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Abstract: Maker-centered learning in schools has grown rapidly in recent years. The existing 

system and structure of schooling calls for a new form of assessment that complements the 

pedagogical values of making while also balancing the creative making practices driven by a 

maker’s interest and curiosity. Current assessment approaches often do not meet the needs of 

assessing the multifaceted learning and development that occur during the process of making 

and learning. This research paper reports on the design of embedded assessment tools that can 

be adapted within school-based maker programs to enable embedded assessment of maker 

competencies, and describes how maker assessment can move beyond rubrics and portfolios. 
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Introduction 
Maker education—often seen as open-ended, creative exploration manifesting as hands-on activities that cross 

domains and materials, including digital fabrication, textiles, 3D printing, crafts, and robotics—is believed by 

many to be a compelling approach that can spark and sustain students’ interests and support development of the 

necessary skills for STEM fields (Sheridan et al., 2014). Additionally, many maker education advocates claim 

that making can support students’ learning beyond STEM content and skills, including dispositions such as 

autonomy (Quinn & Bell, 2013), problem-solving and sense-making (Martin, 2015), playful attitudes, and a 

failure-positive mindset (Dougherty, 2013; Martin, 2015). These outcomes are particularly valuable for future 

generations to succeed in a 21st-century global economy that demands individuals who can think critically and 

creatively, use evidence to support their solutions to complex problems, and communicate clearly (Bybee & 

Fuchs, 2006; Florida, 2002; Friedman, 2005). Not surprisingly, there is a growing interest among educators in 

bringing the maker movement into schools. 
Bringing making into the K-12 school system, however, poses inevitable challenges. Several 

characteristics of traditional school methods are at odds with the interest-driven nature of maker movement 

(Godhe, Lilja, & Selwyn, 2019). First, to incorporate making within a school curriculum, teachers must consider 

how certain academic standards could be “covered” through making. Second, given that almost all schools in the 

U.S. have a grading system that requires summative assessments, school-based maker educators still need to figure 

out ways to assign grades for student work, even if they do not personally believe a grade is sufficient to fully 

capture student learning for creative work when judged purely by the product at the end. Third, teachers who 

advocate for maker education must justify their initiatives and provide evidence to school and district 

administrators, “proving” how investments in makerspaces can help student learning beyond simple student 

excitement and enjoyment. Fourth, teachers often try to incorporate activities that are quick and easy by fitting 

them into existing curriculum, often opting for activities that can be done with relatively little effort, which 

Blikstein (2013) calls “keychain” activities. 

In addition to the practical and logistical challenges, the nature of making, especially when properly 

implemented, also conflicts with conventional assumptions made about assessment. First, making often includes 

collaboration (Clapp et al. 2017). Not only do students explicitly collaborate on maker projects, but they also 

share resources, help each other with finding resources and materials, share knowledge to troubleshoot, build on 

each other’s ideas, and support iterations of each other’s projects. Therefore, assessing “individual student 

learning” in this context, by design, can undermine the dynamic and social nature of maker learning. Second, the 

maker process is often exploratory (Wardrip & Brahms, 2015). Therefore, assessment of making should afford 

multiple pathways to completion, multiple goals, and multiple ways of expressing students’ ideas because making 

projects, which are inherently student-driven, rarely have one right way of completing the project. Third, making 

is often spatially distributed, as students constantly interact with tools, materials, and equipment as they progress 

through their learning. Therefore, teachers are known to move about the space more frequently, floating among 

groups of students. Positioning the teacher as the “sole assessor” could limit the quantity and types of evidence 

that can be collected. Fourth, making is highly process-oriented and immersive; artificially reducing the process 

to small chunks of activity time disrupts the natural flow. As such, the assessment needs to be seamlessly woven 
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into the process of making itself. Surveys or rubrics may not be able to capture authentic evidence for student 

learning. And finally, the learning and development that occurs in maker classrooms, related to such skills as 

agency, problem-solving, and risk-taking, are not easily measured by conventional assessment approaches. These 

competencies, sometimes called non-cognitive competencies, social emotional learning competencies, character 

skills, or 21st century skills, have been recognized as an important skill set that influences academic achievement. 

The common strategy for capturing these personal qualities are self-reported questionnaires administered to 

students, questionnaires for teachers, or performance-based assessment tasks in highly controlled environments. 

Each has its strengths and shortcomings, but none fully solve the problem (Duckworth & Yeager, 2015). In order 

to solve these numerous challenges, there needs to be a new form of assessment to better understand and support 

student learning in maker-centered activities. 

Theoretical framework: Embedded assessment 
This study explores a new form of assessment that is suitable for maker-centered learning in schools, using an 

embedded assessment framework. Embedded assessment refers to a form of assessment that is directly woven 

into the learning environments and activities, from online games to classrooms, so that student learning can be 

monitored and supported in real-time without interrupting the flow of learning (Shute, Ventura, Bauer, 2009, 

2009; Wilson & Sloane, 2000). Embedded assessment has been widely adopted in digital learning environments, 

such as simulations and video games, where tasks are designed within a system to elicit evidence of desired 

outcomes, and to automatically and rapidly capture and rich process data. With well-designed embedded 

assessments in place, students’ actions within a makerspace can provide robust evidence for underlying 

competencies, and the distinction between assessment and learning is blurred throughout the continuous and 

iterative making process. Leveraging this theory and practice of embedded assessment, the present study aims to 

create a set of tools that enables the embeddedness of assessment for maker learning processes. To create a tool 

that is both grounded in the theory of embedded assessment as well as attuned to the practical needs of teachers, 

involving their inputs as co-designers, we turned to a design-based research approach that addresses the question 

of What should assessment in maker-centered learning look like, beyond rubrics and portfolios? 

In the present paper, we report on the first design cycle of the assessment tools by (a) reviewing the 

design narrative created by the research team that includes observation notes from design workshops, design 

notes, and teacher interviews, (b) illustrating the product created from this process and how design constraints 

were addressed, (c) introducing teachers’ adaptation and implementation of the assessment tools, and (d) 

discussion of the design implications identified in this first design cycle. 

Method 
The present study takes a design-based research (DBR) approach to iteratively develop tools that enable embedded 

assessment in maker classrooms by working with teachers as co-designers (Roschelle & Penuel, 2006). DBR is a 

research approach that improves educational practices through an iterative process of designing, developing, 

implementing, and analyzing an intervention, while allowing researchers to create generalizable theories of 

learning or design principles. DBR enabled the research team to investigate design theories for maker assessment 

while simultaneously developing and iterating on assessment tools for maker-centered classrooms. Our primary 

sources of data are the design notes, interview transcripts, and observation and meeting notes from design 

workshops we ran with two collaborating middle schools, one in Portola Valley, CA, and one in Charlottesville, 

VA. The five total design workshops (each workshop was one- or two-days in duration) were conducted with nine 

teachers and four coaches in total; the aim was to collaboratively develop assessment tools and methods of 

implementation in their respective classrooms. During the first two workshops at each partner school, we focused 

on collecting information about teachers’ existing assessment practices while also prototyping how our assessment 

approach could be integrated into their maker curriculum. The latter three workshops focused on collecting 

feedback from teachers, specifically on early prototypes of tools. Throughout this phase, the team recorded one 

on one interviews, phone calls, and meeting notes that informed the design narratives and the design of the 

assessment tools. The research team also interviewed teachers after rounds of implementation in order to 

understand how they adapted and implemented the assessment tools in their classrooms. The design implications 

that emerged from these processes are discussed below. 

Design narrative  
The goal of this project was to create assessment tools that can enable seamless integration of assessment into 

maker activities without interrupting the flow of maker learning similar to how embedded assessment is achieved 

in digital games or simulations. Based on the theory and practices of embedded assessment in both classrooms 

(Wilson & Sloane, 2000) and digital environments (Shute et al., 2009), the research team hypothesized that the 
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overall experience of assessment in making should be (a) embedded, (b) construct-driven, and (c) evidence-based 

(Table 1). In addition, the following design constraints (Table 2) emerged from the interviews conducted during 

the design workshops based on needs identified by the teachers. Building on these insights from the embedded 

assessment literature as well as the values and challenges presented by teachers, we developed a first prototype 

of the embedded assessment toolkit. 

 

Table 1: Definitions of the criteria of embedded assessment in making drawn from literature 

 

Embedded Assessment should not interrupt the flow of making. Assessment activities should be 

seamlessly woven into the learning activities.  

Construct-driven  School-based making faces the challenges and tensions inherent in bridging open-ended, 

learner-driven maker approaches that meaningfully support valued skills and dispositions with 

the need to meet strict academic standards and testing requirements. Therefore, assessment of 

making should be flexible and allow learners and teachers to understand what the intended 

competencies are.  

Evidence-based  Assessment should allow for multiple forms of evidence to be collected across multiple time 

points, and refer to tangible and visible evidence generated in the process of making.  

 

Table 2: Definitions of the criteria of assessment drawn from teacher interviews 

 

Connecting with artifacts Assessment should enable students to connect the artifacts that they create with 

concrete skills. 

Reflection with students Assessment should enable teachers and students to have conversations that 

support students to reflect upon their making processes, supported by concrete 

evidence. 

Shouldn’t take too much time Assessment should not take too much time during class or for processing 

afterwards. 

Increase student awareness Assessment should raise student awareness of their own learning (i.e. what are 

they learning from the given activity?) 

Helps students and teachers understand 

diverse learning progress 

Assessment should help teachers and students to realize different learning 

avenues and outcomes associated with the activity at hand. 

Tap various outcomes beyond content 

knowledge 

Assessment should give students opportunities to showcase their content 

knowledge AND other maker-related skills. 

Participatory  Assessment should empower students to capture evidence of their own learning 

within the dynamic processes of making, whether for themselves or for one 

another. 

Design product: Embedded assessment toolkit 
The toolkit includes seven tools that teachers can adapt to their maker projects. Each tool helps teachers to conduct 

one of the three pillars of work that ensure that assessment is embedded within makerspaces: context setting, 

evidence collection, and meaning making. 

Context setting 
Context setting is a process that aims to create a shared understanding of what the constructs are (i.e. what maker 

competencies are you striving for?), familiarizing students with learning goals and the process of assessment so 

that they themselves can collect, reflect, and share their own evidence for learning in the moment. Teacher 

interviews revealed one of the important design constraints: the challenge and desire to involve students as active 

participants in the assessment process, not just as receivers of assessment from their teacher. Tools in this category 

aim to help students and teachers develop a shared language of learning goals and practice the process of capturing 
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learning together. 

Maker Elements is a tool intended to communicate the learning that can happen when making, aimed at 

supporting middle school students to understand what the identified constructs (in this case, “elements”) mean. 

We identified a set of skills or practices that are well-supported in the maker learning literature (e.g. Bevan, 

Gutwill, Petrich & Wilkinson, 2015; Clapp, Ross, Ryan, & Tishman, 2016; Wardrip & Brahms, 2015) and 

introduced them as Maker Constructs. During the design workshop sessions, teachers discussed and modified the 

list based on what they deemed to be the most compelling and relevant for school contexts. The team further 

explored definitions of and ways in which students could make sense of the constructs. For example, teachers 

suggested that we incorporate “I” statements to help students understand the constructs in their own contexts 

(Figure 1).  

 

 
Figure 1. The whole Maker Elements (left) and a close-up of I statements (right). 

 

With Maker Elements in place, teachers also discussed the need for an activity that enables students to 

discuss the meaning of each element and think about what evidence could look like. Teachers expressed a concern 

that many of their students were not familiar or comfortable with thinking about these skills in schools, 

highlighting a need to introduce the terminology and skills in a non-intimidating way. We created an activity, 

Superpower Hour, to address this concern.  

Superpower Hour is a playful activity that introduces maker elements through a craft activity to students. 

In this activity, students read a short story about real-life innovators, identifying the Maker Elements in each 

individual’s life journey. They then create a cape for the innovator that represents the Maker Elements found in 

the life story (Figure 2).  

 

 
Figure 2. Capes representing superpowers (Maker Elements) of innovators. 

Evidence collection 
While generating and capturing visible and tangible evidence throughout learning is an essential goal of any 

assessment, it is particularly crucial for maker education where learning centers around hands-on activities and 

social interactions and leads to various forms of evidence of learning at multiple points throughout the process. 

Due to these hands-on, collaborative aspects, it is challenging for teachers to capture in-the-moment evidence 

during maker-based learning, but such visible and tangible evidence would allow students to see and monitor their 

own progress, giving a visible shape to usually-invisible and abstract constructs. In addition, these forms of 

evidence can persist beyond the moment of making and can be shared with stakeholders who need to see student 

progress over time. Therefore, process-focused evidence collection tools are needed to make the internal state of 

a learner (e.g. ideas, questions, struggles, feelings, or inspirations) visible.  

ICLS 2020 Proceedings 1424 © ISLS



Maker Moments is a peer- or self-assessment tool resembling a customizable bingo-like worksheet, 

where students can notate moments in which they exhibit or practice up to three Maker Elements (Figure 3). It 

works best with indicators that are easily observable and quantified (e.g., the number of risk-taking, the number 

of iterations, etc.) The tool provides opportunities for students to recognize behaviors associated with the Maker 

Elements and keeps a snapshot of behaviors from each day over the course of a day, week, or project. At a quick 

glance, students and teachers can, for example, see that a group had a “collaborative” day but weren’t very “risk-

y” based on the number of moments documented. At the end of a week or project, the data can be graphed or 

discussed, potentially surfacing the changes over time. To supplement this quantitative evidence marked by the 

students, teachers have the option to add a reflection question to the card to capture a quick reflection based on 

the evidence at the end of the class session.  

 

Figure 3. Maker Moment worksheet. 

 

Sparkle Sleuth is another evidence collection tool to be used by teachers or peers, aimed at qualitatively 

capturing moments of learning (or moments of “sparkle”). It is a set of paper slips, upon which teachers or peers 

write observation-based comments about a student’s actions during a project or activity. These comments offer 

immediate but unobtrusive feedback in a form of acknowledgement. Sparkle Sleuth can be used in combination 

with Maker Moments, for example, to have both quantitative and qualitative data for teachers and students to 

collectively reflect on those moments.  

Stuck Station is a standalone video recording station that students use during moments when they are 

“stuck” on their project. Regardless of whether the issue is technical (e.g., an LED does not work, a tower is 

tipping over) or social (e.g., conflict with a group member, can’t make a decision), the station helps students 

explore strategies to get unstuck by allowing them to talk through the problem at the video recording station. 

Students are encouraged to visit the station when they come up against an issue in their work; the station provides 

an opportunity to walk away, talk through the project, and then return with new ideas or reflective thoughts. At 

the end of the class session, students revisit their “stuck” moment, and write down how they worked through the 

issue, whether their attempts were successful, or what they will do next. The tool also comes with a series of small 

tips, called Unstuck Tips (Haduong & Brennan, 2018), that students may use as reflection prompts, as well as an 

exit ticket that assists in their problem identification and goal setting (Figure 4). 

Figure 4. Stuck Station. 

Meaning making 
After evidence is collected, teachers and students must construct understanding about student learning based on 

the evidence. They must also share those understandings, whether as feedback in the classroom or in 

communicating with stakeholders interested in the learning. We call this process “meaning making,” where 
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students and teachers work together to construct meaning from the collected evidence. While each individual 

evidence collection tool can be used as a reflection tool throughout a project, this process looks at making meaning 

from evidence collected over time (a project, course, or year). 

Field Guide is a tool for curating the collected evidence in order to show student progress and 

achievements. Field Guide is a binder where students can store and organize all evidence collected and identify 

pieces of evidence that are exemplars of their performance. Students can revisit evidence that was collected over 

multiple class periods, developing a narrative or storyboard that shows their growth (we call this hatching, 

emerging, and soaring, imitating field guides of birds) for each element. They can classify the evidence into levels 

based on their solo reflections, group conversations, or one-on-one meetings with a peer or teacher. As time 

progresses and new Maker Elements are introduced, teachers and students gain a better understanding of the 

Elements and how they are visible in student work. 

Design implementation  
Embedded assessment requires careful adaptation to the contexts of classrooms (Wilson & Sloane, 2000). Thus, 

to formatively evaluate the overall usability of our tools, it is important to understand how teachers customized 

the tools based on the needs of their classrooms and audiences. Below we showcase several examples of tool 

adaptations, as well as teacher reflections on those experiences. 

Maker elements 
Teachers at both schools printed out the full Maker Elements poster as-is, and hung it in classrooms in highly 

visible locations (Figure 5, right). In addition, teachers in Charlottesville chose one construct per unit and inserted 

a sheet about the construct into each student’s binder cover, encouraging and reminding students to focus on that 

specific construct for the current unit (Figure 5, left). In both schools, teachers visibly displayed the tool to remind 

and draw students’ attention to the constructs pertinent to the activities. One teacher shared that she saw this 

approach start to work when one of her students used the word “troubleshooting” to describe how she helped her 

family to solve a problem. Teacher feedback highlighted the importance of assessment to be embedded across 

and beyond activities; the more the elements and tools were commonly used, the more familiar and comfortable 

students became, developing the understanding and ability to demonstrate, capture, and communicate their 

learning in those terms. 

 
Figure 5. Two ways Maker Elements were implemented in classrooms. 

Sparkle sleuth 
Several teachers customized Sparkle Sleuth; a pattern we saw across types of implementation were that all teachers 

added more information about student performance than intended in the original design of the tool. For example, 

one teacher added student names and activities to the slip, allowing for easier sorting (Figure 6, left); on teacher 

wrote down more detailed descriptions, intended to be shared with students (Figure 6, middle); and other teachers 

included Instax photos, helping to recall what the visible action looked like (Figure 6, right).A teacher from 

Charlottesville pointed out that Sparkle Sleuth was useful for keeping track of learning experiences that would 

otherwise be forgotten: “[I] Really liked the tool because if I give a student feedback, as soon as I walk away, the 

student will forget those things. The tools, especially the slips and taking photos, gives you something to think 

back on and reflect and keep, which is cool.” Though the logistical difficulties of documenting learning while 

leading an activity continue to be a challenge, these experiences demonstrated that documenting observations of 

learning and making is crucial for assessment. 
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Figure 6. Three ways to use Sparkle Sleuth. 

Maker moments  
A teacher from Portola Valley chose to combine Sparkle Sleuth and Maker Moments, as she was concerned about 

the challenge of organizing and keeping track of multiple slips or sheets of paper (Figure 7). With class sizes of 

20-25 students, she struggled with balancing the needs of implementing assessment and the needs of any 

classroom activity, especially those requiring tools and safety oversight. With maker-centered learning, where 

students are often engaged in complex and dynamic activities, it is crucial that assessment tools are manageable 

and organizable by students themselves. 

 
Figure 7. How Maker Moments were used in combination with Sparkle Sleuth. 

Discussion  
This paper demonstrates how the research team created a new form of assessment that could be used within 

school-based making by leveraging the theory of embedded assessment and addressing design challenges unique 

to the context of school-based making. In particular, having teachers and students share the work and 

responsibility of collecting evidence and meaning making from the data was necessary not only for practical 

reasons but also highly valued by maker educators; it aligns closely with the ideas of student agency, often a key 

value in maker education. It is also worth noting that the underlying tension between what making means (e.g. 

making as a creative process, agency, collaboration and sharing) and how assessment is typically interpreted 

within schools can be revisited when creating assessment tools that are flexible, social, and compatible with the 

iterative and messy process of maker learning. Additionally, while there are concerns regarding how schooling 

practices could “ruin” making by providing students with “prescribed curriculum” (Kafai, Fields, & Searle, 2014), 

the co-design process revealed that maker educators value the key principles of making, and are striving to 

maintain those principles within the existing structures of school. Therefore, the present work also validates the 

importance of re-imagining assessment for maker education, supporting teachers to find the right balance between 

student-driven and system-driven learning. 

Conclusion  
This paper shares the iterative process of designing assessment tools for maker education. There are several 

implications that we can draw from this design process. First, the consistent and collaborative nature of the 

ICLS 2020 Proceedings 1427 © ISLS



interactions with teachers allowed for true design-based research and directly addressed the original needs that 

surfaced in initial and ongoing exploration and conversations about maker assessments. This was particularly 

important, as understanding teachers’ current assessment practices and needs in the context of school-based 

making was crucial to create tools that reflect the teachers’ desires. Second, the co-design process also allowed 

for constant feedback and confirmation, while leaving room for new or refined needs to surface. While limited, 

this design process and products illustrate how school-based making can go beyond existing assessment practices 

by embedding evidence collection in the process of making, balancing the tension between learner agency and 

intended learning outcomes. This paper contributes to the field by (a) demonstrating the iterative process of 

creating assessment tools by incorporating both the literature of assessment as well as the desires and needs of the 

classroom teachers and (b) showcasing how the design of innovative tools can push the boundaries of assessment.  
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