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Abstract 
Making has been considered as an important way to effectively promote 
STEM education in informal learning environment. Making is growing and 
gradually presents a number of affordances that are conducive to STEM 
teaching and learning. However, studying STEM through Making within 
out-of-school context is still not fully mature, so STEM educators are facing 
challenges. Based on constructionism and embodied cognition, this essay will 
discuss affordances from three perspectives (constructionism pedagogy, en-
gagement in STEM-related practice and playfulness). The current challenges 
about learners’ participation and assessment are also analyzed. Aiming at 
current challenges, suggested teaching and assessment methods are put for-
ward. 
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1. Introduction 

The Maker movement has made significant progress in the informal field of 
STEM education (Ladeji-Osias & Partlow, 2017). National Research Council 
(2015) has also indicated that becoming productive from out of school learning 
opportunities for young people is a key part of the STEM learning ecosystem. 
Making has been regarded as a mechanism to promote STEM learning by the 
education community due to its driving effect on creativity and innovation 
(Marshall & Harron, 2018). However, while there is plenty of support for con-
ducting a Making out of school club, educators still face challenges. 
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The popularity of Making movement brings opportunities as well as chal-
lenges to STEM teaching. This essay will discuss affordances of out-of-school 
Making activities through the theoretical lens of constructionism and embo-
died cognition. The challenges out of school context relating to learners’ dif-
ferent participation and assessment will also be addressed. Finally, aiming at 
those challenges, this essay will propose and analyze current potential solu-
tions.  

Constructionism as a foundation 
In a nutshell, the definition of constructionism is obtaining knowledge 

through making (Papert, 1986; Papert & Harel, 1991). From the perspective of 
the constructivist theory of psychology, Papert (1986) believed that learning is a 
kind of reconstruction, rather than the transmission of knowledge. Constructing 
meaningful products is one of the most effective way to learn (Papert, 1986). 
People can learn most effectively when they are making something tangible ac-
tively in the real world. Different from Piaget’s constructivism (explaining how 
children’s behaviors and ways of thinking change over time), Papert’s construc-
tionism focuses more on making and creating in learning (Papert & Harel, 1991; 
Ackermann, 2001). For example, at the Muzzey Junior High School in Lexing-
ton, children received good math training from building a soap sculpture (Pa-
pert & Harel, 1991). Papert and Harel (1991: p. 4) even used poetic language to 
describe this process of making as allowing children “to think, to dream, to gaze, 
to get a new idea and try it”. Unlike traditional math classes, children engage in 
playing and creating with their own ideas, and then, this would lead to an in-
crease of their knowledge and the ability to identify with it. Constructionism de-
scribes the learning process, not only in terms of intelligence, but also in terms 
of learners’ emotions (ibid.). 

Embodied cognition and Making 
Wilson (2002) argued that people have evolved from creatures whose neural 

resources were used mainly for perceptual and motoric processing, and whose 
cognitive activities are the interaction with the environment. Therefore, sen-
sory-motor processes and physical properties of the body are the foundation of 
human cognition (Lonescu, & Vasc, 2014). In other words, embodied cognition 
represents how people process and store information. That is, the cognitive 
process is deeply rooted in the interaction between the body and the world (ib-
id.). Wilson (2002) also proposed that the environment is part of cognition. 
People’s thinking and decision-making are affected by the real environment, 
which is the product of the interaction between mind and environment (ibid.). 
For example, this is best shown in infants. Infants learn more about the envi-
ronment using their innate skills and abilities, such as sucking, grasping and lis-
tening (ibid.). Therefore, when using the concept of embodied cognition to un-
derstand the studying process, practicing and tinkering should take precedence 
over memorization and understanding the knowledge in textbooks (Claxton, 
2015). 
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2. The Affordances of Making Out of School Club 
2.1. Constructionism Pedagogy 

Out-of-school Making is based on the constructionism pedagogy, which pro-
vides a more effective way to support learning. According to Petrich, Wilkinson, 
and Bevan (2013), the pedagogical design for Making draws on constructionism 
theory. Learning in a Making club is not like imparting knowledge in traditional 
lecture, but rather, learners think and learn with their hands (ibid.). The learning 
process in out-of-school Making can be described as exploring something new, 
and then testing their ideas, and finally being able to make something tangible 
with their hands (ibid.). 

Then, the constructionism pedagogy in Making clubs support the framework 
of the 21st century to learn more effectively. Taylor (2016) pointed out that 
Making let young people design their ideas digitally, but they can also turn them 
into reality. During this process, learners’ relevant skills can also be streng-
thened. For example, Peppler et al. (2015) and Taylor (2016) concluded a survey 
aiming at three out-of-school makerspaces in the USA and Korea and respon-
dents are from 51 youth-oriented makerspaces. The data of this survey reflected 
how Making support 21st century learning and career skills (Figure 1). It is clear 
to see from this table that most learners can be engaged in developing creativity, 
collaboration, problem solving, adaptability, and initiative in a makerspace very 
frequently, even multiple times per week. 

The development of those skills is beneficial from the constructionism peda-
gogy of those makerspaces. According to Taylor (2016), makerspaces provide 
young people with opportunities to construct and think. Making is not only a 
hands-on process. During Making, learners are encouraged to discover, critically  

 

 
Figure 1. Frequency of Sites Reporting Engaging in 21st century learning and career skills (Peppler et 
al., 2015; Taylor, 2016). 
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analyze and collaborate with their colleagues. They may form a group to explore 
new ideas, identify and resolve problems, and finally complete their programs or 
products (ibid.). 

2.2. A More Powerful Way to Engage in STEM-related Practice 

Making activities in the environment outside school provides learners with a 
more powerful way to engage in STEM-related practice. Firstly, making out of 
school has more possibilities and authenticity in the learning environment. For 
example, Petrich, Wilkinson, and Bevan (2013) described what Making activities 
they observed out of school context. Learners can play with simple circuits and 
learn about switches and parallel circuits in an electricity-themed repair studio. 
At another station, learners may even sit in a sewing circle, sewing belts, scarves 
with conductive thread, and designing bag circuits that integrate LEDs, button 
batteries and electricity (ibid.). Out-of-school Making is “a new kind of public 
learning experience”, where learners’ amazing concentration, creativity, perse-
verance and pride are illustrated (Petrich, Wilkinson, & Bevan, 2013: p. 51). 
Furthermore, learners in Making club can use their understanding and imagina-
tion to develop what they think of into something concrete (Petrich, Wilkinson, 
& Bevan, 2013). 

According to Wilson (2002) and Claxton (2015), the theory of embodied cog-
nition emphasizes that cognitive activities interact with the environment. The 
theory of embodied cognition can explain why Making clubs can provide a more 
powerful engagement. When the concept of concrete cognition is used to under-
stand the learning process, practice and repair in the learning environment 
should take precedence over memory and understanding of knowledge in text-
books (ibid.). Based on embodied cognition, the affordance of Making out of 
school context is that it provides a better environment where learners can make 
and create. Learners can study circuits in an electrical themed lab or in a sewing 
ring at a station. Braund and Reiss (2006) also proposed that out-of-school con-
texts should be seen as complementary to formal learning because the authentic-
ity of out-of-school Making environment is more correspond the experience of 
scientists and technicians in the scientific real world. This environment also 
deepens learners’ engagement in their work at hand. For example, based on an 
observation of Petrich, Wilkinson, and Bevan (2013) towards a Tinkering studio, 
learners often spend on ideas for an hour, sometimes half a day, and many of 
them return regularly as the theme changes. “Such a rich spirit of joy and dedi-
cation inspires us and keeps us going” (Petrich, Wilkinson, & Bevan, 2013: p. 
52). Therefore, Making activities out of school provides an opportunity where 
learners can interact with “real” environment to learn. This is a more powerful 
way to engage learners into learning (ibid.) 

2.3. Playfulness of Making 

In Making activities, especially for out-of-school context, play has an important 
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role. First of all, the playfulness involved in Making is a kind of intrinsic motiva-
tion for learners. For a long time, play has been recognized as a central key to 
children’s development (Piaget, 1962; Bodrova, Germeroth, & Leong, 2013). As 
Sheridan (1977) said, children are eager to devote themselves to joyful physical 
and mental activities to obtain emotional satisfaction. Dougherty (2013) stated 
that the heart of Making is experimental play. How to understand the “experi-
mental play” in Making? According to Gershenfeld (2005), when artists, archi-
tects and engineers create or work, it is not out of professional desire or external 
requirements, but because they believe that what they have created will be fun 
and playful. Therefore, they are willing to create and use their own inventions. 

Based on the above logic, Martin (2015) concluded that the learners’ intrinsic 
goals, interests and awareness of interesting and cool things are paramount. This 
is also the difference between Making and many other activities constrained by 
external requirements, such as a robot competition. Play, fun and interest are at 
the heart of Making (ibid.). Also, Vansteenkiste et al. (2004) indicated that fun, 
playful activities are intrinsically motivating for learners. This intrinsic motiva-
tion can bring about a variety of educational benefits. For example, learners with 
intrinsic motivation can hold higher persistence when they face challenges (ib-
id.). 

Second, playful Making can stimulate students’ self-efficacy and arouse their 
interest in learning. Before talking about self-efficacy and a learning interest, the 
conclusion of the previous paragraph should be referred to at first. That is, the 
playfulness of Making can be seen as an intrinsic motivation for learners to en-
gage in Making. In fact, intrinsic motivation often comes together with self-efficacy 
and interest, because those three factors determine a person’s self-concept (Chu 
et al., 2015). Self-concept is the sum of one’s own cognition. To be more precise, 
in this case, whether learners finally believe that they have the ability to open the 
door of technology and science has a lot to do with their own self-concept (ib-
id.). 

According to Chu et al. (2015), Making’s attribution of playfulness can be seen 
as an intrinsic motivation for learners. Driven by intrinsic motivation, learners 
would have a higher interest to engage in Making. This will lead to a higher de-
gree of engagement. Then, learners would perceive more of an ability to perform 
well through engagement. Next, learners would have a stronger self-efficacy in 
Making. The stronger self-efficacy motivates the engagement in Making (ibid.). 
This point can be explained by the principle of the self-efficacy theory. 
Self-efficacy refers to the subjective judgment of whether one can succeed in a 
certain thing (Bandura, 1997, 2002). The more self-efficacy people have about 
something, the more motivated they are to do it (ibid.). Finally, these three fac-
tors, motivation, self-efficacy and interest form a virtuous circle (Figure 2). 
Morocz et al. (2016) also proved that, in a survey towards engineering major, 
students with higher participation in Making outside school would have a higher 
enthusiasm for engineer design learning and a higher self-efficacy for becoming  
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Figure 2. Key Factors Determining Maker’s Self-concept (Chu et al., 2015). 
 

an excellent engineer in the future. 

3. Current Challenges of Making Out of School Club 

Although teaching and learning STEM through out-of-school Making clubs has 
many advantages mentioned above, it still faces some challenges in practice. 

3.1. Gender Difference in Making 

The current data illustrates different learners participate differently in Making 
learning. For example, fablab, a digital fabrication laboratory, provides access to 
anyone who would want to make and create what they want. As an initiative of 
maker culture, fablabs has a growing momentum in Europe recently (Maric, 
2018). In an observation towards a fablab located in Montpellier, the gender im-
balance of the participants was found (ibid.). Female participants were signifi-
cantly less than male. 69% male participants were the main users of this fablab, 
while female learners only occupy 31% (ibid.). 

Two reasons are concluded from the current literature for the situation in 
Making. First, males and females have different preferences in Making activities. 
For example, crafting, sewing, and other textile design activities can attract more 
females (Buechley, 2013; Buchholz et al., 2014). By contrast, males have higher 
interest in electronics, engineering, and robotics fields (ibid.). For instance, ac-
cording to Buechley and Mako-Hill (2010: p. 202), Arduino, a popular robot 
toolkit, only has less than 1% female users. A perfect Making topic attracting 
boys and girls at the same time is still being explored. Second, apart from gender 
preference, the media often describes Making as a white, male, middle class 
pursuit movement (Buechley, 2013; Martin, Dixon, & Betser, 2018). Media pub-
licity may guide people’s prejudice, which can build up barriers that further 
suppress the engagement of women and people of color. 

The above reasons prove people cannot have unequal opportunities to engage 
in Making. Barton, Tan, and Greenberg (2017) also argued that the maker move-
ment has not been widely successful in attracting different audiences. Making is 
still an adult, white, middle-class activity and the users are mainly white adult 
males (TASCHA, 2012). 

3.2. Assessment for Making 

Currently, the assessment for out-of-school Making activities faces challenges. 
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Assessment refers to all activities carried out by teachers and students when as-
sessing themselves, which provides information and serves as feedback for re-
vising teaching activities (Yin et al., 2020). First of all, compared with school-based 
makerspaces, the assessment rate of out of school Making activities is low (Peppler et 
al., 2017). Peppler et al. (2017) conducted a survey aiming at school-based and 
out-of-school Making’s assessment (Figure 3). According to the result of this 
survey, there is a significant difference between in-school and out-of-school 
spaces. 90% of school-based Making have conducted assessments, which may be 
due to the pressure of curriculum integration into other discipline areas and/or 
grading learners’ work to demonstrable learning outcomes. In contrast, only 
64% of out-of-school makerspaces reported using assessments in their programs 
(ibid.). Therefore, compared with the adequate school-based makerspace as-
sessments, out-of-school Making assessment is far from enough. 

Second, apart from the low assessment rate, the assessment type of 
out-of-school Making activities is also limited. For example, Peppler et al. (2017) 
surveyed the use of different assessment types in and out-of-school Making en-
vironment (Figure 4). Figure 4 illustrates clearly that most of the assessment types 
have a higher utilization rate in the school-based environment than in the 
out-of-school makerspaces. Rubrics are the most obvious difference in the utilization  

 

 
Figure 3. Assessment in out-of-school and school makerspaces (Peppler et al., 2017). 

 

 
Figure 4. Assessment types utilized among makerspaces (Peppler et al., 2017). 
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rate between the two environments. It is clear to see from the figure that the gap 
between the two environments is as high as 53%. Based on Peppler et al. (2017), 
the rubrics are more likely to be used in a school-based environment rather than 
an out of school environment, probably due to the assessment criteria needing to 
be planned and tested in advance. However, the out-of-school makerspaces may 
occur with more unexpected emergency and with urgent results, so it is more 
difficult to ensure all assessment criteria ahead of time (ibid.). 

Third, the assessment for Making activities out of school is not always very 
effective. The current educational assessment methods are mainly summative 
assessment and formative assessment (Assessment Reform Group, 2006). The 
focus of summative assessment is the outcome of a program, which favors tests 
and scores. This contrasts with formative assessment, which summarizes the 
participants’ development during the program (Scriven, 1967). Yin et al. (2020) 
also stated that formative assessment can provide descriptive feedback and guide 
students for further improvement. 

Based on Making activities’ project-based model, summative assessment is not 
able to measure completely and effectively a learners’ performance (Yin et al., 
2020). The scope of Making is broad. It focuses on designing, building, modify-
ing, and manufacturing real and/or digital artifacts (Scriven, 1967). The first 
learning outcome is the acquisition for the knowledge and skills in engineering, 
circuit, design and computer programming (ibid.). Then, Searle and Kafai 
(2015) argued that Making activities have the potential to change students’ atti-
tudes towards STEM subject areas because Making provides students with more 
opportunities to engage in STEM. Burge et al. (2013) indicated that Making may 
also improve a students’ confidence and ability to solve problems. Based on the 
above, in addition to knowledge, practical ability, cognitive and emotional 
learning outcomes are all the purpose of Making learning. As a result, only ex-
aminations cannot assess Making very well. A formative assessment that mainly 
addresses improvement is appropriate. However, Yin et al. (2020) argued that 
formative assessment is elusive as it has to depend on a teachers’ experience and 
intuition to a great extent. For example, many teachers may occur to assess the 
“teachable moments that unexpectedly arise in the classroom”. Teachers cannot 
predict those situations and prepare in advance. Under this situation, they have 
to assess only based on their previous experience (Yin et al., 2020: p. 193). 

4. Proposed Solutions 
4.1. Applying Science Capital Teaching Approach 

Scientific capital refers to a way that includes all the knowledge, attitude, expe-
rience and social interaction that individuals may have related to science. The 
more scientific capital one has, the more likely one is to pursue scientific identity 
in one’s future (Godec, King, & Archer, 2017). The key of a science capital 
teaching approach is to recognize and attach importance to the existing scientific 
capital of students, and at the same time to help them establish a new scientific 
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capital (ibid.). In this way, students’ engagement can be expanded. 
The foundation of science capital teaching is “broadening what counts” (Go-

dec, King, & Archer, 2017: p. 17). Broadening what counts means creating spac-
es where all students feel they can make contributions from their own expe-
riences, interests and identities. In those spaces, students would know they will 
be valued (Godec, King, & Archer, 2017). For example, teachers would create 
opportunities for students to express themselves in ways they feel comfortable. 
Teachers would also showcase examples from different types of people who 
work for science (ibid.). In fact, the science capital teaching approach stresses 
removing the barriers and changing systems that create inequality (Archer, De-
Witt, & King, 2018). The science capital teaching approach has made achieve-
ment. For example, after the first-year implementation in partner schools, the 
percentage of students who have an interest in studying at least one science sub-
ject at an A-level have increased remarkably from 16% to 21.4% (Archer, De-
Witt, & King, 2018: p. 7). 

However, aiming at the challenge of media’s misleading, capital teaching may 
not hinder the people’s stereotype guided by media publicity. In addition, there 
indeed exist low-income people who have no access to STEM related resources. 
Therefore, as an approach mainly conducted in the classroom, even if science 
capital teaching is effective, it cannot achieve perfect fairness. 

4.2. Setting Formative Assessment for Making 

In order to assess a learners’ performance, Yin et al. (2020) designed two forma-
tive assessment frameworks. They are a formal-and-embedded-in-curriculum 
formative assessment and are a planned-for-interaction formative assessment 
(ibid.). The formal-and-embedded-in-curriculum formative assessment is de-
signed to be implemented after class to ensure that students achieve expected 
goals before entering the next unit (ibid.). As for planned-for-interaction forma-
tive assessments, it is used in the teaching process, but prepared consciously be-
fore class, so as to closely incorporate with the teaching objectives (ibid.). 

For designing a planned-for-interaction formative assessment, Yin et al. 
(2020) firstly identified skills that should be strengthened through Making. They 
also positioned the time in Making activities where students can demonstrate or 
apply those skills (ibid.). Based on above, planned-for-interaction formative as-
sessment was designed. Implementation methods are answering formative as-
sessment questions and filling in worksheets that include questions prompting 
students to use relevant skills (ibid.). For the formal-and-embedded-in-curriculum 
formative assessment, the main key are integrated achievement tests and 
self-reported surveys at the beginning and the end of the Making to test the 
possible Making’s impact towards learners (ibid.). 

5. Conclusion 

This essay briefly analyzes the affordances and challenges of Making activities in 
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the out-of-school context. In terms of affordances, Making activities out of 
school can provide learners with an authentic environment to study STEM. 
When analyzing the environment provided by out-of-school context, the theo-
retical lens of embodied cognition is used. This theory stressed the operation 
that interaction between mind and environment leads to people’s cognition. This 
point also proves an out-of-school context is more conducive to a students’ learn-
ing compared with a formal context. Then, the constructionism pedagogy and 
playfulness of Making also enable learning out of school context to be positive. 

As for challenges, learners’ different participation and how to assess Making 
out of school are discussed in this essay. Then, current potential solutions aim-
ing at those two challenges are proposed, which is the implementation of science 
capital teaching approach and formative assessment. Although those solutions 
are effective to a certain extent, they cannot solve all challenges completely. 
Therefore, it is suggested that the future research direction should further ex-
plore how to solve the misguidance of media on STEM and Making learning, 
and how to make media play the positive role. Developing formative assessment 
and embedding it into Making curriculum design is also the suggested direction 
for future research. 
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