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Crafting a framework: a Delphi method approach to
formulating a maker literacy assessment model for
primary school students in China
Baocui Min1,2✉, Faizan Alam3✉, Wei Zhao4 & Jinhong Tao4

The inclusion of Maker education is crucial in fostering innovative individuals. However,

evaluating Maker activities in primary schools continues to be a difficult task. This study

aimed to determine the fundamental components of Maker literacy among primary school

students. The researchers constructed a thorough evaluation index system by doing a lit-

erature review, using coding techniques, determining the weights from YAAHP, and per-

forming statistical analysis with SPSS. The Delphi technique enhanced the conceptual

framework through consultation with sixteen experts. The emerging framework consists of

three dimensions: Design Thinking, Technology Application and Materialized Practice, and

Maker Spirit and Responsibility, each encompassing 12 subordinate aspects. These aspects

subtly comprehend Maker literacy and act as indicators for comprehensive assessment

systems in Chinese elementary schools. The study enhances our comprehension of children’s

development in the field of Maker literacy by outlining its structure. This study provides vital

insights into the assessment of Maker activities, which is a significant obstacle to the pro-

gress of Maker education. The findings of this study have practical consequences for those in

the field of education, policymakers, and those involved in developing curricula. The aim is to

promote the development of a generation of individuals capable of thinking innovatively and

creating new ideas.
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Introduction

The “Maker Movement” has sparked interest worldwide
among stakeholders involved in the operation and man-
agement of K12 educational institutions (Hsu et al., 2022;

Schad and Jones, 2020). The exponential growth of maker spaces
can be attributed to technological advances (Fu et al., 2022;
Godhe et al., 2019; Hwang, 2023; Pei, 2018). The utilization of
open-source programs and equipment contributes explicitly to
the technical assistance in the rise of Maker space (Pei, 2018). The
defining characteristic of a Maker space is not the state-of-the-art
equipment it exhibits but rather the Maker environment that
values autonomy, open-source principles, and an environment of
collaboration within the environment (Fu et al., 2022). Maker
culture fosters a community of individuals who freely exchange
ideas, engage in collective learning, and utilize open-source
software and hardware resources to transform concepts into
tangible creations (Davies et al., 2023; Hwang, 2023; Pei, 2018;
Tabarés and Boni, 2023). Maker education is a kind of technol-
ogy-based, hands-on, and creation-oriented learning (Serdyukov,
2017) that is regarded as a new educational mode to develop core
literacies and innovation abilities (Hsu et al., 2017; Jaatinen and
Lindfors, 2019; Sungur Gül and Ateş, 2022; Wang et al., 2018).
Maker education originates from the theory of constructivism
and Dewey’s concept of “learning by doing” and is also pro-
foundly influenced by the cognitive theory emphasizing the study
of active constructive, situational authenticity, and social inter-
action (He, 2022; Mayer, 1998). Furthermore, Maker education
allows learners to construct knowledge by solving real-world
problems and developing mental representations (Sawyer, 2006).
Adhering to the concepts of “innovation” and “creation” pro-
moted by the Maker movement, Maker education focuses on
cultivating students’ innovative thinking (Zhan and Niu, 2023).
This kind of education has the potential value to develop the core
qualities of the 21st century, such as critical thinking, commu-
nication, problem-solving, and collaboration abilities (Hughes
and Kumpulainen, 2021; Iwata et al., 2020; Veldhuis et al., 2021).

As Maker education research progresses, Maker activity
assessment has become a prominent problem that has hampered
the development of Maker education (Nikou, 2023). Existing
educational assessments mainly evaluate learners’ learning results
according to specific academic standards (Dixson and Worrell,
2016). While Maker education represents project-based, hands-
on, learner-centered, and iterative learning, the traditional
assessment methods may not be suitable for measuring the
higher-order skills associated with Maker education (Murai et al.,
2019). Therefore, such a gap significantly hinders the evaluation
of student Maker-learning outcomes. So consequently, there is a
necessity to do research in the primary student context.

Maker education facilitates interactive learning by promoting
the exchange of knowledge and creative thoughts (Tabarés and
Boni, 2023). In the present context, the learning tasks and ideas
associated with Maker education align harmoniously with those
of classroom instruction. The present education system, com-
bined with Maker education, which is closely linked to STEM
learning, is an instructional style that emphasizes problem-
oriented and project-centered training (Tabarés and Boni, 2023).
It depends on practical, frequently interactive learning activities
to resolve real-world issues. Maker education offers a practical
approach to instructing and acquiring new knowledge among
elementary kids in China (Xu et al., 2024).

In recent years, maker education assessment has attracted great
scholarly attention. For example, it has been argued that the
evaluation of Maker teaching comprises three parts: process,
understanding, and work (Yokana, 2015). Lin et al. (2020) ana-
lyzed the role of hands-on practice in learning and concluded that
the learning outcomes of Makers are divided into three

components: influence (emotional attitude in the Maker process),
cognition (understanding and constructing knowledge), and
participation and collaboration (Lindberg et al., 2020). The
Mount Royal University (MRU) Maker Space has developed an
evaluation scale with four dimensions: critical thinking, innova-
tion and creation, collaboration, and work habits (Makerspace,
2022). Furthermore, previous studies have used quantitative
methods based on students’ design schemes, works, and self-
rating scales, among others, to measure cognitive development,
behavioral performance, and student attitudes in Maker activities
(Blikstein et al., 2017; Chamrat, 2018; Lui et al., 2019; Murai et al.,
2019; Yin et al., 2020).

The term “Maker contribution research gap” is a recognized
insufficiency or shortcoming within the current archive of the
scholarly literature pertaining to the contributions made by
Maker education. This statement implies that further scholarly
research and exploration are necessary to examine the precise
mechanisms via which Maker education contributes to other
domains, including education, innovation, and workforce devel-
opment. However, thus far, most of the frameworks presented in
the literature only provide basic indicators for Maker activities
assessment and are too general to capture the multi-dimensional
performance of students in making artifacts. Thus, we set out to
develop in the current research a new framework for Maker
activities. This framework can invoke “a holistic engagement”
that encompasses various practical abilities embedded in tech-
nology, collaborative working, design thinking, and emotional
attitude. Moreover, the proposed framework is not just philoso-
phically aligned and coherent with the needs of Chinese teachers,
policymakers, and researchers alike, it is also especially developed
for their implementation.

The Maker Movement increases primary school children’s
enthusiasm and drive by teaching them how to produce things
and care for the resources of the globe around them (Chen et al.,
2023; Fu et al., 2022). The study we conducted builds upon
existing literature and highlights the significance of Maker edu-
cation. Furthermore, Maker education is an effective method for
fostering strong interactions with pupils (Soomro et al., 2023). It
entails accompanying learners as they develop into discerning
thinkers. It is truly remarkable to provide children with the
opportunity and resources to recognize their ability to generate
and explore ideas independently (Rehman et al., 2023).

The purposes of this study are as follows: First, it aims to
develop a Maker literacy assessment model for primary school
students in the People’s Republic of China, which is a collection
of essential characters, key abilities, and values for primary school
students to accomplish Maker activities (Maraschin et al., 2022).
Second, the current study aims to identify the specific weights of
indicators from the proposed research model. The resulting
model can be used to provide theoretical and practical guidance
for Maker education. For example, it is helpful to judge whether
teaching has achieved the expected effects in order to identify the
gaps between students, guide teachers in determining the teaching
objectives, and facilitate the process of content selection.

Establishing a literacy-oriented education evaluation system is
the trend of international education research. Related to this,
enriching and developing evaluation theory and innovating the
evaluation practice model of Maker literacy is an emerging
approach to strengthening Maker education, which has attracted
increasing attention in recent years (Kumpulainen et al., 2020;
Marsh et al., 2018). In particular, “Maker literacy” is a social
practice that entails making and remaking artifacts using various
materials and technologies (Kim et al., 2022). In the People’s
Republic of China, Maker education has brought great opportu-
nities for educational innovation (Jia et al., 2021).
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The notion of the “Maker contribution research gap” highlights
the need for undertaking more comprehensive and nuanced
investigations that delve into the specific contributions and out-
comes associated with Maker education. This instructional
approach will ultimately improve our understanding of its
potential benefits and limitations. The possible improvement of
this gap can offer useful insights to educators, policymakers, and
other pertinent stakeholders, empowering them to improve
Maker’s educational initiatives for the advantage of learners and
the broader community (Demirata and Sadik, 2023). Educators
are increasingly acknowledging students’ aptitude for excelling in
design, creation, and idea dissemination, which are crucial for our
economy and the current global landscape (Davies et al., 2023).
Currently, there is a dearth of studies on the structural aspects of
Maker literacy among primary school students in China. Thus, it
is imperative to investigate indicators representing the Maker
literacy hierarchy based on Chinese local Maker education
practices and related regulations.

Methods
Design. As shown in Fig. 1, the creation of the Maker literacy
assessment model for elementary schools on the mainland was
completed through a sequence of phases. We included two phases
for the proposed framework. In the first phase, we included a
conceptual framework (literature review) for Maker literacy
evaluation. The first framework considered China’s Maker edu-
cation policy backdrop and the key literacy development
requirements for mainland students (Dan, 2021). In the second
phase, we used the Delphi technique (two rounds survey) to
analyze and improve the domains and indicators of the Maker
literacy evaluation. Finally, we developed a professional

agreement on the Maker literacy assessment model for Chinese
primary school students (Fig. 1).

Literature review (content analysis). The literature coding was
performed to screen key indicators and construct a theoretical
structure model of Maker literacy assessment for Chinese primary
school students. Around two hundred published papers about
Maker activities, the design thinking process, and innovation
education from the fields of teaching theory, psychology, and
philosophy of technology were retrieved across the electronic
databases (i.e., Web of Science and China National Knowledge
Infrastructure [through back-to-back translation method]).

The literature review text systematically follows the procedures
of content analysis (Fraenkel et al., 2017). Finally, we established a
conceptual framework reflecting the potential dimensions and
indicators of Maker literacy assessment for Chinese primary
school students. At this point, the first version of the web-based
Delphi questionnaire was finalized.

Performance evaluation theory. Stone developed performance-
based assessment theory, and Wolf proposed standards for qua-
litative assessment (Stiggins, 1994). After the 1990s, performance
evaluation continued to develop and became an essential theo-
retical direction in educational assessment, combined with cur-
riculum integration, teacher development, and educational equity
(Herman, 1992). The main content of performance evaluation
theory includes assessing students’ abilities in actual or simulated
situations (Palm, 2019; Wiggins, 1998). Performance evaluation
emphasizes the need to set up actual or simulated evaluation
scenarios to evaluate students’ ability to apply knowledge and
skills to solve problems in real situations rather than being limited

Fig. 1 Proposed conceptual framework of a Delphi method approach to formulating a Maker literacy assessment model for Chinese primary school
students.
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to using paper-and-pen tests to assess their level of memory of
conceptual knowledge (Darling-Hammond et al., 2010). This
situational evaluation can better evaluate students’ comprehensive
abilities when facing complex situations and has higher predictive
validity (Lievens and Coetsier, 2002).

The concepts and techniques used to evaluate the efficacy,
development, and results of educational programs centered
around Maker culture are referred to as performance evaluation
theory in the context of Maker education (Lin et al., 2020). Maker
education focuses on practical, hands-on learning where students
use various tools, materials, and technology to design, develop,
and build physical creations. Within the realm of Maker
education, the philosophy of performance evaluation encom-
passes assessing both the process and the result of students’
creative endeavors (Pei, 2018). This assessment often surpasses
conventional standardized examinations and assessments,
emphasizing a comprehensive evaluation of students’ aptitude,
ingenuity, problem-solving competence, teamwork, and analytical
reasoning (Y.-C. Hsu et al., 2017). It may encompass process-
oriented evaluation: In one example, it involves examining all
aspects, including the actions individuals take, the techniques
they utilize, the problems they experience, and how they iterate
and enhance their designs. It also includes an assessment of the
product. For example, it evaluates students’ final outputs or
artworks based on their creativity, inventiveness, usefulness, and
compatibility with assignment aims and ambitions.

Evidence-centered design theory. The evidence-centered design
theory (ECD) was proposed by Mislevy et al. from the University
of Illinois in the late 1990s and is based on theories such as
cognitive psychology, cultural psychology, and evaluative psy-
chology (Mislevy et al., 2003; Mislevy and Riconscente, 2011). It
emphasizes that when designing educational evaluations, evi-
dence related to the assessment should be systematically con-
sidered, and interpretable evidence should be generated around
the learner’s knowledge, skills, and attitudes (Mislevy and Haertel,
2006). At the beginning of the 21st century, Mislevy established a
theoretical framework and proposed the concepts of learner,
evidence, and task models (Mislevy et al., 2002; Mislevy and
Riconscente, 2011). The inspiration of the Evidence Center
Design Theory for this study: Firstly, when designing the Maker
literacy structure model, this study needs to construct a learner
model and clarify which knowledge, skills, and attitudes students
should be tested in literacy evaluation (Mislevy and Riconscente,
2011). The learner model should describe the knowledge
dimension (technical knowledge), skill dimension (hands-on
practical ability), and attitude dimension (innovative conscious-
ness) contained in Maker literacy, providing a basis for sub-
sequent refinement of literacy elements and model construction
(Gierl et al., 2008; Han et al., 2022). Secondly, it is necessary to
establish an evidence model to analyze the different behaviors
that students may exhibit when completing Maker tasks, which
can provide a basis for extracting elements of literacy. The evi-
dence model can identify the behavior behaviors that students
may exhibit in problem-solving, hands-on production, and col-
laborative communication when carrying out different Maker
practice activities (Ferrara et al., 2008). By analyzing these
behaviors, key elements reflecting Maker literacy can be deter-
mined. The ECD theory helps to improve the explanatory and
inferential validity of literacy evaluation results(Ogata et al.,
2024). Because model evaluation enhances the correlation
between tasks and evidence, comprehensively examining the
overall performance of students in terms of knowledge, skills,
attitudes, etc., the evaluation results can more accurately reflect
their literacy level. Within the framework of Maker education, the

philosophy of ECD theory describes a method for creating
learning activities and evaluations based on data demonstrating
student comprehension (Ogata et al., 2024). This notion is
essential in Maker education, which emphasizes active, practical
learning and competence building via the development of phy-
sical products.

Participants. The volunteers in this survey were chosen based on
their area of study and expertise. The inclusion criteria were as
follows: employment as school staff in elementary or secondary
academic institutions, geographic location restrictions (scholars
actually living in the People’s Republic of China and already
carrying out work here), and qualifications in the fields of
STEAM education, information technology education, labor
education, and science education, among others. A group of
professionals in the current research was formed with the help of
established professors and scholars. The selected specialists have
over five years of experience in the research context, so they
served as excellent sources from whom we gathered relevant
information. A formal invitation request that also contained
information about our research background and objective was
e-mailed to 18 professionals, along with a volunteer participation
agreement and consent form. All experts replied to the e-mail, but
two experts were unable to participate due to some reservations.
Thus, a total of 16 professionals expressed a desire to cooperate in
the study on implementing a Maker literacy assessment model
explicitly designed for Chinese primary school children (Table 1).

Participant demographic profile. All of the participants were
citizens of China, of which 44% were male, and 56% were female.
In terms of age, 25% were between 31 and 40, 38% were between
41 and 50, and 38% were over 50 years old. Concerning educa-
tion, 19% held a bachelor’s degree, 6% had postgraduate quali-
fications, and 75% had a doctorate. Regarding teaching
experience, 6% of the participants were less than 5 years, 13%
were between 6 and 10 years, 13% were between 11–15 years, and
69% were more than 15 years. Professors made up 56% of the
participants, while associate professors made up 44%. The char-
acteristics of the participants are listed in Table 2 (Table 2).

Delphi study. The Delphi technique utilizes a sequence of con-
tinuous surveys combined with responses in order to promote
group engagement, organize the information exchange, dis-
seminate the information, and gather general professional opi-
nions (Donohoe et al., 2012; Skulmoski et al., 2007; Wang et al.,
2021). For the data collection, we developed a questionnaire
survey through a professional platform called “Wenjuanxing” (a
website offering survey features similar to Amazon Mechanical
Turk). Delphi requires at least two stages before a conclusion is
derived (Keeney et al., 2001). Thus, we also followed previous

Table 1 Basic information of experts.

Category Frequency

Units
Colleges and university professors 12
Scientific research institutes from the Ministry of Education,
People’s Republic of China

01

Primary and secondary schools 03
Major
The Maker/STEAM education 05
Informational technology education 06
Labor Education 02
Science Education 03
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studies’ approaches in conducting the data collection in two
stages: the first round of the survey focused on the exploratory
themes and variables, while the second round validated the first-
round specification. The same group of professional panelists
participated in both rounds. The data-gathering process consisted
of a two-round questionnaire delivered using online surveys from
May 2022 to August 2022, respectively. The initial round of the
questionnaire was circulated from May to June 2022, while the
second phase was circulated from July to August 2022. We used
an established platform named “Wenjuanxing,” which has survey
tools similar to Amazon Mechanical Turk, to make a ques-
tionnaire survey for the purpose of gathering data.

Procedure for the first round. The first wave of questionnaires was
distributed between May and June 2022. All professionals were
required to submit the first-round detailed questionnaires within
two weeks. A follow-up email was sent every four days. The
respondents were asked whether the indicators and domains of
the Maker literacy evaluation for Chinese primary school students
should be dropped, continued, or modified. Additionally, a
5-point Likert scale was used to encourage them to evaluate the
indicators and domains based on their importance to the
research. The dimensions and variables were modified to ensure a
simplified Maker literacy assessment model, which we then uti-
lized to design the second round of surveys in accordance with
the description of assessments from the first round.

Procedure for the second round. The second wave of ques-
tionnaires was fielded between July and August 2022. This second
phase aimed to provide inputs on the outcomes of the first round,
re-evaluate the relevance of the indicators and dimensions of the
modified Maker literacy assessment model, and establish con-
sensus. To determine the actual weights of items throughout the
proposed model, the respondents were requested to undertake
pair-wise evaluations and importance ranking of indicators of a
similar level using the judging matrices. This step helped establish
the respective significance of every indicator.

Consensus requirements and data analysis. Here, the following
values were used: interquartile range (IQR) ≤ 1, coefficient of
variation (CV = (SD/M) 100)= ≤ 18%, and the median ≥4.
These criteria were utilized to determine an opinion (Mao et al.,
2020; Diamond et al., 2014). If an opinion was established on a
certain issue, it was preserved in an overall questionnaire

However, if one aspect of the Maker literacy assessment model
fails to receive an opinion, then the professional group assessment
is not worthy of further justification. If an item does not fit one of
the acceptance criteria, the professional group evaluates and
debates on it to determine whether it should be eliminated or
retained. Next, the analytic hierarchy process (AHP) was utilized
to calculate the precise weights of the components inside the
Maker literacy model (Wang et al., 2020). YAAHP 10 software
was used to calculate the weights. Furthermore, the additional
quantitative analysis involving the median, (Interquartile range)
IQR, and the percentage was conducted using IBM SPSS 24.0.

Results
Development of the preliminary maker literacy assessment
structure. According to empirical and analytical literature,
“Maker literacy” represents a state of holistic understanding,
wherein individuals utilize innovative ideas to understand a
problematic scenario, engage actively with equipment and
materials, and creatively address the presented challenges. In
other words, Maker literacy refers to a set of skills acquired and
developed by a student upon receiving Maker education and by
living an innovative and creative lifestyle. Moreover, through
textual analysis, we assembled a set of indicators that were used in
both Delphi rounds. These indicators describe four dimensions:
design thinking, technology application, creation practice, and
responsibility awareness (Table 3).

Establishment of a maker literacy assessment model for Chi-
nese primary school students. In the questionnaire, all the
respondents involved in the study acknowledged the importance
of creating an assessment methodology for Maker literacy in
Chinese primary schools. The professionals recommended certain
additions, deletions, adjustments, classifications, and descriptions
of indicators and domains, as shown in Table 4 (Table 4).

The professional group convened to consider the recommen-
dations and remarks of the specialists. First, in terms of domains,
after comprehensive consideration, “Creation practice” was
modified to “Materialized practice,” which was merged with
“Technology application.” “Scheme selection” was changed to
“Scheme formulation” in order to incorporate the ideas of
engineering design ideas and system thinking. In addition, the
description of design thinking was also modified. As for the
indicators, “Material technology” and “Tool understanding” were
merged into “Technical understanding,” while “Visual represen-
tation” was incorporated into “Prototype construction.”

Table 2 Participants profile.

Demographic Category Frequency

Gender Male 07
Female 09

Age Less than 30 years old Nil
31–40 years old 04
41–50 years old 06
51–60 years old 06
More than 60 years old Nil

Education Bachelor Graduated 03
Post graduated 01
Doctoral degree 12

Teaching experience Less than 5 years 01
6–10 years 02
11–15 years 02
More than 15 years 11

Professional position Professor 09
Associate professor 07
Assistant professor Nil

Table 3 Preliminary maker literacy assessment structure.

Domains Indicators

Design thinking Requirement definition
Creative idea
Scheme selection
Prototype construction
Iterative optimization

Technology application Material technology
Tool understanding
Knowledge integration

Creation practice Making
Information gathering
Collaboration and communication
Visual representations

Responsibility consciousness Technical inquiry
Craftsman spirit
Ethical responsibility
Self-monitoring
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“Technical inquiry” was merged with “Craftsman spirit” and then
changed to “Maker spirit.” “Ethical responsibility” was changed to
“Maker responsibility.” Finally, “Self-monitoring” belonged to
metacognition, which was condensed in the process of “Technol-
ogy application and materialized practice.”

In the second round, the revised assessment model was
compiled into a questionnaire survey and sent to the same group
of experts once again. After the second round of consultation, the
average score of the three domains was above 4.6, and the full
score of “Design thinking” was 93.75%. The average value of the
12 indicators is above 4.3, among which the full marks of
“Creative idea,” “Knowledge integration,” “Maker spirit,” and
“Maker responsibility” are all above 80%. Overall, the experts
believe that the assessment model can reflect the key abilities and
values of Chinese primary school students in Maker activities.
Furthermore, there is no need to introduce other changes, except
for the description of some indicators. In terms of the
concentration of expert opinions, the IQR values of the indicators
are all less than 1.8, indicating that expert opinions are highly
concentrated. Among them, the concentrations on “Design
thinking,” “Creative thinking,” “Knowledge integration,” “Maker
spirit,” and “Maker responsibility” are very high.

Notably, the full score rates of the three indicators of “Iterative
optimization,” “Technical understanding,” and “Information
gathering” are low, but their average is between important and
very important (M > 4). Thus, given that the concentration of
expert opinions is good, they can be retained. Overall, the
coefficients of variation (Cv) of the three domains and twelve
indicators meet the requirements of coefficients of variation
(Cv<0.18). Eventually, after two rounds of expert consultation,
three domains and twelve indicators are finally determined, as
shown in Table 5 (Table 5).

Specific weights of items in the maker literacy assessment
model of chinese primary school students. The Analytic hier-
archy process (AHP) combines quantitative and qualitative ana-
lysis, decomposes complex problems into hierarchical problems,
and transforms qualitative problems into quantitative ones (Li,
2022; Wedley, 1990). In the current study, the YAAHP software
was used through the AHP technique to determine the weights of
the domains of the proposed model. The outcomes of the AHP
indicate that the weights of “Design thinking,” “Technology
application and materialized practice,” and “Maker spirit and
responsibility” are 0.365, 0.282, and 0.348, respectively. Based on
these results, it makes sense that “Design thinking” (0.365) is the

central variable within the Maker literacy assessment model. In
addition, all the scores for the twelve indicators are shown in
Table 6 (Table 6).

Discussion
The findings of this study have led to the selection of several
measures for assessing Maker literacy in Chinese primary schools.
The previous research has been limited to the context of a Maker
literacy assessment model in Chinese primary school students
(6–12 years old) context. In comparison, our research clearly
indicates the importance of primary school students’ level in
terms of thinking innovatively, thus addressing the research gap.
It originates from the current situation of Maker education
practice and its related policies in the People’s Republic of China,
which, in turn, determine the quality of Maker education pro-
grams and Maker activities in the country. They cover compo-
nents, including “Design thinking,” “Technology application and
materialized practice,” and “Maker spirit and responsibility.” The
efficiency of Maker education programs, the influence of Maker
activities on skill development, the incorporation of Maker con-
cepts into traditional schooling, and the wider societal ramifica-
tions of cultivating a Maker mindset are just a few examples of
the several facets that may fall under this gap. Academic scholars
may exhibit interest in investigating the impact of Maker edu-
cation on the development of critical skills, creativity, problem-
solving proficiencies, and its efficacy in equipping individuals for
forthcoming difficulties. Our research expands upon the existing
literature by further investigating the notions related to entre-
preneurship among Chinese primary students (Lundberg and
Rasmussen, 2018). Our research corroborated the prior findings
about Maker education as a means of offering a pertinent fra-
mework for learning (Gratani et al., 2023; Halverson and
Sheridan, 2014; Lundberg and Rasmussen, 2018). Maker Educa-
tion places significant emphasis on recognizing students’ inherent
capabilities, valuing their unique qualities, and equipping them to
confront real-world challenges while deriving valuable lessons
from their errors.

Design thinking. “Design thinking” refers to the process of using
ideas and methods in the field of design. It includes analysis,
generalization, prototype, engineering design, and others, and is
actually a process of solving problems creatively. Design thinking
is composed of five components: Requirement definition, Crea-
tive idea, Scheme formulation, Prototype construction, and
Iterative optimization, which have weights of 0.295, 0.222, 0.193,

Table 4 Statistical table of expert opinions.

Domains
“Technology application” and “Creation practice” are overlapping; they should be distinguished from each other.
“Creation practice” does not conform to the Chinese context; it must be modified to “Materialized practice.”
Both “Technology application” and “Creation practice” are important, but they are integrated and cannot be separated.
The description of “Design thinking” is not accurate and comprehensive. It should be modified
Indicators
Engineering thinking, system, and process thinking should be added.
“Material technology” and “Tool understanding” are integrated and cannot be separated.
“Technical inquiry” can be changed into “inquiry consciousness.”
“Collaboration and communication” and “Craftsman spirit” are not unique to the maker field.
The protection of intellectual property rights should be added, especially the use of digital resources.
“Visual representations” and “Prototype construction” are overlapping; they should be distinguished from each other.
The cultivation of literacy is a systematic project, and its indicators should be viewed from a systematic perspective.
The description of indicators can be further enhanced and refined to express the core ideas.
Some indicators have high requirements for Chinese primary school students.
The suggestions should be in accordance with Chinese primary school students’ reality. Furthermore, the number of indicators can be moderately
controlled.
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0.179, and 0.111, respectively. Overall, design thinking has a
weight value of 0.365, which is the highest weight in primary
school students’ Maker literacy.

Many scholars believe that the cultivation of thinking for
adolescents has become the mainstream trend (Gursoy and Bağ,
2018; Zeniali Khorchani et al., 2019). Experts ascribe high weight
to design thinking for the following two reasons. On the one
hand, it is the premise of organizing and implementing Maker
activities and has a direct impact on the learning effect of Makers
(Veldhuis et al., 2021). On the other hand, in technology-
supported learning activities based on creativity (Saher and Uslu,
2017), tools and technologies do not determine students’ learning
outcomes; rather, students’ thinking and awareness of applying
technology do.

“Requirement definition” is a process of understanding a
problem situation by listening, observing, or discussing from the
perspective of “seeking understanding.” “Creative idea” entails a
process of using associative, divergent, questioning, and other
thinking skills to propose a unique and feasible concept that
conforms to the design principles. There are two reasons why
experts give the greatest weight to creative ideas: (1) because the
essence of Maker education is rooted in the cultivation of
learners’ innovation ability (Liu et al., 2022), and (2) the creative
idea emphasizes the generation of rich ideas for solving a certain
problem and provides more options for a prototype (Dosi et al.,

2020; Stahl et al., 2014). In the era of the knowledge economy, the
cultivation of innovative thinking is the most important element
in nurturing talent (Dou et al., 2021).

“Scheme formulation” is a process of using the planning
thinking of system analysis and comparison to analyze a given
task in its entirety and form a problem solution. Scheme
formulation guarantees the realization of creative ideas, so it is
reasonable that it ranks second in terms of weight. “Prototype
construction” refers to a process of using visual methods, such as
charts, 3D models, or digital technology, to transform invisible
thinking processes, design intentions, and ideas into tangible
results. “Iterative optimization” is a continuous microcirculation
of testing models, improving creative artifacts, and modifying
schemes according to the feedback. Experts believe that
innovation belongs to higher-order thinking, while requirement
definition, prototype construction, and iterative optimization
belong to the emotional, technology application, and conscious-
ness levels, respectively. Thus, it is reasonable for them to have
low weights.

Technology application and materialized practice. “Technology
application and materialized practice” refers to the process of
selecting appropriate tools, materials, and equipment; acquiring
and integrating relevant knowledge and skills; effectively mana-
ging the learning process; and conducting technical practice to
solve problems in a creative manner. This domain is composed of
five components, namely, Technical understanding, Knowledge
integration, Making, Information gathering, and Cooperation and
communication. The weight of “Technology application and
materialized practice” is 0.282, which is the lowest weight given
by experts among the three domains. This can be due to several
reasons. First, Maker activities entail the process of turning
creative ideas into reality through hands-on production. There-
fore, technology application and materialized practice ability are
important contents in Maker literacy (Dou et al., 2021). Notably,
however, the ultimate goal of Maker education is not to use these
techniques and tools but to develop design thinking and inno-
vative thinking through it (Yang, 2018). Thus, experts may think
that Technology application and materialized ability are instru-
mental abilities, while Design thinking, Maker spirit, and
responsibility belong to higher-level thinking. Thus, its impor-
tance is relatively lower.

The weights of these five components under this domain are as
follows: Knowledge integration (0.290), Technical understanding
(0.248), Making (0.171), Cooperation and communication

Table 5 Components of primary school students’ maker literacy.

Code Indicators Average value Full marks rate% Med SD IQR Cv

A Design thinking 4.938 93.75 5 0.25 0 0.05
B Technology application and materialized practice 4.750 75 5 0.447 0.75 0.09
C Maker spirit and responsibility 4.625 62.5 5 0.500 1 0.11
A1 Requirement definition 4.750 75.00 5 0.447 0.75 0.09
A2 Creative idea 4.813 87.50 5 0.544 0 0.11
A3 Scheme formulation 4.625 68.75 5 0.619 1 0.13
A4 Prototype construction 4.563 62.50 5 0.629 1 0.14
A5 Iterative optimization 4.500 56.25 5 0.632 1 0.14
B1 Technical understanding 4.500 50.00 4.5 0.516 1 0.11
B2 Knowledge integration 4.813 81.25 5 0.403 0 0.08
B3 Making 4.625 68.75 5 0.619 1 0.13
B4 Information gathering 4.313 37.50 4 0.602 1 0.14
B5 Cooperation and communication 4.625 62.50 5 0.500 1 0.11
C1 Maker spirit 4.875 87.50 5 0.342 0 0.07
C2 Maker responsibility 4.813 81.25 5 0.403 0 0.08

Note 1: Med Median, SD standard deviation, IQR interquartile range, Cv coefficients of variation.

Table 6 Weight assignment of primary school students’
maker literacy.

Domains Weight Indicators Weight

Design thinking 0.365 Requirement definition 0.193
Creative idea 0.295
Scheme formulation 0.222
Prototype construction 0.179
Iterative optimization 0.111

Technology application
and materialized practice

0.282 Technical
understanding

0.248

Knowledge integration 0.290
Making 0.171
Information gathering 0.124
Cooperation and
communication

0.167

Maker spirit and
responsibility

0.348 Maker spirit 0.571
Maker responsibility 0.429
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(0.167), and Information collection (0.124). “Technical under-
standing” refers to having a good command of the characteristics
of tools, materials, and equipment and the ability to select and
utilize them effectively. “Knowledge integration” refers to
comprehensively using the knowledge of mathematics, science,
engineering, art, technology, and other disciplines; integrating the
content and experience that point to problem-solving; and
providing more options for prototype construction. “Making”
refers to the use of technical tools and equipment to assemble
hardware, process materials, and code programs. “Information
gathering” is a process of searching and collecting information
related to problem-solving through observation, text search,
investigation, and so on, to evaluate the reliability of the
information at hand. “Cooperation and communication” refer
to sharing knowledge, achievements, and resources with an
interactive and open mind to compete rationally and promote
one another.

Among these components, experts give Knowledge integration
the highest weight because it is a process of knowledge
construction (Glaés-Coutts and Nilsson, 2021), basically an
important part of higher-level cognitive abilities. In the era of a
knowledge economy, which attaches great importance to the
cultivation of thinking, the transfer and application of knowledge
are essential abilities for excellent Makers. Meanwhile, Technical
understanding is an important support for the completion of an
artifact and belongs to instrumental knowledge, while Knowledge
integration belongs to higher-order thinking. Thus, it is reason-
able that the weight of the former is slightly lower than that of the
latter.

Meanwhile, “Making” is the basic ability to complete Maker
activities and entails the process of transforming creative ideas
into reality. Technical understanding is an important support for
hands-on practice, so its weight is slightly lower than knowledge
integration. Compared with the other four indicators, experts
may think that mutual assistance and collaboration belong to
literacy from the social perspective, which is less important than
literacy improvement from the individual perspective. Thus,
given that information gathering is a kind of instrumental
literacy, it is given the lowest weight.

Maker spirit and responsibility. “Maker spirit and responsi-
bility” refers to perceiving and understanding technological
phenomena and problems and then gradually forming positive
attitudes, beliefs, and social responsibilities in the process of
materialized practice. This dimension consists of two compo-
nents: Maker spirit and Maker responsibility. The weight of the
Maker’s spirit and responsibility is 0.348, which gives it the sec-
ond most important position in the three domains. Many inter-
national scholars believe that literacy is a multi-dimensional
unified system that includes knowledge, skills, and attitude, of
which attitude matters most (Stoof et al., 2002). Jensen et al.
(2001) proposed the formula, “literacy= (knowledge+ skills) *
attitude,” where attitude connects knowledge and skills by mul-
tiplication (Jensen et al., 2001). The core aspects of Maker edu-
cation, such as spontaneity, innovation, creation, collaboration,
interest, and inquiry, require learners to have strong vitality and a
sustainable learning attitude (Connolly et al., 2020). How to be a
creator characterized by ethical responsibility has become a
necessary requirement for citizens. In this sense, it is reasonable
for “Maker spirit and responsibility” to be given a higher weight
than others (Cruz et al., 2021).

“Maker spirit” refers to having the qualities of being curious,
imaginative, and inquisitive about technical experiences. A person
with a “Maker spirit” has the qualities of patience, dedication, and
meticulousness, always strives for perfection, and shows strong

perseverance and courage in the face of technical challenges.
Meanwhile, “Maker responsibility” refers to an ecological and
environmental awareness of saving materials and turning waste
into treasure, a sense of responsibility for safety practice, and a
technical ethics awareness of respecting others’ achievements and
preserving intellectual property rights. The weight of the Maker
spirit is 0.571, which is higher than that of the Maker
responsibility (0.429). This is because the Maker activity is
characterized by emphasizing students’ enthusiasm. During the
process of the Maker activity, students are required to invest a
great deal of energy and self-consciousness, which requires the
support of exploration, curiosity, courage, and strong persever-
ance. While the awareness of certain responsibilities, such as
environmental protection, safety practices, and intellectual
property rights, embedded in Maker responsibility is not unique
to Maker education, it is a necessary quality for conducting for
Maker activities. Therefore, experts have assigned a slightly lower
value to Maker responsibility. The course’s focus is on fostering
technical proficiency and innovative thinking in the context of
making (Xia and Zhong, 2018). Thus, understanding the nature
and building blocks of Maker literacy enables educators to deliver
training and activities that will help their students reach their full
potential as future Makers. Furthermore, breaking down Maker
literacy into its constituent parts (domains) is crucial for
elucidating its hierarchy and developing a unified model of
evaluation.

In conclusion, the major Maker literacy subdomains recognize
the foundation, path, and goal of Maker literacy development.
Developing Maker literacy is a directed and purposeful endeavor,
and the above three domains are intended to support and enrich
one another. A primary school student with deal-Maker literacy
(defined as having design thinking, comprehensive technical
understanding, flexible making ability, awareness of technology
exploration and responsibility, and interdisciplinary knowledge
integration and cooperation and communication abilities) can
produce more outstanding, imaginative, and creative outcomes
upon performing Maker activities (Zhong et al., 2017).

Conclusion and implications
This study defined the foundation of Maker literacy and the
variables that may be utilized to construct more complete eva-
luation methods for assessing students’ Maker literacy in Chinese
primary schools. In addition, several indicators were chosen with
Chinese students in mind, taking into account the distinct cul-
tural environment in the country. Here, we gave precedence to
strategies that have previously been implemented in China. The
collection of specified variables indicates how the hierarchical
structure of the creation of “Maker literacy” is reflected in Chi-
nese primary school students.

In particular, the chosen variables are in alignment with the
aims of present Maker education and meet the required catalog of
higher-order opinions, skills, and talents, in accordance with the
existing Chinese education program. The establishment of a
systematic assessment method to determine the quality of Chi-
nese primary school students’ Maker literacy should be the focus
of future studies. For instance, future studies can construct an
evaluation instrument and validate its relevance and accuracy to
further investigate Maker literacy in Chinese primary schools.

Nevertheless, this research has led to the creation of a model
for evaluating Maker literacy, which takes into account the whole
range of factors that can affect the success of conducting projects
in the context of Chinese primary education. The goal is to
address the issue of insufficient imagination and skill in Chinese
primary school students, which can be clarified through Maker
education. Thus, the conditions in Chinese primary schools can
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be improved, and the significance of Maker education can be
heightened.

The implications of this study extend further assessment
approaches; it embraces a broader viewpoint on education that
emphasizes experiential learning, ingenuity, and cooperative
problem-solving. To successfully traverse an era marked by rapid
technology breakthroughs, nurturing a generation of kids skilled
in Maker literacy becomes a desired aim and a requirement to
prepare students for the difficulties and possibilities of the future.
The Maker Literacy Assessment Model is a practical tool for
educators to customize their teaching methods, enlightens pol-
icymakers on the significance of including Maker education
within the curriculum, and promotes continuous research to
enhance and adjust the model to changing educational environ-
ments. In the long term, implementing this technology can sub-
stantially contribute to developing competent and flexible
personnel, establishing the basis for a future generation of ima-
ginative and inventive individuals in China and other regions.

Foremost, the Maker literacy assessment model comprehensively
reflects the essential indicators of Maker literacy for Chinese pri-
mary school students and forms the systematic structure of Maker
literacy. This is helpful in guiding Maker teachers in determining
teaching objectives and selecting appropriate and useful content.
Second, through the weight analysis of the items included in the
model, this study is able to demonstrate that distinct abilities and
traits have varying levels of importance to students. This finding
enables teachers to develop suitable Maker literacy activities with
goals and priorities according to students’ knowledge and ability
base. Third, the Maker literacy assessment model provides a sci-
entific framework for the development of measurement tools, which
are helpful in grasping the current situation of the existing student
Maker literacy. This also helps in the assessment of whether a
certain teaching program has achieved the expected effect and in
the identification of gaps between students.

In brief, creating a Maker Literacy Assessment Model for primary
school kids in China enhances research, policymakers, and imple-
mentation in education by fostering creativity, fairness, and high
standards in teaching and learning. The objective of our study is to
design and apply a Maker Literacy Assessment Model specifically
designed for students in primary schools in China. It provides
several advantages and prospects for the educational environment.
It improves educational results. For instance, educators can enhance
their comprehension of students’ aptitude in critical thinking,
problem-solving, creativity, and teamwork, fostering comprehensive
educational results that fit with the capabilities required in the
twenty-first century. It can have advantageous effects on promoting
creativity and entrepreneurial spirit among primary school students
in China. Our study findings encourage entrepreneurship and
creative thinking among elementary school kids, cultivating a cul-
ture of creativity, exploration, and risk-taking crucial for tackling
challenging real-world problems.

Limitations and future research
This research has a couple of drawbacks. First, it is important to
note that the acceptance of the Delphi methodology will not
generally indicate that the perfect conclusion has been observed.
Rather, it only indicates that professionals are striving to uncover
and generalize new ideas and techniques. Therefore, additional
reviews, testing, validations, and amendments are needed to bring
the final result nearer to worldwide standards. Second, the fra-
mework for measuring Maker literacy and the related variables
for Chinese students was created within the current state of
China’s Maker education curriculum and its outcomes. Therefore,
international comparisons should be made with caution. Third,

this study used the AHP approach, which is a subjective
weighting approach that could possibly introduce bias into the
framework of Maker literacy. Finally, given the geographical
location of the study, the findings in this paper cannot be gen-
eralized. Thus, in future research, we aim to collect data from
other provinces and from developing nations, such as India,
Pakistan, Nepal, Bangladesh, Thailand, and Vietnam.

Data availability
The data are not publicly available due to the respondents’
privacy.

Received: 24 November 2023; Accepted: 8 March 2024;

References
Blikstein P, Kabayadondo Z, Martin A, Fields D (2017) An assessment instrument

of technological literacies in Makerspaces and FabLabs. J Eng Educ
106(1):149–175. https://doi.org/10.1002/jee.20156

Chamrat S (2018) The Science Camp Model based on maker movement and
tinkering activity for developing concept of electricity in middle school
students to meet standard evaluation of ordinary national educational test
(O-NET). AIP Conf Proc 1923:030008. https://doi.org/10.1063/1.5019499

Chen O, Campos F, Bergner Y (2023) A Makerspace walks into a high-school: a
case study of the micropolitics of school reform. Educ Technol Res Dev 1–19.
https://doi.org/10.1007/s11423-023-10268-3

Connolly C, O Gorman S, Hall T, Hijón-Neira R (2020) Pre-service teacher per-
ceptions in integrating maker-centered learning in their mathematics and
education initial teacher education programme. Universitas Tarraconensis Rev
de Ciències de l’Educació 1(3):50. https://doi.org/10.17345/ute.2020.3.2778

Cruz E, Costa FA, Pereira C (2021) Who cares about the digital culture at school?
Digit Educ Rev 39:270–282. https://doi.org/10.1344/der.2021.39.270-282

Dan H (2021) Practice of life education based on the cultivation of core literacy. J
High Educ Res 2(5). https://doi.org/10.32629/jher.v2i5.491

Darling-Hammond L, Adamson F, Abedi J (2010) Beyond basic skills: the role of
performance assessment in achieving 21st century standards of learning.
Stanford Center for Opportunity Policy in Education

Davies S, Seitamaa-Hakkarainen P, Hakkarainen K (2023) Idea generation and
knowledge creation through maker practices in an artifact-mediated colla-
borative invention project. Learn Cult Soc Interact 39:100692. https://doi.org/
10.1016/j.lcsi.2023.100692

Demirata A, Sadik O (2023) Design and skill labs: Identifying teacher competencies
and competency-related needs in Turkey’s national makerspace project. J Res
Technol Educ 55(2):163–189. https://doi.org/10.1080/15391523.2021.1938301

Diamond IR, Grant RC, Feldman BM, Pencharz PB, Ling SC, Moore AM, Wales
PW (2014) Defining consensus: A systematic review recommends metho-
dologic criteria for reporting of Delphi studies. J Clin Epidemiol 67(4).
https://doi.org/10.1016/j.jclinepi.2013.12.002

Dixson DD, Worrell FC (2016) Formative and summative assessment in the
classroom. Theory Into Pract. 55(2):153–159. https://doi.org/10.1080/
00405841.2016.1148989

Donohoe H, Stellefson M, Tennant B (2012) Advantages and limitations of the
e-Delphi technique. Am J Health Educ 43(1):38–46. https://doi.org/10.1080/
19325037.2012.10599216

Dosi C, Mattarelli E, Vignoli M (2020) Prototypes as identity markers: The double‐
edged role of prototypes in multidisciplinary innovation teams. Creat Innov
Manag 29(4):648–666. https://doi.org/10.1111/caim.12410

Dou X, Li H, Jia L (2021) The linkage cultivation of creative thinking and inno-
vative thinking in dance choreography. Think Skills Creat 41:100896. https://
doi.org/10.1016/j.tsc.2021.100896

Ferrara S, Perie M, Johnson E (2008) Matching the judgmental task with standard
setting panelist expertise: The item-descriptor (id) matching method. J Appl
Test Technol 9(1):1–20

Fraenkel JR, Wallen NE, Hyun HH (2017) How to design and evaluate research in
education. J Am Optom Assoc 91:704

Fu P, Li L, Xie X (2022) Reconstructing makerspaces in China: mass innovation
space and the transformative creative industries. Humanit Soc Sci Commun
9(1):356. https://doi.org/10.1057/s41599-022-01383-2

Gierl MJ, Zhou J, Alves C (2008) Developing a taxonomy of item model types to
promote assessment engineering. J Technol Learn Assess 7(2):1–51

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-024-02964-z ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2024) 11:453 | https://doi.org/10.1057/s41599-024-02964-z 9

https://doi.org/10.1002/jee.20156
https://doi.org/10.1063/1.5019499
https://doi.org/10.1007/s11423-023-10268-3
https://doi.org/10.17345/ute.2020.3.2778
https://doi.org/10.1344/der.2021.39.270-282
https://doi.org/10.32629/jher.v2i5.491
https://doi.org/10.1016/j.lcsi.2023.100692
https://doi.org/10.1016/j.lcsi.2023.100692
https://doi.org/10.1080/15391523.2021.1938301
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1080/00405841.2016.1148989
https://doi.org/10.1080/00405841.2016.1148989
https://doi.org/10.1080/19325037.2012.10599216
https://doi.org/10.1080/19325037.2012.10599216
https://doi.org/10.1111/caim.12410
https://doi.org/10.1016/j.tsc.2021.100896
https://doi.org/10.1016/j.tsc.2021.100896
https://doi.org/10.1057/s41599-022-01383-2


Glaés-Coutts L, Nilsson H (2021) Who owns the knowledge? Knowledge con-
struction as part of the school improvement process. Improv Sch
24(1):62–75. https://doi.org/10.1177/1365480220929767

Godhe A-L, Lilja P, Selwyn N (2019) Making sense of making: critical issues in the
integration of maker education into schools. Technol Pedagog Educ
28(3):317–328. https://doi.org/10.1080/1475939X.2019.1610040

Gratani F, Giannandrea L, Rossi PG (2023) Learning in the post-digital era.
Transforming education through the Maker approach. Res Educ Media
15(1):111–119

Gursoy E, Bağ HK (2018) Is it possible to enhance the creative thinking skills of
EFL learners through training? Adv Lang Lit Stud 9(6):172. https://doi.org/10.
7575/aiac.alls.v.9n.6p.172

Halverson ER, Sheridan K (2014) The maker movement in education. Harv Educ
Rev 84(4):495–504. https://doi.org/10.17763/haer.84.4.34j1g68140382063

Han X, Liu Y, Li H, Fan Z, Luo H (2022) Promoting collaborative innovation and
disciplinary integration in maker education through augmented reality: a
design-based research. Int J Innov Learn 31(3):307. https://doi.org/10.1504/
IJIL.2022.122066

He K (2022) Advocacy and implementation of maker education with Chinese
features. In: Innovative education informatization with Chinese character-
istics. Springer. pp. 307–325

Herman JL (1992) A practical guide to alternative assessment. ERIC
Hsu T-C, Chang Y-S, Chen M-S, Tsai I-F, Yu C-Y (2022) A validity and reliability

study of the formative model for the indicators of STEAM education crea-
tions. Educ Inf Technol 1–24. https://doi.org/10.1007/s10639-022-11412-x

Hsu Y-C, Baldwin S, Ching Y-H (2017) Learning through making and maker
education. TechTrends 61(6):589–594. https://doi.org/10.1007/s11528-017-
0172-6

Hughes JM, Kumpulainen K (2021) Editorial: maker education: opportunities and
challenges. Front Educ 6:798094. https://doi.org/10.3389/feduc.2021.798094

Hwang Y (2023) When makers meet the metaverse: effects of creating NFT
metaverse exhibition in maker education. Comput Educ 194:104693. https://
doi.org/10.1016/j.compedu.2022.104693

Iwata M, Pitkänen K, Laru J, Mäkitalo K (2020) Exploring potentials and challenges
to develop twenty-first century skills and computational thinking in K-12
maker education. Front Educ 5:87. https://doi.org/10.3389/feduc.2020.00087

Jaatinen J, Lindfors E (2019) Makerspaces for pedagogical innovation processes:
how finnish comprehensive schools create space for makers. Des Technol
Educ 24(2):n2

Jensen SB, McHenry G, Lunde J, Rysst J, Harstad E (2001) Which key character-
istics of graduates will a technology company look for? International Con-
ference on Engineering Education, Oslo, Norway, 1–3. https://www.ineer.org/
Welcome.htm

Jia Y, Zhou B, Zheng X (2021) A curriculum integrating STEAM and maker
education promotes pupils’ learning motivation, self-efficacy, and inter-
disciplinary knowledge acquisition. Front Psychol 12:725525. https://doi.org/
10.3389/fpsyg.2021.725525

Keeney S, Hasson F, McKenna HP (2001) A critical review of the Delphi technique
as a research methodology for nursing. Int J Nurs Stud 38(2). https://doi.org/
10.1016/S0020-7489(00)00044-4

Kim J-Y, Seo JS, Kim K (2022) Development of novel-engineering-based maker
education instructional model. Educ Inf Technol 27(5):7327–7371

Kumpulainen K, Kajamaa A, Leskinen J, Byman J, Renlund J (2020) Mapping
digital competence: students’ maker literacies in a school’s makerspace. Front
Educ 5. https://doi.org/10.3389/feduc.2020.00069

Li H (2022) Analysis of the role of HS-HKRVM analytic hierarchy process in the
evaluation of english teaching quality. Mob Inf Syst 2022:1–10. https://doi.
org/10.1155/2022/3461677

Lievens F, Coetsier P (2002) Situational tests in student selection: an examination
of predictive validity, adverse impact, and construct validity. Int J Select
Assess 10(4):245–257

Lin Q, Yin Y, Tang X, Hadad R, Zhai X (2020) Assessing learning in technology-
rich maker activities: a systematic review of empirical research. Comput Educ
157:103944. https://doi.org/10.1016/j.compedu.2020.103944

Lindberg L, Fields DA, Kafai YB (2020) STEAM maker education: conceal/reveal of
personal, artistic and computational dimensions in high school student
projects. Front Educ 5:51. https://doi.org/10.3389/feduc.2020.00051

Liu W, Zhu Y, Liu M, Li Y (2022). Exploring maker innovation: a transdisciplinary
engineering design perspective. Sustainability (Switzerland), 14(1). https://
doi.org/10.3390/su14010295

Lui D, Fields DKafai Y (2019) Student maker portfolios. Proceedings of FabLearn
2019:10–17. https://doi.org/10.1145/3311890.3311892

Lundberg M, Rasmussen J (2018) Foundational principles and practices to consider
in assessing maker education. J Educ Technol 14(4):1–12

Makerspace M (2022, December 3) Mru makerspace—Home. Makerspace. http://
mrumakerspace.weebly.com/

Mao X, Loke AY, Hu X (2020) Developing a tool for measuring the disaster
resilience of healthcare rescuers: A modified Delphi study. Scand J Trauma
Resusc Emerg Med 28(1). https://doi.org/10.1186/s13049-020-0700-9

Maraschin D, Nascimento K, Padilha CE, Tortelli LM, Primo TT, Tavares T (2022)
How can we evaluate? A systematic mapping of maker activities and their
intersections with the formal education system. 2022 IEEE Global Engi-
neering Education Conference (EDUCON), Tunis, Tunisia, 1602–1608.
https://doi.org/10.1109/EDUCON52537.2022.9766456

Marsh J, Arnseth H, Kumpulainen K (2018) Maker literacies and maker citizenship
in the MakEY (Makerspaces in the Early Years) project. Multimodal Technol
Interact 2(3):50. https://doi.org/10.3390/mti2030050

Mayer RE (1998) Cognitive theory for education: what teachers need to know. In:
How students learn: reforming schools through learner-centered education.
American Psychological Association. Washington. pp. 353–377 https://doi.
org/10.1037/10258-013

Mislevy RJ, Haertel GD (2006) Implications of evidence‐centered design for edu-
cational testing. Educ Meas: Issues Pract 25(4):6–20. https://doi.org/10.1111/j.
1745-3992.2006.00075.x

Mislevy RJ, Riconscente MM (2011) Handbook of test development. In: TM
Haladyna TM, Downing SM (eds.). Handbook of test development. Routle-
dge. New York

Mislevy RJ, Steinberg LS, Almond RG (2002) Design and analysis in task-based
language assessment. Lang Test 19(4):477–496. https://doi.org/10.1191/
0265532202lt241oa

Mislevy RJ, Steinberg LS, Almond RG (2003) Focus article: on the structure of
educational assessments. Meas Interdiscip Res Perspect 1(1):3–62. https://doi.
org/10.1207/S15366359MEA0101_02

Murai Y, Kim YJ, Martin E, Kirschmann P, Rosenheck L, Reich J (2019)
Embedding assessment in school-based making. Proceedings of FabLearn
2019, New York, pp. 180–183. https://doi.org/10.1145/3311890.3311922

Nikou SA (2023) Student motivation and engagement in maker activities under the
lens of the activity theory: a case study in a primary school. J Comput Educ
1–19. https://doi.org/10.1007/s40692-023-00258-y

Ogata H, Majumdar R, Flanagan B, Kuromiya H (2024) Learning analytics and
evidence-based K12 education in Japan: usage of data-driven services for
mobile learning across two years. Int J Mob Learn Organ 18(1):15–48. https://
doi.org/10.1504/IJMLO.2024.135123

Palm T (2019) Performance assessment and authentic assessment: a conceptual
analysis of the literature. Pract Assess Res Eval 13(1):4

Pei Y (2018) The theoretical basis and importance of maker education. Proceedings
of the 2018 2nd International Conference on Education Science and Eco-
nomic Management (ICESEM 2018). Paris, France. pp. 531–534 https://doi.
org/10.2991/icesem-18.2018.123

Rehman N, Zhang W, Mahmood A, Fareed MZ, Batool S (2023) Fostering twenty-
first century skills among primary school students through math project-
based learning. Humanit Soc Sci Commun 10(1):424. https://doi.org/10.1057/
s41599-023-01914-5

Skulmoski GJ, Hartman FT, Krahn J (2007) The Delphi method for graduate
research. J Inf Technol Educ Res 6:001–021. https://doi.org/10.28945/199

Saher N, Uslu F (2017) Makerspace and design thinking: emerging technologies for
achieving creativity and innovation in schools. 4th International Conference
on Education and Social Sciences. Istanbul, Turkey. pp. 336–341

Sawyer RK (2006) Introduction: the new science of learning. In: Sawyer RK (ed.).
The Cambridge Handbook of the Learning Sciences. Cambridge University
Press. UK

Schad M, Jones WM (2020) The maker movement and education: a systematic
review of the literature. J Res Technol Educ 52(1):65–78. https://doi.org/10.
1080/15391523.2019.1688739

Serdyukov P (2017) Innovation in education: what works, what doesn’t, and what
to do about it? J Res Innov Teach Learn 10(1):4–33. https://doi.org/10.1108/
JRIT-10-2016-0007

Soomro SA, Casakin H, Nanjappan V, Georgiev GV (2023) Makerspaces fostering
creativity: a systematic literature review. J Sci Educ Technol 32(4):530–548.
https://doi.org/10.1007/s10956-023-10041-4

Stahl BC, McBride N, Wakunuma K, Flick C (2014) The empathic care robot: a
prototype of responsible research and innovation. Technol Forecast Soc
Change 84:74–85. https://doi.org/10.1016/j.techfore.2013.08.001

Stiggins RJ (1994) Student-centered classroom assessment. Merrill New York
Stoof A, Martens RL, van Merriënboer JJG, Bastiaens TJ (2002) The boundary

approach of competence: a constructivist aid for understanding and using the
concept of competence. Hum Resour Dev Rev 1(3):345–365. https://doi.org/
10.1177/1534484302013005

Sungur Gül K, Ateş H (2022) An examination of the effect of technology-based
STEM education training in the framework of technology acceptance model.
Educ Inf Technol 1–27. https://doi.org/10.1007/s10639-022-11539-x

Tabarés R, Boni A (2023) Maker culture and its potential for STEM education. Int J
Technol Des Educ 33(1):241–260

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-024-02964-z

10 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2024) 11:453 | https://doi.org/10.1057/s41599-024-02964-z

https://doi.org/10.1177/1365480220929767
https://doi.org/10.1080/1475939X.2019.1610040
https://doi.org/10.7575/aiac.alls.v.9n.6p.172
https://doi.org/10.7575/aiac.alls.v.9n.6p.172
https://doi.org/10.17763/haer.84.4.34j1g68140382063
https://doi.org/10.1504/IJIL.2022.122066
https://doi.org/10.1504/IJIL.2022.122066
https://doi.org/10.1007/s10639-022-11412-x
https://doi.org/10.1007/s11528-017-0172-6
https://doi.org/10.1007/s11528-017-0172-6
https://doi.org/10.3389/feduc.2021.798094
https://doi.org/10.1016/j.compedu.2022.104693
https://doi.org/10.1016/j.compedu.2022.104693
https://doi.org/10.3389/feduc.2020.00087
https://www.ineer.org/Welcome.htm
https://www.ineer.org/Welcome.htm
https://doi.org/10.3389/fpsyg.2021.725525
https://doi.org/10.3389/fpsyg.2021.725525
https://doi.org/10.1016/S0020-7489(00)00044-4
https://doi.org/10.1016/S0020-7489(00)00044-4
https://doi.org/10.3389/feduc.2020.00069
https://doi.org/10.1155/2022/3461677
https://doi.org/10.1155/2022/3461677
https://doi.org/10.1016/j.compedu.2020.103944
https://doi.org/10.3389/feduc.2020.00051
https://doi.org/10.3390/su14010295
https://doi.org/10.3390/su14010295
https://doi.org/10.1145/3311890.3311892
http://mrumakerspace.weebly.com/
http://mrumakerspace.weebly.com/
https://doi.org/10.1186/s13049-020-0700-9
https://doi.org/10.1109/EDUCON52537.2022.9766456
https://doi.org/10.3390/mti2030050
https://doi.org/10.1037/10258-013
https://doi.org/10.1037/10258-013
https://doi.org/10.1111/j.1745-3992.2006.00075.x
https://doi.org/10.1111/j.1745-3992.2006.00075.x
https://doi.org/10.1191/0265532202lt241oa
https://doi.org/10.1191/0265532202lt241oa
https://doi.org/10.1207/S15366359MEA0101_02
https://doi.org/10.1207/S15366359MEA0101_02
https://doi.org/10.1145/3311890.3311922
https://doi.org/10.1007/s40692-023-00258-y
https://doi.org/10.1504/IJMLO.2024.135123
https://doi.org/10.1504/IJMLO.2024.135123
https://doi.org/10.2991/icesem-18.2018.123
https://doi.org/10.2991/icesem-18.2018.123
https://doi.org/10.1057/s41599-023-01914-5
https://doi.org/10.1057/s41599-023-01914-5
https://doi.org/10.28945/199
https://doi.org/10.1080/15391523.2019.1688739
https://doi.org/10.1080/15391523.2019.1688739
https://doi.org/10.1108/JRIT-10-2016-0007
https://doi.org/10.1108/JRIT-10-2016-0007
https://doi.org/10.1007/s10956-023-10041-4
https://doi.org/10.1016/j.techfore.2013.08.001
https://doi.org/10.1177/1534484302013005
https://doi.org/10.1177/1534484302013005
https://doi.org/10.1007/s10639-022-11539-x


Veldhuis A, D’Anjou B, Bekker T, Garefi I, Digkoglou P, Safouri G, Remotti S,
Beamer Cronin E, Bouros M (2021) The connected qualities of design thinking
and maker education practices in early education: a narrative review. FabLearn
Europe/MakeEd 2021—An International Conference on Computing, Design
and Making in Education, 1–10. https://doi.org/10.1145/3466725.3466729

Wang X, Chen T, Zhang Y, Yang HH (2021) Implications of the Delphi method in
the evaluation of sustainability open education resource repositories. Educ Inf
Technol 26:3825–3844

Wang X, Xu W, Guo L (2018) The Status Quo and ways of STEAM education
promoting China’s future social sustainable development. Sustainability
10(12):4417. https://doi.org/10.3390/su10124417

Wang Y, Ni X, Wang J, Hu Z, Lu K (2020) A comprehensive investigation on the
fire hazards and environmental risks in a commercial complex based on fault
tree analysis and the analytic hierarchy process. Int J Environ Res Public
Health 17(19):7347. https://doi.org/10.3390/ijerph17197347

Wedley WC (1990) Combining qualitative and quantitative factors—an analytic
hierarchy approach. Socio-Econ Plan Sci 24(1):57–64. https://doi.org/10.
1016/0038-0121(90)90028-6

Wiggins G (1998) Educative assessment. designing assessments to inform and
improve student performance. Jossey-Bass Publishers, San Francisco, USA

Xia L, Zhong B (2018) A systematic review on teaching and learning robotics
content knowledge in K-12. Comput Educ 127:267–282. https://doi.org/10.
1016/j.compedu.2018.09.007

Xu W, Chen J-C, Lou Y, Chen H (2024) Impacts of maker education-design
thinking integration on knowledge, creative tendencies, and perceptions of
the engineering profession. Int J Technol Des Educ 34(1):75–107. https://doi.
org/10.1007/s10798-023-09810-4

Yang C-M (2018) Applying design thinking as a method for teaching packaging
design. J Educ Learn 7(5):52. https://doi.org/10.5539/jel.v7n5p52

Yin Y, Hadad R, Tang X, Lin Q (2020) Improving and assessing computational
thinking in maker activities: the integration with physics and engineering
learning. J Sci Educ Technol 29(2):189–214. https://doi.org/10.1007/s10956-
019-09794-8

Yokana L (2015, January 20) Creating an authentic maker education Rubric|
Edutopia. Edutopia. https://www.edutopia.org/blog/creating-authentic-
maker-education-rubric-lisa-yokana

Zeniali Khorchani S, Rezaei S, Saadatmand Z, Farashbandi R (2019) The effec-
tiveness of creative thinking training on the critical thinking and media lit-
eracy in students. Iran Evolut Educ Psychol J 1(3):213–221. https://doi.org/
10.29252/ieepj.1.3.213

Zhan Z, Niu S (2023) Subject integration and theme evolution of STEM education
in K-12 and higher education research. Humanit Soc Sci Commun 10(1):781.
https://doi.org/10.1057/s41599-023-02303-8

Zhong B, Wang Q, Chen J, Li Y (2017) Investigating the period of switching roles
in pair programming in a primary school. J Educ Technol Soc 20(3):220–233

Author contributions
The authors confirm their contribution to the paper as follows: Study conception and
design: Baocui Min and Wei Zhao; Data Collection and Analysis: Baocui Min and Wei

Zhao; Interpretation of results: Baocui Min, Faizan Alam; Draft manuscript preparation:
Baocui Min, Faizan Alam, Wei Zhao, and Jinhong Tao. All authors reviewed the results
and approved the final version of the manuscript.

Competing interests
The authors declare no competing interests.

Ethical approval
Our institution does not require ethics approval for reporting individual cases or case
series. However, an online self-assessment called Self-Assessment for Governance and
Ethics (SAGE) by authors was performed (corresponding author). The self-assessment
guided that the study did not involve animals as participants. For survey research, self-
assessment did not raise any issue that may impact human participants. All study
constructs were sourced from primary and secondary research and adopted to suit the
purpose of the study. Participating in this research raised no concern for animal or
human harm.

Informed consent
Written informed consent was obtained from all participants in this study before
commencing the survey.

Additional information
Correspondence and requests for materials should be addressed to Baocui Min or
Faizan Alam.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2024

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-024-02964-z ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2024) 11:453 | https://doi.org/10.1057/s41599-024-02964-z 11

https://doi.org/10.1145/3466725.3466729
https://doi.org/10.3390/su10124417
https://doi.org/10.3390/ijerph17197347
https://doi.org/10.1016/0038-0121(90)90028-6
https://doi.org/10.1016/0038-0121(90)90028-6
https://doi.org/10.1016/j.compedu.2018.09.007
https://doi.org/10.1016/j.compedu.2018.09.007
https://doi.org/10.1007/s10798-023-09810-4
https://doi.org/10.1007/s10798-023-09810-4
https://doi.org/10.5539/jel.v7n5p52
https://doi.org/10.1007/s10956-019-09794-8
https://doi.org/10.1007/s10956-019-09794-8
https://www.edutopia.org/blog/creating-authentic-maker-education-rubric-lisa-yokana
https://www.edutopia.org/blog/creating-authentic-maker-education-rubric-lisa-yokana
https://doi.org/10.29252/ieepj.1.3.213
https://doi.org/10.29252/ieepj.1.3.213
https://doi.org/10.1057/s41599-023-02303-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Crafting a framework: a Delphi method approach to formulating a maker literacy assessment model for primary school students in�China
	Introduction
	Methods
	Design
	Literature review (content analysis)
	Performance evaluation�theory
	Evidence-centered design�theory
	Participants
	Participant demographic profile
	Delphi�study
	Procedure for the first�round
	Procedure for the second�round
	Consensus requirements and data analysis

	Results
	Development of the preliminary maker literacy assessment structure
	Establishment of a maker literacy assessment model for Chinese primary school students
	Specific weights of items in the maker literacy assessment model of chinese primary school students

	Discussion
	Design thinking
	Technology application and materialized practice
	Maker spirit and responsibility

	Conclusion and implications
	Limitations and future research
	Data availability
	References
	References
	Author contributions
	Competing interests
	Additional information




