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Introduction 

Museum workers believe that museums are critical vectors for social change. The 2022 ICOM 
definition of museums made claimed that museums are necessary for fixing social wrongs, paths for 
cultural diplomacy, and venues for advancing a sustainable future. Unfortunately, there seems to be a 
scarcity of evidence to back up these social impact claims. An effort to synthesize research in the USA 
published in the first two decades of the 21st century sought to describe what can be considered common 
understanding in the museum field about how social issues and science, technology, engineering, and 
math (STEM) come together in museum practice. 

Our study focused on the methods and data reporting: we examined where claims may overshoot 
what should be considered generalizable fact. To do that, we analyzed a subset of papers assembled 
through a configurative review of the Museums, STEM, and Social Issues domain in the USA.1 The initial 
review described the topics and types of research related to our focal subject. Here, we focus on the 
choices made about the research methods. By selecting only those papers that assessed the intersection 
of STEM and social issues in museums, we were able to look across three primary sources of knowledge: 
peer-reviewed journals, grey literature from a national online repository, and dissertations or theses in 
the ProQuest database. We used these reports to understand whether there is sufficient evidence to 
make claims about the museum sector or museums as a class capable of supporting the many claims 
about their impacts. In this case, we focused only on museums’ capacity to use STEM to engage audiences 
with social issues and acknowledge the exclusion of humanities content as a path for social change. 

Background 

The scholarly research into museum efforts make programs through community engagement has 
increased substantially since the turn of the millennium. These trends are evident in peer-reviewed 
journals and grant funded research. The topic was also in the forefront of the contentious debate over the 
definition of what constitutes a museum at the 2019 and 2022 International Council on Museums 
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congresses. The 2022 international definition demonstrated that there is a consensus that museums 
should be engaging communities with humanities issues of representation, human rights, and moral 
decision making. But this concept of community engagement around social issues may not pertain to all 
types of museums, including those that focus on the sciences, technology, engineering, or math (STEM). 

We questioned the nature of what constitutes social science evidence in support of these larger 
claims about the museum enterprise and whether STEM content that might be useful lens for examining 
this contentious idea. We firmly believe that the museum enterprise can fulfill these aspirations with 
STEM content, but are concerned that much of the writing about what museums are capable of doing 
may be based on limited evidence and may even be a function of confirmation bias. Museums, as a type 
of intervention, cannot be easily subjected to long-term randomized controlled studies due to variation in 
visitor knowledge, museum types, and the neture of the learning that occurs, but that limitation does not 
preclude examination of any research that could suggest whther the form can have the social iimpacts it 
claims. 

We took an appreciative position in our study, aiming to confirm claims of impact that could be 
attributed to museum form rather than a specific intervention. We value the hybrid knowledge that 
emerges when different epistemic traditions and methods examine their truths about a phenomenon. 
We explored how methodological choices afford comparison, contrast, additive, or explanatory value 
when brought together. Despite the breadth of disciplines that represent museum studies, we found the 
data to be sparse. This finding is notable, given that museum studies have been highly promoted for 
decades and there are more than 35,000 museums in the USA alone.2 

In 2015, Fu and colleagues3 categorized STEM learning evaluation methods and found a 
remarkably narrow set of designs, suggesting the need for more empirical research designs that could 
quantify the impact, scale, and statistical models that would support generalizability. In parallel, 
Morrissey, and colleagues4 examined the online repository of grey literature to understand what can be 
said about STEM and social issues. Even with an expansive sample frame, they found that many of the 
projects tended to focus on temporal conditions during an experience, rather than the impact that might 
accrue over time. Together, the two studies demonstrated a lack of statistical rigor compounded by 
variation in cultural conditions, complexity, and specificity created that challenge any synthesis or claims 
about the form. 

These two studies findings did suggest that museum visiting does have long-term impacts. The 
research demonstrates that museum experiences are memorable as significant life events,5 and have a 
mnemonic function in later memory reconstruction.67 But, museums also face challenges with equal 
representation in exhibition display, staffing, and visitors89 10and as both studies acknowledged, 
participant self-selection may exclude some voices. 

Knowledge Production 

Methods are a purposeful choice, driven by research aims rather than any need to justify the 
museum sector’s work. Research and evaluation operate at the intersection of understanding specific 
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conditions for monitoring or improvement, and the efforts to generalize knowledge based on aggregate 
learning. When research or evaluation is undertaken to support improvement, design, change, or manage 
risk, they fulfill their goals. But when considered as a body of knowledge, we must acknowledge that 
methods preference some truths while suppressing awareness of others. 

Museum studies, like many other fields, rely extensively on case studies, comparative 
assessments, and non-randomized studies. Using a quantitative approach can explain how common 
something is across a population, or to what extent something is occurring. Qualitative approaches give 
us a better understanding of what happens and why, often reflecting the deeper and unique lived 
experience of individuals, but frequently without the ability to make broad claims about 
representativeness. 

Methodologists advancing mixed methods theory, the use of qualitative and quantitative studies in 
combination, reveal a series of crises that challenge claims. They have demonstrated a crisis of validity 
because of a dichotomization of samples as either qualitative or quantitative, leading to reductive 
assessment that can be misleading. They describe these challenges as self-limiting crises of 
representation, legitimation, integration, and epistemic politics11. 

Museum studies is also a victim of non-representativeness in attendance, exacerbated by opt-out bias, 
and the challenge of integration when qualitative and quantitative methodologies are used in isolation, 
the relative affluence of museum visitors, and historical defaults to heteronormativity.121314 These 
conditions lead to challenges when researchers focus on a preconceived normative museum visitor when 
attempting to address a community level social issue. 

Common methodologies & sample sizes in the data 

We identified 127 separate studies that reported sample size in 71 papers (Figure 30.1). We consider 
a sample size to be small if the margin of error in statistical tests would not generalize beyond 5,000 
people, or effectively N = 300. We found that median sample sizes in peer-review were N=116, theses and 
dissertations N=28.6, and grey literature hovering near N=82, the minimum required for a two-tailed test. 
We conclude that studies focusing on STEM and social issues in museums relied on non-representative, 
convenience sampling with responses from samples too small for quantitative analysis, or sample sizes 
that prevent validity testing. There were a few notable exceptions where large sample sizes allowed 
robust statistical analysis of the findings which we explore in the Synthesis section below. Across our 
review, the majority garnered at least 30 responses, considered the upper limit of the minimum range 
recommended for experimental testing15 or grounded theory16 but below the minimums recommended 
by methodologists for correlational one-tailed testing (64 participants), two-tailed testing (82 participants) 
or causal-comparative study (51 participants). That is to say, the topic of STEM and social issues was most 
commonly represented by qualitative research, even when researchers were reporting quantitative data. 
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Figure 30.1  Sample sizes compared to the number of studies relating to social issues and STEM in 
museums, with break-points at 82 participants suitable for two-tailed tests of significance,  
and 300 participants where margin of error may be large enough to make our inventory. 

Sampling Strategies 

Studies that use truly randomized sampling strategies enable researchers to more easily conduct 
meta-analysis because they can be combined to provide a more generalizable understanding of a 
phenomenon. Studies in our dataset tended to focus on surveys, many with small convenience samples 
collected at a single institution or a small set of institutions. Criterion or convenience sampling seemed to 
be the most widely used with visitor audiences. A great many articles did not describe a sampling 
strategy, so our inferred the methodology from how the data were described. While criterion and 
convenience were the most frequently employed, we also found explorations of variation, including 
stratified, representative, purposive, extreme case, critical case, snowball, maximum variation, or the use 
of key informants. 

In a few notable cases, deliberate criterion selection or invitation of a participant or participant group 
based on a specified characteristic offered insights into some social issues. These choices may offer 
explanatory value when interpreting findings in larger quantitative studies because the criterion 
specifically illustrates minority concerns that might be concealed in quantitative studies. Unfortunately, 
without a companion quantitative representative study, these data remain limited in their utility to the 
museum phenomenon itself. 
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Analytic Approaches 

Some papers in our dataset were clearly grounded in methodological theory, including detail about 
the steps involved and their decision-making. This clarity was more common in evaluations, theses and 
dissertations, while peer review was notably lacking detail. The most frequently reported techniques were 
descriptive statistical measures, such as counts, percentages, and averages. 

Analyses tended to be either quantitative or qualitative, with few references to triangulation between 
types of data.. The qualitative analysis consisted of coding with predefined codes, pattern emergence, 
post hoc code books, inductive coding, or thematic coding. In most cases, projects involving more than 
one coder included data did report inter-coder reliability and the use of well-known software. Only 31 
papers had samples that were large enough to be used in a synthesis study, and few offered 
benchmarking useful for connecting to larger studies. 

We also uncovered some serious concerns in the studies involving STEM and social issues that may 
extend into the larger museum studies field. We observed studies that employ data summaries and tools 
without describing how that analytic approach was appropriate to the data. We found calculations of 
mean and standard deviation or statistical comparison of paired ratings for sample sizes that fall below 
recommended minimums, or reporting proportions without N values, making it hard to know whether 
the results were statistically significant. We commend the work by Fife17 and others who offer strategies 
that attempt to resolve the majority of statistical traps researchers may fall into, but note that our data 
included quite a few examples that replicate misconceptions or lack of training in applying statistical 
methods for small samples. 

Synthesis 

Even though we uncovered methodological issues, we observed a handful of projects that stand as 
methodological models, and may offer some generalized understanding of the affordances of museums. 
These models illustrate some of the latent potentials for museums to contribute to public understanding, 
attitudes, and behavior. They also offer some strategies for addressing methodological critiques revolving 
around representation, legitimation, integration, and politics. 

Representation: Museums, viruses, & vaccines 

Papers by Diamond and various colleagues1819 described a three-phase sequential mixed methods 
research strategy to identify the root causes of public debate or confusion about viruses and vaccines, 
and to test interventions to address these gaps. The project exemplifies an effective approach to 
addressing representation because the team gathered data that reflected beliefs and then compared 
specific populations. 

They presented a foundational descriptive quantitative study conducted through a set of questions 
added to a biannual state survey of residents to establish deficits and a rationale for their intervention 
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with specific target audiences. The second phase employed stratified, purposeful, and semi-structured 
interviews of key informants, followed by a third phase randomized comparison test of their intervention 
with their target audiences. 

These authors demonstrated that museums can identify a social issue that requires STEM reasoning 
to understand and make decisions about, critical audiences for that intervention, and testing of specific 
tools to address that deficit. Their approach led to an intervention useful for a general population, and 
avoided the self-selection crisis. 

We conclude that museums are well-equipped to create learning experiences that can build essential 
STEM literacies to help a population navigate a social issue. Their methods address the challenge of 
representativeness by expanding their source data beyond visitor populations. By sampling in controlled 
settings and using key informants, they were able to overcome potential bias found in relying on visitors 
alone for data. These studies also demonstrated that museums represent a node in the social process of 
learning, that complements other settings and materials like formal school, comic books, and public 
media. 

Legitimation: Participatory research, reflexivity, & controversy 

Ostman, Zirulnik, and McCullough Cosgrove20 undertook one of the few studies that anchored itself in 
the general movement to address societal issues at museums. Their study of museum’s use of 
controversial topics affords an examination of the legitimation challenge -- specifically, single methods 
studies that attempt to represent the diversity of audiences. They used the apparent conflicts that 
emerge between religious theologies and science enterprise as their prime focus, with the intention of 
synthesizing claims about museum social experiences and how STEM content can align with audiences’ 
needs. More importantly, they recognized that analyzing a sample of projects around a controversial topic 
would offer broad theory detection for museum practice. 

They noted that despite the promise of museums to provide integrative experiences that bring STEM 
to social issues, the literature was without compelling evidence beyond small topical studies that we 
affirmed in our own study. Therefore, they employed participatory research methods, a strategy that 
acknowledges researchers own experience and knowledge as central to theory detection. Their 
constructivist approach acknowledged the presence of cultural histories, potential biases, and values of 
the museum staff as part of the knowledge construction, and the importance a reflexive process to 
theory construction. 

Mixed-methods research theorists assert that the legitimation crisis results from any research 
paradigm taking precedence over another as a path to truth. Through five unique interventions, they 
developed a quantitative dataset triangulated to qualitative reporting from participants, program leaders, 
and the research team. Their instruments focused on the construct level they labeled engagement, rather 
than any focus on specific content learned. This approach enabled them to compare across subject 
matter to build generalizable knowledge that could speak more generally to a phenomenon. Although the 
final dataset (N = 315) offered a limited degree of certainty and was weighted toward two of the five 
settings, the model remains instructive. It revealed a set of critical practices that support using social 
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issues as a motivational tool for engaging with STEM content in a museum setting. In particular, they 
identify four principles for museum experience, which represent foundational constructs for future 
research that we paraphrase as: 

Neutral space: through creating a space for users; personal reflection, idea sharing ideas, and 
encouraging open-minded attention to the perspectives of others. 

Presenting visitor’s contrasting perspectives to aid affective visitor experiences. 

Creating space for personal reflection and documentation to enhance learning outcomes; 
and 

Providing opportunities for engagement beyond the experience. 

The affordances of setting would likely vary based on the content area being pursued. But more 
importantly, they addressed the legitimation concern by describing their findings as tentative and calling 
for future exploration to challenge their theory in service of advancing generalizable knowledge. 

From a methodological perspective, Ostman, Zirulnik, and Cosgrove demonstrated that STEM and 
social issues in the museum sector will likely continue to be in the theory development phase, relying on 
more qualitative approaches, and noting that theory requires sufficient agreement on constructs across 
topics and types before it can be pursued through large scale quantitative study. Their work offered a 
useful critique of the qualitative bent in museum studies and over-reliance on evaluation reports 
reporting frequencies and percent change for small populations irrespective of significance. 

Given both the case study implication of Ostman and colleagues' work and our findings, we raise 
concern about the disconnect about a post-positivist preference for numbers that may not have 
meaning21 The acknowledgement of the early phase of this field, suggests that the interpretivist and 
critical theory paradigms may continue to be more useful until constructs related to social impact are 
broad enough to explore the principle of social impact that museums aspire to achieves. 

Integration: Triangulating between knowledge worlds 

A challenge with literature synthesis lies in the possibility of triangulating, comparing, expanding or 
consolidating quantitative data when the source material is small and purpose driven. Leblang and 
Osche22 evaluated a multi-site film, lecture, and discussion program, employing parallel measures to 
understand how the intervention impacted individuals in different roles and settings. They gathered data 
from the public, students, and teachers at five sites, supplementing this work with online qualitative 
studies, and interviews with the program leaders. 

 Their methods demonstrated that visitors tend to be equipped with knowledge about the social issue 
they will encounter, and use museum assets to strengthen these users understanding. They 
demonstrated that 80% of program participants expanded their knowledge of a topic, and most claimed 
they could apply their learning to different contexts and concerns. The integrative approach revealed a 
tension important for all questions of how STEM content and contentious social issues might be well-
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suited to museum. Furthermore, their results demonstrate that small samples can be used to explore the 
larger thematic questions of museum affordances and opportunities if used in mixed methods 
approaches. 

Discussion 

We found that the motivation for exploring informal STEM learning about social issues at museums 
remains an emerging field, relying heavily on qualitative inquiry. Unfortunately, there appears to be little 
cross-referencing between sources, creating a risk of under-representation of the full breadth of evidence 
that can demonstrate the value of museums bringing STEM to social issues, or where foundational 
precedent may be found. 

The lack of cross-referencing creates a challenge for researchers, evaluators, and research 
consumers. For researchers, it suggests that each study exists in autonomy and undermines the scientific 
principle of building on prior knowledge through the use of frameworks and precedent research. For 
evaluators treating each project de novo is expensive, time-consuming, and may be less cost-effective 
than building on prior knowledge or triangulating data to precedent. For evaluation consumers, it 
suggests that synthesis and benchmarking before commissioning new studies can offer a more focused 
use of resources. 

We acknowledge that this study was possible because self-published evaluation reports generously 
offered the most detailed information on methodology and more frequently illustrated the complexity of 
a mixed-methods study, while the peer-reviewed literature tended to focus on a single question or subset 
of the data without the value that comes from triangulation between methods. This review suggests that 
peer review journal editors should encourage the publication of methods to support the advancement of 
synthesis and reduced redundancy. 

Thesis and dissertations were more likely to acknowledge the positionality of the researcher, while 
peer-reviewed literature adhered more closely to a post-positivist paradigm that may not fully represent 
the impact of an intervention. More concerning, the noted absence of thesis and dissertation research 
from the references in the evaluation and peer-reviewed literature suggests a blind spot that could fill 
gaps in knowledge. 

We were surprised by the widespread lack of validated and published instruments for research and 
evaluation. The tendency to construct targeted instruments for each study without reference to the 
literature or triangulation with other datasets related to social issues appears to be a deficit in the field. It 
is impossible to assess broad or generalizable findings. 

We were similarly concerned about a sampling fallacy that seems to pervade descriptions of museum 
populations without caveats or benchmarking. It is well-known that museum visitors cannot be 
considered representative of a general population. Without refusal rate reporting and remediation 
strategies for non-participants, “random” sampling may produce a false positive affirming the bias of 
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museum professionals that an intervention is achieving desired goals. Although many articles 
acknowledge these challenges, most reports tended to claim representativeness of the sample to their 
attendees based on specious indicators like sex or age, a practice that can confound explorations of 
impact because aggregating data containing errors in source data can report on a majority of the 
majority, exacerbating exclusion. 

Conclusion 

This exploration of methods used for the study of STEM and social issues in museums reveals a 
overweighting toward case studies that should limit claims about the role of museums' ability to link 
STEM content with social issues. This challenge can lead to a misrepresentation of the full depth and 
value of the museum sector as it supports its service populations’ engagement with social issues. Our 
results offer a cautionary lesson that museums should limit their claims to impact until there is sufficient 
evidence to stand behind. We recommend that more effort be given to anchoring new case studies to 
precedent, using validated scales to help build enough data to support future meta-analysis, and paying 
attention to minoritized voices to ensure that we do not continue to preference the majority of the 
majority. Through minimal additional effort in reporting, it may be possible to demonstrate the 
aspirations of the museum sector and the social purposes at the heart of the ICOM 2022 definition. 
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