lifelong learning” emphasize that the learning of concepts, methods and scientific thinking must be understood as a long-term process, throughout life, and much broader than the scope of formal education (Aspin and Chapman, 2000; National Research Council, 2009; Falk and Dierking, 2012; 2018). Among the many opportunities to learn science outside of school settings, museums and science centres have a special place because of their potential to provide meaningful and unique experiences to each visitor (Stocklmayer and Rennie, 2017). These learning spaces are considered “informal” and are often described as environments where one can engage in “free-choice learning” (Falk, 2001; Falk and Dierking, 2012). Free-choice learning tends to be non-linear, since it is driven by the learner’s intrinsic needs and interests, and involves considerable choice on the part of the learner as to what, where and when to learn (Falk and Dierking, 2000; Falk, 2001). Informal science education environments have important characteristics that shape the resulting learning experience. Land-Zandstra et al. (2020) summarize informal science education as “often based on voluntary participation; connects to personal interests through a learner-centered approach, lacks formal assessment, and provides opportunities for social interactions with other participants.” In addition, the informal setting experience mobilizes a particular set of feelings, sensations and situations that are intrinsically linked to the learning process (Falk and Dierking, 2013). Science centre experiences are often developed to consider visitors’ previous knowledge and contribute to the making of meaning around science concepts and ideas (Kirchberg and Tröndle, 2012). Scholars in this field widely agree that understanding how people engage in science diverse contexts, such as science centres, “requires pushing the notion of learning science well beyond the limits of cognitive concepts, and reaching into the realms of interest, enthusiasm, motivation, and the social context of learning” (Rennie, 2012, p. 198).
At its most basic level, a science centre visit involves physically interacting with an array of hands-on exhibits, usually as part of a group (family or school for example). Understanding the role of this interactivity in a visitor’s learning experience has been investigated since at least the 1990’s (Boisvert and Slez, 1995; Serrel, 1997 for example) and many researchers have since explored aspects of exhibit design that optimize visitor interaction that leads to engagement, contributing to the visitor learning experience (Afonso and Gilbert, 2007; Hohenstein and Tran, 2007; Humphrey and Gutwill, 2005; Allen, 2004 to name a few). More recently, researchers are investigating physical interactions with exhibits to more deeply understand how visitors use their bodies to make sense of science concepts and form a science identity [see for example Shaby and Veder-Weiss (2021) for an exploration of embodiment in informal environments].
Many authors and researchers in informal science education recognize that engagement, as influenced by visitors’ prior experience and understanding, is key for meaning making and the construction of knowledge in the science centre setting (Kisiel, 2012; Hauan and Kolstø, 2014; Ocampo-Agudelo and Maya, 2021). Barriault and Pearson (2010) for example, developed a framework that links visitor engagement and learning-associated behaviors to the potential learning impact of an exhibit. Their Visitor-Based Learning Framework (VBLF) draws from constructivist and socio-constructivist learning perspectives (Barriault and Pearson, 2010) and provides science centre practitioners with an exhibit assessment tool that is empirically-driven and rooted in science centre visitor observations.
When investigating the visitor learning experience in free-choice environments, the Contextual Model of Learning proposed by Falk and Dierking (2013) is also a helpful theoretical construct. This model states that a museum visit exists and is constructed in the interplay of three contexts: personal, physical, and sociocultural. The socio-cultural context stems in part from the visitor’s culture, beliefs and values, along with their previous ideas of what a museum is and feels like, as an institution. Importantly, the museum experience is mediated by micro-sociocultural interactions with others, including members of their group, other visitors, facilitators, or staff (Falk and Dierking, 2013; 2018). It could be argued that, in the informal science setting, facilitators are uniquely situated to engage with visitors by integrating these three contexts through an invitation to explore and discover the physical setting (a whole floor or a single exhibit) and creating opportunities for social interactions that address the personal context and lead to the making of meaning for the visitor (Pattison and Dierking, 2012; Falk and Dierking, 2013). The informal learning setting enables and provides the space for unstructured social interactions to occur, both among individuals in groups of visitors, and between visitors and facilitators (Land-Zandstra, 2020). Researchers in fact suggest that social interaction promotes dialogue and engagement between the visitor and the exhibit (National Research Council, 2009; Jakobsson and Davidsson, 2012; Patrick and Tunnicliffe, 2013).
As visitors’ physical interactions with an exhibit are so often facilitated by science centre or museum staff, researchers have explored the role that facilitators play in that experience (Leinhardt et al., 2003; Lindemann-Matthies and Kamer, 2006; Anderson et al., 2002; Mony and Heilich, 2008; Pattison and Dierking, 2012). For science centre and museum practitioners, assessing the direct impact of a facilitator on visitors’ engagement with an exhibit could provide empirical evidence on which to base staffing decisions, with the potential to inform facilitator training. Thus, the purpose of this study is to analyse the impact facilitators have on the level of engagement of visitors as they interact with exhibits using the Visitor-Based Learning Framework (Barriault and Pearson, 2010; Barriault and Rennie, 2019). To complement this investigation, we explore the common patterns of facilitator activity in their interactions with visitors.
Visitor-Facilitator Interactions in Museums
Previous studies suggest that visitors have positive feelings about engaging with museum staff (Anderson et al., 2002), and that visitors value interactions with facilitators more than getting information from signs and reading materials (Mony and Heilich, 2008). Furthermore, visitors report that they learn something new more frequently when they interact with facilitators (Lindemann-Matthies and Kamer, 2006). Falk and Dierking (2013) report that “the few studies conducted with casual visitors do suggest that staff positively influence the experience, particularly when they are skilled interpreters, helping to facilitate and make the experience meaningful for visitors” (p. 163). Noticeably, informal or unstructured interactions between facilitators and visitors in museums and science centres encompass a largely unexplored research territory. The majority of studies conducted on visitor-facilitator interactions so far have focused on structured interactions, such as school group tours [Gutwill and Allen, 2012; see Hauan and Kolstø (2014) for a review] or specifically designed and structured programs and exhibit experiences.
Investigations of structured interactions have been carried out extensively at the Exploratorium in San Francisco, where staff facilitate the visitor experience with exhibits or programs designed specifically to encourage inquiry behaviour (Allen and Gutwill, 2009; Gutwill and Allen, 2010; Gutwill and Allen, 2012). More recently, Pattison and Dierking conducted a series of studies exploring unstructured, but controlled, visitor-facilitator interactions. Their research centres mostly on family learning at interactive math exhibits, facilitated by experienced museum educators who are trained in their approach (Pattison and Dierking, 2013; Pattison et al., 2017; Pattison et al., 2018). Specifically, their studies focus on: a. families, b. math exhibits that were intentionally designed to support staff–family interactions through specific “facilitation affordances,” and c. experienced facilitators who underwent extra training for these studies (Pattison et al., 2018). While Pattison and Dierking’s investigations give very valuable insight into unstructured staff-visitor interactions, their approach is limited in its ability to capture and understand the role of unstructured staff-visitor interactions because of the controlled design of both the exhibits and the facilitator training. There remains a need to study the impact of unstructured facilitator interactions on visitor engagement with exhibits in naturalistic settings, that can be more easily and broadly applied by practitioners in science centres. The Visitor-Based Learning Framework (Barriault and Pearson, 2010; Barriault and Rennie, 2019) is a tool that lends itself to such an investigation.
The Visitor-Based Learning Framework
Although most researchers agree that science centres are rich learning environments, it can be costly and difficult to evaluate the learning experience (Barriault, 1999). By observing visitors and analysing their interactions and conversations, Barriault (1999) and Barriault and Pearson (2010) directly addressed this concern and developed a practical tool based on constructivist learning theories. In the Visitor-Based Learning Framework, the assessment of the learning taking place is not focused on cognitive gains and instead considers the conditions, processes and engagement that are conducive to learning.
The tool consists of seven discrete learning behaviours that visitors show when engaging with exhibits, which are grouped into three categories of engagement (Initiation, Transition, and Breakthrough). These categories reflect increasing levels of engagement and depth of the learning experience, but do not necessarily occur in a linear fashion (Barriault and Pearson, 2010; Barriault and Rennie, 2019). Initiation behaviours happen when visitors take the first steps in engaging with an exhibit but are not completely involved yet. Transition behaviours are characterized by positive body language and outbursts of emotion. They indicate the visitor is comfortable and is able and willing to engage more thoroughly in the activity. Finally, according to Barriault and Pearson (2010) Breakthrough behaviours reflect a commitment on the part of the visitor to fully engage with the learning opportunities provided by the exhibit; Barriault and Pearson (2010) argue that, in this level of engagement visitors recognize the relevance of the activity (and its associated learning gains) to their own personal life. In this category, it is evident that the visitor is making meaning beyond the purely physical interaction: they build on their previous experience and engage in further exploration and inquiry (Barriault and Pearson, 2010). It is important to point out that the goal of the framework is to assess the potential learning impact of the exhibits. The tool does not focus on visitor characteristics nor does it aim to evaluate visitors’ knowledge about the science in the exhibit or the issue discussed (Monteiro et al., 2018).
The percentage of visitors that reach each category can be plotted to produce a visual representation of the potential of an exhibit in engaging visitors, called the Visitor Engagement Profile (VEP, Figure 1).
[image: Figure 1]FIGURE 1 | Example of a visitor engagement profile.
This assessment tool was developed empirically in science centres (Barriault 1999; Barriault and Pearson, 2010), has been validated (Barriault, 2014) and is recognized as a standardized way to assess the how effective an exhibit is in engaging visitors in a learning experience (Barriault and Rennie, 2019; see for example; Shaby et al., 2017; Barriault et al., 2011; Harkins and Harlow, 2011; Visscher and Morrissey, 2010; Schliessmann and Ohding, 2009). Most relevant in the context of our study, Barriault and Pearson (2010) posited that, when comparing facilitated and unfacilitated visitor experiences, “the Visitor Engagement Profiles will reflect the role of floor staff in encouraging a higher level of engagement” (p. 104).
Thus, we investigated the impact that interacting with a facilitator has on visitor behaviour and engagement using the Visitor-Based Learning Framework (VBLF) as our assessment tool. We did this in two phases. In Phase 1, we investigated the impact of visitor-facilitator interactions on visitor engagement. To the best of our knowledge, this is the first study that uses the VBLF as a tool to investigate visitor-facilitator interactions to provide empirical evidence of facilitator impact on visitor engagement and thus, potential learning. Our hypothesis is that an interaction with a facilitator at an exhibit will increase the percentage of visitors that reach the Breakthrough Engagement Level. If that were the case, it is reasonable to suggest that the facilitators interact with visitors in ways that encourage the types of visitor engagement that can lead to learning (Barriault and Pearson, 2010; Barriault and Rennie, 2019). Therefore, in Phase 2 we examined the behaviours of facilitators to better understand the results of the first phase of the study and to describe some characteristics of the facilitator-visitor interactions that can influence visitor engagement and learning.
The research reported here aims to provide clear evidence of facilitator impact on visitor engagement and learning with exhibits in a science centre by answering the following research questions:
RQ1: Do interactions with facilitators at exhibits increase the percentage of visitors that reach the Breakthrough Engagement Level as defined by the VBLF?
RQ2: If so, what are the common types of facilitator behaviours or strategies used when interacting with visitors?
METHODS
Research Site and its Facilitators
Science North is the second largest science centre in Canada. It is located in Sudbury, Ontario and opened its doors to the public in 1984. The facilitators in Science North, affectionately known as Blue Coats, are trained to be: “Caretakers” (take care of visitors, ensure surroundings are clean are safe), “Ambassadors” (represent the attributes of the organization, act as a role model to visitors and peers), “Trouble-shooters” (use problem solving skills, are flexible and adaptable, ensure visitors’ comfort), “Initiators” (actively engage visitors in science activities), “Scientists” (involve people in the scientific process, eliminate science intimidation, create and promote a sense of wonder), and “Entertainers” (make science fun and understandable through their energy and enthusiasm, be adventurous and spontaneous) (Bray et al., 2011, p.78). These six attributes are known as the “Blue Coat Standards of Excellence.”
Science North’s exhibit evaluation and research team has years of experience applying the VBLF (Barriault and Pearson, 2010) to assess and improve their exhibits and enhance the visitor experience. Since 2008, the science centre has video recorded and analysed video data to produce Visitor Engagement Profiles for hundreds of individual exhibits. The VBLF and VEP for exhibits are part of the institution’s formal exhibit evaluation practices and have become part Science North’s organizational measures of success (Barriault et al., 2011; Monteiro et al., 2018).
Pre-Existing Data and its Analysis
The video data used in our study were previously collected, analysed and coded by Science North researchers using the Visitor-Based Learning Framework (Barriault and Pearson, 2010; Barriault and Rennie, 2019). As the video-recordings of visitors were viewed, research staff from Science North coded visitor behaviours and dialogue using the VBLF as the coding protocol. Table 1 shows the VBLF as it appears in Barriault and Pearson (2010), with Engagement Levels and descriptions of the Learning Behaviours [the reader is directed to Barriault and Pearson (2010), to see the full framework and details of coding protocols]. The coded data include the number of visitors who reach Initiation, Transition and Breakthrough levels of engagement for each exhibit. Importantly for this study, the presence of a facilitator, defined as an instance where a facilitator interacts with one or more visitors at an exhibit, was also coded by Science North researchers. During data collection, Science North staff record the interactions of at least 100 visitors at each exhibit. Ethics protocols are always in place for all the recordings and follow the general recommendations of Gutwill (2003).1
TABLE 1 | The engagement levels and learning behaviours of the visitor-based learning framework based on Barriault and Pearson (2010).1
[image: Table 1]Our raw dataset consists of approximately 25 h of coded video and audio recording from the past 12 years (2008–2020), of about 15,000 visitors interacting with 137 exhibits. This vast dataset is a rich source of insight into visitor-facilitator interactions, which had not yet been examined for that purpose. Even though the facilitators were always aware that the exhibit was being recorded to evaluate its learning potential (and that they were consequently recorded along with it), these coded data sets provide an excellent sample of “natural” (as opposed to staged) visitor-facilitator interactions for two reasons: 1. recordings were not done to evaluate individual facilitators, giving them no reason or incentive to perform a certain way; and 2. according to Science North’s research team, facilitators have become familiar with the research activities at the science centre and over time no longer behaved differently as facilitators in the presence of the camera (A. Henson2, personal communication, June 24, 2020). Therefore, these videos recorded interactions between facilitators and visitors that are as close as possible to how they occur spontaneously and naturally in a science centre setting.
DATA SELECTION
Phase 1 – Impact of Facilitation on Visitor Engagement
The aim of this phase is to investigate the impact of visitor-facilitator interactions on visitor engagement. Of the 137 exhibits that had been previously recorded, coded and analysed, we selected the exhibits that had at least three facilitator interactions in their recorded data, to have a representative sample of visitor-facilitator interaction, and to avoid overestimating the interaction’s impact. It is important to note that the research staff at Science North estimate that when exhibits are being recorded, facilitators interact with less than 5% of visitors, perhaps to avoid interfering with the exhibit’s performance as it is being recorded (A. Henson2, personal communication, June 24, 2020). Therefore, if an exhibit’s data contains fewer than three facilitator interactions, the engagement levels with a facilitator would be determined by that one or two interactions, which could skew the sample and misrepresent the impact the interaction has on the exhibit’s VEP. With this criterion of at least three facilitator interactions in the recorded data of an exhibit, our final data sample is comprised of 47 exhibits, and 4,835 total visitors.
To determine if an interaction with a facilitator increases the percentage of visitors reaching the Breakthrough Level of Engagement at an exhibit, we divided all the visitors from all selected exhibits into two groups: those who interacted with a facilitator (with facilitator, n = 439) and those who did not (without facilitator, n = 4,396). We determined the percentage of visitors that reached each Engagement Level (Initiation, Transition, Breakthrough) for each group (with a facilitator, without facilitator).
Phase 2 – Facilitator Strategies and Techniques
In this phase we examined the verbal and physical behaviours of facilitators to identify and to describe the common activities of the facilitator interactions. We employed qualitative data analysis in the form of emergent patterns or thematic analysis (O’Leary, 2015) of facilitator behaviours in the interaction. We first reviewed all available video from the exhibits studied in Phase 1. Using DaVinci Resolve software, we created separate video segments that showed visitors interacting with facilitators. Each segment begins when the facilitator walks into the space of the exhibit being recorded, or is brought there by a visitor, and ends when the facilitator walks out of that space. This created a pool of 227 visitor-facilitator interactions (approximately 4 h of footage) which were downloaded as 227 individual segments into NVivo12 for analysis. We applied the protocols of systematic thematic analysis, as described by Braun and Clarke (2006) to our data analysis as follows: The first author reviewed and familiarized themselves with the data while making initial notes and memos about recurring patterns in facilitator behaviour (actions and dialogue), generated initial codes and, began to categorize them into themes. The research team then discussed the emergent codes and themes at length to minimize observer bias, and to verify that the themes that emerged were representative of the data we observed (Braun and Clarke, 2006; Charmaz, 2006). As the research progressed, we systematically identified and compared the different categories of behaviours. We also conducted several rounds of observations to further explore and refine the emergent categories, to further refine and name themes, and to ensure we achieved theoretical saturation (Braun and Clarke, 2006). Since the researchers are experienced facilitators, they consciously brought this perspective to the data analysis when coding facilitator behaviours.
RESULTS
Phase 1 – Impact of Facilitation on Visitor Engagement
Figure 3 shows the overall Visitor Engagement Profile for all 47 exhibits combined, with and without facilitator interaction. Facilitator interactions represent between 3 and 27% (Mdn = 6%) of all visitor - exhibit interactions in this data set of 47 exhibits.
As shown in Figure 2, there is a difference between the two groups for the percentage of visitors in each Engagement Level. For visitors who interacted with a facilitator, the percentage who only reached Initiation is lower (21.4%) than for visitors who did not interact with a facilitator (42.5%). The percentage of visitors who did not go beyond Transition is virtually the same (28.4 vs. 27.6%) for the two groups. Finally, the percentage of visitors who reached Breakthrough is higher (51.0%) for the visitors who interacted with a facilitator than for visitors who did not (29.1%).
[image: Figure 2]FIGURE 2 | Overall visitor engagement profile, with and without facilitator interaction, for 47 exhibits.
The level of engagement is associated with the presence of a facilitator, that is, more visitors reach Breakthrough when a facilitator is present. This association is statistically significant, χ2(2, N = 4,835) = 105.81, p = 1.06 × 10−23 with a moderate size effect (Cramer’s V = 0.15). Furthermore, there is a moderate positive correlation of 14% (τb = 0.14 ± 0.06, p = 2.60 × 10−24) between the presence of a facilitator and the level of engagement.
Phase 2 – Strategies and Techniques
Four themes of facilitator interaction behaviours emerged from the data: Comfort, Information, Reflection and Exhibit Use. We called them “Facilitation Dimensions” because these actions and comments encompass different strategies and techniques of facilitation.
As a representative example of our thematic data analysis, Table 2 shows a transcript of an interaction between a visitor and a facilitator, with the corresponding codes. In the exhibit studied, visitors use a spinning dial to control the speed of a video of lightning, including the possibility to see it in slow motion. The interaction starts when a visitor, who is interacting with the exhibit, speaks to a facilitator standing a short distance behind.
TABLE 2 | Visitor-facilitator interaction transcript with assigned facilitator codes and dimensions.
[image: Table 2]Tables 3–6 show representative examples of the Facilitator Behaviour for each Facilitation Dimension, including descriptions, and representative examples from the data.
TABLE 3 | Comfort facilitation dimension.
[image: Table 3]The Comfort Facilitation Dimension describes facilitator behaviours that are welcoming and encouraging to the visitors, making the interaction with the exhibit more pleasant. Table 3 shows the Facilitator Behaviours for this Facilitation Dimension.
The Information Facilitation Dimension includes strategies related to the science content of the exhibit and other information related to this content. Table 4 shows the Facilitator Behaviours for this Facilitation Dimension.
TABLE 4 | Information facilitation dimension.
[image: Table 4]The Reflection Facilitation Dimension encompasses the strategies and techniques used by facilitators to help visitors fully engage with the exhibit, through reflection and making connections. Table 5 shows the Facilitator Behaviours for this Dimension.
TABLE 5 | Reflection facilitation dimension.
[image: Table 5]Finally, the Exhibit Use Facilitation Dimension includes all strategies and behaviours related to exhibit use, including instructions and tips on how to use the exhibit. Table 6 shows the Facilitator Behaviour for this Dimension.
TABLE 6 | Exhibit use facilitation dimension.
[image: Table 6]Table 7 shows the frequency of use of Facilitation Dimensions and Facilitator Behaviours. Frequency is the number of interactions in which strategies from each Dimension were used, not how many times that strategy was used in the same interaction. For example, in the transcript shown in Table 2, the facilitator uses encouraging language twice, laughs twice, calls attention to a phenomena once and gives context and explanation once. When counting for frequencies, this amounts to one instance of “Encouraging language,” one instance of “Laughter, joy,” one instance of “Calling attention to phenomena” and one instance of “Giving context and explanation”. Likewise, this amounts to one instance of the Comfort Dimension, one instance of the Information Dimension and one instance of the Reflection Dimension.
TABLE 7 | Facilitation dimensions and facilitator behaviours in order of frequency of use.
[image: Table 7]DISCUSSION
The results show that the presence of a facilitator increases the percentage of visitors who reached Breakthrough levels of engagement as described in the Visitor-Based Learning Framework (Barriault and Pearson, 2010; Barriault and Rennie, 2019). This finding is statistically significant. In addition, the percentage of visitors that only reach Initiation levels of engagement is lower with a facilitator and this finding is also statistically significant. Lastly, the percentage of visitors reaching Transition levels of engagement is almost the same with and without facilitator interaction. Therefore, it can be suggested that the increase in the percentage of visitors that engage in Breakthrough level behaviours comes from the reduction in the percentage of visitors that engage no further than Initiation. These findings, though preliminary, are supported by constructivist and socio-cultural models of learning (Falk and Dierking, 2013, 2018), in which learning is recognized as active, highly contextual and social in nature (Hein, 1998; McCallie et al., 2009; National Research Council, 2009; Jakobsson and Davidsson, 2012; Falk and Dierking, 2013, 2018).
The qualitative phase of this study provides further insight into the behaviours and strategies of facilitators that may have contributed to this increase in visitor engagement with exhibits. Our thematic analysis of facilitator behaviours revealed an initial framework that describes the strategies facilitators used when interacting with visitors and consists of four Facilitation Dimensions: Comfort, Information, Reflection, and Exhibit Use. We would like to emphasize that our proposed framework of Facilitator Dimensions is a preliminary categorization of common verbal and behavioural activities displayed by the staff in our data set. Although a more in-depth analysis of facilitator-visitor-exhibit interactivity is needed to draw causal relationships between specific facilitator actions and increase in visitor Engagement Levels (Barriault and Pearson, 2010; Barriault and Rennie, 2019), we argue that Facilitator Dimensions are an important contribution to understanding the impact facilitators have on the visitor learning experience with an exhibit.
In our study, the Comfort Dimension is the most frequently used, which may be unsurprising given the importance of welcoming visitors into the exhibit space. If visitors feel uncomfortable, unsafe or unwelcomed, they will likely not engage with exhibits (Barriault and Pearson, 2010) and learning can become challenging because people’s basic needs are not being met (Maslow, 1943). The importance of Comfort for facilitator behaviours is supported by previous research that demonstrated that for families, a positive experience with facilitators was associated with a safe, comfortable, and welcoming environment (Brown et al., 2019). By using strategies in the Comfort Facilitation Dimension, we argue that facilitators are showing respect and care for their visitors.
The second most frequently used Facilitator Behaviour Dimension is Exhibit Use which includes actions like explaining how to use an exhibit, using the exhibit alongside the visitor, giving them a tip or a hint, or providing technical assistance. Even considering that our study is independent of individual exhibit characteristics, physically interacting with, or operating the exhibit, plays a key role in the science centre learning experience (Afonso and Gilbert, 2007; Hohenstein and Tran, 2007; Humphrey and Gutwill, 2005; Allen, 2004). When applying strategies from Exhibit Use Facilitation Dimension, we suggest that facilitators are providing added value for visitors, by helping them interact with the exhibit as the basic science centre experience (by providing technical assistance or explaining how to do it) and to go beyond the obvious affordances (by providing tips, hints, or different ways to engage with the exhibit), which may lead to visitors spending more time with the exhibit, and having a deeper, more meaningful experience.
The Information Facilitation Dimension describes facilitator behaviours that give visitors more information about the science content of the exhibit, which it can be argued is the typical and expected behaviour of facilitators in science centres and museums (King and Tran, 2017). Delivery and timing are important aspects of the Information Dimension because facilitators should be able to provide information in a way that is not too didactic or expository, and they should also be able to identify when would be the best moment to interact with visitors who are engaging with an exhibit (Brown et al., 2019). Experienced facilitators can determine the best way to engage with each visitor, as this is learned with practice. Learning how to actively listen, observe and respond to visitors in a way that maximizes their opportunities for learning is a sizable task for facilitators (Ash et al., 2012; Patrick, 2017a). The Information Facilitation and the Comfort Dimensions together emphasize the importance of listening, observing and responding to visitors during an interaction.
The Reflection Facilitation Dimension includes facilitator strategies that help visitors fully engage with the exhibit, by inviting (but never ordering or insisting) visitors to reflect on proposed hypotheses, to make connections and to engage in critical thinking. In our study, the Reflection Facilitation Dimension was used the least frequently. We suggest that this may be because these strategies can only be applied when the visitor is already invested in the exhibit and indicates that they are open to delving deeper into the subject, to start thinking about the “why” instead of the “what”. Exhibits allow visitors to apply their knowledge and make some connections with their prior knowledge (Kisiel et al., 2012; Hauan and Kolstø, 2014; Ocampo-Agudelo and Maya, 2021), and facilitators can provide opportunities to engage in higher order thinking skills such as those identified by Bloom (1956). Our analysis helped demonstrate that interacting with a facilitator can provide opportunities to “critically evaluate the ideas presented, draw connections among ideas and conjecture, and further investigate phenomena and ideas” (Bloom, 1956, p. 200). Various chapters in Patrick (2017a) underscore this reflection role of facilitation and the importance for informal science educators to be proficient in this skill.
We suggest that these Facilitation Dimensions should all be used in combination to provide a richer learning experience for visitors. In other words, facilitators should apply many different strategies, in a variety of sequences, tailored to each visitor and exhibit. Effective facilitation requires the ability to recognize the visitor’s readiness to learn and respond accordingly and in a flexible way (Ash et al., 2012). The Facilitator Dimensions proposed in this study can be understood as guidelines for the initial training of science centre and museum facilitators as they gain experience at engaging visitors with exhibits, and can encourage facilitators to reflect on their practice. Patrick (2017b) promotes reflection as a key component of an informal educator’s professional growth and recommends asking themselves questions about their practice such as: “Did I take the time to respond in a meaningful way?”; “Did my response foster a desire in the visitor to find out more information”; “Did my response reflect my knowledge of the subject” and “Will my work with visitors aid them in constructing knowledge?” (Patrick, 2017b, p. 47). The Facilitator Dimensions of our study align with the reflection questions and can provide practical guidance to improve practice.
Importantly, our findings from both Phase 1 and Phase 2 support what other researchers and practitioners have observed with respect to facilitator behaviours. Pattison and Dierking (2013), Pattison et al. (2017) identified five facilitation strategies that have some commonalities with our Facilitation Dimensions. For example, Pattison et al. (2017) found that, when using “Orient” strategies, the facilitator provides visitors with an overview of the exhibit and guidance on how to begin the activity, which overlaps with our Exhibit Use Dimension. Pattison et al. (2017) “Challenges” facilitator behaviour, where the facilitator presents challenges to solve or complete using the exhibit, is encompassed in our Reflection Dimension. Our Information Dimension includes the facilitator behaviour that Pattison et al. (2017) refer to as “Provide Explanations.” Finally, Pattison et al. (2017) “Show Appreciation” (congratulating, encouraging or praising visitors) and “Establish Visitor Ownership” (encouraging and supporting visitor control, leadership and agency during the experience) facilitator behaviours are both included in our Comfort Dimension. The series of studies by Pattison and Dierking’s (2013), Pattison et al. (2017), Pattison et al. (2018) and our present study focus on unstructured interactions between facilitators and visitors. It is therefore not surprising that there is a great deal of overlap between the facilitation strategies they have identified and the four Dimensions that emerged in our study. These commonalities further validate (Pattison and Dierking’s, 2013; Pattison et al., 2017; Pattison et al., 2018) findings and strengthen the authenticity (O’Leary, 2015) of our study. However, the main difference between these investigations, and the contribution of our research, is that our Facilitation Dimensions emerged from the data in a “naturalistic” science centre setting, while in Pattison and Dierking’s (2013), Pattison et al. (2017), Pattison et al. (2018) studies, the facilitation methodology and exhibits were iteratively developed and tested to support facilitation. Our study’s naturalistic setting and its findings are relevant for science centres that do not have the resources to engage in extensive, iterative facilitation and exhibit design, as those employed by Pattison and Dierking’s (2013), Pattison et al. (2017), Pattison et al. (2018). In addition, these Facilitation Dimensions emerged from science centre data collected over 12 years, which included all types of exhibits, and were not limited to specific topics, while Pattison and Dierking’s series of studies focused on exhibits tailored for facilitation research and mathematical topics specifically.
The Facilitation Dimensions also unsurprisingly reflect Science North’s “Blue Coat Standards of Excellence,” as described by Bray et al. (2011). Being “Ambassadors,” “Initiators,” and “Caretakers” aligns with the Comfort Dimension of Facilitation and may be attributable to the high frequency of such facilitation behaviours in our sample. “Trouble-shooting” and “Initiating” are actions that are reflected in the Exhibit Use Facilitation Dimension, ensuring that visitors can operate and interact with an exhibit. Being “Entertainers” requires strategies from different Dimensions: the behaviours from the Information and Reflection Dimensions aid the visitors in making meaning of the science, which combined with the strategies from the Comfort Dimension make the experience fun and enjoyable. Finally, being “Scientists” relates to the Information Dimension, by helping the visitor get involved in the scientific process and promote curiosity, for example sharing stories or fun facts. Investigating the relationship between Science North’s Blue Coat Standards of Excellence, their facilitator training, and our Facilitation Dimensions could inform future training programs.
Implications for Practice
Our study goes beyond anecdotal evidence to clearly show that visitor-facilitator interactions have a positive impact on visitor engagement, as defined by Barriault and Pearson (2010) Visitor-Based Learning Framework, when they interact with exhibits. Facilitators are a fundamental asset for science centres and museums and should be given top priority when considering areas for investing. As science centres and museums strive to remain relevant and fiscally responsible, it is crucial to know the tremendous value facilitators bring to achieving institutional education missions. We suggest that the Facilitation Dimensions can be used to inform an institution’s facilitator training programs, and be part of assessing facilitator abilities to promote visitor engagement.
This study certainly opens the doors for further research in the field of science centre and museum visitor studies. As mentioned, future studies examining the relationship between training at the study site and our Facilitation Dimensions would be a valuable contribution to the field and one that we intend on pursuing. Future research could also consider investigating what types of exhibits benefit most from facilitation strategies. Some authors have discussed that facilitator interaction might be unwelcome and staff might interfere with visitor learning (Marino and Koke, 2003; Pattison et al., 2018). Understanding this aspect of unstructured interactions should be further explored, since knowing if and when facilitators should engage with visitors would be as valuable as knowing how. Finally, including other research sites from different science centres and museums would contribute to strengthening the validity and reliability of the current findings. It is clear however that, through intentional and purposeful social interactions, facilitators turn museums and science centre exhibits from mere curiosity cabinets into meaning-making experiences that can engage visitors in science learning.
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Comfort facilitator behaviour Representative examples

Encouraging language “Great job!”
“That's not quite right, keep trying!”
Weicoming (greeting, inviting visitor to use the exhibit, general introductory questions) “Hello, how are you today?”

“Would you like to spin the wheef?"
“So, are you any good at this?”

Laughter, joy (verbal and non-verbal displays of joy) Laughing out loud
Smiling
Focuses on visitor (body language that conveys they are paying attention to the visitor) Looking people in the eye

Facing people when talking
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Information facilitator behaviour

Giving explanation only

Giving context only
Giving explanation AND context

Tells a story

Explaining how the exhibit works

Fun facts

Representative examples

“The water is evaporating....”
“This wouid be a lot easier for an elephant, because they have so many muscies in their trunk”

“The arctic is here (points at map) and we are in Sudbury, here” (points at map)

“There are electrical charges on the ground, often in something like a tower or a tall building, or something like that, like the
CN tower.... the charges buid up on that and they go up trying to find an opposite charge and it finds it inside the cloud”
“So, what's happening with this frog s that it's very sick, so what we've been noticing. .. because this frog lives in Panama,
very far away, and they live in mountain tops. . . so, they were disappearing. .. so what they (scientists) did, was they started
analysing the frog skin, 5o now they found that they had a fungus”

“There s an infrared camera there, which allows us to see the heat, things that are cold are biue, things that are hot are red
and white”

“An elephant trunk has up to 40,000 muscles!”
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Engagement level

Initiation

Transition

Breakihrough

Learning behaviours

1. Doing the activity (in passing or completely, but without further exploration)
2. Obsenving the exhibit or other visitors engaging i the activity

3. Repeating the activity to obtain a desired outcome and/or changing variables looking for a difference in outcome:
4. Expressing emotional response in reaction to engaging in the activity, including an excited disposition and verbal reference
to enjoyment

5. Referring to past experiences while engaging in activity, including meking comparisons and deductions based on
observations of similarities and differences

6. Seeking and sharing information, including having conversations with staff or family members, and reading signage
7. Being engaged and involved, including testing variables, remaining on task for several minutes, making comparisons,
using information gained from activity
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Transcript of visitor-facilitator interaction Facilitator codes (Dimensions)

Visitor  (turns to faciitator, pointing at exhibif) Look at that, it's an explosion!

Faciitator  Isn't it cool? It is kind of like, kind an explosion, right? It's like all this electricity goes just kkijj (explosion Encouraging language (Comfort)
onomatopoeia)

Vistor  (keeps spinning the dial) Wiiil!

Faciitator ~ (laughs) Laughter, joy (Comfort)

Vistor ~ (ininteligible)
Facilitator Did you see the one that comes from the bottom? (points at exhibit) Let me see if | can find it. ... (spins the dial) Here  Calling attention to phenomena

we go, this one.... It actually comes from-- (Reflection)
Visitor ~-from the ground?
Facitator ~ From the ground. .. which is cool, right? Encouraging language (Comfort)

Vistor  Yeah
Faciitator  How does that happen? There are charges, electrical charges on the ground, often in something ke atower oratall  Giving context and explanation
building, or something like that, like the CN tower. . . the charges build up on that and they go up trying to find an ~ (Information)
opposite charge and it finds it inside the cloud
Vistor  That's the big explosion, right?
Faciitator ~ (nods) I's really cool, right? (laughs) Laughter, joy (Comfort)
Vistor  (nods and leaves)
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Facilitation dimension

Comfort

Exhibit use

Information

Reflection

Frequency

124

1

92

67

Facilitator behaviour

Encouraging language
Welcoming

Laughter, joy

Focuses on visitor

Showing how to use the exhibit
Teling how to use the exhibit

Insight into exhibit use

Using the exhibit along with the visitor
Providing technical assistance

Giving context and explanation

Giving explanation

Giving context

Tells a story

Explaining how the exhibit works

Fun facts

Making connections

Calling attention to phenomena
Proposing a challenge or experiment
Inviting reflection

Asking a trigger question

Asking the visitor for a guess or a hypothesis

Frequency

59
53
33
18
59
28
19
18

45
24
17
15

27
18
15
15
14
1





OPS/images/feduc-06-675124-t005.jpg
Reflection facilitator behaviour Representative examples

Making connections “Do you guys want to see why you're not quite as strong as an orangutan? Follow me!” (takes them to another exhibit
Atan exhibit which shows real-time thermal imaging of the visitor, the facilitator brings out a snake and says “that this is how
they see their prey”

Caling attention to phenomena “The marbles near the centre go faster”
Proposing a challenge or experiment “You can try and build something”
(Visitor 1 interacts with the exhibit, then visitor 2 interacts with the exhibit) “How about together?”
Inviting reflection “Why do you think we take eggs from robins’ nests?”
Asking a trigger question “So, how many eggs do you think she laid”

(To a girl looking into a microscope) “Do you know what you're looking at in there?”
Asking the visitor for a guess or a hypothesis *If | wereto take an egg from a robin and give it to either a tomtit, a dunnock, or a stariing, which one do you think would make
the best adoptive parents? ... Why?"
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Exhibit use facilitator behaviour

Showing how to use the exhibit
Teling how to use the exhibit
Insight into exhibit use

Using the exhibit along with the visitor
Providing technical assistance

Representative examples

Physically demonstrating how to use the exhibit

“All you do is you squeeze the level and see how strong you are”

“You can also try this, it's fun!”

“For one of them, I'l give you a hint, you have to step back from the table”
Being player 2 on a two-player exhibit

Rebooting the system for an exhibit that has a projector and computer system
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