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ABSTRACT ARTICLE HISTORY
While some people claim museum theatre is a powerful tool that  Received 5 January 2023
can affect visitors' attitudes and inspire learning, others continue to ~ Revised 29 February 2024
question if its role is education, entertainment, or some combina-  Accepted 1 March 2024
tion of the two. In light of these mixed perceptions of museum KEYWORDS

theatre, there is ongoing demand for evidence that these shows Embedded assessment;
promote meaningful learning. One method for measuring outcome evaluation; museum
achievement in these nontraditional theatre settings is embedded theatre; science centers
assessment (i.e., unobtrusive instruments integrated into the expe-

rience being evaluated). This article presents a case study of using

embedded assessment to measure the stability of audience under-

standing of three key concepts from a science show. During Lunch

in Space, the project team developed a strategy where the audi-

ence took on the role of food scientists and completed a paper and

pencil “menu” by selecting good foods to send into space. Results

suggest that this is a stable strategy for measuring short-term

learning from this type of program. Three key insights learned for

embedded assessment with museum theatre include: 1) creating a

role for the audience; 2) refining the assessment through rapid iter-

ation; 3) and designing assessments with a universal design

approach, simple, easy-to-understand instructions, limited text, and

clear visuals.

Introduction

Theatre' in museums is not just about performance, but can also be a pedagogical tool
(e.g., Carol-Ann Burke et al., 2018; Lanza et al., 2014; Lewandowska & Weziak-Bialowolska,
2020). In museum settings, theatre takes many forms; Bridal (2004) provides a long
list, from performances of scripted pieces by actors in defined spaces to educational
activities presented by actors. To this list, Hughes (2010) and Kiurski (2022) add an
array of others such as puppetry, storytelling, monologs, and mimicry.

Regardless of how much and how different theatre engagements may look across
types of institutions, there are ongoing questions about whether museum theatre’s role
is, in general, one of education, entertainment, or edutainment (Moustafa, 2020;
Rapeepisarn et al,, 2006). Even with increasing evidence that learning can and does
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happen through museum theatre (e.g., Carol-Ann Burke et al., 2018; Cohn et al., 2011;
Stagg & Verde, 2019), museum theatre is continually both “valued and shunned by
museum directors in almost equal measure” (Jackson, 2002, p. 6). As an educational
tool, it is the context that sets museum theatre apart from other forms of educational
theatre practice, and challenges museums to find a balance between the artistic and
the pedagogic (Hughes, 2010).

Theatre in museums can be more than just teaching content and explaining how
things are or were (Evans, 2013). The use of drama or dramatic techniques in the
museum context can provoke visitors’ emotional or cognitive examination of the
museum’s discipline (Hughes, 1998) and engage learners in creatively thinking through
scientific problems and challenges (Tselfes & Paroussi, 2009).

While some people claim theatre is a powerful educational tool that can affect
visitors’ attitudes and inspire learning, others feel little research or critical evaluation
has been conducted to defend those claims (Malcolm-Davies, 2007). Some of the
problems with the measurement of museum theatre include simplistic self-reporting
measures, simple content knowledge gains, few attempts to segment or compare dif-
ferent audiences, and little research into how venue, context, or performance quality
influences outcomes (Austin & Sullivan, 2019). However studies that do exist suggest
there is mission value in museum theatre as shows can increase knowledge and positive
attitudes (e.g., Schechter et al., 2010; Price et al., 2015) and motivate visitors in many
ways (Walker, 2012).

Science shows tend to be somewhat different from museum theatre in other types
of museums as they tend to incorporate more demonstration and less character or
narrative (e.g. DeKorver et al., 2017). They are usually built with two goals: teaching
content knowledge, and engaging the audience with science (Peleg & Baram-Tsabari,
2011). There is evidence that science shows can be successful with both goals. For
example, across 10years of evaluation studies of science theatre in one museum, eval-
uators note three general outcomes: 1) knowledge gain, 2) visitor perception of plays
as educational and of consequent value, and 3) visitors’ articulation of abstract and
complex ideas (Baum & Hughes, 2011). But even in these studies, the evaluation is
conducted as a step removed from the experience itself, which creates a disruption to
the natural end of the show. Both of these concerns create a challenge as intercepts
are difficult when exits are in all directions and when all audience members have
psychologically ended their experience and are moving en-masse toward their next
experiences.

This article reflects one approach to documenting the desired cognitive outcomes
of a grant-funded theatre show, Lunch in Space, while trying to minimize the audi-
ence’s sense of testing or measurement. Keeping the challenges presented above in
mind, the project team sought to answer one question: can the Lunch in Space
audience, primarily families, apply the science concepts behind how food is selected
for space travel to determine if different foods are appropriate for space? The team
strove to make the evaluation experience a component of the show itself and to thereby
embed the evaluation as an integral part of the visitor experience during the show.
This article will first be grounded in embedded assessment, then share the methods,
tools, and findings from the embedded assessment for evaluating the learning of the
Lunch in Space show. Particular attention will be paid to the process of creating this
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embedded assessment including the critical friend role (e.g. Costa & Kallick, 1993)
in which the evaluator intentionally pushes hard against team decisions so that all
perspectives are covered, and rapid prototyping in which changes are made in real
time for iterative testing.

Background: Embedded assessment

In their classic book Unobtrusive measures: Nonreactive research in the social sciences,
Webb, et al(1966) noted the predominance of interviews and questionnaires as the
sources for social science research data. In the introduction, they “lament” the over-
dependence on those two sources and suggest that while some believe going beyond
those might “not leave much. It does. Many innovations in research methods are to
be found scattered throughout the social science literature. Their use, however, is
unsystematic, their importance understated” (p.1). Since their exploration of alternative
ways of obtaining data through unobtrusive measures to replace or to add depth to
the more traditionally gathered data, embedded assessment has continued to be in the
background of social science research.

As defined in formal education, embedded assessment activities are recurring activ-
ities that appear indistinguishable from instructional activities, but which generate both
formative feedback to students and summative feedback about student performance/
reports for teachers, parents, and administrators (Kennedy et. al, 2006). There are two
broad approaches to embedded assessments in schooling, through authentic projects
such as repeated task performance or through informal discussions or conversations
with the students. In informal® and nonformal settings, embedded assessment activities
likewise appear indistinguishable from instructional or engagement activities to the
visitor but provide feedback to the educators and the institution about the efficacy of
the program or experience. This is important as Allen and Peterman (2019) note,
traditional educational assessment techniques used as the standard norm in informal
contexts may 1) threaten the ecological validity of informal (and even many nonformal)
learning experiences, 2) undermine the nature of brief, voluntary, and emergent learning
experiences, and 3) not fit within traditional bounds of a “treatment” in traditional
learning contexts (pp 19-20). In any context, levels of integration of embedded assess-
ments range from direct assessment activities that may or may not be part of a coherent
scenario, to completely transparent, unobtrusive sets of actions or “stealth” assessments
(Shute, 2008; Shute et al., 2009).

The concept of embedded assessments as less obtrusive than traditional tests suggests
that in the informal context, visitors can engage with them without interrupting their
museum experience (Fu et al., 2019). Becker-Klein et al. (2016) defined embedded
assessments for community science projects as “tasks that are integrated seamlessly
into the learning experience itself” (p.1), using normal program activities as the
opportunity for assessment. In the informal context, these assessments are most fre-
quently, and not surprisingly, found in technologically driven experiences. For example,
online simulations are effective for science learning assessment for programs that are
looking at systems and technology-rich environments (Bennett et al., 2007). In an
online IT program for girls, the evaluation used an evidence-centered assessment design
(Koch et al., 2009) which put forth the assumption that valid inferences about progress
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toward learning goals are dependent on a coherent, well-supported assessment argument
about what learners know and can do. The argument is then supported by evidence,
including systematic analysis of learner performance on tasks eliciting knowledge and
skills (Mislevy, 1994; Mislevy et al,, 1999). Another placement for embedded assess-
ments in informal contexts is in a game-based learner response system (Obery et al.,
2021) such as having the choices made within the game context capture or demonstrate
intended knowledge use or behavior outcomes.

Embedded assessments are appropriate for informal contexts as they gather evidence
of participants’ knowledge, skills, and/or attitudes (KSAs) in unobtrusive ways, support
sporadic interactions, and maintain high levels of participant engagement (Zapata-Rivera,
2012). Methods include both performance assessments where participants demonstrate
knowledge and skills, and authentic assessments which require the learning tasks to
reflect real-life problem-solving situations (Becker-Klein et al., 2016). Allen and
Peterman (2019) discuss unobtrusive instrumentation, which includes embedded assess-
ments in online gaming or digital experiences and also covert data gathering with
activities in which visitors create content based on embedded prompts in video or
audio recording that is part of the experience.

Wilson and Sloane (2000) identify four transferable principles that guided the
development of the embedded assessments using the BEAR (Berkeley Evaluation
and Assessment Research Center) Assessment System, a formal education tool for
guiding embedded assessments. The first principle is using a development perspec-
tive of learning to look at change over time. Following, evaluators ensure a match
between instruction and assessment, management and responsibility of the teacher,
and then quality evidence. These principles do not transfer evenly to informal
learning contexts, but their underlying understandings do transfer: the assessments
must discern levels of knowledge or ability, link assessment tasks to progress/gain,
be different for different outcomes, give educators a role in fidelity of their use,
and generate high-quality evidence. Fu et al. (2019) help align these principles
with informal and nonformal settings by recommending that when planning an
embedded assessment, evaluators should pay attention both to its directness (how
closely the measure approximates the outcome in practice), and its obtrusiveness
(how much the measure intrudes on the visitor experience). Fu et al. overlaid two
continua, whether the assessment is less or more obtrusive, and less or more direct.
This results in four domains with the desired state being less obtrusive and
more direct.

Overall, the literature on embedded assessments in informal and nonformal learning
contexts is sparse. Embedding assessments in informal contexts is a challenge for
several reasons. One is the very nature of learning outcomes requiring the visitor to
demonstrate their knowledge, response to, or ability from the learning in the activity.
This assumes visitors share the experience in similar ways. Without the classroom
construct of written work and practice exams, embedded assessment must take on a
very different appearance. Creating authentic activities that generate data is often a
challenge in these contexts. Perhaps another reason for the scarcity of studies of and
using embedded assessments is a function of the inability to report “rigor” in those
measures as are expected from the traditional tools used in research and evaluation.
While the articles found in our exploration of the literature for this project and this
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article used games, creative tracking and timing approaches, and an array of interac-
tives to increase engagement in evaluation (and research) studies in informal contexts,
there were relatively few embedded assessment studies. To that end, this particular
study is exploring the process of embedding a measure with the intention of ensuring
consistent and logical outcomes of learning through a science museum theatre
production.

The process and methods

About the show Lunch in Space grew out of the larger NSF-funded project Food for
Thought: Igniting, Engaging, and Measuring Family STEM Learning Using a Food Lab.
Food for Thought is a partnership between Kent State University, Cincinnati Museum
Center (CMC), and LeSoupe that focuses on engaging families with content and activities
around food science and cooking. Center for Research and Evaluation (CRE) serves as the
process evaluator for the project. Like many recent projects, the grant’s original plans were
affected by the COVID-19 pandemic and the Food for Thought team had to reevaluate
their plans, critically revise how and how many participants might be possible, and consider
other ways to interact with families around food science with the least direct contact. As
the pandemic moved into a return to museum visits, the idea for using stage shows at
CMC as a vector for conveying messages emerged. The team’s goal was to convey cognitive
content through the show in a way that leads to demonstrable learning. More importantly,
the team built both the show and the assessment through a collaborative process to ensure
the outcomes were clearly and consistently presented in the show, and that the assessment
measures if the basic food science constructs were transferred to the learner.

The iterative process

During a full project team meeting, the CMC team identified space as a topic with
many potential connections to food science and strong appeal to museum audiences
(necessary for attracting visitors to watch a stage show). This idea took root and, in
the discussion, the idea of embedding assessment into the show to try to circumvent
the challenges of traditional evaluation approaches was discussed. The evaluation team
offered ideas and the rest of the team added suggestions of what could be. It was in
the collaborative brainstorming that the idea for an assessment format and framing
emerged. From this meeting, a process was determined for moving forward.

CMC educators wrote a script that became the initiation point for the iterative
refinement of the show and embedded evaluation. Lunch in Space is a 15-minute
science stage show that invites visitors to take on the role of NASA food scientists
and help plan a menu for the International Space Station. The presenter employs props,
videos, and humor to make the show visually exciting and fun for a family audience.
In terms of content, messaging centers on three key themes for identifying if foods
are good or bad for space: crumbs, weight, and liquids.

The first iterations of the script were focused on the show elements and exploration
of what key concepts about food science and space would be most appropriate for the
many younger members of the show’s audience while still engaging and teaching the
adults. Alongside the development of the script, the CMC team tried several different
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ways of creating the embedded assessment menu. This included testing different foods
to see which ones appeared to be the best indicators of the transfer of learning.

The CRE team, in their critical friend role (e.g. Costa & Kallick, 1993; Handal,
1999), read the first version of the script, and offered critical feedback and alternative
perspectives, especially around the consistency of messaging, framing of the messages,
and maintaining focus on the intended outcomes. The museum team guaranteed that
the script would be high energy, include a lot of humor, and incorporate some of the
more typical “whiz-bang” moments science theatre shows are known for. Subsequent
versions of the script were performed even as the museum team continued testing
different foods on the menu. Changes to the script also led to changes to the menu
(discussed further below).

After several iterations and tests, the CRE team visited the CMC and observed four
shows. The observation checklist included a capture of the number of times major
themes were addressed and the various ways in which they were expressed (to max-
imize learning), how the audience was brought into their role as food scientists, and
specific mentions of food science and science generally. The evaluators also conducted
short intercept interviews with adults exiting the show to capture key takeaways and
impressions. After each performance, the evaluation team met with the museum team.
Using the observational and interview data, the evaluators talked through what they
saw, where the strengths of the performance and the script lay, and potential areas
for improvement. The presenter, the CMC Food Science Coordinator, and the other
CMC team members then discussed and set changes. This happened for each of the
four shows observed.

About the embedded assessment

Creating the embedded assessment itself—named the menu- was also a collaborative
and iterative process between the CMC and CRE teams. Together, the teams strove to
find foods not otherwise mentioned during the show that would be both good and
poor choices for space based on the final three decision criteria of crumbs, weight,
and liquid. The CMC team designed and distributed the menu as a paper/pencil mea-
sure. In total, there were three iterations of the menu before reaching what became the
nearly final version. Each menu had brief written instructions and labeled, color images
of around 10 food items. After trying each version across multiple shows, the team
discussed the response patterns, starting with the lower-scoring items—were these the
more difficult items (i.e. intentional challenge for audience members) or was there some
other reason affecting responses (e.g. picture quality, audience familiarity)? The team
changed out images of food items to avoid confusion, similarity to another menu item,
or unclear pictures until the conceptual reason for making the food decision was clear.

The two items with the fewest correct responses across versions of the menu were
freeze-dried ice cream (labeled as astronaut ice cream) and popcorn—both included
as intentional challenges for audience members. The challenge with the freeze-dried
ice cream was to look at the picture, rather than the name, and notice crumbs (making
it a bad space food). During the first observation debrief, it was noted the presenter
should not call it a “trick” for the audience, but instead explain how something
well-known as ‘astronaut food’ is actually misleading. With popcorn, the challenge is
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the difference between how it is eaten on Earth (in handfuls) versus in space (piece
by piece, which avoids crumbs and makes it a good space food). Also during obser-
vation debriefs, the team recommended that the presenter talk about other foods
astronauts eat in single bites (e.g., M&Ms, which were already a prop in the show to
discuss packaging foods for space). Even if visitors continued to struggle with this
connection—as it is a much different way than they are accustomed to eating pop-
corn—the post-menu debrief was another opportunity to reinforce messaging about
ways astronauts avoid making crumbs.

For each version of the menu, the team critically looked at each of the items and
discussed whether they “best” illuminated the decision criteria. For example, the first
menu version included four items tied to liquid, but the number of correct responses
was low for yogurt and mashed potatoes. With the script focus on not creating crumbs,
many audience members thought these liquids were good space foods, rather than
recognizing them as liquids and high-weight foods (i.e. space-unfriendly). Another
food item that did not work in this context was crab legs. The team originally chose
the item because cracking the shell creates crumbs, but many visitors did not make
this connection. Upon reflection, the team acknowledged that visitors in Cincinnati,
Ohio are likely not eating fresh crab legs regularly. In the final version of the menu,
the team replaced crab legs with ballpark peanuts, a more familiar shelled food item.
After discussion and identifying possibly better food item selections, changes were
made to the menu to improve usability.

Another example of a change that was made to ensure responses were more accu-
rately interpreted on the menus was simplifying the instructions and reducing the
amount of text on the menu. the first two versions of the menu asked visitors to circle
items as either ‘space food’ or ‘earth food’ while the third and fourth versions instead
had visitors circle the pictures of the foods they thought ‘would be good space food’
Other improvements toward usability included increasing the size of the text and
images for consistency, readability, and visual appeal.

The intention behind the embedded assessment was to engage those viewing the
show in the narrative and incorporate a task that would provide data for gauging
key learning points while feeling authentic and natural in the moment. So, while
visitors completed the menu at the end of the show, the presenter helps frame the
task as an activity throughout the script. The presenter solicited learning responses
from audience members at various points during the show (e.g., asking what would
happen to a can of soda in space). The presenter emphasized the role of the audi-
ence throughout the script, especially in later iterations. At the beginning of the
final version of the show, the presenter tells the audience that they will be NASA
food scientists and help “plan a meal and select items for our astronauts.” Framing
the audience as food scientists is both inviting for visitors and helps prepare them
for scientific thinking and receiving key messages. Near the end of the show, a
second CMC team member distributed the menus and prompted visitors to circle
good space foods. After collecting the completed menus, the presenter continued
the show by reviewing each of the menu items and having the audience help explain
why items were or were not good space foods. This added to making the activity
feel like part of the show (as opposed to an exit survey) and continued to reinforce
visitors’ learning and the show’s key messages.
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There was a very simple observation checklist created that listed on the left the key
outcome messages for the show and had one column for capturing occurrences of the
message and another for capturing the ways messages were shared (e.g., the varying
words/phrases used). After each show the evaluators would average their numbers and
look across the examples to prepare summary comments for the CMC team.

A two-question intercept interview was constructed. Three evaluation team members
would intercept as many adults as they could as visitors were exiting the theatre to
ask 1) What three words would you use to describe the show you just watched? and
2) Why did you choose those words? The evaluators talked through what they heard
and collectively summarized the findings in real time to include in the feedback session.

How data informed the iterative process: Findings

The first show observed had the fewest occurrences of the key messages (i.e. crumbs,
weight, and liquids), with an average of 26 between the three observers. The second
show, which occurred shortly after a team debrief about the first show, had the most
occurrences of the key messages, with an average of 82. The third and fourth shows,
which were observed on a different day than the first two, both had an average of 53
occurrences. The counts of the individual messages were not identical across the two
presentations, but the overall frequency being similar to each other and in the middle
of the first two scores suggests a stable message delivery. The show itself must be
flexible enough to change based on audience interaction, so having a consistent nar-
rative that was conceptual rather than verbatim was important. Team discussions of
the observations also generated ways to weave the messages of crumbs, weight, and
liquids together throughout the show instead of presenting them separately. For example,
crumbs and liquids can cause similar problems of getting into the machinery on the
Space Station, and liquids can contribute a significant amount of weight. Sharing these
challenges together rather than separately helped strengthen visitor comprehension.
The comments received from the adults interviewed as they were exiting the show
were intentionally brief. The evaluation team simply wanted to know what top of mind
messages visitors were taking away from the show. While limited as the three researchers
could only obtain data from one or two adults each as people were exiting rapidly from
the theatre space, the data were useful in helping hone some of the language in the
script. The primary outcome messages were usually named by at least a couple of those
interviewed and other comments revealed insights that reinforced script decisions, such
as not having thought of food science as having an important role in space and the
show revealing a career in science the individual had never before considered. These
data were immediately provided to the museum team for integration and solidification.
As this article is focusing on the process, findings were primarily used to determine
if the museum team’s desired level of correctness was consistently achieved, which,
based on the age range and distribution of respondents, the CMC set at around 2/3
of respondents. Across the first four versions of the menu, there was an overall correct
response percentage of 64.9% (n=492). The percent correct was similar in the first
two versions (51.8% and 54.2%, respectively), and again in the third and fourth ver-
sions (64% and 66.1%, respectively) (see Figure 1). The overall mean was slightly
depressed by the first two versions, but there were fewer subjects in those tests (n=20
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Figure 1. Overall percent correct by menu version (Heimlich & Weiss, 2023).

and n=38, respectively). The seemingly lower percentage of correct responses in these
versions is likely due to both the smaller number of respondents and the earlier ver-
sions being more preliminary and exploratory. The improvement in both the show
and the measure likely led to the shift to the higher means of the third and fourth
versions. The consistency in the first two versions and then especially in the second
two versions, suggests the iterative process worked in increasing the transfer of the
concepts to other foods and that the menu could provide a stable strategy for mea-
suring short-term learning from this type of program.

This final version of the menu was used over several weeks to gather data to explore
consistency (n=381). For eight of the 10 food items, a majority of the participating
audience members (60-70%) chose the correct responses (i.e., circling items that are
good in space and not circling items that are bad in space). For six of these items,
five of which were bad space foods, over 70-% of respondents answered correctly. For
the other two items, both of which were good space foods, over 60% of participants
answered correctly, which was within the range of the desired target for stability in
the outcome score. As mentioned earlier, the two food items that continued to be
challenging for visitors were freeze-dried ice cream and popcorn, but the ability to
use them to highlight the reasons they are good space foods during the post-instrument
review was considered a strong pedagogical approach (see Table 1).

Table 1. Correct responses by item for version 4 of the menu (Heimlich & Weiss, 2023).

Menu item Good or bad space food Related key message Number correct Percent correct
Hamburger on a bun Bad Crumbs 327 85.8%
Potato chips Bad Crumbs 327 85.8%
Fire roasted s'mores Bad Crumbs 326 85.6%
Dried banana chips Good 312 81.9%
Ballpark peanuts Bad Crumbs 292 76.6%
Watermelon Bad Weight, Liquid 281 73.7%
Granola bar Good 249 65.4%
Peanut butter tortilla Good 234 61.4%
Popcorn Good 109 28.6%

Freeze-dried ice cream Bad Crumbs 62 16.3%
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When considering the overall correct percentage, it is important to acknowledge
that the show takes place in a free-choice setting and that young children through
adults were completing the assessment. In this museum context, visitors can arrive
late, which means they may complete the menu at the end after missing some of the
show’s earlier messaging. During observations, the team noted that some younger
children appeared to be considering which foods they like most (e.g., potato chips)
more than their appropriateness for space. Given these conditions, a stable two-thirds
correct response was determined to be solid, especially considering that the “challenge”
items of freeze-dried ice cream and popcorn were the ones that drew the percentage
correct score down the most.

These data were used as the markers to accept the menu as a useful tool for both
the pedagogy of the theatre show and the ability to engage audiences in the embedded
measure of the menu. Though the study has concluded, the activity remains an import-
ant component of the show. There is also intention to periodically use the data from
a show or a few shows to ensure ongoing consistency in the outcomes.

Discussion

The actions required for embedding an assessment in formal education as identified
by Wilson and Sloane (2000) use a developmental/iterative process, ensure a match
between instruction and assessment (pedagogy and outcome), align the management
and responsibility of the educator, and ensure quality evidence—are useful when cre-
ating an unobtrusive evaluation of a museum theatre program/science show. From the
initial conceptualization of the show through to the final version, the close collaboration
and iterative process were vital for ensuring the menu was integral to the experience
and was measuring the intended learning outcomes. The critical friend role of the
evaluation team became important in helping capture the script components that began
as ad-libs and then were incorporated into the script as regular components. For
example, reiterating the audience role multiple times and referring to scientific phe-
nomena outside of food science were codified through the observation and debriefs.

Another valuable component of the process was the CRE Team’s role as education
and theory experts — first in the brainstorming, and then in a structural review of
the script. This process aligned with CMC’S education-forward approach to the script,
which reflects traditional classroom lesson construction such as having three short
lessons, or in this case, three key messages focused on specific learning outcomes with
selected demonstrations to illustrate them (Kerby et al., 2010). This process also aligns
with the findings from Peleg and Baram-Tsabari (2011), who noted when they did
this type of work that museum audiences could decode and name the explicit and
cognitive messages. This further aligns with Peleg and Baran-Tsabari (2011) findings
that museum theatre audiences decode explicit but not implicit measures, reinforcing
the need for the repetition of concepts in different ways to ensure the message is
received.

This work also must be undertaken with intention. As the Museum team was
developing the concepts and the evaluation team was constructing the measure, it
became obvious that an embedded assessment requires a long-term commitment to
the assessment—the assessment cannot be removed without changing the show. Thus,
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the realization emerged that we could use the data in an iterative way to help design
the show and the narrative, and in a more summative manner to ensure the learning
was present as intended. The menu also continues on, providing visitors an opportunity
to test their knowledge, and the museum an opportunity for periodic examination to
ensure message stability continues.

To be truly embedded, the measure needed to fit in the narrative of the show.
Narrative is central to theatre in museums and is one of the reasons that museum
theatre can be educational (Jackson, 2002; Peleg & Baram-Tsabari, 2011) as the nar-
rative provides context and illustration in a way that helps younger learners understand
key messages (Lanza et al., 2014). One component of the narrative is the way in which
the audience experiences itself in the show/performance, an element critical in allowing
a visitor to become a willing audience member or participant. All this tells us the
embedded assessment must be incorporated into the narrative so it is authentically
part of the learning exchange (Jackson, 2002; Peleg & Baram-Tsabari, 2011). Further,
for the audience members to continue to engage, the choice as to whether, and how
deeply, to participate is a series of important, necessarily explicit decisions that depend
on how the experience is framed (Jackson & Kidd, 2007). In the particular case of
Lunch in Space, this was established early by inviting the audience to become “food
scientists working for NASA,” which introduced a concept of science in space travel
that few had previously considered (as mentioned in the exit interviews). The continued
reference to both the role and the activity reinforced the centrality of the activity to
the narrative itself.

Other theatrical elements important to youths’ recollections of a play include
props, stage effects, and characters (Peleg & Baram-Tsabari, 2011). For this produc-
tion, the presenter was highly-trained, charismatic, and interacted well with all ages
of audience members. The skill of this presenter was a major factor in the engage-
ment of the audience with the narrative, and the rapidity with which changes were
made to the script/performance in real-time. The museum ensured the quality of
the props, including the space-lunch board created to replicate the meal boards used
on the Space Station, and a NASA-branded Earth lunchbox 1, the contents of which
the presenter used to create visual effects by hanging the food on magnets to rep-
resent it “floating” in space. Further, the intermittent videos of astronauts on the
Space Station doing things such as eating and playing with liquids and gravity helped
further illustrate the key messages highlighted in the iteratively developed script.

Conclusions

For a theatre piece or a science show to lead to intended outcomes, this study’s key
findings demonstrate that practice must be grounded in good pedagogy and/or
andragogy. For example, designers should use motivational features strategically to
enhance key messages and enhance surprise and curiosity through schema-manipulation
techniques. These techniques include asking for audience predictions, using
multi-leveled demonstration structures, and creating optimum-sized info gaps for
the audience to complete. Designers can enhance perceptions of value by placing
the science in real-world contexts that are appealing to the specific audience.
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As found across the literature, three factors are important contributors to the effec-

tiveness of not only lessons, but also of shows - strategic use of demonstrations,
emotional connection, and audience engagement.

For embedding assessments, the team gained three key insights from this work:

Creating a role for the audience as a character (e.g. NASA food scientists) works well
for engaging the audience in critical thinking about the lessons they are learning. The
assessment task (the menu) was an appropriate activity for the role of the character.
Additionally, the role positioned the audience as decision-makers requiring them to
think through the scientific problems each of the foods might present in space (e.g.
Tselfes & Paroussi, 2009).

Refining the assessment through rapid iterations works well to discover biases
embedded in different images/items and allows the assessment to examine critical
thinking rather than rote recall. It is in the iterations that the demonstrations,
emotional connections, and audience interactions museum theatre offers can be
explored and enhanced (Austin & Sullivan, 2019).

This type of assessment works best when it includes simple, easy-to-understand
instructions, has limited text and clear visuals, and is designed using a universal
design approach to be appropriate and appealing across age groups. Because of
the intention in the design, the activity used for the assessment continues to be
used in every show. While not specifically for the data, if the institution chooses,
the data could be gathered periodically to ensure the desired level of correct
responses are consistent.

Embedded assessments take time to create, incorporate, and test. From this experience,

both the museum and the project evaluators feel the time and effort were worth doing.

Notes

1.

The literature is inconsistent in the spelling as theatre or theatre. As the dominant texts
and the International Association of Museum Theatre use “theatre,” and there is a second-
ary usage of theatre as the venue and theatre as the performing art, the authors chose to
use the “re” spelling used by most English-speaking countries, except for the U.S., where
the spelling is mixed.

We use the constructs of informal and nonformal following the conceptual frameworks of
Coombs et al., 1973; Mocker & Spear, 1982; Fordham, 1993; and AUTHOR, 1993 where
informal learning is determined by the individual, but the institution or educator sets their
own outcomes in designing the experience. Nonformal, then is defined by the institution
determining the means but the control to learn or not resides with the individual. We are
also using the overarching “free-choice learning” label offered by Falk and Dierking (1998)
which captures informal, nonformal, incidental, and everyday learning - all the non-school/
training learning experiences.
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