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Abstract 

 Makerspaces exist in public and private institutions as informal spaces where 

participants create tools to solve problems. Generally, makerspaces focus on Science, 

Technology, Engineering, and Mathematics (STEM) education and as a result, tend to be 

installed more frequently in science-related institutions (e.g. science centres). Historical 

institutions on the other hand, have not been afforded the same opportunity. The purpose 

of this case study was to describe how a makerspace functions as a learning space in a 

historical institution. To develop a holistic understanding of the participants’ experiences 

within the makerspace, a descriptive explanatory single case study is presented in this 

paper. This addresses the research questions: 1) How do participants describe their 

experiences with the program?; 2) When participants partake in the makerspace 

environment, what does their behaviour look like?; and 3) What do participants describe 

as their learning gains? The findings suggest that makerspaces in historical institutions 

allow for positive social behaviours, and learning gains, but they do not show significant 

historical learning gains. These findings are discussed by comparing what the literature 

suggested would occur when a makerspace was brought into a museum to the results 

from the study. Future research needs to explore what program elements would be 

beneficial in creating a stronger tie between history through making activities.  

 Keywords: Museum education, makerspace, constructionism, collaboration  
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Chapter 1: Introduction 

 Makerspaces exist across private and public sectors offering participants an 

opportunity to engage in interactive, hands-on experiences that lead towards the creation 

of final products. They serve as informal spaces where participants are provided with the 

resources required to create tools to solve problems.  

 These spaces see many different types of learning take place and often the learners 

direct their learning in the space. It is common to see makerspace participants 

undertaking independent work or working with other co-makers in a collaborative group 

project (Sheridan, Halverson, Brahms, Litts, Jacobs-Priebe, & Owens, 2014). Other 

spaces will run more structured events, such as workshops (Brahms, 2014; Moorefield-

Lang, 2015; Sheridan et al., 2014). These spaces thrive on collaborative efforts from all 

participating members.  

 There is a tendency for makerspaces to focus on qualities from Science, 

Technology, Engineering, and Mathematics (STEM) education and therefore 

makerspaces thrive in science-based institutions. In addition to science-based institutions, 

makerspaces are appearing in libraries (public and academic) (Colegrove, 2013; 

Dougherty, 2012; Moorfield-Lang, 2015), privately owned making centres, and museums 

(Brahms, 2014; Brahms & Werner, 2013; Honey & Kanter, 2013).  

The interest in makerspaces appears to have suddenly increased in the last few 

years. The culture of making, a culture which focuses on creating through experience in 

the digital and physical world has received attention from schools, business firms, and 

even the White House (2014), which hosted its first MakerFaire in 2014.  There are a few 

issues surrounding makerspaces: 1) makerspaces lack participation from women and 
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individuals from low-socioeconomic status homes; 2) spaces new to making may acquire 

of-the-moment technology, but lack knowledge on how to incorporate it effectively; and 

3) makerspaces fail to incorporate major elements of history and approaches to history 

learning into their activities.  

The museum is one type of historical institution that is increasingly adopting the 

makerspace. Like a library or science centre, museums have no set curriculum to adhere 

by, making it an excellent environment for free play and exploration. The museum 

encourages exploration, promotes lifelong learning, and is accessible to a wide range of 

audiences. Expanding makerspaces into history museums creates space that still utilizes 

STEM principles, but also incorporates historical themes and attitudes towards learning 

history. It provides an opportunity for the past to be connected to the present in a 

significant way and continues to grow civic engagement and awareness amongst visitors.  

 With this heightened interest in makerspaces, it seems reasonable to consider 

whether the spaces are conducive to learning or whether they are merely a fad in museum 

education. More so, what parameters are important for the learning environment? The 

purpose of this case study was to describe how makerspaces function as a learning space 

in a historical institution. To develop a holistic understanding of the participants’ 

experiences within the makerspace, a descriptive explanatory single case study was used 

to determine what characteristics define the experience of participants in a makerspace in 

a history museum. 

Researcher Bias Statement 

 Having spent most of my summer vacations as a child at camps, I grew up with a 

profound appreciation for informal programming and a desire to share my experiences 
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with others. Those positive experiences carried forward with me as I attended university 

for Historical and Industrial Archaeology. During this time, I often found myself in 

leadership positions for children’s camps (such as the Wilfrid Laurier University 

Archaeology Camp), university-run classes targeted at children (such as the Junior 

University Multidisciplinary Program [JUMP]), and as a summer student at heritage sites 

conducting public outreach and engagement.  

 Today, I continue to work in the cultural sector as a program coordinator for a 

municipality developing museum programming. My positive, firsthand experiences of 

informal learning led me to pursue research endeavors that explored learning experiences 

within a museum context.   

Conceptual Framework 
 

The study concentrates on understanding the perceptions of participants in a 

makerspace in a historical institution and is rooted in the constructionist framework. 

Constructionism evolved from constructivism and both recognize that learning is external 

and constructed by the learner through experience (Hein, 1995; Papert & Harel, 1991). A 

key difference between constructionism and constructivism is the way constructionism 

sees knowledge construction. Constructionist theory focuses on the physical making, in 

other words using tools, materials, and knowledge to manufacture tangible objects. This 

theory views the created objects as by-products of learning (Kafai & Resnick, 1996; 

Papert & Harel, 1991). These physical objects solidify learning through social sharing 

and reflection (Kafai & Resnick, 1996). Papert and Harel (1991) refer to these objects as 

public entities. Public entities take on various forms. They can range from a written piece 

of work, like a poem, to a constructed object, like a building.   
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A major distinguishing feature of constructionism is that the learning spaces 

figuratively work together in the same direction (Papert & Harel, 1991). Learning, 

activities, and approaches to teaching in each space may be different but the guiding 

ideas and characteristics remain consistent. Some defining characteristics of 

constructionist theory include: the physical construction and reconstruction of 

knowledge, the creation of personally meaningful work, the acknowledgement of diverse 

learners and thereby multiple learning styles, and the collaboration between design and 

learning (Kafai & Resnick, 1996).  

The idea that people learn best through physical making, reflection, and sharing is 

a theoretical backbone to this study. The study included defining characteristics of the 

constructionist framework into the makerspace and used the conceptual framework as a 

reference to understand the themes that emerged after the data analysis. Activities were 

designed and guided with the constructionist framework in mind. For example, the 

framework is connected to the physical making of the participant. The participants in the 

study were provided with materials, tools, and resources to explore and were given 

opportunities to create real-time water filters. These final products, also referred to as the 

public entities (Papert & Harel, 1991), were a manifestation of their learning through the 

making process. The study integrated sessions for reflection that helped provided 

authentic feedback and learning opportunities through social interaction. Each session 

concluded with an informal reflection session guided by the task facilitator and a journal 

session. The constructionist framework was useful in the development of the study 

activities and throughout the analysis procedure to understand the behaviour that took 

place in the makerspace.  
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General Problem Statement 

 The purpose of the study was to describe how participants experience a research-led 

makerspace as a learning space in a historical institution. In the context of the study, the 

historical institution was a small heritage-based museum in a rural Eastern Ontario town. 

The study explored the research questions: 1) How do participants describe their 

experiences with the program?; 2) When participants partake in the makerspace 

environment, what does their behaviour look like?; and 3) What do participants describe 

as their learning gains? 
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Chapter 2 

 Literature Review 

The purpose of this study was to describe how participants experience a research-

led makerspace as learning space in a historical institution as compared to research-led 

makerspaces in private sectors and science based institutions. This literature review looks 

at the experiences, interactions, and learning in makerspace. More so, it examines current 

makerspaces in museums. Finally, this review argues that there is an absence of literature 

that addresses makerspaces in historical settings and how the characteristics of maker 

settings support history-related skills and ways of thinking. This literature review 

examines the experiences and interactions in makerspaces and museums through 

motivation, social interaction, accessibility, and time constraints. Following this, a brief 

summary is provided.  

 Makerspaces are multidisciplinary and incorporate multiple subject areas and 

skills (Brahms, 2014). This literature review is reflective of this trait and acknowledges 

that literature must be pulled from multiple databases. This review searched the following 

subject areas: art; computing; education; engineering; museology; science; and 

technology to be thorough and rigorous with its analysis. This literature review also 

includes various types of makerspace locations, such as museums, science centres, 

libraries, private facilities, and mobile vehicles. Although the study focused on youth 

ages 8 – 12, the literature review includes youth older than 12, adults, or families. 

Key search terms (such as makerspace, museums, and learning) were used to 

locate the articles. The abstracts of the articles were read to determine the relevancy of 

the articles to the study. After the full articles were read, additional relevant articles to the 
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research topic were collected through the references. The literature review includes 

multiple empirical, peer-reviewed articles and publications. Some editorial and opinion 

pieces are included to help provide multiple perspectives and highlight some current 

issues that help frame and give foundation to the purpose of the study. These are only 

used when empirical sources could not be found.  

While the thesis presented here uses the term makerspace, other terminology with 

the same meaning was included in the search. Additional terms include FabLab, 

fabrication lab, fabrication studio, or digital studio. For consistency purposes, this thesis 

solely uses the term ‘makerspace’ because it is more closely associated with the maker 

movement and the activities that help define these spaces. Other terminology, such as 

FabLab, are tied to specific institutions and technologies. While the terms could be 

interchanged, makerspace is a broader more publicly used word that is best-suited to this 

research study.   

Defining the ‘Makerspace’ 

The term ‘maker-movement’ originated in 2005 alongside the start of Make 

Magazine and was a term used to describe the technologically infused Do It Yourself 

(DIY) culture of makers (Gonzalez, 2015). This culture was and still remains 

multidisciplinary and values open-ended exploration and creative fabrication. From this 

maker-movement, private and public makerspaces began to appear.  

Today, makerspaces are seen in various institutions. Literature addresses the 

making culture in libraries (Colegrove, 2013; Dougherty, 2012; Moorefielf-Lang, 2015), 

museums (Brahms & Werner, 2013; Honey & Kanter, 2013), schools (Kafai, Fields, & 
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Searle, 2014), community centres, and private locations (Sheridan et al., 2014). This 

expansion of makerspaces demonstrates their popularity and diversity.  

There are overlapping ideas that comprise the definition of a makerspace. There is 

agreement that a makerspace: 1) is a shared physical space where physical objects are 

made (Gonzalez, 2015; Halverson & Sheridan, 2014; Petrich et al., 2013; Sheridan et al., 

2014); 2) involves interaction with and manipulation of high and low technologies 

(Gutwill, Hido, & Sindorf, 2015; Gonzalez, 2015; Sheridan et al., 2013); 3) incorporates 

principles of STEM (Bevan et al., 2014; Honey & Kanter, 2013); and 4) encourages 

collaboration and sharing of knowledge and skills (Brahms, 2014; Britton, 2012; 

Halverson & Sheridan, 2014; Katterfeldt, 2013).   

Museums on the other hand are institutions that house cultural, scientific, artistic, 

or historic exhibitions. While museums are diverse in content and stylistic approach, 

there is a general consensus in the literature that museums are reliable and trusted as 

sources for information (Falk & Dierking, 2000; Rosenzweig, 2000). More so, many 

articles highlight museums as authentic learning experiences that provide learning 

opportunities that further develop skills (Bamberger & Tal, 2007; Ritchart, 2007; Yilmaz, 

Filiz, & Yilmaz, 2013), foster identity (Nikita & Karasiosif, 2015; Vitalaki, 2011), and 

connect visitors to the past in an empathetic way (Marcus, 2006; Marcus, Woodward, & 

Stoddard, 2011; Modlin, Alderman, & Gentry, 2011).  

 The Contextual Model of Learning was developed by Falk and Dierking (2000) as 

a tool to understand the complex visitor behavior taking places in museums. The 

Contextual Model of Learning uses three core contexts - the personal, the sociocultural, 

and the physical – to explain and comprehend the complexities surrounding learning in 
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museums (Falk & Dierking, 2013). Time is a fourth dimension of the Contextual Model 

of Learning. Time runs continuously alongside the construction of each context and is 

therefore not a separate context.  The learning from an experience in a museum is at the 

core of these three contexts. The learning is a result of the continuous interaction and 

integration across these three contexts that accumulates and is built up over a continuous 

amount of time.  

 In relation to the research study being presented in this thesis, it is important for 

the reader to be aware of these three contexts and to understand that the participants 

arrive to the space with an existing built up amount of knowledge and experiences.  

The personal context consists of an individual’s motivation, interests, and overall 

feelings of satisfaction. More so, this context emphasizes that museum visitors arrive 

with individual backgrounds developed through their own unique experiences (Falk & 

Dierking, 2013). This context illustrates that learning is ongoing and continues to expand 

on prior knowledge directed by the visitor’s motivations and personal interests. 

Therefore, to develop the personal context further, the environment must provide 

situations, stimulus, and social cues to help the learner make connections.  

Museums are societal institutions that represent different ideologies. The content on 

display is always a cultural by-product. The sociocultural context recognizes that the 

different ideologies ingrained in the exhibitions can generate different interpretations as 

well as social interaction (Falk & Dierking, 2013). It is equally important to understand 

the cultural influence hidden in the museum exhibition, as it is to understand the 

sociocultural values of the visitors viewing the same exhibition. Whether a visitor comes 

in a group or alone, they will experience interaction with staff, exhibits, objects, or other 
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visitors. The sociocultural context of Falk and Dierking’s model (2013) suggests that 

understanding and embracing social interaction structured because of the experience of 

the visitor will best contribute to their learning. This means that learning will best result 

from experiences that allow visitors to direct their learning and be supported socially with 

social interactions related to the visitors’ learning objectives.  

The physical context acknowledges the relationship between learning and the 

physical environment.  In the context of Falk and Dierking (2013) the physical 

environment refers to the exhibit space, artifacts, and interactive components with a 

museum. People are constantly trying to make sense of their environment to feel 

ontologically secure (Bilton, Bonnett, Jones, Skinner, Stanworth, Lawson, Webster, 

Bradbury, Stanyer, & Stephens, 1996). Museums are an example of an ontologically 

secure environment where the content is already sorted and organized in a way that 

provides clarity and affirmation to visitors making it easier for them to make sense of 

their physical surroundings. Falk and Dierking (2013) also note the importance of 

accessibility and suggest museums embrace universal designs to ensure they are inclusive 

of all visitors. Technology and interactive experiences are two examples of ways Falk 

and Dierking (2013) suggest increasing accessibility.    

The three components of the Contextual Model of Learning (Falk & Dierking, 

2013) become visible when examining visitor experiences in a museum. Falk and 

Dierking (2013) argue that learning is at the core of the three contexts, where each 

context overlaps. The Contextual Model of Learning relates well to the themes that 

emerge in the literature review of this study. More so, each aspect of context can be 

applied and used to help understand a core concept that influences the learning in 
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makerspaces. In this review, it is referenced to help understand and synthesize the 

complex nature of experiences in makerspaces. The model was originally referenced as it 

was intended to guide the study as the conceptual framework. Instead, Constructionism 

(Papert & Harel, 1991) was selected because it was more useful in understanding the 

tactile components and physical by-products that were manifestations of the learning that 

occurred in the space. While the Contextual Model of Learning (Falk & Dierking, 2013) 

is not used as the contextual framework, it provides an additional layer that explains 

learning in museums from the experience of the visitor.  

Experiences and Interactions in Makerspaces & Museums 

The literature surrounding museum and makerspace experiences has core themes 

that shape visitor experiences and interactions. The literature agrees that motivation, 

social interaction, accessibility, and time constraints are all key factors that influence 

experiences in makerspaces and museums.  

Motivation. As makerspaces continue to gain interest from the public and expand 

into museums it is probable that participation from children will increase. Therefore, it is 

important to consider what reasons are influencing participation and whether the 

participation is a result of the novelty of the space or something more substantial. The 

literature suggests that opportunities for choice, a variety of content, and the ability to 

produce aesthetically pleasing designs increase participation and motivation levels among 

youth in museums and makerspaces.  

 Levels of choice and participation are closely tied together in both museums 

(Bamberger et Tal, 2006) and makerspaces (Chu, Quek, Bhangaonkar, Ging, & 

Sridharamurthy, 2015). As choice increases, participants are given more control over 
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their learning and are given the opportunity to explore based on their interests and 

curiosity (Falk & Dierking, 2000).  

 The Contextual Model of Learning is one way to look at motivation in informal 

learning environments. Motivation, participation, and engagement are closely linked to 

the personal context (Falk & Dierking, 2013). In informal learning spaces, such as 

makerspaces, participants are confronted with content and have the choice to engage with 

it or not. Falk and Dierking (2013) suggest that participants engage because of 

preference, prior experiences, relevance to motivations, or because of curiosity. The 

research under review here further affirms the motivational factors that Falk and Dierking 

(2013) put forth.  

 Brahms (2014) looks at behaviour in museum makerspaces and identifies seven 

core principles of making: explore and question; tinker, test, & iterate; seek out 

resources; hack and repurpose; combine & complexify; customize; and share. These 

principles were developed from analysis of observations and interviews during case study 

research and help explain the behavior in makerspaces. The principle, ‘customize’ 

(Brahms, 2014, p. 27), is directed by the participant’s motivation and is a direct reflection 

of their interests.  Ensuring making has a personal aspect to its design increases 

motivation and engagement. 

 There is also evidence that suggests children will create objects based on their 

personal interests. In their exploratory study of children in a FabLab, Posch and 

Fitzpatrick (2012) discover that participants create objects that are personally relevant to 

them. They argue that offering these opportunities to children to engage in activities 
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related to their personal interests can secure their attention and engagement (Posch & 

Fitzpatrick, 2012).   

Similarly, aesthetics are just as important to the design as ensuring the activity is 

personally relevant. Kafai, Fields, and Searle (2014) observed high school students 

working with e-textiles to produce hand-sewn products that would light up with LED 

lights. Students who created simple designs discarded or dismissed their finished 

products, while students who made aesthetically pleasing pieces, showed ownership 

(Kafai et al., 2014). More importantly, the latter students also challenged themselves 

more with the complexity of their project (Kafai et al., 2014). This study provides a 

perspective that was missed in other studies.  While function is important, the product 

must also incorporate elements of aesthetics and design to promote positive attitudes and 

increase participation.   

 Makerspaces also have the potential to develop self-efficacy skills. An attempt to 

investigate the growth of maker mindsets in children identified an integral link between 

motivation, interest, and self-efficacy and maker identity (Chu et al., 2015).  Chu and 

colleagues (2015) look at three core attitudes that determine a maker mindset.These 

attitudes are: self-efficacy (I can); motivation (I want to); and interest (I like). Results 

indicate that activities in makerspaces can foster the growth of a maker mindset, and 

through association improve self-efficacy (Chu et al., 2015). This study supports the 

argument that makerspaces should put their efforts towards supporting the maker 

mindset, rather than focusing on the inclusion of STEM principles. Similar perspectives 

towards STEM are also found in other research, where they argue it is a means to 
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engagement, but not necessarily an end (Chu et al., 2015; Bevans et al., 2014; Petrich et 

al., 2014).  

Although choice, content, and aesthetics impact motivation, it is also worthwhile 

to consider the influence of technology as another aspect that affects motivation. In a 

quantitative study with a regression analysis, Sandifer (2003) observes factors that 

motivate museum visitors to stay and invest their cognitive resources in an exhibition by 

identifying four factors that contribute to time spent at a museum exhibit. The results 

indicate that technological novelty and open-endedness are two significant factors that 

intrinsically motivate individuals to engage with exhibits (Sandifer, 2003). The other two 

factors, sensory stimulation and user-centredness, were not considered statistically 

significant factors in the time spent engaged with an exhibit. The exhibits under study 

have interactive and intellectual components similar to the hands-on tinkering and 

problem solving opportunities seen in activities in makerspaces. 

These findings from Sandifer’s (2003) study closely adhere to the characteristics 

of motivation in the work of Csikszentmihalyi and Hermanson (1995), which states that 

novel, interesting, or relevant material often leads to cognitive devotion in museums. 

While this study lacks the qualitative perspective that could help explain the variance 

with sensory stimulation and user-centredness and the perspectives of the visitors, it 

offers an insight to motivation in interactive museum exhibits.  

To build knowledge one must learn by making connections (Falk & Dierking, 

2000; Hein, 1995). When participants are able to connect their prior knowledge and 

experience to an activity they become more involved and begin to expand their learning. 

The literature suggests that makerspaces and museums have the potential to support these 
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connections. Offering choice in activities, integrating interests, and producing desirable 

products will boost motivation and participation from makers. More so, this participation 

can instill a maker mindset by promoting  self-efficacy, motivation, and interest as 

demonstrated by Chu and colleagues (2015).  

Social interaction. Providing participants the opportunity to integrate and activate 

prior knowledge is an important component to learning in museums and makerspaces. In 

addition to motivation, social interaction can help structure and support learning in 

museums and makerspaces.  

The social processes of meaning-making involve all types of social interaction 

occurring between individuals that belong to the same social group (Hein, 1991; Hooper-

Greenhill, 1999). Examples of this interaction may include informal discussions between 

friends or a question asked by a facilitator to a participant. Museums and makerspaces 

rely on social interaction as a means to expand learning.  

The Contextual Model of Learning (Falk & Dierking, 2013) takes the idea of social 

interaction a step further by stating that all visitors will come from their own personal 

learning community and possess their own reasons and goals for their museum visit. The 

sociocultural context places emphasis on supporting all social learning regardless of the 

museum’s agenda. This context also builds off of the personal context and the 

understanding that each visitor has unique experiences, interests, and motivations for 

visiting the museum (Falk & Dierking, 2013). Social interaction is a large part of the 

learning process in museums and remains an important theme in museum research. The 

makerspace literature seems to share similar findings concerning social interaction in the 

makerspace environment.   
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Some studies look at makerspaces from a perspective similar to Falk and Dierking’s 

(2013) sociocultural context in museums. Participatory engagement (Kumpulainen, 

Karttunen, Juurola, & Mikkola, 2014), participatory learning (Peltonen & Wickström, 

2014) and communities of practice (Brahms, 2014; Sheridan et al., 2014; Wenger, 1998) 

are examples of frameworks used to analyze the social interaction in makerspaces.  

 In their descriptive case study of three cases bounded by place, Sheridan and 

colleagues (2014) used field observations, interviews, personal artifacts, and videos to 

analyze makerspaces as learning environments. Their findings suggest that these 

environments promote creativity, active engagement, and the sharing of resources with 

members or with the community (Sheridan et al., 2014). Their study describes the 

participants, processes, and arrangements for learning of three spaces: a private 

membership-based makerspace, a community makerspace, and a museum makerspace 

(Sheridan et al., 2014). Despite the differences of the makerspaces, collaboration is a 

constant and reoccurring theme in the study. The researchers argue that the dynamics of 

the space allow for diverse learning arrangements that cater to each individual’s learning 

style (Sheridan et al., 2014). The behaviour in the three makerspaces in this study is 

similar to the way freedom and choice impact motivation. Positive impacts from this 

extend to the community, where participants can continue to share and build upon their 

collaborative knowledge and skills.   

The diversity of the learners is a similar finding in the work of Kumpulainen and 

colleagues (2014). The researchers acknowledge the importance of diversity to 

collaboration. Observations and interviews reveal that the diverse knowledge of the 

children contributes sense-making through collaboration (Kumpulainen et al., 2014). In 
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both environments, collaboration promotes the sharing of information and leads to 

growth in knowledge for the participants.  

Social scaffolding is another theme evident in makerspaces.  It can occur between 

experts, professionals, or novice participants (Gutwill et al., 2015; Sheridan et al., 2014) 

or between a parent and a child (Brahms, 2014; Brahms & Werner, 2013). While these 

studies highlight the interactions that occur, more research is still needed to be able to 

generalize the findings so they are applicable to specific contexts.  

Communication is one type of collaborative social interaction that takes place in 

informal learning environments. Communication assists in the development of skills as it 

forces people to verbalize or explain their thought process (Hubard, 2011; Ritchart, 2007; 

Wylder, Lerner, & Ford, 2014). This interaction also provides visitors with the 

opportunity to share their prior experiences and knowledge, thus contributing to the 

social expansion of knowledge. Museum staff, parents, and teachers are powerful players 

in the social processes of museums and makerspaces. Their ability to guide visitors 

through reflection assists in the connection of knowledge to content. 

In some situations, the communication takes place between museum staff and 

visitors. Tal and Morag (2007) investigate the learning processes in museums by 

examining the questions asked by guides in four natural history museums. Many of the 

questions did not require higher order thinking skills as they were factual, rhetorical, or 

elicited only ‘yes’ or ‘no’ answers (Tal & Morag, 2007), thereby limiting meaningful 

learning opportunities and opportunities to integrate prior knowledge and synthesize new 

connections to exhibit material.  
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Other studies have examined how supporting resources might improve the 

development of skills through the social interaction they promote. Studies observe the 

social interactions that occur between families and find that providing them with a 

guiding resource can help direct their learning (Tanenbaum, et al., 2010; Wakkary, 

Hatala, Muise, Tenenbaum, Corness, Mohabbati, & Budd, 2009). The study by 

Tenenbaum and colleagues (2010) shows that families provided with booklets and 

backpacks of activities engage more with each other and the exhibits, ask more questions, 

and use historical talk more than the families who are not given the supplementary 

resources. Therefore, the resources lead the families towards social interaction and in 

developing a sense of meaning from the exhibit.  

Similar findings were in the work of Wakkary and colleagues (2009) when they used 

observations, video and audio recordings, questionnaires and interviews to examine 

strategies that would improve the social interaction with displays in museums. In the 

study, the device did not hinder the parents’ ability to interact and provide support to their 

children. Parents encourage their children to reflect on the objects and provide support to 

them by contextualizing the problem (Wakkary et al., 2009). They used Kurio, a 

technological device with an interactive user interface, as a tool to improve the learning 

experience of families and close the social gap that existed with interactive museum 

guides (Wakkary et al., 2009). Both studies indicate that parent involvement and 

supplementary resources are important in getting children to engage and communicate 

their thinking.  

Increasing accessibility. There is an interest in who makerspaces attract. A textual 

analysis of MAKE Magazine shows that the publication caters to an affluent white, male 
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readership (Brahms, 2014), suggesting that this population dominates the making scene. 

Certain spaces also attract a mostly adult audience (Sheridan et al., 2014).  

Studies are starting to identify the demographics of groups that are absent from 

the makerspace scene. These demographics include girls and women (Dlodlo & Beyers, 

2009), low socio-economic status households (Halverson & Sheridan, 2014), and those 

with little to no experience with making (Ludwig, Stickel, Boden, Pipek, & Wolf, 2015). 

One possible way to increase participation through these groups is through accessibility 

and openness.  

Familiarity with technology, whether through technological language (Ludwig et 

al., 2015) or through experience (Dlodlo & Beyers, 2009) appears to be a barrier that 

prevents participation in makerspaces. In their qualitative study, Dlodlo and Beyers 

(2009) use hands-on learning and prototyping to investigate the experiences of girls in a 

FabLab environment. They recognize that girls are under-represented in science, 

engineering, and technology (SET) education and careers in South Africa. Girls without 

familiarity to making technology seem to hesitate and show anxiety towards getting 

involved (Dlodlo & Beyers, 2009). However, through exposure and involvement, 

multiple skill sets develop and confidence towards technology increases.  The findings 

from this study suggest that makerspaces have the ability to change existing self-

identities towards technology.   

Results are similar with adult populations being introduced to making.  In their 

study of two cases, Ludwig and colleagues (2015), examine the accessibility of 

makerspaces for ‘non-elite’ groups as a means to start an appropriation of fabrication 

technologies.  The term, non-elite refers to the general public who are not familiar with 
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terminology, technology, or the practices of makerspaces. Those that are familiar with the 

technologies, are referred to as members of the ‘maker elite’ in the work of Ludwig and 

colleagues (2015). Both case participants faced technological and conceptual challenges, 

when working with the software and hardware, which highlights the high-context 

dependency issue.  This high-context dependency limits accessibility by establishing a 

need for familiarity with the technology and with multiple problematic scenarios. Groups 

have the ability to reach a higher level through practice, collaboration, and tinkering, but 

in doing so become a new group of, ‘maker-elites’ (Ludwig et al., 2015). Despite the 

challenges, motivation in groups increases alongside opportunities to play with the 

technologies, share experiences with the community, and hold tangible products (Ludwig 

et al., 2015).  In order to make makerspaces more accessible for non-elite groups, the 

technology itself needs to become more accessible and easy to manipulate (Ludwig et al., 

2015).  

Concerns about accessibility also surround specific software. Researchers Fuge, 

Carmean, Cornelius, and Elder (2015) examine the fact that many people are limited to in 

their interactions with making because they are not fluent in Computer-Aided Design 

(CAD).  In their study, they develop and test an algorithm that will help novice makers 

use maker technology without necessarily being familiar with CAD.  By making the 

software more accessible, Fuge and colleagues (2015) argue that users will begin to 

become designers in the maker movement.  

The above two studies demonstrate how language, software, hardware, and 

familiarity with technology can impact the making process. When the public or those new 

to making are restricted due to language and technology barriers, they risk being 
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consumers of technology. Making will remain on a surface level and this group won’t be 

able to enter into the more complex realm of making, which would make them producers 

of technology.  

This concept of being designers or producers of technology, rather than 

consumers, is nothing new in the literature. It emerges as a concern from Papert and 

Harel (1991) and later appears again under the guise ‘transparency of technology’ in the 

work of Kafai, Fields, and Searle (2014). Gershenfeld (2005) compares this issue to the 

computer revolution, and suggests that this same fate could happen to personal 

fabrication unless proper educational interventions occur. This implies that there is still a 

concern towards a surface level of making. To really create producers, the spaces must 

provide authentic experiences and problems while also finding ways to show application 

and relevancy of available technology.  

Time Constraints  

Time constraints are another issue facing makerspaces, particularly those in 

museums. Many visitors are limited by their own time available to explore the museum 

and interact with the exhibits. Children are one group that feel this limitation as their 

visits are often dictated by accompanying adults (Brahms & Werner, 2013). The iterative 

and explorative nature of the makerspace supports the idea that multiple visits are best 

suited for the learning environment.  Some makerspaces showcase this idea by offering 

ongoing learning projects and encouraging visitors to delve into their own personal goals 

(Sheridan et al., 2014). Yet, in museums time constraints are limiting. They might limit a 

participant’s ability to construct the necessary skills and knowledge to complete their 

desired outcome. Posch and Fitzpatrick (2012) acknowledge that children face multiple 
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barriers, such as time to complete a task, when entering a makerspace. Their qualitative, 

exploratory study of the HappyLab recognizes that time, personalization, and usefulness 

are all relevant factors that contribute to positive experiences (Posch & Fitzpatrick, 

2012). By isolating the experience of visitors to one visit, they are limited by what they 

can achieve and how they view the overall experience. Their study shows children 

express an eagerness to return and continue a project and have ideas of what processes 

and steps to undertake next (Posch & Fitzpatrick, 2012). This suggests that the 

makerspace can be iterative in nature and may function best as a continuous learning 

process.  

These findings also correlate to the dimension of time in the Contextual Model of 

Learning (Falk & Dierking, 2013). Similar to the argument made by Posch and 

Fitzpatrick (2012), Falk and Dierking (2013) argue that learning should be looked at as a 

continuous process through time rather than an isolated snapshot.  

Summary of Literature Review  

This literature review illuminates components of makerspaces, how they 

contribute to learning, and highlights issues in museums that could impact a makerspace 

experience. Themes of motivation, social interaction, and accessibility appear in literature 

across a variety of journals, suggesting that they have a significant impact on the maker 

experience.  

The core themes in the literature review parallel well to the contexts of the 

Contextual Model of Learning (Falk & Dierking, 2013). Motivation relates to the 

personal context, social interaction relates to the sociocultural context, and accessibility is 

a significant issue discussed in the physical context. Additionally, time limits play a role 
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in the model and in museum makerspaces. The model is typically used to understand the 

museum experience. However, the overlap between the model and the makerspace 

literature suggests the model could be extended into making environments as well. This 

would provide researchers with a new way of understanding the complexity of 

makerspaces from a museum perspective. This study examines the union of a historical 

museum and a makerspace making the model a useful tool for this study as well. 
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Chapter 3 

Methodology and Methods 

Rationale for Qualitative Approach and Case Study Method  

A qualitative approach was deemed appropriate for this study as it allowed for the 

observation of the participants’ experiences in the naturalistic setting of the museum 

makerspace and to conduct an in-depth analysis of the participants’ experiences  

(McMillan & Schumacher, 2010). The qualitative approach also helped me view the 

program from the perspective of the participants and document participants’ behaviors 

that were context specific.  

Within the qualitative approach I chose to use case study methods to gather and report 

on my data. Case study allows researchers to explore a single bounded entity in great 

depth (Creswell, 2012). This study was bounded by time and activity (Stake, 1995), as 

well as by the participants who attended the makerspace sessions (McMillan & 

Schumacher, 2010).  This case focused on the actions and descriptions of four 

participants between the ages of eight and twelve in three activities that took place over 

two days at a municipal museum in a rural town in Eastern Ontario. While the case was 

limited to the specific museum, it has the potential to provide rich and detailed data about 

the participants and their experiences with the program relevant to other museums with 

makerspaces.  

Case Study Methods  

To develop an in-depth understanding of this case study, it was important to use a 

variety of data collection strategies (Baxter & Jack, 2008). Creswell (2012) described 

eight strategies that improve the trustworthiness of qualitative studies: prolonged 
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engagement and persistent observation; triangulation; peer review or debriefing; negative 

case analysis; stating researcher bias; member checking; providing rich and thick 

descriptions; and external audits. To increase the trustworthiness of my study, I 

incorporated four of these strategies into my research including: persistent observation; 

peer review; stating researcher bias; and providing rich and thick descriptions. While it 

would have been ideal to incorporate all eight strategies, it was not feasible due to study 

location and timing issues. During the study I remained in close proximity to the 

participants while I was persistently observing the participants.  The goal of this strategy 

was to gain their trust by developing a respectful relationship. It also enabled me to 

develop a more accurate representation of the experiences and collect more detailed 

observational notes. In addition to my proximity to the participants, the final report was 

peer reviewed by the task facilitator and it provided clear research bias statements and 

rich detailed descriptions of the activity of the participants (Creswell, 2012). As 

recommended by Creswell (2012) and Baxter and Jack (2008) additional researchers, (in 

this case my research supervisor, Dr. Richard Reeve and committee member, Dr. Jamie 

Pyper), were consulted during data analysis to ensure the conclusions were reflective of 

the research questions. It is equally important for the researcher to be reflexive. To do 

this, I rigorously scrutinized my position in the research context (Creswell, 2012; 

McMillan & Schumacher, 2010) so that I remained self-aware. I used a reflex journal to 

continually track all methodological issues throughout the data collection. Additionally, 

the journal included all ethical considerations as well as notes of previous experiences 

and biases that could shape my opinion of the study.  
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Research Context  

Participants. There were four participants that took part in this study (Participant, 

1, Participant 2, Participant 3, and Participant 4). All were boys between the ages of 8 and 

12 and from a region in Eastern Ontario. Participants were selected through snowball 

sampling. Flyers advertising the program were placed in local museums, the public 

library, the youth arena, and in local schools. While snowball sampling was used, the 

recruitment did not proceed as expected and only one other participant showed interest in 

the study because of his friend’s participation. First, two brothers were signed up by their 

mother. One of the brothers recruited a friend, but he did not show up on the day of the 

study. Following this, two other boys signed up. There was an additional female 

participant who signed up, but she also did not show up on the day of the study. The 

parents and guardians of all four participants who attended the study were recruited and 

contacted me through an online social media platform (i.e. Facebook). 

Program. When the term program is used, it refers to a three-day program 

designed to educate participants on historical and present-day issues of water quality and 

health situated in a history museum. The program’s goal is to prepare students to be 

engaged citizens and stewards of their environment through the development of historical 

thinking skills and critical thinking skills, collaborative learning, and creative making.  

The first day of the program was designed to activate and build upon the 

participants’ knowledge of the history of health and the connections between water and 

the quality of life. It is a structured learning activity, unlike the other activities that 

involve the makerspace. During this session, participants engaged in learning activities 

that led them to compare and contrast different methods for water filtration through 
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history. For example, the students were taken on a tour of the historic house where the 

study was placed and discussed the different methods that were used to retrieve and 

dispose of water. For a breakdown of the activities from Day 1 of the study, please see 

Appendix A Study Program Plan.  

The next two days of the program were centered on making. Participants 

designed, created, and tested water filters over the course of two consecutive mornings.  

Setting. The study took place in the basement of a municipal heritage museum. 

The room was square shaped with tables set up in the middle for the program activities. 

The space appeared to lack warmth and not feel welcoming as there was bright 

fluorescent lighting and no windows, however, this did not appear to affect the 

enthusiasm of the participants. The space was secluded from the day-to-day activities of 

the museum and had two doors that could be shut.  

 Additional tables were set up on three of the outer walls. One table contained an 

assortment of supplies for making. Some of the materials included: hot glue guns, plastic 

tubing, cardboard, activated carbon, sand, scissors, screwdrivers, coffee filters, and 2 litre 

pop bottles. Another table held the 3D printer. The last table was smaller and was where I 

took notes and monitored the video camera.  

Data Collection 

The data collected consisted of four main types: audio, video, photograph, or 

paper. Audio data consisted of mp3 audio files that were recorded on a phone. Video data 

was retrieved from the video recordings of the making sessions on the second and third 

day of the study. Photograph data consisted of images taken during the study of charts 
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and layouts that were produced by the participants. Paper data consisted of field notes, 

observation notes, worksheets, and reflective journals.  

The data preparation and collection consisted of five sequential steps: 1) activity 

preparation; 2) arrival of participants; 3) learning activities; 4) collection of participant 

products; and 5) interviews. Steps one to four cycled three times through each day of the 

program. The final step, the interviews, occurred one week after the program was 

complete.  

Steps one, two, four, and five were overseen and conducted by myself. A trained 

task facilitator conducted step three, so that I could focus entirely on data collection.  

At the start of each program day, participants were signed in by a parent or 

guardian and brought down into the site’s basement, which was the temporary location 

for the makerspace. The video cameras were turned on prior to the start of the session of 

each making period. The cameras recorded for the duration of each making session.  

During the program run-time and video recordings, I took field notes at a nearby table 

(See Appendix B, Protocols for Observation Protocol).  

At the end of the three days, I collected the participant products, which consisted 

mainly of the filters the participants had made, participant reflective journals, and their 

Know, Want to Know, Learned  (KWL) worksheets.   

One week after the making session had occurred, the semi-structured interviews 

took place separately with each participant but in the same room. The task facilitator was  

present during the interviews to take additional notes. The interviews took between 

fifteen and twenty-five minutes and consisted of several questions that concerned the 

participant’s experiences in the makerspace (See Appendix B for interview protocol). The 



MAKERSPACE IN HISTORICAL INSTITUTION 
	  

28	  

questions were memorized beforehand so I could maintain eye contact with the 

participants to help them feel more comfortable. The interviews were audio-recorded and 

transcribed using Microsoft Word. Transcription started one week after the interviews 

had been recorded.   

Data Analysis 

The study used a predominantly inductive method of data analysis (McMillan & 

Schumacher, 2010, p. 365) that began with a form of template analysis (Brooks, 

McCluskey, Turley, & King, 2015; McMillan & Schumacher, 2010, p. 268; Crabtree & 

Miller, 1992, p. 94) whereby I commenced my data analysis using thematic codes that 

had been identified in the literature review. Brooks and colleagues (2015) state that “a 

priori themes can be usefully employed… ensuring focus on key areas potentially 

relevant to a study, building on existing theory, and developing ideas in linked pieces of 

research” (p. 218). These initial codes were modified as new codes emerged.  

Coding was performed by hand, and enabled me to fully immerse myself in the 

data. This emersion helped me develop a better understanding of the experiences of the 

participants.  

Step one: Preparing the data. First, the data was organized by type and prepared 

for analysis. All data from the three-day study period was collected and sorted into one of 

four types: audio, video, photograph, or paper. 

The audio-recorded interviews were transcribed verbatim using Microsoft Word.  

During this stage names of the participants, as well as the name of the task facilitator, 

were replaced with codes to hide their identity. Their personal information only exists in 

the audio recording and on the master key. The field notes were transcribed using 
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Microsoft Word. During the observational period the names of the participants were 

written with a corresponding code. In addition to this, the transcribed field notes were 

also scanned to check for any identifying names. None were found. The video footage 

and the photographs were labeled clearly to identify their provenance.   

In preparation for the coding of the interviews, each line of the transcript was 

numbered in each interview. The transcripts were then printed. A list of a priori codes 

was developed based on the literature. The a priori codes used in the initial stage of 

coding were: Learning practice (code: LP); Social Interaction (Code: SI); Motivation 

(Code: M); Prior Knowledge (Code: PK); Identity Development (Code: ID); Learning 

Gain (Code: LG); and Challenges (Code: CH). The literature, the research questions, and 

the conceptual framework guided the creation of these a priori codes.  

Learning practice (code: LP). The learning practice framework (Wardrip & 

Brahms, 2014) has been used to better understand the behaviour of children in a singular 

makerspace at the Pittsburgh Children’s Museum.  A code was developed from this 

framework because it highlights the importance of understanding and describing the 

behaviour and interactions of the participants and will help me to better interpret 

participant experiences to answer research questions 1 and 2.   

Social interaction (code: SI). The study is structured on Constructionist Theory 

(Harel & Papert, 1991) and acknowledges the fundamental role social interaction plays in 

informal learning environments. Literature suggests that this behaviour will manifest in 

various forms. Social interaction may appear as collaboration or collaborative sense-

making (Kumpulainen, Karrtunen, Jurrola, & Mikkola, 2014), parental involvement 

(Sheridan, Halverson, Brahms, Litts, Jacobs-Priebe, & Owens, 2014; Wardrip & Brahms, 
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2015), or through feedback (Sheridan et al., 2014). Identifying code that connects to 

social interaction will help provide a more clear description of the participants’ 

experiences with the program.  

Motivation (code: M). In informal environments like museums, motivation is 

positively influenced when learning is personal and meaningful. Makerspaces are almost 

entirely based on free choice, thereby offering participants multiple chances to connect to 

the content in a personal way. This code looks at motivation through personalization 

(Kafai, Fields, and Searle, 2014; Posch & Fitzpatrick, 2012), active engagement (Chu, 

Quek, Bhangaonkar, Ging, & Sridharamurthy, 2015; Sheridan et al., 2014), and curiosity 

and will help better understand participant changes in behaviour as well as the participant 

themselves.  

Prior knowledge (code: PR). This code is closely linked to motivation wherein 

references to a previous experience or recalling specific prior knowledge can influence 

motivation by making learning personal.  

Identity development (code: ID). Literature suggests that participants of 

makerspaces change their identity as they become more confident and experienced (Chu 

et al., 2015). Evidence of this might be noted by the use of phrases such as, “I can…”, “I 

want to…” or notable sentences that point to feelings of pride or success (Chu et al., 

2015). This code will help develop a clearer picture of the learner themselves, how they 

felt when making in the space, and how they felt in relation to the makerspace. 

Learning gain (code: LG). The third research question explores what participants 

describe as learning gains. The literature suggests that people go to museums to learn 

things, particularly about history (Falk & Dierking, 2013). Learning gains may appear as 
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skill development (Honey & Kanter, 2013) or the use of existing abilities, such as critical 

thinking (Ritchart, 2007) or historical thinking (Tally & Goldenberg, 2005). This code 

will help understand learning gains from the perspective of the participant. 

Challenges (code: CH). There are various challenges faced internally by the 

participants and/or their interactions with the materials in the makerspace and externally 

beyond the making activities. The extant literature related to museums and makerspaces 

describe challenges that impacted experiences. It is important to understand the 

challenges faced by the participants during their makerspace experience as it will provide 

the study with a clear depiction of their experience.  

The a priori codes were also reviewed by two of the members on the research 

committee, the supervisor, Dr. Richard Reeve, and a committee member, Dr. Jamie 

Pyper. These codes were written on post it notes and affixed to the desk at the secure 

coding location as a guide and reminder. A copy of the research questions was also 

placed on the desk to help guide the coding process.   

Step two: Memoing & checking a priori codes. All data sets were read through 

in preparation for coding. During this process, I took notes of any major themes, 

repetitive responses, and generally first impressions that seemed important to me as the 

researcher. I made a note of these items in a separate research journal as well as in the 

columns on the transcribed interviews. These notes are also referred to as memos and 

allow the researchers to immerse themselves in the data by gaining a sense of the data as 

a whole (Creswell, 2013).  This process was done to develop a more in depth 

understanding of the data.  
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Step three: Main coding. With the code post it notes and research questions as a 

guide, I began the first stage of coding. First, I read through the transcribed datasets. 

Then, I coded line-by-line highlighting segments and assigning codes. The line-by-line 

method supports the researcher in analyzing the meaning of each sentence in a more 

critical manner (Creswell, 2013) and is a strong method for beginner researchers 

(Saldana, 2009).  

Lines that were meaningful to the research questions were underlined and a code 

was written in the side column. In some instances, the singular code was too general for 

the meaning drawn from the segment. In this case, the code was also assigned a subcode, 

which was a more specific division to help classify the response. Codes were also 

checked with a master list as they emerged to minimize redundancy.  

Once the initial coding was completed, a master list was made which included all 

codes used (for a list of all codes, please see Appendix C, Table C.1.). This was then 

checked for codes that were similar or redundant. This was done to help refine the codes. 

Codes that had similar meanings were renamed under one code name.  I went back 

through the transcripts and replaced the initial code with the new code name for 

consistency. Codes that appeared only once across the datasets were not considered 

significant and were eliminated with a strikethrough line.   

Next the transcripts were reread to identify codes that were repeated across the 

interviews and the field notes. A special note was made of these occurrences.   

Once the coding of the interviews was completed, the task facilitator from the 

study was called upon to code a section of the transcripts. The task facilitator was given a 

list of a priori codes that included explanations of each code. She was instructed to read 
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through the data set and the relevant segments and assign a code. Multiple codes were 

permitted. The task facilitator coded 25% of the transcribed interviews to determine the 

inter-rater reliability. The inter-rater reliability was 67 %. A discussion was held post 

coding to determine why there was a discrepancy between the original codes and the task 

facilitator’s codes. It emerged that there was a code the task facilitator did not use (E: 

Experience), which I had used frequently. More so, the task facilitator was also more 

generous in assigning multiples codes to segments.  

Next, I considered how the refined code groupings informed the research 

questions and began to think of larger themes. All codes were listed in a table and 

grouped by similarity. Where possible, a refined code was added to reflect the new 

grouping (for a list of all codes and refined codes, see Appendix C, Table C.2.). These 

refined codes were then listed again. From here, I carefully considered how these refined 

codes worked together and informed one another. I colour coded the refined codes that fit 

together and assigned them a new theme (to see the original codes, the refined codes, and 

the final list of themes, please see Appendix C, Table C.3.).  

Once the final list of themes was developed, I considered how they fit together. 

Using the constructionist framework, I looked for commonalities and connections. I used 

a visual diagram to map out the evidence  (i.e. refined codes) that supported the themes 

and combined them with themes from the literature review. This visual gave me a sense 

of how the findings fit together and was used to help analyze the results and answer the 

research questions. 
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Chapter 4 

 Data Results 

Data Analysis and Results  

This chapter compiles the study results. The overall purpose of the study was to 

develop an understanding of the experiences participants have in a makerspace set in a 

historical institution. The study seeks to answer the three following research questions: 

How do participants describe their experiences with the program?; When participants 

partake in the makerspace environment, what does their behaviour look like?; What do 

participants describe as learning gains?   

This chapter consists of three sections. First, it presents individual cases for each 

of the participants and examines who they were in the makerspace, how they functioned, 

and it maps out the participant’s experiences in the makerspace. Second, it organizes the 

findings by the three research questions.  

The data collection process took on the format of a case study with the participant 

as the unit of analysis. Participants are defined by being between the ages of 8 and 12, 

attending a local school, and by attending the two making periods of the study at a 

municipal history museum. Participants are bounded by their time spent at the museum 

participating in the makerspace program.  

The study consisted of four participants. Three participants were present for three 

program days and one was present for two program days. The program consisted of a pre-

activity period and two making periods. The final participant was absent for the first day, 

but present for the two making periods. Due to the limited number of participants he is 
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included in the analysis with his circumstance noted. He is still bounded by the location 

and his participation in the two making sessions of the program.  

The data collection focuses primarily on the two making periods, which are 

instrumental in answering the research questions. For this reason the first day is presented 

here with general detail. It combines the experience of all three participants and presents 

them as a whole unit. The research questions did not require in depth data from the first 

day so there was no observational video footage from this day and field notes were 

limited.  The general description is followed by a case-by-case analysis of each of the 

four participants over their participation in the two making sessions.  

Thick Descriptions: Case-by-Case Analysis  

Overview. Three participants attended the first day of the program: Participant 2, 

Participant 3, and Participant 4. The day went smoothly and was recorded with field 

notes. The task facilitator (TF) led the participants through the various stages by 

following a premade lesson plan.  

The task facilitator introduced three glasses of water. One glass contained lake 

water, a second contained tap water, and a third contained bottled water. The participants 

observed and analyzed these samples trying to distinguish how the water in each glass 

was different from the other. They put forth different theories and recalled on prior 

experiences.  

They talked together and concluded that the darker water was lake water. 

Participant 3 suggested that the water with bubbles might be old and hot. At this point it 

emerged that two of the participants (Participant 2 & Participant 4) use well water, while 

the third (Participant 3) uses town water.  



MAKERSPACE IN HISTORICAL INSTITUTION 
	  

36	  

Through participation in the activity, Participant 4 began to see a connection.  He 

identified a connection between travel, bacteria, and germ theory.   

A mind map was used to introduce the question, “How does water affect your 

health?” The participants thought of various ways that water helps you. The task 

facilitator was instrumental in helping expand on these ideas. She asked the participants 

questions to help expand their thinking and connect their knowledge to bigger concepts. 

For example, the participants discussed the concept of fecal matter near water sources as 

an avenue to get sick. Participant 4 realized a connection between the consumption of 

contaminated water and feeling sick. He noted that you have to throw up to get rid of the 

‘bug’.   

Following this exercise, the participants completed the ‘know’ and ‘want to 

know’ portion on a KWL worksheet. This activity was designed to assess their prior 

knowledge and help establish learning goals. During this activity Participant 2 referenced 

the mind map from the previous activity.  

At one point, the prospect of a 3D printer and laser cutter being available was 

mentioned. The participants became off task discussing these pieces of technology.  

After the completion of their KWL worksheets, the participants were led on a tour 

through the heritage house. The tour focused on the various methods the Victorians 

retrieved water and disposed of human waste in the late 1800’s.  

They returned to the makerspace and reflected on the tour. They were then asked 

to begin to think about the filter they would like to design.  This was their last activity of 

the day.  
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 Case 1: Participant 1. Our first case examines Participant 1. This participant is 

an 11 year old boy. He has visited one local museum and attended their summer camp 

programming. Prior to the study, he had not attended a makerspace or the museum where 

the study took place.  

Participant 1 signed up for the full three-day program. However, he missed the 

first day of the program because he slept through his alarm and his guardian was unable 

to reach him to bring him to the program. She requested that he join the following day. I 

agreed to allow him to attend because we only had three participants and I was concerned 

about how that could influence the social interaction in the space. More so, I hoped that 

having a fourth participant would create a more diverse and rich pool of data and provide 

more detailed accounts of the experiences taking place in the makerspace.  Participant 1’s 

data and experiences in the two making periods was still useful in answering the research 

questions.  

Day 2. Participant 1 attended the second day of the study. This day began with a 

review of the material from the day before thereby giving Participant 1 the opportunity to 

familiarize himself with the topic and projects. Despite being absent the previous day, 

Participant 1 was still involved in the review process and shares his insights.  Participant 

1 was given a KWL worksheet to complete. On his KWL worksheet, Participant 1 

explains that he wants to know, “How to filter water”.  

While Participant 1 tended to remain to himself during the making process, his 

experiences were characterized by his interactions with the task facilitator and his peers, 

which influenced his learning gains. He also exercised his skills and prior knowledge 

while making. He issued statements that suggested identity development and confidence.  
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He went to work drawing a design in his reflective journal. Participants were 

asked to identify a problem they wanted to address during the design process.  Participant 

1 identified his problem as a situation where civilization was gone and there was a need 

to make a water filter.  

The participant worked away quietly through the morning session. Field notes 

primarily showed that he remained absorbed in the making process. More so, he explored 

the materials carefully and thoughtfully. He ended up selecting clay as one of the 

materials he will use in his design.  

There are multiple times in the observational video footage where the task 

facilitator engaged with Participant 1, usually as a result of a question asked by the task 

facilitator. This interaction assisted in supporting Participant 1’s making and learning. In 

this example, we see the task facilitator support Participant 1’s learning by correcting his 

statement with the accurate terminology.  

 
Participant 1: I’m trying to find the – um -area of the circle. I – uh – need to cut a 

hole in it.  

TF: Uh okay. So, you’re trying to find the circumference of it.  

So you’re cutting the hole – so you’re cutting this out and this is 

where your water goes in? 

 Participant 1: Yay. (Observation Video Footage 1 [OVF 1]) 

           
 After this, the participant and the task facilitator worked together to find the 

circumference. The task facilitator observed the participant while he made the cut. In this 
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situation, the social interaction enabled the development of a learning gain and provided 

support in exercising an existing skill.  

  Participant 1 continued to work on his design, which used two cups stacked on 

top of each other at their opening with a toilet paper role at the top that has been covered 

in clay. He was unable to test his first filter, but his second filter was tested. During the 

testing, Participant 1 discovered that the toilet paper roll gets wet and therefore does not 

work the way he anticipated. Despite this obstacle, he still demonstrated a positive 

attitude and said, “It seems to have went through the clay, which I wasn’t expecting. Or, 

it just went over the top. Happy it is working.” (OVF 1). He used observational skills to 

diagnose the problem and problem solving skills to improve the design.  

Upon returning from their testing phase, the participants began to make changes 

to their filters, with some participants abandoning their previous filter and designing and 

constructing a new filter. Many of these filters resembled the filter Participant 1 had 

designed and tested. Participant 1 observed this and said, “All of the designs are mixing 

together.” (OVF 1). He pointed out that everyone except Participant 3 was using his 

‘double cup design’. His design influenced other designs despite the fact that it did not 

work out as Participant 1 had planned and he is definitely pleased about this.  

During his interview, when asked about this, he expresses his satisfaction by 

saying: 

Some of them completely restarted. And some of them based off of my design 

and I started adding sort of similar to some of their designs. And one of them has 

a completely different design (laughs) (TF: That’s right) from the original! 

(Participant 1 Interview) 
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 And: 

It felt nice because everyone liked my design and they felt like it was a good 

design. (Participant 1 Interview) 

By observing his design, Participant 1 was able to identify his errors explaining 

what didn’t work with his design. He and Participant 2 engaged in similar conversations 

about the use of coffee filters and suggested that the addition of more coffee filters might 

be a reasonable solution to keep the water clean. From the observational video footage 

and field notes, it is not possible to tell whether these conversations were happening 

jointly, or independently. 

Still fixed on clay as a building material, Participant 1 developed different 

solutions that circumvented the fact that the clay did not work during the testing. He 

resolved to put the clay in the sun to dry it out in a tubular shape. This shape replaced the 

toilet paper roll, and was meant to help eliminate any leaking. He also decided to put 

more activated carbon into his design. He stayed with his original two cup design.  

He tested his filter again and he clearly viewed the test results as a success.  

 
Participant 1:  Holy. Wow, it does work. It’s still slightly foggy, but… It’s clear! 

Holy! It’s clear! [Participant 2: I know]. It has bits of carbon in it 

though… 

Participant 2:  It’s because bits of it are falling through. (OVF 1) 

 
Participant 1 then started to write in his reflective journal. The participants were 

asked to clean up at the end of the day. There was a reflection period that was led by the 
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task facilitator. The participants shared their ideas, successes, and failures with one 

another in a constructive setting. Following this, Participant 1 left for the day at noon.  

Day 3. Throughout the first day, Participant 1 was fixated on the notion of using 

clay as a building material. So much so that upon his arrival on the second day of making 

he immediately left to go and get the clay.  

He returned to the space with his clay tube that appeared to be intact. The task 

facilitator introduced the day. Quickly, the participants went to work on their filters.  

Participant 1 showed signs of happiness when he was able to take out the clay and it was 

a solid tube. This was a successful moment to him.  

Shortly after working with the dried clay piece, it broke. Participant 1 tried to put 

it back together. This participant continually showed interest in materials. He returned to 

the materials table and looked the objects over and tried to come up with a solution.  

He returned to his workspace. He began to tinker by mixing the broken clay 

pieces with the carbon. At this point Participant 1 and Participant 2 engaged in dialogue, 

to expand their thinking and help one another reach a solution.  

 Despite the participant’s determination to use clay, he eventually decided that he 

was unable to fix the broken pieces or come up with an alternative solution. He 

abandoned the idea of using that clay piece and ended up removing it completely.  

He decided to add rocks to his filter as an additional layer. Participant 1 selected 

and tinkered with the rocks to figure out how best to use them.  

He took a break with the rest of the participants. After the break, all participants 

explained to the task facilitator what they planned to focus on in the final making session.  
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Participant 1 pushed clay into the upper part of a 500 ml plastic bottle and 

explained that he wanted to wait for it to dry. His fixation with clay was still evident. 

After further discussion with the task facilitator, it surfaced that he planned to utilize the 

broken pieces of clay as a layer in his filter. Participant 3 emitted “ohhhs” and was 

interested in this creative use of the clay. Later Participant 3 approached Participant 1 

again to ask him more questions about the use of the clay. Participant 1 called this new 

design a carbon – clay mixture. The task facilitator appeared and asked questions about 

the new design, which sparked input from Participant 2.  

Participant 1:  Hopefully this will help it get slightly cleaner. 

TF:  How is it that it makes it cleaner? Any idea?  

Participant 1:  Maybe it will…  

Participant 2: I feel like the clay might absorb the water with the carbon. 

TF: And do you think… what’s that doing to the water in that process? 

Participant 2:  Take the mucky stuff out. (OVF 4) 

 
By around 11:00 am, Participant 1 was satisfied with his filter. He began to draw 

a design for the piece he wanted to 3D print. He explained that he had a name for his 3D 

piece and it was representative of his filter. It consisted of the words, “Dual Cup Filter”.  

After a brief break, Participant 1 headed outside with all of the participants to 

collect water and test his filter. He found it worked and dubbed it a success.  

Participant 1’s final filter was similar in design to his original filter. His reflective 

journal showed that he developed four different designs for the filter. Each evolved from  

the previous design based on his experiences and tinkering with the designs.  

He was picked up and left at the end of the final making session.  
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Case 2: Participant 2. Participant 2 is an 8 year old boy who attends a school 

within the local region. During his interview, he described himself as a frequent museum 

goer and has attended many museums in the Ottawa region. While he explained that he 

attends museums usually every few weeks, he clarified that this year, he has not attended 

many. Participant 2 had not attended a makerspace.   

Day 2. On the second day of the study, also referred to as making period 1, 

Participant 2 was very excited to arrive and start making.  Participant 2 took part in the 

revision with his peers and the task facilitator. He was introduced to the design cycle, 

safety procedures, materials, and the function of the 3D printer. 

The participants received instruction to draw and plan the design for their filter. 

Participant 2 behaved differently from his peers. He rushed through the planning and 

there was an obtuse eagerness towards his desire of ‘wanting to build now!’. There were 

multiple instances where Participant 2 interjected asking if he could go ahead and 

commence building. Building was definitely a major motivating factor for Participant 2’s 

participation in the makerspace.  

During each stage of making the participant’s focus and behaviour depicted 

engagement and enthusiasm. When participants were given the time to draw and design 

their filter, Participant 2 had little willingness to develop his idea first. He was very 

rushed and impatient and it was very clearly communicated that he wanted to build 

immediately.  

Participant 2 was one of the more social participants in the makerspace and 

required more assistance than other participants. There were multiple times in the 

makerspace where Participant 2 was dependent on assistance. Primarily this assistance 
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came from the task facilitator or myself.  The social interaction situations varied, but 

mainly surfaced as questions and comments from the task facilitator and his peers, or as 

demands and comments from him. He was not shy to share his advice.  

The task facilitator approached Participant 2 on multiple occasions asking him 

questions to help elaborate on his thinking, or to help him develop a more clear idea of 

his plans. He was quick to speak and had a clear idea of what he needed, but the task 

facilitator was able to support Participant 2 is considering alternative solutions. The 

dialogue below demonstrates one example, where the task facilitator supported the 

participant by offering advice.  

 
Participant 2: I need another – um - toilet paper roll….I’m going to need – 

DUCT TAPE!...I need this. And then duct tape. (duh, duh, duh 

duh)  

TF:  Could you use this? 

Participant 2:  Oh, much better! But how am I going to stick the duct tape on 

there? 

TF:   Put a cut. Keep the duct tape in. Would that be too hard? 

Participant 2:   But…I think this might be too long.  

TF:   We could cut it shorter.  

Participant 2:   Like – around here. Ahhh. (OVF 1) 

 
In a separate situation, the task facilitator made the decision to help Participant 2 

with his construction and his thoughts on how he would add the filter pieces together.  
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In addition to brainstorming and finding solutions with the task facilitator, 

Participant 2 frequently requested help when using specific tools. Mostly commonly his 

requests were for help with cutting or taping. He did not ask his peers for help, but 

instead asked the task facilitator or myself. This suggested that he viewed us a resource 

and he felt comfortable with us.  

His drive to build and his eagerness to have a successful filter certainly drove his 

actions, so it was not surprising to see him completely change his filter design when it 

was not successful after the initial testing. After returning from testing his filter, 

Participant 2, showed a sudden change in behaviour. He decided to completely abandon 

his original filter design. During this scenario, this participant faced some new challenges 

directly related to his design.   

He found that his filter worked, but trapped the water inside the device. He 

augmented his design and continued testing it.  After the changes, he observed that the 

water is “…coming clear!”.(OVF 2). This specific statement was issued with a great deal 

of pride and confidence rooted in the success of his design.  I saw a problem and asked 

him what was happening on the sides of the filter. He then observed that it was leaking – 

another problem in his design. However, even after addressing this issue, he continued 

exclaiming that the water is clear multiple times with enthusiasm.  

Participant 2 helped clean up at the end of the day. Then the task facilitator led 

reflection, but he kept talking, walking around, and playing with various materials. He 

talked about how his filter produces clean water. I asked if it is really clean and he says 

no and that he wont drink it. He was later off topic again, talking about how people can 

make light sabres. Participant 1 joined in on this conversation. It appeared that the hands-
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on portion was best at keeping this participant engaged, perhaps because he was strongly 

motivated to build a functioning filter.   

I mentioned to the participants that tomorrow we would test their filtered water 

with kits and maybe a microscope and there was a great deal of excitement among the 

participants, particularly from Participant 2.  

The first making period came to an end and Participant 2’s parents arrive early. 

Participant 2 was eager to show his design to his parents and share his successes with 

them. The task facilitator encouraged Participant 2 to stay on task and focus on writing 

his reflective journal. In the end, the task facilitator recorded in the journal while 

Participant 2 dictated what he experienced. 

Day 3. Participant 2 arrived with a great deal of excitement for the final day of the 

study. The participant’s mother commented directly on Participant 2 and Participant 4’s 

excitement level towards coming to the study that day.  

Unlike his behaviour from the previous two days, Participant 2 began to express a 

disinterested attitude that suggested a lack of motivation or fatigue. This behaviour was 

different from his usual curious and forward participation in the group.  

When his filter failed to work when tested, Participant 2 asked the task facilitator, 

“So should I put a thinner layer of clay?” (OVF 3).  The task facilitator responded, “What 

do you think you should do? This is your filter.” (OVF 3). She encouraged him to make 

his own decision, reminding him that it is his filter and his design, thereby reinforcing his 

relationship and connection to the device.  

At this point, Participant 2 created a thinner piece based off of his initial thought. 

He returned and used it in his filter. Participant 2 wanted to test his filter immediately and 
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was permitted to do so. At the same time he tested it, we saw his enthusiasm return for a 

short moment. 

The water filtered slowly and he grew impatient. He also sounded disappointed 

that the water did not appear to be coming through. He observed the filter and made the 

assumption that the clay layer was stopping the water. The task facilitator pointed out that 

it was working, just slowly. 

Participant 2 wanted to speed up the filtration by modifying the design. He came up 

with the idea to test a second filter without clay. We quickly heard him exclaim that the 

filter is working. The task facilitator forced the participant to verbalize and reflect on 

these decisions further by asking him what he learned.  

For Participant 2, his success was tied to instant gratification and quick results. 

Although the second filter did not do as well of a job cleaning the water, he saw it as a 

better filter because of the instant results. This suggested he did not fully grasp the 

learning concepts that were discussed on the first day.  

In this making period, the participant saw the first 3D print as it was printed. This task 

was very distracting to Participant 2 as well as the other participants. However, despite 

the distraction they discussed the mechanisms behind it.   

At around 9:30 am, the task facilitator approached Participant 2 and tried to get him 

to focus again. Despite his initial excitement to return to the space, the novelty of the 

printer seemed to have a stronger hold on his attention.  The task facilitator noticed this 

and approached the participant. She asked the Participant 2 to identify a goal. He 

responded, “I need to take out the coffee filter without taking it apart.” Using questions, 

the task facilitator broke down the problem into approachable steps for his design.   
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Participant 2 tried to answer these questions while shouts of “It’s going” and 

“Wow!” were exclaimed in the background from Participant 4 and his 3D printing. These 

kept pulling his focus away.  

Shortly after, an interesting dialogue broke out between Participant 2, Participant 

4, and the task facilitator regarding Participant 4’s filter. It started with the task facilitator 

asking questions directly to Participant 4 about his filter. She was attempting to get him 

to focus again. Surprisingly, Participant 2 offered answers to each of the questions, which 

frustrated Participant 4.  

After this dialogue, Participant 2 returned to his filter with encouragement from 

the task facilitator and began preparing the materials he would need for its construction. 

The task facilitator suggested using his journal to brainstorm ideas for his filter or ideas 

he likes.  

He became back on task. During this phase, Participant 2 made it very clear that 

the design is his own, but also a combined filter. When asked what he is using by a peer, 

Participant 2 responds:  

 
Participant 2: I’m using your design and your design (referencing another 

participant). Combined. 

Participant 4: Copycat.  

Participant 2:  I’m not copying! I’m just, kind of, taking your stuff for inspiration 

and using your design for inspiration. Okay? … I’m not stealing 

your idea.  

TF:  We’re building off of everybody’s ideas.  

Participant 2:  Yeah. (OVF 3) 
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Participant 2 wanted to make sure that others in the space viewed the filter as his 

own. Twice more he reiterated this by explaining that he was building off of a design and 

not copying. The second time he described it as ‘taking inspiration’ from two of his peers 

because they were good ideas.  

In his interview, Participant 2 also made a clear distinction between his filter and 

Participant 1’s filter by saying, “Well I used this one and just took from other people’s 

designs…But the first two, I actually took….is from me thinking of them.” (Participant 2 

Interview).  

This participant was consistently eager to test his filter. He was on his third test 

when the 3D printer distracted him again. Again, he was very distracted and was losing 

enthusiasm from his filter at this point in the study.  

The whole group took a twenty-minute break and returned to the space at 10:20 

am. They were settled and back on task by 10:30 am. Participant 2 seemed more focused 

than before. He had a clear vision of what he wanted to do. His responses showed 

confidence and clarity, unlike his behaviour before. They appeared to be strongly 

connected to the success of his filter. He believed his filter was almost complete and 

perfected.  

In this last phase of making, Participant 2 continued to display this confidence and 

change in behaviour. He began to independently problem solve. Participant 2 accidentally 

spilled the contents of his filter. He took a moment to assess what happened and he 

realized what was wrong. To no one in particular he mentioned the lack of stability 

because of the elastic. Later while interacting with the task facilitator, he directed her 

cutting and placement of the duct tape. He elaborated on this by explaining that he 
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identified a very small slit that was causing the filter to leak; fixing this leak will make 

his filter effective. We heard Participant 2 issue phrases to himself, such as “This is 

great!” further showing his confidence and satisfaction with the design. In a few cases 

Participant 2 returned to the task facilitator to get assistance with a ‘hinge design’ that 

would fix his stability problem.  

 Towards the end of the making period, Participant 2 was satisfied with his filter. 

With direction from the staff, he began to write and draw in his reflective journal. He 

approached me with specific questions about the 3D printers capabilities. He wanted to 

know if he could print a Minecraft bow. This led to Participant 4 lamenting that he was 

unaware of the printer possibilities. I tried to get Participant 2 to connect his print to his 

filter, so it’s more meaningful, but my attempts were unsuccessful.   

 Participant 2 returned to his journal and continued writing. He explained that he 

would name each filter Mark 1 and Mark 2 according to his understanding of the term 

‘Mark’ denoting prototypes because he did not want to get too attached to the filters in 

case it failed. Shortly after we all headed outside and took a break, collected water, and 

tested the filters.  

The task facilitator circulated asking all participants questions that helped explain 

their design and thought process. We returned inside and Participant 2 needed 

encouragement from the task facilitator to write in his reflective journal. He did so, and 

then is picked up.  

Case 3: Participant 3. Participant 3 is a 10 year old boy who recalled visiting a 

couple of museums. He described himself as an infrequent museum goer. He also 
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recalled his visit to the Aquatarium, asking if it qualified as a museum. He has never 

attended a makerspace. 

Day 2. Participant 3 arrived excited on the first making period day. Although 

Participant 3 was yawning and appeared tired, he participated in the review discussion 

with the other participants.  

In his journal clear learning goals were evident. On the KWL sheet, Participant 3 

wrote, “You want to [know] how if there is bacteria in the water or if it is clean”. He 

began his interaction with making with this question in mind. 

It emerged that he discussed the activity with his parents at home and he came 

prepared to the makerspace with a printed image of a layered filter he hoped to make. He 

shared this design with the task facilitator and explained that he would use a layered 

method. He recreated this design in his journal.  

At around 10:15 am, the participants began to gather the materials to start 

building. Participant 3 quickly jumped into making. He gathered materials that might 

work to create his design. He collected activated carbon, a water bottle, and later a coffee 

filter.  

He remained on task, occasionally asking for specific materials and explaining 

how he planned to use them. Often these opportunities showed Participant 3 exercising 

existing skills, such as measuring. Here we see the participant engage in measuring, “I 

think I’m just going to like – do you have any markers? I think I’m going to mark like 

where it’s going to be.” [Later using ruler and measuring distance]. (OVF 1).     

 
 Participant 3 interacted with the task facilitator numerous times, who encouraged 

him to explain his thinking and challenged him to problem solve by pointing out potential 
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problems and solutions. In this example, Participant 3 was tinkering with his materials. 

He had the water bottle over a plastic cup and was hitting it with a spoon.  The task 

facilitator observed this and asked a question.  

 
TF:   How could you… Here’s my question for you, Participant 3.  

Participant 3:  Yup? 

TF:  How could you potentially get a filter in here that you could 

remove very easily? 

Participant 3:  Well, I could just – make – I could cut it up a bit and then I could, 

if I open the cap  I could pull it out. 

TF:   Yeah. What else could you do maybe? 

Participant 2 interjects:   

Participant 2:  Can I have some scissors? Can I have some help? I NEED the 

scissors right now.  

Participant 3: …. 

TF:  Takes bottle and demonstrates the idea. You could maybe, you could take 

off the cap and put the filter over it.   

Participant 3:  Has hand on bottle trying to take it back. Ohhhh.  

TF:   Maybe that way you can change the filter.  

TF goes to work with Participant 2 who was expressing his need for help. Participant 3 

returns to fitting his water bottle over the cup briefly.  

Participant 3:  Okay, let’s see the coffee filter…  

He opens his folder and pulls out a coffee filter. He plays with it in his hands and then 

speaks out loud again.  
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Participant 3:  I take this but..  He plays with the filter opening it and seeing its 

size. I think I’m going to cut it smaller. He reaches across for the 

scissors.  

TF:   Go for it!   

He cuts the filter smaller, opens it and fits it over the water bottle. He places the lid over 

the filter.  

TF:  There you go! (OVF 1) 

 
The task facilitator’s support assisted Participant 3 in facing his design problem, 

but ultimately, it was the participant who directed the final result. The encouragement 

from the task facilitator supported his independent thoughts and actions.  

 Like other participants, Participant 3 was eager to test his design after making 

changes to it.  His results from testing guided the changes he made to his design.  

Participant 3 continued creating his filter. He added more activated carbon to his 

water bottle.  He left and returned with a cup of sand. He layered this on top of the 

activated carbon.  He left and returned with a cup of rocks, which he added as a layer. 

The task facilitator came over and cleaned up some sand that spilled before.  Participant 3 

mentioned that he was almost done and used terminology specific to the space. He said, 

“Okay, I’m ready to test my prototype! Haha and see if the water works!” (OVF 1).   

At this point, Participant 4 came over to see the design. Together they looked at 

the filter and Participant 3 talked about elements of his filter, such as the coffee filter. 

Participant 2 came over, looked at Participant 3’s finished product, and asked if we could 

test our filters now. The decision was to test the filters at 11:00 am. Participant 3 eagerly 

clapped his hands pointing out again that he was ready.  
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In a later scenario the group helped Participant 3 solve a problem.  Participant 3’s 

filter did not have ample room for the water in his design. The result was that he used 

hooks to lift part of the filter and create additional space. Participant 2 helped him solve 

how to fix the hooks onto his bottle.  

With the assistance of the Task Facilitator and myself, Participant 3 found a way 

to attach the hooks onto his filter by making a hole, attaching elastics, and then attaching 

the through the elastic. The solution that resulted from this group problem solving was a 

significant and distinguishing feature of Participant 3’s final filter.  

Like Participant 2, Participant 3 wanted his design to be recognized as his own. 

Referencing the image he brought in with him on the first day of the making period, the 

participant distinguished that his design is like the layered method, but that it used 

different materials that he chose.  

Around 11:00 am, the group went outside to test the water filters. Participant 3 

had a clear ideas of what he wanted to test, “I want to really test like purifying it -  how 

long it takes…” (OVF 1). He was showing signs of self-efficacy.  

When testing his filter outside, Participant 3 encountered some new problems.  

His response was to ask additional questions, such as, “Where is it coming from?”, as he 

attempted to solve the problem. The other participants and the task facilitator observed 

and helped him try to answer these questions.  

 Like the other participants, despite the fact that his filter still had kinks that must 

be worked out, he was proud and felt a connection to his filter. He proudly exclaimed, 

“But it works!” (OVF 1) to the group.  
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He returned with the group to the makerspace after the break. It’s clear that the 

questions he asked outside are still with him. He quickly resumed his work by designing 

and building a new filter. Participant 3 generated a new design using a much larger 

plastic cylinder and a large funnel. His rationalization was that the bigger filter would be 

able to catch more ‘stuff’.  

The task facilitator praised his unique design as she circulated in the room. She 

asked him some additional questions to suss out the extent of his design.  He wanted to 

use the same concept - the layered design - but add more carbon, use a bigger filter, and 

use bigger layers. He recognized that he needed to layer the objects by size from smaller 

to larger.  

Participant 3 had a very clear plan, which was evident in his ability to explain his 

design to the task facilitator. He was able to precisely dictate the plan to the task 

facilitator who supported him with phrases of encouragement and comments such as ‘oh 

cool’, clarified the design, and reviewed what the next step would be. She then helped 

him make cuts in his filter with a box cutter knife for the hooks.  

 Certain behaviours and dialogue suggested that Participant 3 developed a deeper 

understanding of the science connected to the water filters. He showed an understanding 

of how to create the layers and talked about how they would work to take out some of the 

bigger particles in the filter. He was also aware that the water would still not be safe to 

drink.  

At the end of the making session, Participant 3 showed his design to his mom and 

sister. His mom pointed out that she should show Participant 3 the filter she had from her 
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travels. She then corrected some English spelling errors Participant 3 had in his book. He 

responded by saying that the spelling doesn’t matter.   

His mom also pointed out that the Parks Canada weed harvester is out and might be 

of interest to kids. She turned to her son and said, “It’s straight up your alley!” (OVF 2). 

Shortly after they left for the day.  

 
Day 3. Participant 3 started this making session by pulling out his last filter and 

tinkering with the structure. At this point, there were no layers in the filter and some of 

the pieces were being washed by the task facilitator. The group was having an informal 

discussion about their different experiences. Participant 3 asked questions to another 

participant regarding water purification. The conversation moved around from their 

experiences with clay, to topics of flight, to clay again. It was spontaneous, but kept 

returning to the core reason why they are here: to filter water.  

Participant 3 continued this session by comparing his filters. He compared the 

outcomes across his different filters and described them as Test Number 1 and Test 

Number 2. He contrasted these filters to his first filter that was used as a way of tracking 

the progress and effectiveness of the filters.  He explained his method to the task 

facilitator saying, “and that like it shows the progress” (OVF 3).  

Participant 3 added in a second filter to his first filter.  He noticed that the water 

took longer to go through, but that it was clearer and a lot lighter.  Participant 3 did at 

least 3 tests. He discussed the results with myself, the lead researcher (LR).  

 

Participant 3:  Okay! I have my three tests. I tested three times! 

LR:  And.. it’s working? 
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Participant 3: Well, I, I did it like different combinations. So, I did it with two 

filters, three filters, and no filters.  

LR:   And you saved the water to like compare? 

Participant 3:  Yeah. ..The one with two filters, actually I think the one with no 

filters is the worst.  

LR:   Okay, so that’s your control.  

Participant 3: And then this was, was the, was a bit better than the third. And 

cause this had two filters. And the three filters was the cleanest. 

But it came out a lot slower. (OVF 3)  

 
His work on his filter resulted in a multi-layered filter that tests well. When he 

returned from the group break, Participant 3 did not have anything to change on his filter. 

Instead, he was directed by the task facilitator to work on his design for the 3D printer.  

He went to do this, but then talked to Participant 1 about his unique use of the 

broken clay pieces. Shortly after, he appeared again with a cup in hand. He approached 

the task facilitator and Participant 4 and suggested that it may work as a piece for 

Participant 4’s filter.  

The retrieval of this new cup seemed to spark an idea in Participant 3. Almost 

immediately he retrieved his filter and approached the table with the filter and cup in 

hand.  

 As he approached the table, he engaged in dialogue with Participant 2, who was 

curious about how Participant’s 4 filter worked. Participant 2 and Participant 3 wanted to 

use the water to demonstrate and test their filters, but were dismissed by the task 

facilitator because of the time constraints.  



MAKERSPACE IN HISTORICAL INSTITUTION 
	  

58	  

Participant 3 returned and explored the materials table. He approached the task 

facilitator with another filter and explained that it would be a second part to his original 

filter. It appeared as though he did not want to stop making.  

He started to cut out the bottom of a cup, but was quickly interrupted by the task 

facilitator who offered to help him with the task since it could be dangerous. The task 

facilitator helped Participant 3 cut out the bottom of a cup. During this time, he was 

approached by Participant 2 who was eager to know how the new design would work. 

They exchanged dialogue.  

He finished his cup design and then started working on the pages in his journal.  

 
Case 4: Participant 4. Participant 4 is an 11 and a half year old boy. He describes 

himself as a frequent museum goer and has attended many museums in the Ottawa region 

as well as two in the region of the study. The participant explained that he visits museums 

if he and his family are going into town or the city for particular purposes. Participant 4 

has not previously attended a makerspace. 

Day 2. The making periods began with a review of the material from the day 

before. Participant 4 was eager to share his knowledge and input, bringing in relevant 

material, such as the water quality at the Olympics in Rio. He observed the design cycle, 

safety procedures, and the design task.  

The planning stage began and it was clear that Participant 4 had an idea for his 

filter. The previous day, he was quite connected to a historical photograph of a local 

water filtration plant. Many of his comments on his KWL sheet stemmed from this 

image. His filter design represented this concept. It showed a box like structure with 

internal tubes.  
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Knowing he would like to have a box structure, he began measuring the design 

for his box exercising mathematical skills. He remained on task and focused building his 

filter until the first break.  

Participant 4 remained fixated on the construction of his filter throughout the 

morning. It was a large box with a hole near the bottom that connected to a small, plastic 

bag. The task facilitator engaged him in conversation, asking him to explain the sequence 

the water would go through in his filter. The task facilitator was trying to help him see the 

path and potential problems that may arise.  

I announced that we would head outside shortly to test the filters. Participant 4 

approached me to explain his filter to me. He expressed concern over his choice of 

cardboard as a material and over the placement of the plastic bag. He was very concerned 

that the cardboard would disintegrate, rendering his filter inoperable. He also expressed 

concern that the water would pass the plastic bag. It was probable that these concerns 

were connected to the interaction that occurred between the participant and the task 

facilitator.  

Outside, Participant 4 tested his filter and the concerns he expressed previously 

were confirmed. His filter did not work the way he had envisioned it in his mind.  

The participant returned to the makerspace and recognized that he needed a new 

design as well as some assistance. He decided he would design his new filter similarly to 

Participant 1’s ‘two cup design’.  

He explored the materials table and connected with a piece of plastic tubing. This 

piece of tubing seemed to inspire him to develop a new idea for his filter. He went to 

work on his new design.  
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Participant 4 engaged in a conversation with the task facilitator who helped him plan 

and imagine what would happen with his design. They examined the holes in the tube and 

predicted where they thought the path of water would go.  

This participant posed a question to the task facilitator, who also did not have an 

answer. She left the table where she was working with another participant to further help 

him conceptualize a solution. She referenced the testing period to point out the path the 

water took with the last filter.  

Similar to other participants, Participant 4 also asked for help with certain tools. I 

assisted him with the hot glue gun and explained how to safely use it. He also interacted 

further with the task facilitator. He received positive feedback from the task facilitator 

throughout the construction of his second filter.  

At around 11:45 am, Participant 4 began to write in his reflective journal. Shortly 

after his parents arrived. He was eager to show his designs to them.  He explained why 

his filter did not work, pointing to his choice of cardboard as the main reason. 

Collectively this participant and his parents shared their experiences with filters.  

  
Day 3. Participant 4 arrived excited on the third day of the study. His mother 

commented on this excitement. Immediately, he retrieved his filter. The participants led 

their own organic discussion that targeted the different designs of individual filters 

discussing different building materials and techniques. They shared different pieces of 

advice and asked more questions to one another. At one point, the boys took water from a 

water bottle and tested a filter themselves.  

Shortly after the start of this session, Participant 4, expressed concern about the 

time needed to print his name with the 3D printer.  I began to help him prepare his file for 
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printing, showing him how to use the software and move shapes together to create a 

design. We reviewed how millimetres convert to centimetres. When he completed his 

design, I reviewed it and offered feedback about the spacing between the letters. He 

accepted this feedback and adjusted his design so there is no spacing between the letters. 

Coaching was also given on specific techniques for the computer track pad. He was the 

only participant who had these unique experiences with the software and the technology. 

Participant 4 was joined by Participant 2 who watched him use the program.  We 

encountered issues with the wifi, which caused Participant 4 to get my help. Eventually 

the wifi connection was stable again and Participant 4 was able to create his name to 3D 

print using the online program.  

When the printing process started, we heard Participant 4 exclaim with pride, “It’s 

my name!” (OVF 3).  

The overall process was distracting to the activity in the makerspace. Once the 

printing started, participants kept coming over to watch and were curious about the 

process. They asked one another many questions about the mechanism as well as made 

observations about how it worked. Even when they were back on task, Participant 4 

occasionally called them back to update them on the progress of the print.  

During the printing process it also became clear that Participant 4 had not 

prepared his final filter. He was too fixated on the printing. He admitted to the task 

facilitator, “I haven’t really started one” (OVF 3) when asked about his filter.   

Eventually, Participant 4 resumed the building of his filter. He decided to test it. 

The task facilitator intervened in an attempt to help him develop some solutions for how 

to improve his filter with the limited time available. Participant 2 decided to also be 
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involved in answering the questions asked by the task facilitator. Participant 4 seemed 

very frustrated by this, perhaps because the responses were coming from his younger 

brother or because of the time limitations.  

 Participant 4 seemed frustrated after this and did not want to test his filter until the 

very end.  His responses showed an unwillingness to participate and his body language 

showed him twisting from side to side and pacing. Participant 2 had a lot of useful input, 

but Participant 4 did not want to listen to it.  

 The task facilitator tried to get Participant 4 to consider his initial goal of making 

his filter a portable device for people in the continent Africa.  However, it appeared 

Participant 4 had changed his goal to creating a single use filter. Participant 2 pointed out 

that Participant 4 wanted to make the filter so it could be used “multiple times’”(OVF 3), 

but Participant 4 ignored the comment. 

The participants went outside for break and to test their filters. During testing, 

Participant 4’s filter did not work and he explained that he didn’t want it to. He was 

frustrated and disappointed. After returning Participant 4 was asked what he would focus 

on for the remainder of the making period. He highlighted a problem he was facing: the 

charcoal in his filter kept floating up in the water. He did not know how to fix this and 

said he would focus on it for the remainder of the making period.   

Another participant, Participant 3, was asked to go and work on his 3D print 

design with myself. Participant 4 tinkered with the disassembled pieces of his filter very 

briefly and then headed over and asked the task facilitator if he might help Participant 3 

once his filter was finished since he has already used the program and completed a print. 

The task facilitator explained that no one would be printing today, only designing. He 
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returned to his filter and then requested the task facilitator’s help in its assembly. He 

approached the task facilitator with his filter and waited for her help.  

 The task facilitator finished helping Participant 2 and began helping Participant 4. 

He showed her the design and they worked with each other putting it together. In this 

scenario the task facilitator helped in the construction of the filter, while verbally 

supporting other participants. She also served to help keep Participant 4 on task. 

Participant 4 finished his filter.  

 He approached me shortly after asking what he could do next since he had 

finished. I suggested that he write in his journal. He started this task but after he became 

off task talking with another participant. The task facilitator directed him to his journal 

again. He started to write but then began to draw dots instead.   

Surprisingly, Participant 4 asked about the historical photos. He wanted to see 

them again. They were not reviewed that day, but still seemed to have a connection with 

this participant. Originally he was inspired to design his filter from one of these pictures. 

The photos seemed to have a strong impact on his activity and interest.  

 Towards the end of the day, he developed a new idea for the 3D printer and he 

wanted to print this new design justifying that it will personalize his filter. The design, a 

train with moving wheels, seemed to be unrelated to the actual function of his filter. It is 

likely he was more interested in the abilities of the printer.  

 At the end of the day, he tested the filters with his peers. Participant 4 perceived 

that his filter was working because the water was a bit cleaner. He was picked up at the 

end of the day and left.  
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Analysis by Research Question 
 
 This section of Chapter 4 examines how the findings from the data analysis assist 

in responding to each of the research questions. It examines the larger themes that 

emerged as a result of the data analysis.  These themes can be used to better understand 

the experiences of participants, changes in participant behaviour, and participant learning 

gains.  

Figure 1 demonstrates the expansion of an a priori code into the individual codes, 

refined codes, and finally the larger themes. Codes that appeared in a single interview are 

deemed not significant and are represented with a line through them to indicate their 

removal.
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A 
Priori 
Code  

 
Codes after initial coding  

 
Refined Codes  Theme 

              
  

LG    
  

LG – knowledge     

  

LG – knowledge about water 
filtration   

  
  

LG – knowledge/ historical fact (2)    
  

LG – historical fact    
  

LG – historical process     
  

LG – history knowledge     

  

LG – historical knowledge about 
water quality   

  

  

LG – water quality knowledge  
LG – Knowledge 
or theme based  

 
  

LG – key theme    
Learning 
Gain 

 

LG – water filtration knowledge   
 

Learning 
Gain 
(theme) 

  

LG – site knowledge and historical 
knowledge   

  
  

LG – historical theme     

  

LG – historical knowledge and site 
knowledge  

  

  

LG – water quality/filters 
knowledge   

  
  

LG – water theme (2)    

  

LG – water theme & historical 
knowledge  

  
  

LG – water quality theme    
  

LG – understood design cycle 
         

  

LG – Skill  
LG – Skill 
development  

 
  

LG – Skill Practice     
  

LG – Exercised Skill  
         

  
LG – Real life application (2)  LG - Application 

 
  

LG – Practice & application    

  

LG – expanding knowledge and 
applying to world situations  

    

Figure 1. The expansion of the A Priori Code, Learning Gain, into codes, refined codes, 
and the larger theme.  
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Research Question 1: How do participants describe their experiences with the 

program? 

The purpose of this question was to develop a more in depth understanding of the 

experiences of each participant in the makerspace. The primary source of data used to 

answer this question is from interviews with the observational field notes and the video 

footage supporting the interview data.  

Through analysis, there were two major themes that reflect the ways the participants 

described their experiences in the interviews post study. The first theme is Attitudes in the 

makerspace and consist of the following three subcategories: feelings; challenges; and 

motivations. The second theme is Behaviours in the makerspace. There are no 

subcategories to this theme.  

Theme 1: attitudes about the makerspace. All four of the participants discussed 

their attitudes towards the makerspace throughout the interview process. This theme 

provides insight into the feelings, challenges, and motivations of the participants in the 

makerspace.  

Sub-category: feelings. All participants had enjoyable experiences in the 

makerspace and felt that it was a fun and social environment. Codes such as, “happy and 

fun”, “fun”, “fun and educational” emerged as positive feelings associated with the 

makerspace experience. In many of these cases the positive feelings were paired with 

successes, working together, or being with friends.   

The positive feelings described by the participants outweigh hesitation or 

nervousness towards testing a design. The participant responses showed the positive 

experiences enhanced the learning in the space. 
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Um. Everyone here was very happy and it was very – it was very fun to like try to 

test out a bunch of different things. Like what works with the filters and what 

doesn’t. (Participant 1 Interview) 

 

I was sort of excited and sort of nervous to see how uh things, like my design, my 

design turned out. (Participant 1 Interview) 

 

Happy. [LR: Happy?] Sometimes I feel I had some problems but I felt 

determined and I just wanted to fix them.  (Participant 2 Interview) 

 
It was lots of fun. I learned a lot.  (Participant 3 Interview) 
 

Other participants focused on the interactions and friendships formed with others. 

In addition to this, the participant to staff ratio and the small number of participants 

enhanced the positive experience for this participant.  

 
Uh, just that it’s like with some friends… [LR: With friends?] mmm and it’s kind 

of .. oh yeah and I also liked that fact that it’s only four kids here so like they the 

staff had more and more time to help you out and stuff. (Participant 4 Interview) 

 
 The positive feelings of the participants in the makerspace appeared to influence 

their attitudes towards learning and having new experiences in the makerspace. The 

responses showed a sense of excitement and eagerness to see the success of their making. 

Further, relationships formed in the makerspace from the small group size contributed to 

positive feelings and a sense of closeness, comfort, and familiarity. These feelings were 
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an integral part of the making experience and shaped the participant’s ability to take risks 

and reach out to other participants or staff for assistance or discussion.   

Negative feelings were also present in a few of the responses concerning the 

makerspace experience. These experiences were rooted in disappointment or regret that 

resulted from a design, filter, or material not working the way it was intended. There 

were some situations where participants gave up on a design and removed a piece of their 

filter because it was not working the way they intended, or completely abandoned their 

design. While participants infrequently discussed instances such as these, these responses 

were present in at least two interviews, thereby making them relevant to include.  

 
Well, this one here was kind of my main idea to make it big. I didn’t get to 

complete it a lot before I found some problems with it. Like how the water came 

down and then it just went like all over the place and it wouldn’t go in the bag or 

into the filters or into the hole. (Participant 4 Interview) 

 
Six segments were coded as negative feelings compared to twenty segments that 

were coded as positive feelings. Despite the presence of negative feelings and negative 

outcomes, there were far more codes that connected to positive feelings. Participants 

frequently responded in the interview expressing positive attitudes and associations with 

the makerspace experience, suggesting it is a friendly and social place where people can 

explore making, have fun, and learn from their interactions with people and objects.  

Sub-category: challenges. The participants were asked to describe successes and 

challenges encountered in the makerspace during their interviews. The challenges 

described by the participants arose from issues with the materials and construction 
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problems they were facing. Participants were also quick to share with one another the 

solutions that assisted in solving the problem.  

Responses showed that in some circumstances participants sought materials that 

were not available in the makerspace or struggled to use the materials that were provided. 

Well, the charcoal – I don’t think you could find much in Africa. I’m trying to 

think I was trying to find different stuff to use for it, but charcoal seemed to be the 

only thing to use. (Participant 4 Interview) 

 
At first with the toilet paper roll, that didn’t work and then the clay tube didn’t 

work. Clay didn’t work out that well…I was sort of hoping that I would be to 

have something that was made out of clay after this. (Participant 1 Interview) 

 
 These limitations with materials did not impact the overall experience of the 

makerspace. Instead, it forced participants to find alternative solutions, or as seen in the 

case of Participant 1, it showed their perseverance.  

 
 Other responses showed that design and construction elements were a challenge 

to the participants.  

Well, it was kind of hard at first figuring out how to make all types of filters and 

have... try to come up with the right design. (Participant 4 Interview)  

 
Well, the first one was a smaller bottle and the water wasn’t getting through very 

fast [LR: Okay]… And… Yeah, so I made the bigger one with a bigger hole for 

the water and that one worked but it wasn’t as clean as the other one, so I put the 

second one. (Participant 3 Interview)  
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Well, I had already started making it and I thought if I restarted a whole new 

design it would be harder to perfect and I had already done like two bottles [TF: 

mmhmmm].  So I thought like maybe I can just go my own way and see if it 

works. (Participant 3 Interview) 

 
Well, most of the time I was trying to make like a knee so it could bend, but that 

didn’t turn out . When this one was made it had the coffee filter being supported 

on the outside [I:Mhmm] because then the knee would be on the outside and it 

would get stuck on this and it would hold it in [LR: Ohhh] and that would rip it 

and just make it worse…. Well, what I did I just took it out completely. 

(Participant 2 Interview) 

 
Um, (pause) You’ll see. The design challenge. One was sort of a design 

challenge. Trying to keep these two cups together. I’m bad with tape and I can 

never get like a good size. So, also trying to find a good size of tape to only cover 

only a certain amount. (Participant 1 Interview) 

 
Um, it was like it was hard to think of a new design to change the after I broke the 

first funnel. That was sort of annoying. (Participant 1 Interview) 

 
All participants referenced a design or construction challenge in their interviews. 

These responses suggest that problems related to design and construction will naturally 

appear in makerspace and overall attitudes towards the experience will generally remain 

positive.  
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Sub-category: motivations.  Participants experienced different factors that 

influenced their motivation in the makerspace. Motivation was linked to participant 

opportunities to build and a desire to have a successful filter. The result of this motivation 

was usually beneficial to the overall experience and attitude in the makerspace. Often, it 

aided in the focus and determination of an individual.  

 The hands-on element of the space comprised a major motivational component of 

the makerspace. Having the opportunity to interact with materials and build was a strong 

factor in participant motivation. The excitement of participants towards building 

motivated the participants to develop and overcome challenges.  

 
Well, I was kind of anxious to get into the building part, but I knew we had to 

design to get the filter right [I: Mmhmm] and it sounded like we had to do this all 

over and over and over again to get the right design. But, and like I was so 

anxious to get to the building. (Participant 4 Interview) 

 
Participants were also motivated by their desire to have a working filter or to 

solve and fix the issues that were not working with their filter. This motivation led to 

perseverance as participants continued to try and improve their filters.  

 
Well I was focused on trying to make it work [TF: To make it work]. Make it 

actually be efficient sometimes isn’t actually the best thing. (Participant 2 

Interview) 

 
Some of them completely restarted. And some of them based off of my design 

and I started adding sort of similar to some of their designs. And one of them has 
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a completely different design (laughs) (TF: That’s right) from the original. 

(Participant 1 Interview) 

 
I had some problems with just getting my filter to have the two parts stuck 

together. Then in the end I just could do it. (Participant 2 Interview) 

 

The drive to have a successful filter strongly influenced participatory engagement. 

This motivation lessened the participants’ frustration and led participants to maintain and 

overall positive attitude in the space that enabled them to take risks, continue tinkering, 

and increase their learning gains.    

Research Question 2: When participants partake in the makerspace environment, 

what does their behaviour look like? 

This question examined what the participants’ behaviour looked like when they 

participated in the makerspace. This section examines the different forms of behaviour 

that occurred in the makerspace.  

Observational video footage and field notes were the primary data sources used to 

answer this research question. The field notes were significant to this process as they 

helped draw attention to key themes and behaviours, which were then looked up and 

retrieved from the video. The theme, behaviours in the makerspace, also emerged from 

the coding of the interview data as well. The results from this theme are used here to 

explain the different behaviours.  

During the interview process participants discussed different experiences and 

processes that provided insight into their behaviour. The participants’ responses to these 

questions were translated into codes during the coding process. The codes that described 
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and showed behaviour were used to return to the video footage and field notes to reread 

and find more specific examples.  

When participating in the makerspace common behavioural activities included 

socialization, observation, and tinkering. Social interaction was noted in the field notes 

and viewed in the observational footage on multiple occasions. There were three 

common, reoccurring types of this social behaviour that took place. This behaviour either 

manifested as a staff member providing assistance and support to a participant, as a 

participant finding inspiration from a peer, or as new relationship, such as a friendship, 

being formed.  

Observation was another behaviour that was observed in the makerspace. This 

behaviour was used collaboratively to help participants identify and solve problems. 

Participants would observe their filters or the participants’ filters carefully and take note 

of any problems or changes in the water. In other cases, observational behaviour was also 

connected to non-verbal social interaction. Participants would observe their peers’ work 

silently or take inspiration from it. This was evident with Participant 2 and Participant 4 

observed how well Participant 1’s filter worked during the testing phase. These two 

participants decided to ‘take inspiration’ from Participant 1 and created their own 

versions of his filter. In this example we saw the observational behaviour of the two 

participants lead to learning. As the boys replicated the filters, they were forced to 

integrate the process they saw with their own knowledge to fill in the missing pieces.  

The making process provided an additional opportunity to observe the behaviour 

of the participants. Commonly, their making in the space provided glimpses of the 

methods they used, their interaction with the materials, or the strategies they used. One of 
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the significant behaviours that emerged from the video data was ‘tinkering’. Brahms 

(2014) described different learning practices that classify the different making behaviours 

in a makerspace. During coding, there were segments that were coded using these 

practices. However, only one code, LP – Tinker, was significant and reoccurred enough 

to be kept as a refined code. This code was based off of Brahms’ (2014) research that 

identified “purposeful play, experimentation, evaluation and refinement of the context” 

(p. 101) as tinkering. These behaviours were connected to the larger learning practice that 

Brahms called “Practice, Iterate, Test, and Tinker” (Brahms, 2014).  

Tinkering behaviour in the makerspace assisted participants in finding solutions 

independently. In the study makerspace participants were observed testing different 

materials and methods as a means to find the best design. Participant 3 was an excellent 

example of this behaviour. He discovered the need to layer his the layers of his filter by 

particle size after tinkering with them and realizing that his previous method was causing 

the layers to mix, which turned the water muddy. Following this, Participant 3 continued 

to tinker and test his filter. In the end, his filter was layered by particle size and worked 

more effectively.  This exploration ultimately led the participant to better understand how 

his filter functioned and why it worked to clean the water. 

Tinkering behaviour was quite common in the study’s makerspace. Factors for 

motivation, such as excitement to build, often led to physical tinkering once the 

participants were in the space. Tinkering behaviour helped the participants develop a 

greater in-depth understanding of the different construction materials. Through tinkering 

with these materials, participants were able to experience how the materials worked in 
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filtering the water. This enabled the participants to adjust their filter design to develop a 

better version of a filter.  

  
Research Question 3: What do participants describe as learning gains?   

 Interview data is the primary data source used to answer this research question. 

All of the participants cited at least one learning gain when asked questions about their 

learning in the interview process. Many also indirectly described learning gains when 

discussing the use of a tool or asking for assistance with a problem. Learning gains 

manifested as knowledge or theme gains, skill development, and application.  

All participants reported gaining knowledge related to history. In most situations, 

participants demonstrated this by recalling a specific fact, piece of knowledge, or by 

making a reference to a general theme that was discussed during the study. The majority 

of these references refer to themes of water quality and water treatment both historically 

and in present day.  

 
There are many, many different water filters that have been across like all the 

ages. People have been trying to filter water for a while. (Participant 1 Interview)  

 

Yes, because we learned like what materials they like used and uh stuff like that 

[I: Okay… ] and like the different models that worked. (Participant 3 Interview) 

 

I didn’t know that filters were a central part of water. I just thought that they were 

there to help the water… And I had no idea people would die from stuff… like 

from a diaper. (Participant 4 Interview) 
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That you have to be very careful with your water and that you have to make sure 

it’s filtered really good [I: okay] or else you’re going to get sick and possibly die. 

(Participant 4 Interview) 

 
There were also examples of general knowledge gains related to making a water filter.  
 

Certain things like clay don’t always work well with water filters. (LR: Okay) But 

they can change the colour of the water completely extremely. Like the water can 

be brown from the sand or the clay. (LR: Okay) Sometimes certain things don’t 

work. (Participant 1 Interview) 

 

Um.. like how to make a water filter. What you should put in it that makes it 

better and purifies water. (Participant 3 Interview) 

 

Well, like, I didn’t really think like sand or clay would purify water and I learned 

that. (Participant 3 Interview) 

 
 In addition to knowledge gains, participants also described behaviours that were 

examples of skill development. These ranged from receiving assistance with a tool to 

using an existing skill. There were multiple situations where a participant required 

assistance from the task facilitator with a tool. Occasionally, participants referenced 

exercising pre-existing skills in the interview. However, this was more evident in the 

video footage. These pre-existing skills consisted of skills like problem solving, critical 

thinking, or using skills such as trial and error.  
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Here a participant walks through the process he used to solve a problem with his filter. 

The first time … Protect the toilet paper roll. But that didn’t really work out and 

the toilet paper roll still got wet. So, then I used the clay from the first one and 

dried it up. But then it was apparently, got crushed from me pushing on it.  

And the third design was a clay funnel that didn’t work out at all. (Participant 1 

Interview) 

 
This participant applies observation and deduction skills to come to a conclusion about 

his problem. 

I think the layer of clay was too thin and the sun must have heated up certain parts 

that were cracked I guess so it was already cracked when I got it out of the water 

bottle.  (Participant 1 Interview)  

 
These participants both exercise trial and error skills.  

Well, in the worker space, what I tried, I tried new filters. I did trial and error. 

…Yeah. So, I really learned trial and error in school like…Yeah. Cause I learned 

that in school and I brought it here to help me with this. (Participant 4 Interview)  

 

I looked at the materials and then I drew it. Then I started testing it.  Like testing 

out what works and what doesn’t. (Participant 1 Interview) 

 
And this participant points out the fact that he has used a creativity technique to generate 

his solution:  

Participant 3:  Cause if there was no coffee filter, it would just go through.  

TF:   Okay, I have an idea.  
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Participant 3:  points to head. Brainstorming!! 

TF:   Yes, it is brainstorming. (OVF 3) 

 
The responses from the participant suggest that the makerspace created an 

environment that provided them with authentic opportunities to apply and exercise skills 

they have developed outside of the makerspace, thereby enhancing their learning gains.  

 The makerspace also provided the participants with opportunities to apply their 

knowledge to real world examples. In one case, a participant explained how the skills he 

developed in the makerspace would help him in the real world.  

   
So, if I was to get lost in the woods and I had a lot of stuff, I could, I could make a 

real filter. (Participant 1 Interview)  

 
This suggested that he acquired skills that will carry forward with him beyond the 

makerspace to have a practical application. Another participant connected the activities to 

a real world problem.  

 
To help people in other like third world countries. [LR: mmm] and like actually 

getting help from a first world country who has everything that anybody could 

possibly have.  (Participant 3 Interview)  

 
By developing a sense of relevance the content and focus of the space may 

become more relatable, memorable, and useful in the participant’s future.  

While the participants were able to recall historical information when being 

interviewed, it was done so in a very general way and did not represent the breadth of 

detail that was presented during the study.  
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The observational video footage data and the observation field notes conflicted 

with the participants’ claims of historical learning during their interview responses. 

Outside of the history-based activities, there was little mention of history in the video and 

observational footage and field notes.  There was one minor exception with Participant 4 

who asked to see the historical images again. Instead, the video footage showed the 

participants discussing science and math related skills. In the excerpt below, the 

participants recalled various STEM activities they had been involved in on that particular 

day.  

 
Participant 4: We’re actually doing science right now.  

Participant 2:  Yeah, we are.  

LR:   And I heard some people doing math, too.  

TF:   Yup.  

Participant 4:  I was doing math.  

LR:   I heard someone talking about surface area.  

TF:   Yup, and I heard area from Participant 1 over there. (OVF 1) 

 
While learning gains, specifically those related to historical knowledge acquisition were 

reported by the participants, the video footage indicated that the learning taking place in 

the makerspace was oriented towards elements of STEM education. An integration of 

history and STEM education is possible, but was dominated by the STEM elements as 

they connected more clearly to the skills required and used when participants were 

constructing their filters in the makerspace.
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Chapter 5 

Discussion 

Findings 

 This case study addressed three research questions concerning making activity in 

a makerspace in a historical institution. Data consisted of semi-structured interviews, 

field notes and video observation, and personal artifacts.   

The study encompassed the principles of constructivist learning by enabling the 

participants to construct their own learning through physical making and social 

interaction. This section discusses the similarities and differences between the study and 

the literature by examining the maker disposition, the interaction with resources, and the 

learning relationship with history.  

Maker disposition. Positive experiences that arose from the participants’ 

experiences in the makerspace developed feelings of happiness and pride that helped 

foster a maker disposition in participants. Similar to the literature that dictates that 

making must be personal (Brahms, 2014) or connected to their personal interests (Posch 

& Fitzpatrick, 2012), the motivating factors in the makerspace were closely linked to 

personal moments of success.  

Participants reaching goals or having the perception that their filter worked 

primarily defined moments of success. In addition to this, some participants experienced 

pride when they saw their design influence the design of others. The literature utilizes the 

term maker mindset to describe positive changes in behaviour during making and a belief 

in a participant’s identity as a maker (Chu et al., 2015). Moments of success indicate the 

participant’s strong, positive character towards making activity.  
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Moments of success were primarily defined when participants reached their goals 

or had the perception that their filters worked. In addition to this, some participants 

experienced pride when they saw their design influence the design of others. The 

makerspace in this study presented participants with a common problem to be solved. It 

allowed the participants the ability to interpret the problem using their perspective and 

knowledge and create a solution personal to them. The nature of this activity meant that 

participants were able to benefit from each other’s work and have moments of success.  

Not all participants immediately experienced success with their water filters. 

However, all but one of the participants were eager to return to redesign their filter. 

Participants expressed interest in this process and asked additional questions to peers and 

staff or used other participant filter design as inspiration. More so, the participants often 

tinkered with their designs and expressed eagerness to test their filters again after a 

modification. This devotion and determination resulted in a sense of pride and continued 

to keep them motivated and invested in their design.  

There was one singular case where a participant did not experience the generic 

successful experience with his water filter that the other participants did. This participant 

attempted two unique designs, but neither was successful. The second design was thrown 

together exceptionally quickly and lacked the thought and planning he had invested in the 

first design. The repercussion of not having the successful experience was that he lacked 

motivation and did not stay on task. Unlike other participants, he became closed off and 

shied away from questions during the observational video footage. It appears this resulted 

in a temporary negative experience for the participant that may have limited his ability to 
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experience some of the characteristics of the maker disposition to the full extent as the 

other participants.  

 While the literature suggests that self-efficacy skills can develop from making 

(Chu et al., 2015), this study did not experience that. The data coded for motivation did 

not show any significant connections to self-efficacy. This study is more structured and 

programmatic than the study by Chu and colleagues (2015), which could account for the 

different outcomes and motivating factors.   

Interaction with resources. There were two types of resources in the 

makerspace. First, were the material resources. These consisted of the physical items in 

the space used for making as well as the technological components. Second, were the 

people in the makerspace. These resources consisted of the staff and the participants.  

Interaction with physical items in the space was a key component to making. 

Participants needed ample time to explore and tinker with various construction materials 

and tools. Participant interaction with construction materials was limited to building and 

occasional exploration. In a few situations the materials seemed to inform the making by 

restricting what the participant could use to build.  

Some participants became fixated on certain materials, such as the clay or the 

coffee filters, and appeared to develop an attachment to these materials.   

3D printer technology. The 3D printer was a tool that participants had the 

opportunity to observe, and directly interact with. The literature suggests that novel 

technology can be a source of motivation for visitors in museum because it is new and 

engaging (Sandifer, 2003). The study by Sandifer (2003) fails to mention if time spent in 

the museum interacting with the technology is conducive to learning. In this study, the 
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printer appeared to generate more moments of distraction than moments of learning and 

did not enhance the learning outcomes.  

The 3D printer generated new conversations and questions about its technology 

that were impactful and helped build confidence. Participants gathered around the device 

once it started printing and observed how it worked, noting how the print built up in 

layers. These interactions also appeared to be lasting. In a post-interview, one participant 

eagerly recalled that the plastic used (polylactic acid) came from a corn derivative. The 

printer also helped build confidence in one participant. This participant had difficulty 

creating a successful filter and showed a withdrawn attitude. However, when engaged 

with the makerspace, he was eager to accept coaching and actively tried to share his 

newly acquired knowledge and skills with other participants.  

The device also became a distraction that drew participants away from making 

and featured personal making that was not useful in the participants’ filters. More so, the 

prints that were designed and printed by the participants were personal, but very 

superficial. They did not enhance the participants’ filters in any way.  

The intention of introducing the 3D printer to the makerspace was for participants 

to print pieces for their filter that they could not find in the makerspace. While it did lead 

to some knowledge gains, engaging conversation, and confidence building, ultimately it 

became a superficial piece and a distraction to participants that took away from the 

activity in the space.    

Staff and participant interactions. Staff and participants functioned as a different 

resource when compared to the material resources.  In this case study participants showed 

that they functioned as entities that aid learning through collaboration. The peer and staff 
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involvement helped expand conversations, develop solutions, and build new skills. More 

so, it appeared to help participants develop a greater overall understanding of the activity. 

The literature suggested that when people in the same social group are together, 

collaboration will be significant and result in meaning-making (Hein, 1991; Hooper-

Greenhill, 1999). The results from the study support this inference.   

This social interaction varied in the makerspace but ultimately the conversation led to 

complex meaning-making. Conversations were organic, informal, and spontaneous or 

they were directed with clear expectations. Sometimes, conversations were self-led and 

directed to themselves, out loud and in a rhetorical manner. A unique characteristic of the 

study was that the natural conversations between the participants seemed to remain 

topically relevant, even though the content sometimes veered off topic. This suggests that 

the act of participation is rooted in the experience of the maker whether the activity is 

guided or unguided. 

The Contextual Model of Learning (Falk & Dierking, 2013) explained that visitors to 

museums visit with their own personal goals to guide their visit and their interaction in 

the space will support these goals. It would appear from this study and the continuous 

shared conversation that the people in the space shared a common goal with making their 

filters.  

Other literature suggests that collaboration in makerspaces will help individuals build 

upon their knowledge through the sharing of information (Kumpulainen et al., 2014) and 

that staff will socially scaffold the learning (Gutwill et al., 2015; Sheridan et al., 2014). 

This was also evident throughout the study as the task facilitator continually supported 
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the students by assisting with specific tasks or posing targeted questions that forced the 

participants to verbalize their thinking.  

 Learning relationship with history. This study sought to describe from the 

participants’ perspectives learning gains that were connected to the makerspace in the 

historical institution.  The social interaction of the makerspace fostered learning through 

skill development and knowledge gains. However, the historical learning gains did not 

inform participant making. Instead, more STEM related conversations and learning took 

place naturally.   

 During interviews, students were asked to discuss topics they learned in relation to 

history while in the makerspace. Knowledge gains included general knowledge of local 

history and historic methods of water treatment. However, the makerspace was not a 

primary site for developing historical thinking skills. Apart from the interviews, 

references to historical knowledge gained from the introduction were rarely mentioned. It 

appears this knowledge did not, for the most part, inform the participant’s making in the 

space.  

  There was one unique situation where one participant connected to a specific 

historical photograph. He became determined to develop his filter off of this photograph. 

However, he later abandoned the design and instead sought inspiration from his peers for 

his next filter. This suggests that although the design of this museum makerspace was 

oriented toward connecting the participants to the history of water filtration that the social 

nature of a makerspace took precedence for this participant. 
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 The connection between learning history and the makerspace remains relatively weak. 

There was a lack of literature at the start of this study, and it is recommended that more 

research is needed.  

 Although there was not a strong relationship between history learning and the activity 

that took place in this makerspace, evidence of STEM related learning was reported. 

These examples often appeared in the observational footage with participants and the 

staff discussing certain concepts related to science, engineering, technology, and math. 

This is fairly unsurprising as public makerspaces generally appear in science-based 

institutions. More so, the literature points out the ability for tinkering and making to form 

a powerful context to learn within (Bevan, et al., 2014).  

 Learning occurred in two core juxtaposing ways: It was either structured and guided, 

such as through conversation led by the task facilitator; or organic and spontaneous, such 

as exploratory talk between the participants.  

Limitations  

Makerspaces generally contain a breadth of different resources available to use 

for constructing and multiple skilled instructors to use for assistance. The resources in the 

makerspace discussed in this study were somewhat limited. Resources in other 

makerspaces consist of advanced digital and print technology, variety in construction 

materials and tools, and experienced, skilled staff. While other makerspaces also have 

parents present, who are able to assist and guide the learning of younger visitors. While 

these are not a requirement for a makerspace, there is a possibility they may influence the 

making activity. Having more materials to choose from may mean participants feel less 

restricted. It could lead to more tinkering and the exploration of more materials. I curated 



MAKERSPACE IN HISTORICAL INSTITUTION 
	  

88	  

a collection of various raw materials for the makerspace considering the numerous 

materials that could be used to make a filter. In addition to this, I asked the participants at 

the end of each day what materials they would like to have in addition to the materials 

that were there. To address the skilled staffing issue, I attended makerspace workshops to 

build up my knowledge and skill base regarding various skills. I also took the day before 

the study to train the task facilitator on the various equipment and safety procedures.  

The research results were limited and defined by the museum and makerspace 

context, causing them to have less breadth in their future implications. However, they 

will provide rich and detailed data that has the potential to reach to other fields like 

technology education, environmental education, or museum education by providing them 

with an idea of participants experiences with making in historical institutions and what 

characteristics are important in the makerspace environment.  

The importance of levels of choice in museum programming is undisputed. The 

literature shows that participants offered choice enhance their own learning by making 

their experience personal (Bamberger & Tal, 2002; Falk & Dierking, 2000). Makerspaces 

often allow participants to completely direct their learning based on their curiosities and 

interests. This program had an overall theme that directed the theme of activity taking 

place and thereby limited the freedom offered to participants to create anything. By 

offering participants the opportunity to explore the materials independently and develop 

their own design for the water filter, participants were still given opportunities to be 

curious and engage in purposeful play.  

The learning gains of the participants were not measured directly. The reports of 

learning gains were taken primarily from the participants’ statements in their interviews 
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and their personal artifacts. To account for this limitation, the data used to answer the 

third research question on learning gains, was compared to the field notes and the 

observational video footage to ensure it was consistent across the data sources. Which, as 

noted previously, uncovered a discrepancy between the interview data responses and the 

observational video footage.  

An additional limitation of the study was that it took place over the mornings of 

three days. This limited the ability to observe the participants. It also restricted the 

participants’ abilities to critically develop and evaluate their filters to the time allotted. As 

noted in the literature review, other makerspaces grant visitors as much time as they wish 

and allow them to continue to develop their designs. The total study duration could be 

reconsidered if a similar study takes place.  

Conclusion 

This case study suggests that makerspaces can function in historical institutions as 

spaces that foster development of the maker disposition, encourage meaning making, and 

help visitors build learning.  However, the historical thinking skills or learning gains may 

not necessarily be at the forefront of the program, particularly in a program that is run 

over a short period of time.  

Makerspaces that are programmatic, like the one in this study, thrive from support 

staff, genuine interaction, and a variety of building materials for tinkering. It is also 

crucial to keep the making personal to the visitor, allow them to take ownership over their 

design, and to encourage their making so that they develop a maker disposition.  

Overall, there is an absence in the literature regarding makerspace in historical 

institutions. Generally, this field appears to have been overlooked because there is a 
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greater focus on STEM related subjects, rather than history.  Future research and 

programming in this area requires a more pragmatic approach that recognizes the 

limitations of trying to create a space based on history and technology. This study 

demonstrated that it is possible to overlap historical topics with science-related fields, but 

ultimately the visitors will focus on what is current and relevant without truly delving 

into historical thinking. To create a space that authentically integrates historical thinking 

into the makerspace, the space would need to have a greater emphasis on the pre-

activities of the program that take place before the making period commences and the 

maker technologies are introduced. Approached in this way, we may find that 

connections to history appear in the foreground of making activities and serve as a 

valuable addition to learning in the context of a museum.  
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Appendix B 

 
Protocols 

 
Observation Protocol: 

Case study of a makerspace in a historical institution 
 
Performance Task: 
Observer: 
Date: 
Place: 
 

Length of Activity: 120 minutes 
Descriptive Notes Reflective Notes 

  

  

  

  

 Layout of the Makerspace 
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Interview Protocol: 
Case study of a makerspace in a historical institution 

 
Interview #:  
Interviewee [code]:  
Interviewer:  
Date:  
Place:  

 
INTERVIEWER: I 
RESPONDANT: R 
 
Introduction 
 
I:  Good morning. Thank you for coming today for this interview. This interview 
will take about 60 minutes and will have several questions about your experiences in the 
makerspace program that you attended last week. This interview will be audio recorded. 
If at any time you would like me to turn off the recording device, please let me know. 
Your responses will be confidential and will be used to better understand your experience 
in the makerspace. 
 We have signed consent forms from your parent/guardian, but your participation 
is voluntary.  If you would like to stop at any time, please let me know. There is no 
consequence for stopping. With your permission, I would like to begin the interview.   
 
 
Interviewee Background  

 
1. How old are you? 

 
 

2. Which museums have you been to before the program last week? 
 
 

3. Have you attended a makerspace before the program last week? 
 
 
Makerspace Experience 
 

1. Tell me about your experience in the makerspace? 
 
 
 
 
 
 
Probe: What was special about it? How did you feel in the space? 
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2. You made these two filters [interviewer present filters] with your group in the 
makerspace. Tell me about them.  

 
 
 
 
 

Probe: How do they work? How did you design them? What materials did you use? 
 
3. Tell me about the design process you used when making the filters. 

 
 
 
 
      Probe: Which resources did you use? How did you use them? Did you ask for help?  
 

4. What were some challenges or successes you experienced when making? 
 
 
 
 
 

Probe:  Did your filter work? Was it difficult to use the resources?  
 

5. Has the program benefitted you in any way?  
 
 
 
 
 

Probe: Did you learn anything new? What did you learn? 
 
6. Is there anything else you would like to share about your experience in the 

makerspace before we end our interview? 
 
 
 
Conclusion 
 
I:  Those are all of the questions I have for you. Thank you for your participation in 
the interview!  
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Appendix C 

Coding Procedures 

Table C.1. 
 
List of All Codes  
Interview 
Participant 1 

Interview 
Participant 2 

Interview 
Participant 3 

Interview 
Participant 4 

E – Happy and fun 
LP - Tinker 
LG - Trial & Error 
E - experiences 
M – anticipation  
E - Observations 
LP – Seek & Share 
Resources 
Motivation 
Identity 
Development  
Motivation 
LG – Knowledge 
LG – through trial 
and error  
LG – through 
observation and 
deduction 
LG – Knowledge 
Prior Knowledge  
DP  – thought 
Process  
DP – Process 
DP – Materials  
Observational 
Behaviour with 
materials  
DP 
E - Disappointment  
DP– Material 
Fixation  
DP 
DP – Materials 
Trial & Error 
E – Observation 
SI- help with tools 
LG – Skill  

E – fun  
CH – construction 
ID – confidence in 
ability  
CH – physical design  
E – fun  
Motivation – tech 
novelty  
Distraction  
LG – knowledge/ 
historical fact  
LG – knowledge/ 
historical fact  
LG – historical fact 
LG – historical 
process  
DP – Planning  
DP – identified 
challenge 
CH – gave up/defeat 
outcome 
E – Design changes 
from experience  
LP – Tinker 
CH – design 
challenge  
Design Process – 
change from original 
to solve problem  
Design Process – 
failure  
SI – Interaction & 
Inspiration  
SI  
SI – Visual 
inspiration  
Motivation - 

E – fun & 
educational  
LG 
LG – knowledge 
about water 
filtration  
E – good because 
he made friends  
SI – made friends 
LG – historical 
knowledge about 
water quality  
Vague historical 
understanding  
DP – 2 filter 
system 
Back up filter 
system 
DP 
LG – Practice & 
application 
LP - Inquire 
DP – planning  
DP  - Challenge  
CH 
DP – Solution  
CH – Solution  
DP – Materials  
DP – Materials 
SI – help from 
staff  
E – feels welcome  
CH  
E – Success  
E – Success  
E – Success  
LG – water 

E – design aspect 
challenging  
CH – developing 
design ideas 
DP –  size 
considerations made 
design process 
easier   
CH – solution to 
problem found 
E – enjoyed 
experience with 
friends 
E – small staff to 
participant ratio was 
a positive  
E – felt good in 
makerspace 
LG – water quality 
theme 
E – activities 
influenced design  
LG – historical 
theme  
LG – historical 
knowledge and site 
knowledge  
DP – design fixation  
LP - Tinker 
CH – problem lead 
to defeat and 
changed design  
E – Regret  
CH – time constraint  
DP – more than one 
idea generated  
LG - Tinker 
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SI - help with tools 
CH – physical design  
CH – physical design 
LG – Skill practice   
M 
ID – confidence & 
satisfaction  
ID - dissatisfaction 
DP – physical design  
LP - Tinker 
LP - Tinker 
DP – unsuccessful 
design  
LG – Real life 
application 
ID – confidence 
LG – Real life 
application 
ID – confidence 
DP – content with 
material selection 
DP- physical design 
ID – Confidence & 
pride 
ID – Confidence & 
Pride 
DP – physical design  
DP - Challenge  
ID – discouragement 
E – satisfaction; fun 
Number of Codes: 51 

Personal fixation on 
design   
SI – assistance  
SI – inspiration  
ID – pride  
E – extra planning  
M – motivated by 
risk of failure  
E – planning inside 
and outside of space  
E – planning at home 
E – thinking at home  
SI – parental 
involvement  
E – involving parents  
SI – parental 
involvement  
E – involving parents  
SI – parental 
involvement  
E – involving parents  
DP – Planning  
SI – inspiration from 
others  
Challenge 
Challenge – design 
challenge  
Design process – 
challenge   
Design process – 
gives up  
Challenge – removal 
outcome  
CH – construction 
and design  
CH – removal 
outcome 
E - Success  
E – felt happy with 
success  
ID – determination  
& Satisfaction 
PK – smell of river  
SI – parental 
involvement  
LG – history 

quality knowledge 
LG – key theme 
LG – water 
filtration 
knowledge  
LG – site 
knowledge and 
historical 
knowledge  
E – excited when 
building the filters 
M- building the 
filters  
E – enjoys 
building because it 
is fun 
E – fun through 
working together 
and making stuff 
SI -  working with 
peers  
DP – returning to 
design idea and 
improving  
LP - tinker 
E – fun even if 
failure or activity 
is repeated  
M – perseverance 
for perfection  
ID – followed 
own idea  
Number of Codes: 
38 

DP – physical 
design & planning  
DP – can control 
filter through the 
design   
E – thinking about 
making beyond the 
makerspace  
DP – planning 
through drawing  
DP – materials  
E – problem solving  
DP – problem 
solving 
DP 
SI – help with tools 
SI – help with tools 
No significant social 
interaction 
Success – filter 
worked  
E – filter 
observations  
ID – confidence 
LG – water 
quality/filters 
knowledge  
LG – water theme  
LG – water theme  
LG – water theme & 
historical knowledge 
DP – trial and error  
LG – exercised skill  
PK  
E – exercised skill 
PK 
E –exercised skill 
E – excited for 
building  
LG – understood 
design cycle 
M – excited to build  
E – Success  
ID – Confidence 
from Success  
LG – expanding 
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knowledge  
M – by success of 
product  
DP – identifying 
problem  
CH – design 
challenge  
E – goal is to make it 
work 
Sees design as 
unique. 
Feeling towards filter 
E – happy because of 
success  
Number of Codes: 59 

knowledge and 
applying to world 
situations  
CH – limited by 
materials  
CH – limited by 
materials  
Number of Codes: 
50 
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Table C.2. 
 
List of Codes and Refined Codes 
Original Code: Refined Code:  Notes: 
E – Happy and fun 
E – fun (2) 
E – fun & educational  
E – experiences 
E – satisfaction; fun  
E - Success (5) 
E – felt happy with success  
E – happy because of success  
E – good because he made 
friends  
E – feels welcome 
E – fun through working 
together and making stuff 
E – fun even if failure or 
activity is repeated  
E – enjoyed experience with 
friends 
E – small staff to participant 
ratio was a positive  
E – felt good in makerspace 

E –  Positive experiences   

E – excited when building the 
filters 
E – enjoys building because it 
is fun 
E – excited for building  

E – Construction Excitement   

E – exercised skill (2)  Represented in other code 
E – Disappointment  
E – Regret  
CH – Gave up/defeat outcome 
Challenge – removal outcome 
(2) 
CH – problem lead to defeat 
and changed design 

E – Negative experiences   

E – goal is to make it work  Not reoccurring/ significant 
E – Observations 
E – Observation  
E – Filter observations  

E – Engaging in observation  

E – Design changes from 
experience  

 Represented in other code 

E – extra planning  
E – planning inside and 
outside of space  

E – Extension of makerspace 
activities  
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E – planning at home 
E – thinking at home  
E – involving parents (3) 
E – thinking about making 
beyond the makerspace  
E – design aspect challenging   Represented in other code 
E – activities influenced 
design  

 Not reoccurring/ significant 

E – problem solving  Represented in other code 
LG – trial & error  
LG – through trial and error 

 Move to LG – Skill 
development  

LG 
LG – knowledge  
LG – knowledge about water 
filtration  
LG – knowledge/ historical 
fact (2) 
LG – historical fact 
LG – historical process  
LG – history knowledge  
LG – historical knowledge 
about water quality  
LG – water quality knowledge 
LG – key theme 
LG – water filtration 
knowledge  
LG – site knowledge and 
historical knowledge  
LG – historical theme  
LG – historical knowledge and 
site  
knowledge  
LG – water quality/filters 
knowledge  
LG – water theme (2) 
LG – water theme & historical 
knowledge 
LG – water quality theme 
LG – understood design cycle 

LG – Knowledge or theme based   

LG – Skill 
LG – Skill Practice  
LG – exercised skill  

LG – Skill development   

LG – through observation & 
deduction 

 Not reoccurring/ significant 

LG – Real life application (2) 
LG – Practice & application 

LG - Application  
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LG – expanding knowledge 
and applying to world 
situations  
LP – Tinker (7) LP – Tinker  
LP - Inquire  Not reoccurring/ significant 
LP – Seek & Share Resources  Not reoccurring/ significant 
M – Anticipation 
M- building the filters  
M – excited to build  

M – Building   

Motivation (4) M – General   
Motivation – tech novelty   Not reoccurring/ significant 
Motivation - Personal fixation 
on design M – motivated by 
risk of failure  
M – by success of product  
M – perseverance for 
perfection  

M – Desire to develop best filter   

DP (4) 
Design Process – thought 
process 
DP – process  
DP – physical design process 
DP – physical design (2) 
DP – Planning (3) 
DP – Identified challenge 
Design Process – change from 
original to solve problem  
DP – identifying problem  
DP – 2 filter system 
DP – more than one idea 
generated  
DP – physical design & 
planning  
DP – can control filter through 
the design 
DP – planning through 
drawing  

DP – Methods utilized   

DP – unsuccessful design  
Design Process – failure  
DP – gives up 
DP – Design fixation  
DP – Challenge (3) 

DP – Unexpected outcomes  

DP – Materials (5) 
DP – Material fixation  
DP – content with material 
selection 

DP – Interaction with Materials   
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DP – Solution  
DP – problem solving 
DP – returning to design idea 
and improving  
DP – size considerations made 
design process easier   
DP – trial and error  

DP – Strategies  

CH (3) 
CH – Physical design (3) 
CH – Construction 
CH – design challenge (3) 
CH – construction and design  
CH – developing design ideas 

CH – Design & construction   

CH – Solution  
CH – solution to problem 
found 

CH – Solutions used  

CH – limited by materials (2) CH – Material selection  
CH – time constraint   Not reoccurring/ significant 
SI – Help with tools (4) 
SI – assistance  
SI 
SI – help from staff  

SI – Assistance & Support  

SI – inspiration  
SI – inspiration from others  
SI – Interaction & Inspiration  
SI – Visual inspiration  

SI – Inspiration from peers  

SI – made friends 
SI - working with peers  
 

SI – Relationships  

SI – parental involvement (4) SI – Parental involvement   
ID – Dissatisfaction  
ID – discouragement  

ID – Disappointment   

ID – confidence & satisfaction  
ID – determination  & 
Satisfaction 
ID – Confidence (3) 
ID – Confidence & pride (2) 
ID – confidence in ability  
ID – pride  
ID – followed own idea  
ID – Confidence from Success  
Identity Development  

ID – Confidence   

PK (2) 
PK – smell of river  

PK – General   

Non a priori codes   
Observational behavior with  Represented in other code 
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materials  
Trial & Error   Represented in other code 
Distraction  Represented in other code 
Sees design as unique  Represented in other code 
Feeling towards filter  Represented in other code 
Vague historical understanding   Represented in other code 
Back up filter system  Represented in other code 
No significant social 
interaction 

 Represented in other code 

Success – filter worked   Represented in other code 
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Table C.3. 
 
Final Coding  
Theme Codes  
Attitudes about the makerspace Subcategory: Experiences  

- E – Positive experiences  
- E – Negative experiences  

 
Subcategory: Challenges 

- CH – Solutions used 
- CH – Material selection 
- CH – Design & construction  

 
Subcategory: Motivations 

- M – General  
- M – Desire to develop best filter  
- E – Construction Excitement  
- M – Building  

 
Learning Gains - LG – Knowledge or theme based  

- LG – Skill development  
- LG - Application  

Behaviours in the Makerspace  - E – Engaging in observation 
- SI – Assistance & Support 
- SI – Inspiration from peers 
- SI – Relationships 
- DP – Methods utilized  
- DP – Interaction with Materials  
- DP – Strategies 
- LP – Tinker 

Outside of Makerspace  - E – Outside of makerspace activities  
PK – General 

- SI – Parental involvement  
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Appendix D 

Research Ethics Board Approval Letters 
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