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Understanding producers' intentions and viewers' learning outcomes in a science museum theatre play on evolution

Abstract

Science museums often introduce plays to liven up exhibits, attract visitors to specific exhibitions and help "digest" difficult content. Most previous research concentrated on viewers' learning outcomes. This study uses performance and spectator analyses from the field of theatre studies to link between producers' intended aims, the written script and the learning outcomes. We also use the conflict of didactics and aesthetics, common to the design of both educational plays and science museum exhibits, as a lens to understanding our data. "Darwin's journey", a play about evolution, was produced by a major science museum in Israel. The producers' objectives were collected through in-depth interviews. A structural analysis was conducted on the script. Viewer (n=103) as well as non-viewer (n=90) data were collected via a questionnaire. The results show strong evidence for the encoding of all of the producers' aims in the script. Explicit and cognitive aims were decoded as intended by the viewers. The evidence was weak for the decoding of implicit and affective aims. While the producers were concerned with the conflict of didactics and aesthetics, this conflict was not apparent in the script. The conflict is discussed within the broader context of science education in informal settings.
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Introduction
Informal science learning environments can provide children with a positive exposure to science (Bamberger & Tal, 2008; Eshach, 2007). Such exposure may increase their interest in science, spark positive attitudes towards science and influence choices to learn science (National Research Council, 2009). In particular, museums play an important role in teaching the public about evolution and may prompt incremental conceptual changes leading to greater understanding and acceptance (Diamond & Evans, 2007; Evans et al., 2010). 

Along with traditional exhibitions, theatre, drama and role play are often introduced in museums to liven up exhibits, attract visitors to specific exhibitions and help "digest" difficult content (Hein, 1998; Hughes, Jackson, & Kidd, 2007; Pedretti, 2002). Limited research exists on museum theatre and the field has "only recently begun to be articulated, let alone addressed, by researchers" (Hughes et al., 2007). Previous studies have mainly focused on viewers' learning outcomes, with findings showing positive cognitive and affective outcomes (Authors, 2011; Baum & Hughes, 2001; Hughes, 2008). However, little is known about how such cognitive and affective outcomes are related to the intentions of the writers and producers of such educational plays. Some studies have shown that dramas in the field of health communications have achieved learning outcomes that differ or are even contradictory to those intended (Gesser-Edelsburg, 2005). The current study aimed to help practitioners design more effective museum theatre plays, and inform theoreticians on the relationship between design and learning outcomes in informal learning environments. We investigated how the aims of producers of a play on evolution were melded into the script and to what extent the audience received these aims. 
Theoretical framework
Studies on the design of science museums have mainly focused on exhibits and how their different features, such as levels of interactivity, effect learning (Allen, 2007). While science museum theatre shares some general feature with museum exhibitions (such as the general visiting context), theatre has some distinctive features set it apart. The theatre event is of a transitive and changing nature (Bennett, 1997; van Maanen, 2004), compared with the fixed nature of exhibits. Actors meet with the spectators in a given space and time (Bennett, 1997; van Maanen, 2004) compared with exhibits where the creators of the exhibits do not normally meet visitors. The theatrical event is of a collective nature (Eversmann, 2004): on the production side, more than one individual is usually responsible for the creation of the entire work of art (similar to exhibit design) and on the receptive side, spectators experience the art form with others in a large group (and not in small groups or as individuals as typical in museum exhibits). 

Due to these distinct features our theoretical framework is mainly based on theories and methods found in theatre studies rather than those in museum exhibit design. These methods allow us to link between the design and the reception of the theatrical event. Two traditions are particularly relevant:

Performance analysis of theatre focuses on the performance, production and staging of the theatrical event (Balme, 2008). Due to the ephemeral and transitory nature of the theatrical event, performance analysis tends to focus on the production and staging of the event rather than on the performance itself (despite the misleading label). Analysis normally focuses on the process of production (from text to stage) or on how the different components of the performance come together to create a whole. To the best of our knowledge no such previous performance analysis has been conducted on a science museum plays.

Reception studies investigate the real spectators' response to the theatrical event. While there is no question as to the centrality of the spectator to the play there are relatively few studies on the spectators and their experience (Balme, 2008; Sauter, 2000). One reason is that in order to understand how the audience responds to a play, social research tools such as questionnaires or interviews must be used, which were traditionally foreign to arts researchers (Balme, 2008; Urian, 2008). Thus discussion normally focused on a hypothetical spectator rather than a real one.

The shift to viewing the spectator as a real and active agent was largely influenced by changes in adjacent research fields. In Hall's model of encoding/decoding from the field of mass communication studies, audience have an active role in decoding media messages (Hall, 1993). Reader response theory from the field of literature studies argues against the text having fixed sedimented meanings and the reader as a passive recipient. Instead reading is viewed as an event whereby the reader must fill in the blanks, add his/her interpretation and make meaning of the text (Balme, 2008; Bennett, 1988; Rosenblatt, 1978).

Similar paradigmatic shifts have occurred in the field of science communication in shift from a deficit model, in which the public is seen as deficient of scientific knowledge, to a model of public engagement of science, in which the public takes an active role (Halpern, 2008). Finally a striking similarity can be drawn to theories in science education which have seen a shift from behaviorist to constructivist paradigms resulting in a greater focus on the learning agents (Duit & Treagust, 1998).
Adopting the view of the active spectator allows us to investigate the learning outcomes of watching a science museum play.
Models of communication - linking performance analysis and reception studies

In order to inform the design of future science museum theatre, the current study aims to understand the factors that steer the design of a museum science theatre play and investigate the links between its design and its outcome. To link the performance analysis and reception studies we use Hall's model of encoding/decoding as an organizational frame. 
Hall's model of encoding/decoding from the field of mass communication studies suggests that communication between a transmitter of a message and an audience is not a linear, one-way process, but rather depends on the encoding of the message by the transmitter and active decoding by the audience (Hall, 1993, see Figure 1). According to the model, there are numerous factors that can steer the encoding and decoding processes, including previous experience, aims and views. The model marks three stages in the process of communication referred to as "moments"; the moment of encoding, the moment of the text and the moment of decoding. The encoding and decoding processes need not be symmetrical, since the message decoded by the audience may be different from the one encoded by the transmitters (Wren-Lewis, 1983). 

[figure 1 - about here]

An analogy can be drawn between the model of communication and different forms of educational curricula. Curriculum theorists distinguish between a formal curriculum, that includes the goals and activities outlined by school policies or designed in textbooks, an intended curriculum, which the teacher plans to teach, an enacted curriculum which is taught in practice and a learned curriculum which is picked up by the students (Porter, 2006; Remillard, 2005). In the context of museum theatre the intended curriculum is analogous to the main educational goals and aims of the producers (playwrights), the enacted curriculum is the actual play and the learned curriculum corresponds to the viewers' learning outcomes. The formal curriculum is analogous to the museum's policies which influence the producers' goals and aims. 
More specifically for the theatre, Van Maanen (2004) suggested that a play occurs within four nested frames. The innermost is the 'communicative frame' which is a frame of "shared perception" (p.243) where the perception of the performers and the spectators intersect. Van Maanen argued that performers and spectators each have a system of perception which together condition and allow communication in the theatrical event. The system of perception is similar to that used in encoding and decoding in Hall's model, although unlike Hall's model the encounter between performers and spectators occurs concurrently. The second frame is an organizational frame that organizes the "physical aspects of a meeting within which the event will happen" (p.244) and includes the real time and space (and not the dramatic or theatrical time in the communication frame). The organizational frame can activate and encourage or hinder certain perceptual systems in the communicative frame. The third 'institutional frame' functions on an abstract level and encompasses the theatre world in large, thus affecting the organizational frame. Finally, the fourth 'societal frame' constitutes the larger societal context in which the theatrical event takes place. In this paper we mainly concentrate on the communicative frame. 

Hall's model's notions of moments will be used as an organizational framework to link between performance analysis (of the production process and the performance) and reception research of the spectators. We are aware that the model was developed for studies of mass communication in which the three moments can be said to be separated. In theatre these moments can never fully be separated due to its live nature and such a separation is artificial. We apply it to facilitate our analysis and discussion only. At the end of the study the three moments are merged in our conclusion. 

This scheme follows a similar approach to Jackson and his team, who conducted a series of comprehensive study of visitors' experience of drama and theatre performances in the context of history museums and heritage sites (Jackson & Kidd, 2008; Jackson & Rees Leahy, 2005). They investigated the site, the performance, the content and the audience. To achieve such broad goals, they adopted numerous research tools and methodologies and tools from many traditions in the humanities and the social sciences. The comprehensive approach allowed the investigators to suggest recommendations for the use of drama in such sites and reveal the complexities of the learning environment for future studies.

Specifically, in the context of the informal learning environment of a science museum play for elementary school children we examined (1) the aims of the producers of a play about Darwin and evolution and the factors that influenced the way the writers encoded these aims into the script; (2) How these aims were encoded into the script of the play, and (3) the evidence for cognitive and affective learning outcomes and for the decoding of the producers' aims by young viewers (Table 1).

[Table 1 - about here]
Didactics and aesthetics in informal learning environments

The title of Sue Allen's (2004) article, "Designs for learning: Studying science museum exhibits that do more than entertain" presents one of the main dilemmas faced by informal science education designers. "We expect these institutions to provide a hugely diverse visiting public with entertainment, the freedom to choose their own path, follow their personal interests, do their own inquiry, and create their own meanings. Yet at the same time, we want our museums to be respected educational institutions where people can spend an hour and come away having learned some canonical science" (p. S18). Designers of informal learning environments face the dilemma of design for entertainment, discovery and self inquiry on the one hand and conceptual, cognitive learning on the other.
Applying theatre to educational contexts raises a similar conflict between didactic elements (i.e. those that seek to inform and teach) and aesthetic elements (i.e. those that seek to provide an artistic experience) (Hughes, 2010). These elements are often seen as a dichotomy as captured in Jackson's claim: "Call a play 'didactic' and you have all but administered the kiss of death to its chances of success" (1980, p. 29). Yet some scholars claim that such a dichotomy is a false one. Didactic theatre need not abandon its aesthetic qualities; on the contrary, in order for theatre to educate, it must contain sound aesthetic values (Balme, 2008; Jackson, 2005). The relationship between didactics and aesthetics, which parallels the conflict of entertainment vs. education mentioned above, will be one lens with which we view our findings.
Research on science museum theatre

Unlike studies of general theatre, in practice most of the existing research on museum theatre has focused on the spectator (rather than the performance). Early research reports were essentially internal evaluations on spectators' experiences in science museum theatres and used questionnaires as research tools (Baum & Hughes, 2001; Bicknell & Fisher, 1994). Baum and Hughes (2001) evaluated ten years of science plays at the Museum of Science in Boston found both an increase in cognitive knowledge as well as positive affective outcomes. Hughes (Hughes, 2008, 2010) performed an in-depth study of visitors who attended plays in a history and a science museum. Her theoretical framework was based on Rosenblatt's transactional theory, which suggests that texts can be read with an efferent and/or aesthetic stance. An efferent stance is one in which information is transmitted and an aesthetic stance aims at providing an emotional and intellectual experience. These two stances can be linked to the didactic and aesthetic interpretation of elements in a play. By using a mixed methods approach, Hughes highlighted the centrality of empathy in the aesthetic response to the plays and the importance of spectator-actor interaction.

Some empirical reports on educational science theatre outside of museums have also focused on spectators. Wieringa et al. (2011) studied audience reaction and expert opinions on a play presenting socio-scientific issues for 15–17 year olds. The study suggested that the societal context of science elicited more interest among students than did science itself, the use of caricature to portray scientists may have hampered the rapport with the audience, and that a discussion held after the play was crucial. Carpineti, Cavinato, Giliberti, Ludwig and Perini (2011) reported on empirical studies of audience acceptance of shows based on physics demonstrations. One study on a play for primary school children found that the goals set for the play were successfully achieved; namely articulated memories of the play, positive engagement, enthusiasm and formation of an idea about what scientists do. In the second show for secondary school children, the authors found that the goals were only partly achieved and suggested that the production should be accompanied by teaching materials for teachers and classes. While our motivation for the research is similar, we investigated a play with a fictional script, narrative and characters, while Carpineti et al. studied a show based on demonstrations.
In a previous study, we (Authors, 2011) investigated the learning outcomes of an educational science play on the topic of matter for children aged 6-12. The play was presented at two different schools and data were collected using questionnaires and interviews. The findings indicated that the children learned the main ideas of the play, and that younger students gained more conceptual knowledge than their older peers. In one of the schools (a state school) a gender difference emerged since girls raised their scores on the questionnaires significantly more than the boys - to such an extent that a pre-play gender gap in knowledge was eliminated. The viewers were positive about the learning environment, and while the play did not seem to change their general attitudes towards science, it did change how the children viewed learning science. The viewers' memory of the scientific concepts was interwoven with the narrative, but the children could distinguish between fact and fiction in the play. The viewers also recalled the aesthetic and theatrical elements of the play (narrative, characters, props and stage effects), regardless of whether they liked them or not. This highlights children's sensitivity to artistic elements reinforcing the importance of high artistic quality in educational theatre. 
Research questions
In order to enrich the literature on learning from the informal learning environment of museum theatre and on the relationship between design and learning outcomes in informal learning environments, we ask the following research questions: (1) What are the aims of the producers of a science museum theatre play about Darwin and evolution and the factors that steer the way the writers encode these aims into the script? (2) How are these aims encoded into the written script of the play? and (3) What is the evidence for the decoding by young viewers of the cognitive and affective learning goals intended by the producers of the play? 
Method

The Play

"Darwin's journey" was produced and performed in a major science museum in Israel. It was commissioned to accompany an exhibition on evolution to celebrate the bicentennial of Darwin's birth and the sesquicentennial anniversary of the publication of "On the Origin of Species". The play was designed to be a family event and to provide younger children with an exposure to the theory of evolution. The minimum recommended age was five (although younger children also watched it). The museum is situated in a major city, accommodates some 210,000 visitors a year and caters to a very heterogeneous population. It considers itself "a conduit for Science, Technology, Society and the Arts" (Museum, 2011).

The play (Figure 2) portrayed basic concepts needed to grasp certain aspects of evolution. These concepts were embedded in a story. However, the play did not directly deal with evolution or natural selection. The play begins with Darwin (an actor) returning to his London home after his five-year journey on the Beagle and his reunion with Elizabeth (a puppet) his pet pigeon, who has been anxiously awaiting his return. Darwin tells Elizabeth about all the marvelous animals he met along the way, like the albatross, which has a huge wingspan, the rhea (an ostrich-like bird found in South America), which has long legs, and the hummingbird, which has a long beak to enable it to suck nectar from deep within flowers (throughout this scene photographs of these animals are shown on a back screen). Elizabeth becomes jealous of all the animals and thinks Darwin will stop loving her because she is not special. She therefore decides to try to 'change' her physical features. She hides behind a divider and puts on the wings of the albatross, the legs of the rhea and the beak of the hummingbird. Darwin is indeed surprised when he sees her, but tells her he likes her just the way she is and that for him she is special enough. With this in mind and after she finds out she cannot walk or fly with her new body parts, nor eat seeds (her favorite food) she decides to return to her normal state. The conclusion of this episode is that every animal is adapted to its environmental conditions such as food and terrain. 

When talking about his trip around the world Darwin mentions a huge bone - the biggest he has ever seen. He shows a picture of what he thinks a dinosaur looks like and Elizabeth claims it looks familiar. After Elizabeth changes back to her natural state, she suddenly remembers where she knew the dinosaur from and claims that it looks like her grandmother. This becomes a eureka moment for Darwin who hypothesizes that perhaps the birds evolved over time from dinosaurs. To explain this, children from the audience are invited to come on stage and model what the species might have looked like in the evolution from dinosaur to bird. The message in this part is that animals evolve over time. The play concludes with the suggestion that Darwin's forefathers were apes. 

Darwin was played by a professional actor. Elizabeth was operated by a puppeteer dressed in black who was present on stage and did the talking for Elizabeth. The play included two short songs and was about 30 minutes long. It was performed some 25 times in the museum auditorium which can seat 200 viewers.
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Data Collection, Sample and Research Tools

Data were collected from three sources:

(1) Producers.
For the purposes of this study the producers referred to are the two main decision-makers related to the play. These are the coordinator of events in the museum who is in charge of initiating and overseeing theatre productions in the museum ("Coordinator") and with the director of the play who is the regular director and playwright of plays in the museum ("Director"). Two interviews were conducted with the two producers. An initial semi-structured interview was conducted a year prior to the writing of the play on the general creative process and aims of science plays. Initial questions were based on literature on the fundamental elements of theatre (Wilson, 1994) and produced an hour and a half long interview . A few months after the play was produced, the second semi-structured interview was conducted with the two producers. This hour and a quarter interview consisted of two parts. In the first part, questions were asked about the aims and the production process of the play. In the second part the interviewees were presented with results from the audience questionnaires. This was a prompt that led to an open-ended discussion which added to the wealth of data.

The Coordinator of the science theatre was a member of the staff in the museum who is responsible for special events and plays. The Director of the play was not a member of the staff, but was often commissioned by the museum to write, direct and sometime act in productions in the museum. Both interviewees were responsive as seen by the detailed answers provided and the length of the interview. During the interview, the interviewees commented that some of the interview questions encouraged them to reflect about the creation process and the pedagogical aspects of the play for the first time.

In addition to the interviews, observations of the rehearsal process and live performances were conducted. About a month before the play premiered, one of the researchers watched a rehearsal to get a sense of the work process. At this point in time, the script was complete and the Director and actors were about half-way into staging the play. Additional observations were conducted on plays whose audiences responded to questionnaires. Handwritten notes were taken in both types of observations and were later used to aid in the analysis of the interviews and the script.
(2) The script.
The script of the play was provided by the museum staff. In addition, the observations of the rehearsals and the live performances were also used for analysis of the script.
(3) Viewers.
Data were collected from viewers using a questionnaire that was developed to address four main issues (an English translation of the questionnaire accompanies the online article in the electronic supplementary materials): 
(a) Knowledge about Darwin and evolution. Five open-ended and two multiple choice items about Darwin and basic concepts in evolution and development were used. For example, "Have you heard of Darwin, who was he and what did he do?" and "Researchers have discovered that the ancestors of today's giraffes had short necks. Why do you think nowadays giraffes have long necks?" Most items in this section were adapted from a previous study on high school students' conceptions of evolution (Hagay, 2005) with appropriate simplifications of language and ideas.
(b) Attitudes towards science and plays were tested by four Likert-scale type items. To facilitate the completion of the questionnaire, smiley faces were drawn to help children express their feelings towards each item (Hopkins, 1985, in Conner, 1991). Examples of the items are " What are your feelings towards science?" and "Do you like going to plays?"
(c) Attitudes and feelings towards "Darwin's Journey" were collected by five open-ended and three multiple-choice items about children's attitudes towards they play. This section was omitted in the questionnaire for the comparison group (visitors who did not see the play). These questions were based on our experience in a previous study on science theatre (Authors, 2011).
A short introduction for the parents explained the purpose of the questionnaire, asked them to help their children read but not to answer for them, and requested their e-mail address if they wished to participate in a raffle for a free museum ticket. This was followed by a short introduction for the children that briefly explained that the purpose of the study was to improve their science studies. Finally a short demographic section followed, asking for the children's gender, age and grade. Two additional items for parents were added at the end of the questionnaire asking whether the parents learned something from the play and whether they would like to communicate something to the researchers.
Since the questionnaire was a self-report instrument, legibility was crucial (Wolf, 1997). For this reason all the texts in the questionnaire were written with diacritical marks (that stand for unwritten vowels in Hebrew). This 'niqqud' system is uncommon in texts for adults, but is frequently used in schools when children learn to read.

Questionnaire development and testing. The questionnaire was developed jointly with an expert in evolutionary education and two experts in museum education. After an initial version was written, the questionnaire was administered as an interview to nine viewers and six non-viewers (only those items not relating to the play). This procedure allowed examination of the items' face validity (i.e. whether respondents clearly interpret the questionnaire items, see also Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002; Velayutham, Aldridge, & Fraser, 2011). Analysis of these interviews and subsequent discussions with the experts yielded corrections. Items that were unclear or those in which both groups had very high scores were omitted. A second version of the questionnaire was administered to 15 viewers and six non-viewers. Again after analysis and discussion with the experts some items were omitted or changed. A limitation which had to be kept in mind throughout this process was that visitors had relatively low patience for the administration process. Therefore only essential items were kept. It was decided that the questionnaire was to be no longer than 2 A4 pages for the non-viewers and 3 A4 pages for the viewers. It should be noted that the questionnaire was constructed before the second interview with the producers was fully analyzed and was only based on the first interview and on observations of the rehearsals. This was a limitation of the study, but it also allowed us to pick up the wide possible range of outcomes.
Procedure. The questionnaire was administered during a week-long school holiday in December 2009. Just before each performance, a member of the museum's senior staff introduced the play and mentioned the study and the questionnaire. About 50 questionnaires were handed out by the researcher and the museum's junior staff after each performance to an audience of some 200 people. The return rate was about 30%, which was considered good by the museum staff compared to internal evaluations. The same questionnaire without the section on attitudes towards the play (section c) was administered to visitors who did not watch the play (comparison group). Finding participants for this group was more challenging. The best method was found to be randomly addressing families who were resting or right after their lunch break. While the methods of recruitment were different for the experiment and the control group, we believe that this was not a methodological problem. In both groups, response was voluntary and usually decided upon by the parents (children were usually more willing to participate than the parents). Hence, in both groups a similar self-selection process took place. The resulting samples were similar in their age distribution as detailed below. For both groups, a raffle for free museum tickets was offered as an incentive for completing the questionnaire. A researcher was present and observed the filling-in of the questionnaires. From these observations, it did not seem that there were differences in parents' help between the groups - in all cases older children filled in the questionnaires independently while younger children were assisted by their parents.
Sample. While no age limit was mentioned in the administration of the questionnaire, a grade limit of 6th grade was imposed in the analysis, since the play was aimed at elementary school children. In total 52 questionnaires were disqualified for respondents exceeding the grade limit set to 6th grade or for almost totally blank questionnaires. The final sample consisted of 103 viewer questionnaires and 90 non-viewers. Both groups were normally distributed with regard to age (Table 2). The average age was 8.2 years (SD = 2.0) for the experimental group and 8.1 years (SD = 2.0) for the comparison group. The youngest respondents were 3 (one case) and 4 (five cases). The male to female ratio was 1:1.2 in both groups. In both the experimental and comparison groups, children expressed positive attitudes towards science and science learning with some 90% reporting that they liked science and some 80% claiming to like learning science. 
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One concern emerged in this quasi-experimental design, namely that differences in response patterns between viewers and non-viewers would not be due to the effect of the play but rather due to sampling (i.e. that viewers of the play might represent a different subset of the population than non-viewers such as a group that likes or dislike theatre). To rule this possibility out, some parents of viewers were approached and asked whether they knew about the play and intended to see the play before going to the museum. Virtually all learned about the play upon arrival to the museum. Furthermore when administering the questionnaires to families of non-viewers, we asked why they did not see the play. Most answered that they did not know about it or that they arrived too late. None answered that they did not go to the play due to dislike or avoidance of theatre in general.
Data Analysis

Interviews with producers. The interviews were transcribed and the scripts were analyzed qualitatively using initial categories based on the research questions (more details can be found in the electronic supplementary materials). Another category emerged upon emersion in the data; namely the work process on the production. A sample of the interviews was presented to three other researchers for feedback and refinement of the categories. Finally a full transcript of the interviews was presented to an outside researcher who was asked to categorize the entire transcript according to the coding scheme. The initial inter-rater agreement between the authors and the outside researcher was 75% with a kappa value of 0.682 (p < 0.000) which is considered a substantial agreement according to the Landis and Koch benchmark scale (Gwet, 2012). Follow-up deliberations on the entire dataset helped locate statements that were omitted by the authors, the assignment of some statements to more than one category, and a refinement of the categories. After deliberation, and resolution of discrepancies, the inter-rater agreement was 98% with a kappa value of 0.973 (p < 0.000) which can be considered a perfect fit (Gwet, 2012).
Script. The script was analyzed using methods from performance analysis in which the performance is broken into its constituents in order to produce meaning (Balme, 2008). While there is no single methodology for conducting a performance analysis, the choice can be guided by previous traditions found in literature. Balme (2008) suggested two methods: (1) transformational analysis studying the process of text to performance which compares the choices made in the production with possible choices the text seems to provide; and (2) structural analysis, which studies the underlying structure of the production.

We conducted a structural analysis of the script. Structural analysis begins by looking at earlier works of the director. Here the interview with the producers was the preparatory step. The analysis itself may describe the structure of the production, use of signs, use of costumes, etc. We focused on the structure, the encoding of the aims and the use of didactic and aesthetic elements. 
Since performance analysis is interpretative, analysis was conducted by two researchers. First the script was divided by each judge into distinct episodes in which a certain idea or several associated ideas were conveyed. The end of each episode was marked by the transition to the next idea. Agreement between the two judges was high and a consequent discussion was held to yield the final partitioning into six thematic episodes. Together, the judges discussed the possible function of each episode and the aesthetic and didactic elements that were present. Didactic elements were considered those meant to convey scientific or historical content, whereas aesthetic elements were meant to entertain, stimulate or guide the audience through the story (narration). The classification was presented to a group of four external researchers for further confirmation. 
Questionnaires. Analysis of the questionnaires sought to detect cognitive and affective learning outcomes. For the three open-ended items (items 5 ,7 and 10, see the electronic supplementary materials for more details), dealing with explanations for variations in animals, we drew on the literature on analyzing conceptual change in evolution. Spiegel et al. (2012) examined museum visitors' conceptual change. They coded open-ended answers into three reasoning patterns (1) an evolutionary reasoning pattern, (2) an intuitive reasoning pattern based on intuitive reasoning but excluding supernatural explanations and (3) a creationist reasoning pattern which includes a supernatural explanation. 
Our main focus was to find conceptual differences which fell under intuitive reasoning as this was the producers' goal. One of their main goals was to demonstrate that animals are adapted to their environments. This is a necessary concept to assimilate in order to understand natural selection, but does not go far enough to be termed evolutionary reasoning. Answers which related to an animal-environment fit were categorized as environmental explanations (static adaptation by Spiegel et al., 2012). Other categories of intuitive explanations used were functional explanation (adaptive feature list or goal-directed adaptation in Spiegel et al., 2012), Lamarckian explanation (desire-based change by Spiegel et al., 2012) and an aesthetic explanation ("for the world to be a nicer place", no equivalent category in Spiegel et al., 2012). The final categories of analysis for each questionnaire item appear in Table 7 and are detailed in the electronic supplementary materials. 
In the other two open-questionnaire items (items 4 and 8) an emerging theme analysis was employed. 
To test for inter-rater reliability, three external raters were given 20 sample responses (~10% of the entire data set) for each open questionnaire item chosen at random. If this sample did not cover the whole age range some statements were omitted and new ones were chosen at random, until the sample appeared representative of responders' age. Kippendorf's alpha (α) was calculated using a macro for SPSS (Hayes & Krippendorff, 2007), since it can handle any number of raters and also missing data (Krippendorff, 2009). Initial α values were mediocre for all but one item (0.3116 – 0.8281) suggesting the need for a refinement of the categories. Deliberation with the external raters yielded a refined codebook, which was given to a naïve researcher together with a sample of 50 responses (~25% of the data set). This yielded satisfactory Cohen kappa values ranging from 0.82 to 0.95 (Gwet, 2012).
Findings
The findings will be presented by the three moments of Hall's model.
A. Moment of Encoding: The Producers 
The interviews with the producers indicated that the script aimed to encode seven main objectives and messages. These were assigned to three main categories and each aim was marked as intending to achieve cognitive or affective outcomes.

1. General museum theatre aims. These aims originated from the museum’s philosophy and policy and were the driving force for introducing theatre to the museum in general. Two aims were included this category:
Mediate between the exhibitions and the young visitors and help ‘digest’ difficult material (cognitive aim). The museum sees theatre, alongside workshops and demonstrations, as a way of complementing exhibitions. "When we open a new exhibition, it is only one side of what our visitors do here: we also have workshops, demonstrations and a performance." (Coordinator). In the specific case of Darwin's Journey the play was a way of facilitating an exhibition on complex topics in evolution to the younger public "..the content of the exhibition was suitable for older children, i.e. things like genetics, DNA, etc. .. So we clearly needed something adapted to children aged 4 to 9." (Coordinator)

Engage, arouse interest in science (affective aim). The second general aim was to engage and arouse interest in science. "In the museum in general, we don't intend to teach. If you look at the museum’s position paper, our purpose is to elicit curiosity and to stimulate questions .. – and the same applies to the science plays." (Coordinator)

2. General aims of the Darwin play. These aims were general in content but related specifically to Darwin's Journey; namely to elicit wonder about nature (affective aim) and to introduce the scientific method (cognitive aim). The Director described the deliberations to avoid dealing with more controversial messages: "Well, our way of avoiding [controversial issues] and also to show what interested Darwin in nature is Darwin's fascination with nature. And fascination with nature is not controversial. That is to say, his big trip, the trip where he expresses his love for nature ... we also thought that it would be something that would be more appealing to children – more than the question of our origin, etc."
3. Specific science learning objectives. Three specific learning objectives were identified from the interviews and observations of the play. These were determined by the Coordinator together with the educational staff of the museum and passed on to the Director as the basis for writing the script. According to the Coordinator these messages were chosen with the audience's age and supposed prior knowledge in mind. In addition, experience with previous plays led to a decision to avoid sensitive topics in evolution. 
Learn about Darwin and his journey around the world (cognitive aim). The goal was to introduce Darwin, "so that the children would know that he was English, that he went around the world, know about the period he lived and other biographical data which are important and interesting. That he was after all a historical figure, apart from the controversial issues he raised." (Director) 
Understand that living things are adapted to their natural environments (cognitive aim). The second message was “to understand that every animal is adapted to its environment” (Coordinator). Animals possess the physical characteristics needed for survival in their habitat. This message was decided upon by the Coordinator and the museum’s educational team. 
Recognize that animals evolve over time from a common ancestor (cognitive aim). The producer and coordinator wanted children to understand that animals evolve over time. They did so by showing pictures or enactments of how a dinosaur can turn into Elizabeth. “We wanted them to see a dinosaur turn into a bird” (Director).
At the end of the play Darwin scratches his head in a suggestion that the forefathers of man were monkeys. The accepted scientific view is that Homo sapiens arose from a distinct species of hominids which were a common ancestor to both humans and apes. The producers followed the common misconception in popular culture that humans evolved from apes (Gregory, 2008) and thus in the play the monkey is presented as the ancestor of humans. This was not mentioned in the interview as a deliberate simplification. In the remainder of the article (and in the questionnaire) we relate to this as a scientific fact, since our main interest as researchers was to compare the intended and the actual learning outcomes (and not to correct such a misconception).

Tension between the didactic and the aesthetic. Throughout the interview the tension between the didactic and aesthetic elements of the play in the encoding process was clear, as was stated by the Director: "It’s always on the borderline: should we teach more or do a play inspired by something." In addition to the affective goals to entertain, elicit curiosity and ask questions, several specific didactic learning objectives were encoded into the play with expected cognitive learning outcomes. When the producers were provided with evidence from the questionnaires of positive cognitive learning outcomes to these learning objectives, this tension surfaced again:
Coordinator:
There is a huge gap [of the experimental group scores] to the comparison group. [To the Director] You have to reduce the amount of educational content you transmit, so that it will be more experiential. .. There is no doubt that this play is didactic.
Director:
We can make it less didactic, but I don't think it was.
Although the producers had clear educational goals, they were dissatisfied with the outcome, reflecting the belief that a didactic play cannot be aesthetic.
Factors steering the encoding process. Most of the encoding was done by the Director. He did some preparatory reading on the topic before writing an initial rough scenario and then a full script. The script then continued to evolve during rehearsals. The Director’s training is in theatre and he has no formal training in biology beyond basic school science. The changes made in the staging process were “quite dramatic and altered the whole course of the play” (Director). Before the play first premiered, the educational staff watched the play to check for scientific accuracy. Certain aspects of the play continued to evolve even after the premiere, as the Director felt that they were not good enough. In fact both the Director and the Coordinator felt that the first performances were really just trial runs. 
From interview data, seven factors or considerations that steered the encoding process were mentioned by the Director and the Coordinator (Table 3). These were categorized into didactic factors, aesthetic factors and factors that were both didactic and aesthetic. As expected, the didactic considerations related to cognitive expected learning outcomes and the aesthetic concerns to affective learning outcomes. Other considerations related to age and audience suitability, previous experience and assessment and feedback.
[Table 3 - about here]

Perhaps the most enlightening factor was that of social and moral values as shown in the following dialogue:

Director: 
What other messages were there? … Oh, everyone should be satisfied with their lot. The bird [Elizabeth] wants to be different like the rhea … but it's like the ugly duckling ..

Coordinator: 
Well, that is an interpretation, because we didn't define this message, we said that it is very important to understand that all animals are adapted to their environment. The Director, with his theatrical background, said that if an animal is adapted to its environment, that means that it also has a will, he wanted to highlight the message of "be content with who you are", because you are in fact adapted to your environment.

Director: 
When a child really really wants to be someone else, you need to tell him that he is fine the way he is and that he does not have to be better or different. .. I think it worked because the bird really wanted to be lots of other things.

The Director, with his theatrical insight (and limited science background), made the observation that the scientific message of being adapted to the environment might be interpreted by audiences as a need to change. He thus took the opportunity to insert the moral message of “be content with who you are” – a message which was not part of the synopsis agreed upon by the museum’s educational staff. This raises an important issue: in the meeting between theatre and science, hidden moral messages can be encoded or decoded. In this case the director was aware and took advantage of this opportunity. 
The social messages and the canonical scientific point of view were in conflict. The social message of 'being content with who you are' and the statement that "an animal is adapted to its environment, that means that it also has a will" contradict the canonical scientific concept of perpetual evolutionary change driven by natural selection and genetic mutations (and not free will). In this research, we did not examine whether children could make the distinction between the scientific concept and the socially desirable moral. The conflict between the social message and the canonical scientific point of view raises the issue of who should direct scientific educational play, what knowledge and experience should they have and what mechanisms should be in place to ensure scientific accuracy.
B. Moment of the Text: The Script
All the episodes except the final one had both a didactic and aesthetic function. In the first episode, we learn that Darwin was a discoverer who travelled the world (the didactic element) and that Elizabeth waited for him desperately for five years (the aesthetic element). In the second episode we find out about the many animals Darwin met in his journey and Elizabeth gets jealous. 

The six thematic episodes appear to follow the canonical structure of a scientific article, although this was not the writers' conscious intent (Table 4). The first episode serves as a general introduction, the second episode provides a general background description of Darwin and the animals he saw on his journey. This sets the scene for the (research) question of why there are so many different animals in the world in the third episode. In the fourth episode there is a short experiment whose findings are presented in the fifth episode, with the conclusion that all animals are adapted to their environment. In the final episode further ideas are presented, for instance that animals evolve over time and the future research question of human ancestry is raised. 

[Table 4 - about here]

C. Moment of Decoding: The Audience 
To determine the ways in which the cognitive and affective learning outcomes were linked to the producers' aims of the responses to the questionnaire were analyzed. 
Cognitive learning outcomes. Clear evidence was found for the three specific learning objectives mentioned by the producers:
(1) The context of Darwin's journeys. Seventy percent of the experimental group claimed they knew who Darwin was in a yes/no item. The responses to an open ended item were counted as acceptable if they said Darwin was a scientist, described evolution, or his journey. An acceptable description was provided by 65% of the entire experimental group. In the comparison group, only 13% knew who Darwin was (in the closed item) and 12% of the group provided an acceptable answer in the open one. Participants in the experimental group provided a wider range of answers than in the comparison group (Table 5). Most of the answers provided by the comparison group related to Darwin as a researcher and the “inventor” of evolution. 

 [Table 5 – about here]

(2) Living things are adapted to their environment. Children who watched the play provided significantly more explanations involving adaptation to the environment than non-attendees in three open-ended items. The number of explanations involving evolution and natural selection was equally low for both groups, probably because the idea is foreign to young people and that these two concepts were not discussed explicitly in the play. As shown in Table 6, there was a significantly higher rate of religious responses to two of the items in the comparison group than in the experimental group. 
[Table 6 – about here]

(3) Animals evolve over time from a common ancestor. In the play the message that dinosaurs were the ancestors of birds, and that humans evolved from apes is explicitly mentioned1. Two items addressed this idea. The first item was open-ended and asked for a short answer: 84% of the experimental group answered 'monkey' compared with 45% in the comparison group (p < 0.001). Other answers included 'cave men' (experimental group - 1% and comparison group - 10%) and religious-related responses (4% and 22% respectively). 

A closed yes/no item asking whether pairs of animals had a common ancestor yielded similar findings (Table 7). There were significantly more replies that people and monkeys share a common ancestor in the experimental group. There was, however, little difference in pairs of animals that were not explicitly mentioned in the play. For all findings, no significant interactions were found for age or gender of respondents.

 [Table 7 – about here]

Affective learning outcomes. In general children expressed positive attitudes towards the play in the questionnaire items. However a clear change in children’s' attitudes towards science compared to the comparison group was not found, possibly due to a ceiling effect.

Attitudes towards science and toward plays. Children in both groups were positive both about science and learning science and most thought that learning science was not difficult. No significant difference between the two groups was found for any questionnaire items. The only item exhibiting such a difference asked whether respondents liked attending theatre plays. The experiment group was more favorable (81% claiming to like going to plays very much) than the comparison group (67% claiming to like going to plays very much, p < 0.05). It is unclear if this difference was present ab initio or resulted from watching the play. 
Attitudes towards "Darwin's journey". Overall the children's attitudes towards the play were positive, as seen in the item providing a choice of positive and negative words to describe the play. The most common adjectives chosen were 'interesting', 'funny', 'nice', 'informative' and 'fun'. An item asking the audience what they would tell their friends about the play indicated that they would most likely describe Darwin's journey, the animals he saw and that the play was fun. In another item, respondents most liked the animals and the characters. In the play, several viewers were asked to come up on stage and actively participate in the play. While only a few children went on stage, this was often mentioned by both children who went on stage and by those who did not as a memorable experience. This is form of inter-activity as has been found to be important, enjoyable and to increase motivation (Authors, 2011; Hughes, 2008). 

Parents' perception of the play. Based on two questions in the questionnaire, parents appreciated the learning environment. Many stated they were unfamiliar with this type of experiential learning environment. Other issues included concerns that children might not have retained the science content, that there was too little science, but also that the play was a welcome intermission to the visit and that it provided a more focused learning experience than the exhibition. Surprisingly, some of the parents noted that they did not know that Darwin had a pet pigeon named Elizabeth. This contrasts with the children who understood that Elizabeth was a fictional character.

Synthesis of the findings

This section synthesises the findings of the three level analysis describes earlier in the form of three moments, in order link between the producers' aims, their encoding in the script and evidence for the decoding of these aims. The findings are summarized in Table 8. 
The process of encoding. The process of encoding can be explored by comparing the producers' self-proclaimed aims as they emerged in the interview (column 1) and the manifestation of theses aims as found in the structural analysis of the script (column 2). For example, the aim of "talking about the scientific method" (1b) was encoded by structuring the play as a canonical scientific investigation. The aim of "understanding that animals are adapted to their environments" (3b) was encoded by providing the story of Elizabeth failing to use organs of different species. Comparing the two columns, ample evidence of the encoding of each of the seven aims in the script was found. It thus seems that the producers were successful in encoding all of their self-proclaimed aims.
Breaking down the aims into affective and cognitive paints an interesting picture. For the affective aims, the encoding took on an implicit form, i.e. the aim is not mentioned in specific words, but rather hinted through the characters' actions or attitudes. So for example the aim of "engaging and stimulating interest in science" (1b) is encoded by using multiple channels of communication and that of "inspiring awe of nature" (2b) by Darwin’s excitement when describing the many animals he saw on his journey. For all but one cognitive aims encoding was explicit, i.e. the aim is mentioned in specific words. These aims were to mediate between the exhibition and the young visitors (1a) and the three specific learning objectives (3a, 3b, 3c). For example, Darwin explicitly describes his journey in the play - an explicit means for objective 3a. Only the cognitive aim of introducing the scientific method (2a) was encoded implicitly by the play itself taking on the structure of a canonical scientific report. The distinction between the implicit and explicit encodings becomes important when looking at the decoding process below.
[Table 8 - about here]

The process of decoding. The third column in Table 8 presents how the learning outcomes present evidence for the decoding of each aim. Unlike the encoding process, we did not find evidence for the successful decoding (as intended by the producers) for all of the seven aims. We did find sound evidence for the messages which had cognitive learning outcomes and were explicitly encoded into the text. These were the three specific science learning objectives (aims 3a, 3b, 3c) and the mediation between the exhibition and the young visitors (1a). 
The evidence for the successful decoding of the affective aims was only partial. For the aim of "engaging and stimulating interest in science" (1b), while children expressed positive attitudes towards the play, no change in children's attitudes towards science was found. For the aim of "inspiring awe of nature" (2b), children mentioned that they enjoyed the description of the many animals mentioned in the play, however no evidence for an acquired awe of nature was found in the interviews. 
Similarly no clear evidence was found for the decoding of the cognitive aim which was encoded implicitly (2a), namely "talking about the scientific method". This could be due to a lack of suitable questionnaires items or due to children not decoding the aim; most probably due to both.
In summary the analysis of the script shows ample evidence for the encoding of all seven aims of the play – some in an implicit and some in an explicit manner. There is evidence for successful decoding of the explicitly encoded aims (all of which were cognitive aims). The evidence for the successful decoding of the implicitly encoded aims (mostly affective) was only partial.
Discussion
This study investigated the informal learning environment of theatre in science museums to shed light on the design of museum theatre plays and explore the theoretical relationships between design and learning outcomes in informal learning environments. 
In the introduction we suggested an analogy between the different forms of curricula and the different moments in the encoding/decoding model. Our findings suggest that in the learning environment we studied, there was a strong link between the intended (the encoding) and the enacted (the script) curriculum, since all declared messages were encoded into the script. The link between the enacted and the learned curriculum was strongly linked in the explicitly encoded messages but less so in the implicit ones. Our findings also suggest that the analogy can be expanded to include a less overt curriculum as with the case of the message “be content with who you are”. There undoubtedly were other hidden messages, which did not appear in the interview. 

We found a mismatch between the scientific point of view of the process of adapting to the environment by perpetual evolutionary change driven by genetic mutations and natural selection, and the socially desirable message of learning to be content with who you are (and thus resist the constant will to want to change and become someone else). The director with his limited scientific knowledge but high sensitivity to the social messages in the play noticed that some children might misinterpret the scientific messages of the play in a discouraging way and corrected this by the social theme. This mismatch, however, might cause a scientific misconception. This raises the issue of how social and scientific messages should be integrated and how the director (and museum staff) can control for possible misconceptions. Future studies might further investigate a model for such control and whether children successfully separate the social and scientific messages.

We analysed our findings through the lens of the dilemma presented by Allen (2004) of design of informal learning environments for entertainment versus design for conceptual and cognitive learning in science museum theatre. We translated this dilemma to the conflict between didactics and aesthetics in educational theatre. In the script, each episode included both didactic as well as aesthetic elements, i.e. the narrative and the scientific progression develop side by side (an alternative would have been a scientific explanation/scene followed by a narrative one that advances the plot). The producers  seemed to follow the suggestions of Fisch (2000), who claimed that in educational TV programs the narrative content (the story) and the educational content should be intertwined. If they are not and the distance between the two is too large, processing of the narrative and educational contents compete and priority is normally given to processing of the narrative rather than the educational content.
The didactic vs. aesthetic conflict was a serious concern for the producers of the play. Throughout the interview, the producers of the play fluctuated between avoiding too many didactic messages and reinforcing them. The Coordinator described the main function of the play as "sowing seeds for the future" and was surprised by the findings that the children successfully decoded and assimilated the specific learning objectives. Nevertheless the findings of the learning outcomes showed that viewers exhibited positive short term learning outcomes in that they could reiterate the three educational messages very clearly. In fact they did so better than they did on the general, affective messages. 

This raises an important point concerning in the entertainment vs. conceptual learning (or didactic vs. aesthetic) dilemma. As seen in our findings, it was simpler to detect conceptual learning outcomes than affective learning ones. We saw that while children's attitudes towards the play were positive, there was little change in their attitudes towards science. While many would agree with the coordinator that the museum's primary function is to "sow seeds for the future", it is sometimes discouraging not to see these seeds germinate. It might thus be tempting to relate only to the conceptual learning outcomes which are easier to detect, but might have a smaller impact in the long run. To this extent the play seems to have balanced well between the two aspects. In order to investigate whether the seeds sowed do indeed germinate a longitudinal study could be conducted with visitors exposed to a number of plays over time and their long term learning outcomes, experiences and memories investigated.
In this study we investigated only one model of audience interactivity - for most of the performance the audience sat in a darkened auditorium as in traditional theatre. With the many calls for student-centred, active learning, theatre might be deemed as an ineffective learning environment. However, it would be a mistake to consider viewers in the theatre as inactive or passive. Audience in a play continuously interprets information, engages, analyzes and responds to the action on stage (Jackson, 2005; Reason, 2010). In our findings this can be seen by both the cognitive learning outcomes constructed during the play and the affective engagement with the play. Also when asked who Darwin was viewers provided a range of answers, thus suggesting that each one might have taken their own interpretation of what Darwin's most prominent characteristic is. Thus a good educational play can provide a "minds-on" and "hearts-on" activity sometimes lacking in many "hands-on" activities (Yore, Bisanz, & Hand, 2003).
In part of the play some members of the audience were invited on stage. This interactive part was often mentioned as a positive experience by many of the questionnaire responders (not only by those who were invited on stage). Future research might approach the question of interactivity by adding different follow-up activities after the play or comparing a play to other activities with varying degrees of interactivity. Two previous studies attempted to investigate two extreme forms of interactivity, namely learning in a participatory drama activity versus learning from watching a theater play. The studies showed that children who watched the play performed better at recalling the story better, while children who participated in the play showed a greater variety and imaginative involvement in their (O'Toole, 1976; Redington, 1983). While the authors confess that both studies had some methodological fallacies, they might suggest a path for future research and might suggest the form that follow-up activities that complement theatre viewing should take.

An intriguing finding in our study was that the play took on the structure of a canonical scientific paper that begins with an introduction and a background to the study, continues with research questions, describes an experiment and concludes with results and a discussion. This contrasts most forms of popular science, such as newspaper articles, which take the form of an upside-down pyramid that starts with the conclusions, then presents the results, mentions very little methodology and finally discusses the background (Authors, 2005).  
Theoretical and Methodological reflections 
We believe that our approach for studying the producers, the script and the audience afforded a beneficial overview of the learning environment. We were able to see evidence for the encoding of all aims in the script, primarily for explicitly encoded aims. This does not necessarily mean that the implicit messages (such as stimulating interest in science towards by creating a play with multiple channels of communication, interactive dialogue and humor) were not decoded, but rather that we were not able to find them immediately after the performance. 
This is another limitation of this study due in part to the immediate nature of the data collection. This afforded us a good view of immediate learning outcomes, but we are unable to say how such learning outcomes developed after leaving the museum. Gourdon (1988) in her study of adult audiences' perception of Parisian theatre events suggested that there are two types of spectator perceptions: an immediate and spontaneous perception and an analytical perception. The first covers implicit opinions that do not reveal a level of clear consciousness. The spectator remains involved in what he perceives/ in his experience (the example is given of the stage "feeling cold"). Over time this perception is digested and converted into an analytical perception (the audience might say "the scenography was such as to give a cold impression"). Future studies should investigate whether such messages develop over time or require further follow-up activities for recall and consolidation. 
A further obstacle in our data collection was the difficulty of interviewing the audience. On-site interviews were hard to conduct in the lively museum environment. We tried post-play telephone interviews, but this was abandoned due to the very low response rate and limited depth. Interviews can constitute a good source of data and better techniques to conduct them in such stimulating environments as museums should be considered in future studies. 

Another shortcoming of this study was that the questionnaire had to be constructed before the second interview with the producers was fully analyzed. Hence it was only based on analysis of the first interview and on observations of the rehearsals. This meant that some producers' aims (2a and 2b in table 8) did not have items that related directly to them in the questionnaire. This however also meant that the questionnaire was open enough to allow us to pick up a wide possible range of outcomes. 

Finally, another limitation was that the interview with the producers was self-reported. However, providing the producers with the analyzed data in the second interview triggered the producers' reactions to the data and not only their self-reported views.

Implications for learning about evolution

One key contribution of our study to learning evolution in informal learning contexts is the young age of our respondents. To the best of our knowledge no study has dealt with children so young. However this audience successfully assimilated two basic concepts that form the groundwork for learning evolution; namely, that animals evolve over time and that animals are adapted to their natural environments. One difference in reasoning pattern we could track was a complete abandonment of creationist reasoning patterns. Unfortunately without a longitudinal study we could not follow how these reasoning patterns developed. 

A number of studies have examined the use of informal learning environments for the teaching of evolution. In a series of studies, Evans and her colleagues showed that visits to an exhibition on evolution in a museum can change reasoning patterns of both adults and children towards a more canonic view (Evans et al., 2010; Evans, Spiegel, Gram, & Diamond, 2009; Spiegel et al., 2012). An investigation of the impact of a play called "RE:Design" on adult viewers' conceptions of evolution was able to place Darwin's ideas in a cultural context and thus contributed to the enrichment of scientific information and an appreciation of science and scientists (Halpern, 2008). While our study was not able to prove such major changes in reasoning patterns (as in the studies of Evans and colleagues) or attitudes (as in Halpern's study), considering the age of the participants, the play was a successful 'step in the right direction' and effective in the early development of such reasoning patterns (for example the elimination of creationist reasoning patterns amongst viewers). 
This study of a science museum theatre play on evolution has shed some light on the complexities of design of an informal learning environment with little previous research attention. We hope the findings and methods conveyed can aid future research in expanding our understanding of museum theatre in particular and informal learning environments in general. 
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Table 1. Summary of the research design.

	Research question
	Moments in Hall's model
	Stage in play production
	Data source for the study
	Analytical approach

	1
	Moment of encoding
	Planning, writing and rehearsing the play
	Interview with the producers, observations of the rehearsals
	Performance/production analysis

	2
	Moment of the text
	The script, the performance
	Script, 

Observations of the performance
	Performance/production analysis

	3
	Moment of decoding
	Audience watches the play and makes sense of  what was seen
	Questionnaires  and interviews with audience and comparison group of non-viewers
	Reception analysis


Table 2. 

Age distributions for the experimental and comparison groups

	
	
	Age (years)
	Total

	
	
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	

	experimental group
	number
	
	1
	8
	13
	16
	21
	15
	13
	11
	5
	103

	
	%
	
	1%
	8%
	13%
	16%
	20%
	15%
	13%
	11%
	5%
	100%

	comparison group
	number
	1
	4
	4
	9
	17
	13
	17
	14
	10
	1
	90

	
	%
	1%
	4%
	4%
	10%
	19%
	14%
	19%
	16%
	11%
	1%
	100%


Table 3. 

Factors influencing the encoding process mentioned by the producers.

	Factor
	Details
	Didactic or aesthetic considerations

	Scientific and historical accuracy
	Scientific and historical accuracy played an important role in the encoding process. The educational staff of the museum insisted, for example, on the use of the word Rhea instead of Brazilian Ostrich. However the producers had the latitude to deviate from complete scientific accuracy, provided the "errors" were preposterous enough so that they were understood as deliberate attempts to be entertaining, for example the choice of Elizabeth the imaginary pet pigeon.
	Didactic

	Social and moral values
	Social and moral values can be encoded intentionally or unintentionally into the text alongside the scientific messages. These messages could potentially be misinterpreted by the audience such as the example of "survival of the fittest" and "be content with who you are" as discussed in the text.
	Didactic

	Artistic decisions
	Artistic decisions tended to come from free-associations and the gut feelings of the writers and were aimed at eliciting empathy and excitement. Both the Coordinator and the Director stated that the Director was given artistic license in his writing and directing. The choice of characters was related to the educational messages and was made to appeal to children.
	Aesthetic

	Age and audience suitability
	Age and audience suitability were major considerations in the encoding process. The writers were sensitive to the children’s ages, abilities to understand and their inner world. The Director said he made a special effort to see things from a child's point of view.
	Didactic and aesthetic

	Previous experience
	Previous experience was important in influencing many of the decisions about the play. This production was one in a series of plays produced at the museum and the Director and Coordinator both drew on insights from previous productions; for example the decision to do a play on the historical figure of Darwin was directly influenced by the success of a previous play about Galileo.
	Didactic and aesthetic

	Assessment and feedback
	Assessment and feedback. The writers stressed that due to the live nature of a play, each performance was different, which suggests that in plays, the text is never fully stable and constant.

They stated that that they continuously evaluated the play by "keep[ing] a finger on the pulse of what works and what doesn’t. If it doesn’t work then we make the necessary change" (Coordinator). Yet this assessment was mainly based on feeling and intuition rather than formal assessment.
	Didactic and aesthetic


Table 4. 

The play was divided into thematic episodes to show the didactic scientific or historical information passed on in each episode and the function of each when compared to the canonical structure of a scientific paper. The aesthetic function relates to aesthetic elements meant to entertain, stimulate or guide the audience through the play such as the plot, characters’ emotions and narration.
	Episode
	Episode name 
	Didactic function
	Didactic function when compared to the canonical structure of a scientific paper
	Aesthetic function

	1
	Setting the scene 
	Darwin returns from a long journey in which he saw many animals.
	Introduction 
	Elizabeth the pigeon waits for Darwin.

	2
	Darwin’s journey 
	Darwin tells about the different animals he saw on his journey and the wide variety of their features.
	Background 
	Elizabeth becomes jealous.

	3
	Why are there so many animals in the world? 
	The question of why there are so many animals in the world is raised by Darwin.
	Research question 
	Elizabeth wants to be special.

	4
	Elizabeth tries on different body parts  
	Elizabeth experiments with body parts of different animals which she quickly discovers are not suitable for her. 
	Experiment 
	Elizabeth tries to change to impress Darwin.

	5
	Animals are adapted to their environment 
	Darwin and Elizabeth deduce that every animal has body parts that enable it to adapt to its environment and to its functions.
	Findings 
	Darwin likes Elizabeth just the way she is.

	6
	Animals evolve over time
	Elizabeth claims that a picture of a dinosaur closely resembles her grandmother and Darwin suggests that perhaps the dinosaurs, over many years, developed into birds.  The question of the ancestors of homo sapiens is raised (and the answer hinted at when Darwin scratches his head like a monkey).
	Discussion and future research questions
	


Table 5. 

Answers provided by 103 and 90 audience/non-viewer children to the open-ended question "Who was Darwin?" 

	
	Audience (Experimental group)
	Non-Viewers (Comparison group)

	Percentage of respondents providing an acceptable answer
	65%
	12%

	Classification of the answers into categories
	
	

	Answer relating to Darwin as a researcher

“Darwin was a researcher who studied animals and a scientist.”
	49%
	5%

	Answer stating that Darwin discovered evolution

“Darwin was the one who discovered evolution.”
	28%
	11%

	Answer relating to Darwin's journey

“Darwin went to a faraway land.”
	21%
	1%

	Answer relating to Darwin investigating animals and plants

“He studied animals.”
	21%
	1%

	Other 

“Someone who received the Nobel prize.”
	8%
	1%


Italicized quotes are sample answers from the questionnaire data.

Since some answers could have been classified into more than one category, the sum of the percentages is larger than the 65% and 12% acceptable answers given in the text.

Table 6. 

Classification of the answers given by 103 audience and 90 non-viewer children to three open-ended questions.

	Question
	Answer category
	Example of answer 
	Audience (Experimental group)
	Non-Viewers  

(Comparison group)

	Why do the two birds  have different beaks? *** 
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	Evolutionary explanation
	"They  had a common forefather, but they developed differently"
	3%


	3%



	
	Environmental explanation
	"Because each one lives in a different environment"
	30%


	3%



	
	Functional explanation
	"Because they eat different things"
	50%


	54%



	
	Other
	"Because each animal needs its own beak"
	17%
	40%

	The forefathers of giraffes had a short neck. Why do giraffes today have a long one? ***
	Evolutionary/Lamarckian explanation
	"Because they eat the leaves on the tall tree and only the tall giraffes survived."

"They used to have a short neck, but they wanted to reach the trees, so they elongated their neck to reach the food."


	4%


	4%



	
	Environmental explanation
	"They adapted themselves to the environment"
	28%


	2%



	
	Functional explanation
	"To reach the tallest trees"
	47%
	55%



	
	Other
	"Giraffes now have a long neck because their bodies changed"
	22%
	40%

	Why are there so many animals in the world? ***
	Evolutionary explanation


	"There used to be one animal which developed into many animals"
	6%


	12%



	
	Environmental explanation
	"Because there are many environments in the world and animals are adapted to the environment"
	64%
	2%



	
	Religious explanation†
	"Because this is how God created the world"
	0%


	18%



	
	Esthetic explanation
	"The world would be boring if there weren't so many animals"
	3%


	14%



	
	Other
	"Because each one is different"
	13%
	27%


Significant differences in the response patterns of the two groups based on a chi-square test.

***  marks a significant difference between the experimental and comparison groups at  p < 0.001. 
Table 7. 

Positive responses to a multiple choice item asking whether pairs of animals have a common ancestor by 103 and 90 audience/ non-viewer children  

	Organisms 
	Beetle and ant
	Beetle and wolf
	Beetle and  germ
	Beetle and man
	Shark and  fish*
	Man and monkey***

	Audience  (Experimental group)
	62%
	5%
	26%
	6%
	78%
	94%

	Non-Viewers 

(Comparison group)
	49%
	9%
	32%
	12%
	62%
	64%


The wording of the question was “Two brothers have a father in common. Two cousins have a grandfather in common. In your opinion, which of the following pairs has an ancestor in common?”

The common scientific view is that all animals had a common forefather. Only the number of 'yes' answers is shown, statistical significance was tested using a chi-square test. * - p<0.05, *** - p<0.001.

Table 8. 

Producers' objectives, evidence in the script and evidence in the decoding process for these aims.

	Producers' aims
	Evidence in the script
	Evidence from the audience 

	1. General  museum theatre aims 
	
	

	(a) Mediate between the exhibitions and the young visitors. ‘Digest’ difficult material. 
	The script targets some of the messages presented in the exhibition in simplified language.  

	Parents noted that the play helped digest difficult material. Differences were seen in viewers' knowledge of the three specific learning objectives compared with the control group and most respondents (96%) claimed they learned something or a lot from the play.

	(b) Engage and stimulate interest in science. 
	The play includes multiple channels of communication such as visualizations of animals, interactive dialogue with the children and humor.


	The children expressed positive attitudes towards the play on the questionnaire items. However a clear change in children’s' attitudes towards science compared to the comparison group was not found, possibly due to a ceiling effect.

	2. General aims for the play 
	
	

	(a) Talk about the scientific method. 
	The structure of the play takes the form of a scientific investigation 


	No clear cut evidence, apart from children understanding that Darwin was a scientist. 

	(b) Inspire awe of nature. 
	In two episodes, Darwin enthusiastically describes the many animals he saw on his journey.


	Children often mentioned in the questionnaires and in the interviews that they enjoyed the descriptions of the many animals mentioned in the play.

	3. Specific science learning objectives for the play
	
	

	(a) Learn about Darwin and his journey around the world. 
	Darwin tells about his journey.


	65% of the audience could recall facts about Darwin compared to 12% of the non-viewers .

	(b) Understand that animals are adapted to their environment. 
	Elizabeth, Darwin's pet pigeon, tries on body parts of different animals but reaches the conclusion that they are not suitable for her.


	Higher percentage of answers relating to adaptation to the environment in three questionnaire items in the experimental group (p<0.001). 

	(c) Recognize that animals evolve over time from a common ancestor.


	The evolution of the bird from the dinosaur is shown on stage and that of man from monkey is hinted at.


	A higher proportion of answers suggesting an understanding that man evolved from the monkey, in two questionnaire items (p<0.001).* 


* The scientific view is that Homo sapiens arose from a distinct species of hominids which were a common ancestor to both humans and apes. There is however a common misconception in popular culture that humans evolved from apes (Gregory, 2008).  In the play the monkey is presented as the ancestor of humans.
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