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Abstract

STEM learning is an integrated approach to improving learners’ problem-solving capacity and 21st-century skills
by engaging them in systematic investigation that requires interdisciplinary knowledge. This study aimed to
examine whether the design of an innovative knowledge-building environment facilitates STEM learning.
Participants were university students engaging in in-depth group projects to design a piece of living-technology
product. Data were obtained from student groups’ online discussion of their STEM projects. Both quantitative and
qualitative analyses of student groups’ knowledge-building activities, including fostering a strong sense of
community, working productively with ideas, and assuming higher-level agency, provided evidence of students’
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deep engagement in the design of their STEM projects. Recommendations for the design of effective STEM
learning environments are offered.

Introduction

The lack of professionals in science, technology, engineering, and mathematics (STEM) fields and students’
declining interests in pursuing STEM majors (Han 2017) indicate a need to promote STEM subjects. In 2007, the
US Congress legislated to promote STEM subjects, followed by various initiatives taken to encourage students to
pursue STEM careers in related fields by ensuring that they are equipped with solid STEM knowledge and skills
(Kuenzi 2008). There has also been research into the nature, process, and outcomes of STEM education. A search
for “STEM education” in Google Scholar carried out on May 15, 2018 retrieved over 202,000 publications and in
the past 5 months alone, more than 3400 articles mentioning STEM have been published. Another search for
“STEM education” in the Web of Science database yielded 1864 publications for the period 2008–2018 (from 56 in
2008 to 342 in 2017). Apparently, the importance of STEM education is increasingly recognized by educators and
policy makers (Ritz and Fan 2015). It is argued that STEM education facilitates the development of important 21st-
century skills such as creative, communicative, collaborative, and design skills that are urgently needed to solve
today’s pressing societal, economical, and environmental problems (Bybee 2010; National Science Teachers
Association 2011).

Despite significant support of STEM education in many countries, nonetheless, systematic evidence-based research
and practice conducive to STEM-wide educational change have yet to be implemented (Ritz and Fan 2015). More
empirical studies are needed to explore ways of promoting STEM education (Chai 2018). This study aims to
mitigate the gap, by introducing a learning environment designed to foster STEM education. We start by discussing
factors that influence the effectiveness of a STEM learning environment and then argue that knowledge-building
environments (KBEs) have the potential to foster STEM learning. We describe our empirical investigation in a
higher education context before presenting recommendations for designing effective STEM learning environments.

Literature Review

Factors Influencing Effectiveness of STEM Learning Environments

Existent literature suggests a myriad of factors—e.g., teaching, learning, and social—which may influence the
effectiveness of STEM learning environments. First, from a teaching perspective, different from the pedagogy of
each subject in STEM, one of the main features characterizing the STEM approach is that it is inherently integrated
(Becker and Park 2011; Honey et al. 2014; Wang et al. 2011). In other words, STEM education must be inter- or
multi-disciplinary (Becker and Park 2011; English 2016; Stohlmann et al. 2012). But in a deeper sense, this also
implies an innovative approach that goes beyond just integrating several academic disciplines and instead involves
the integration of other instructional factors such as attitudes, motivation, beliefs, and higher-order cognitive skills
into the creative use of content knowledge (Bransford et al. 2000; Bruning et al. 2004). To this end, various design-
oriented and project-based approaches to integrated STEM instruction have been proposed (Swap and Walter 2015;
Gross and Gross 2016; Han et al. 2016; Kelley and Knowles 2016; Siew et al. 2016). For example, Kelley and
Knowles (2016) proposed a conceptual framework for STEM education that includes four elements: (1) scientific
inquiry, (2) technological literacy, (3) mathematical thinking, and (4) engineering design, in which engineering
design especially plays a major role. Siew et al. (2016) evaluated middle-school students’ experience of using an
engineering design process approach in an integrated STEM program. They found that this outreach program
helped students become more aware of their potential as problem-solvers regardless of the difficulty they
encountered when addressing design challenges. Hathcock et al. (2015) found that students could learn effectively
through design-based STEM activities supported by question-based scaffolds.

Second, from a learning perspective, effective STEM education demands a learner-centered environment where
students interact with interdisciplinary knowledge actively and constructively (Walter et al. 2016). A meta-analysis
of 119 studies of students from preK-20 concluded that positive learning outcomes are associated with a learner-
centered environment with a positive teacher–student relationship (Cornelius-White 2007). In line with Dewey’s
(1938) work on experiential education that pivots on student-centered, hands-on activities, research in STEM
courses also suggests a positive linkage between student-centered approaches and learner engagement (Deslauriers
et al. 2011; Gasiewski et al. 2012). Cantrell et al. (2003) argued that effective STEM learning environments must
enable students to learn from first-hand experiences. For example, two middle-school students were found to
engage in deep learning through hands-on learning experiences in an out-of-school studio (Evans et al. 2014).
Similarly, robotics can also provide an attractive, hands-on learning environment for STEM education that
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facilitates students’ acquisition of knowledge and skills for more complex learning (Barak and Assal 2018).
Unfortunately, a survey of teachers from higher education institutions revealed that instructors in STEM-related
disciplines were less likely to use student-centered learning approaches than instructors in non-STEM disciplines
(Walter et al. 2016), a finding echoed by another survey of 400 colleges and universities (Hurtado et al. 2012).
Clearly, fostering student-centered STEM learning environments remains a significant challenge, especially in
higher education settings.

Third, from a social perspective, collaboration among learners is essential for an effective STEM educational
environment (Sanders 2009). Based on a review of 67 studies, Wilson and Varma-Nelson (2016) found peer-led
collaborative learning to be a common practice in STEM education. Research also shows that learning engagement
can be enhanced through meaningfully structured collaboration (Gasiewski et al. 2012). Hence, it is desirable to
integrate collaboration in STEM learning environments so that learners exercise their higher-order thinking skills
to solve interdisciplinary problems collaboratively (Duran and Sendag 2012; Springer et al. 1999; Wells 2016).

In summary, prior literature suggests that to be effective, a STEM learning environment ought to support integrated
interdisciplinary knowledge, allow students to engage in design-oriented or project-based tasks, foster a student-
centered learning atmosphere, promote experiential learning, and encourage peer interaction and collaboration.
Together, these features give rise to an integrated STEM learning experience conducive to the integration of
knowledge from multiple disciplines. Previous research, however, has shown that in many classes where an
integrated STEM approach is adopted, students may be able to focus on the tasks, problems, or challenges they are
assigned, but have problems engaging with disciplinary knowledge in a more consistent and integrated manner
(Berland and Steingut 2016). Similarly, a review by Chalmers et al. (2017) indicated that the design of many
STEM curriculum units does not allow students to engage in the construction of in-depth STEM knowledge.
Addressing this issue would probably require novel approaches to the design of effective STEM learning
environments, and here we propose one innovative approach that creates an idea-centered learning environment to
encourage students to work innovatively with ideas to solve problems and build knowledge collaboratively
(Chalmers et al. 2017; Chen and Hong 2016).

Idea-centered Knowledge-building Environments

As argued above, effective STEM learning requires an innovative learning environment. Here, we posit that KBEs
can provide such an environment. A KBE is defined as a physical, virtual, or hybrid space where a knowledge
community produces and improves ideas over an extended period to collectively advance knowledge (Scardamalia
and Bereiter 2003). A KBE must support three activities: working with ideas, fostering community, and assuming
epistemic agency (Lin et al. 2014).

First, with respect to working with ideas, a KBE values the sustained production, development, and improvement
of ideas relevant to real-world issues or problems (Bell 2010; Lin et al. 2017). In a KBE, ideas are treated as
improvable (just like everyday objects that can be operated), as something that can be developed into more reliable
and valid knowledge (Scardamalia and Bereiter 2003; Hong et al. 2015). In order for idea-centered knowledge
work to prosper in a KBE, a culture must be in place so that students feel safe in taking risks, and in giving and
receiving criticism. Learners are also encouraged to generate diverse ideas to address joint or related problems and
to share ideas with other members of the community to improve the communal understanding of the problem at
issue and the utility of generated ideas (Lin and Chan 2018; Vokatis and Zhang 2016). Such idea improvement,
undertaken by a collective, allows ideas to evolve into more refined and promising problem solutions. Overall, an
idea-centered KBE provides students with many opportunities to work with complex ideas in their messiness and
diversity, to learn to synthesize ideas, and to achieve a deeper understanding of the problems or issues addressed
through integrating and extending disciplinary knowledge such as STEM knowledge (Chalmers et al. 2017; El
Sayary et al. 2015; Savery 2006). This idea-centered approach fits naturally with integrated STEM as it centers on
authentic ideas that naturally draw from knowledge from multiple disciplines (Chen and Hong 2016). In contrast,
non-idea-centered or concept-based learning environments (CLEs) usually use textbook problems or puzzles and
problems are often assigned by a teacher rather than chosen by students because they are interesting (Grant and
Hill 2006). Students working on a problem in a CLE are often encouraged to review structured, textbook
presentations of carefully defined concepts from a specific subject rather than to work with emerging ideas from all
potentially relevant disciplines. In a CLE, instead of ideas, concepts are more likely to be valued. They represent
the finalized and valid form of knowledge and are regarded as the basic units of knowledge to be evaluated and
validated. In a CLE, the main learning objective is usually to master a huge corpus of established knowledge of a
particular subject area as effectively as possible in a given time-frame (Lou et al. 2011).

Second, with respect to fostering community, a KBE values collective or group endeavor as much as individual
achievements. Students are encouraged to take collective responsibility for advancing knowledge as a community.
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It is important, therefore that all members are seen as legitimate knowledge contributors, rather than separated into
knowledge haves and have-nots or innovators and non-innovators; similarly, it is important to encourage group
pride in advancing collective knowledge. It is equally important to foster distributed expertise (Brown et al. 1993;
Looi et al. 2010; Zhang et al. 2011) in a group by valuing and integrating members’ different strengths with respect
to the knowledge problem at hand, since knowledge advancement is usually best achieved through symmetric
knowledge process. Ensuring the symmetrical distribution of expertise also facilitates group-based interdisciplinary
learning, which is highly valued in STEM education. In contrast, CLEs are not always designed to support group-
or community-based learning. They are commonly designed for individual learning and this is especially true in the
case of CLEs designed to support preparation for high-stake examinations. Even when CLEs are designed to
support group-based learning, they may only support what has been called learning-in-a-group, i.e., members of
the group help each other to learn the target knowledge (e.g., assigned textbook concepts) more efficiently via
division of labor (Roschelle and Teasley 1995). For example, a four-member group might divide a book chapter
into four portions, then assign each member a portion to learn and then share with the rest of the group (Aronson
1978, 2002). This is very different from learning-by-group, in which the group tries to achieve a top-level
collective goal and advance collective knowledge, rather than members using the group or community as a means
to achieve individual learning objectives.

Third, with respect to assuming agency, a KBE highlights the importance of community members assuming the
role of knowledge workers by exercising epistemic agency. This emphasis is in line with the recognized
significance of self-directed learning in STEM education (León et al. 2015). In a KBE, members are encouraged to
be metacognitively and motivationally active in setting goals, managing knowledge, and developing strategies.
Members of a KBE should not merely generate ideas and share information with their peers; they should actively
participate in the community’s knowledge discourse to help achieve its ultimate knowledge goals. To advance
knowledge, members must not only be aware of the current state of knowledge in the community, but also be able
to expand their knowledge in a constructive manner. In short, members need to become autonomous epistemic
agents, capable of dealing with all knowledge goals and problems in concert with other members of the
community; members’ personal learning gains are regarded as a byproduct of the community’s collective effort. In
contrast, students in a CLE act more like knowledge re-producers, replicating and validating textbook concepts and
knowledge, and are usually more passive learners as they tend to rely on teachers or parents when it comes to
setting learning goals, planning learning activities, and evaluating learning. Some individual learners may be able
to set their own short-term learning goals in order to pass school tests and examinations, but overall they depend on
the teachers and curriculum authority to chart the course of their education. How to transform students into actual
knowledge workers who are able to engage in sustained knowledge advancement desired by STEM education
remains to be further researched. Table 1 shows the key differences between KBEs and CLEs.

Table 1 Differences between KBEs and CLEs
Full size table

This Study

Previous studies suggest that KBEs are conducive to (1) pre- and in-service teachers’ learning and professional
development (Hong and Lin 2010; Chai and Tan 2009), (2) advancing students’ thinking and learning skills (i.e.,
communicative, creative, critical, and collaborative skills) (Gilbert and Driscoll 2002; Lin et al. 2017; Ryser et al.
1995; Scardamalia et al. 2012), and (3) improving their social learning capacity (Hong and Scardamalia 2014;
Hong et al. 2015). Given these findings, it is plausible that a properly designed KBE could transform users into
knowledge workers—an educational goal shared with STEM education initiatives. Nevertheless, it is clear from a
recent review of KB studies over the past 30 years (see Chen and Hong 2016) that studies dedicated to
investigating the relationships between KBE and STEM learning remain lacking. The purpose of this study was to
fill the gap, by investigating the extent to which a designed KBE could foster STEM learning. Specifically, we
designed and implemented a KBE that features a STEM design project and we asked the following related research
questions: (1) How would students act and perform in an online KBE? (2) How do students engage in the specific
aspects of KB activities of fostering community, working with ideas, and assuming agency in the KBE? (3) What
is the overall quality of STEM products designed by students in the KBE? (4) What are the relationships between
students’ overall online performance, specific KB activities, and final STEM products in a design project? (5)
What group processes are used to design a STEM product in a KBE?

Method

Participants and Context
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This study was a case study conducted at a university in Taiwan. Participants included 48 teacher-education
students who had no formal STEM learning experiences before this study, and took a beginning college course.
Building on Kelley and Knowles’ (2016) conceptual framework for STEM education, the one-semester course
required students to (1) engage in scientific inquiry process in groups; (2) use an online forum and its tools to
access/integrate/exchange information (i.e., technology literacy); (3) exercise mathematical thinking to identify
problems, analyze underlying patterns, and find solutions; and (4) design or re-design a piece of living-technology
product that can help improve human life.

The course activities can be divided into two major parts: face-to-face and online activities. The face-to-face
activities, which occurred in classroom, included lectures, presentations, textbook reading, questions and class
discussion, and exams. This part of activities was highly teacher-centered and knowledge-based. In contrast, the
online activities centered on student-directed inquiry and were independent of the classroom lecturing activities
that focus on learning about textbook concepts. The development of the online part of the course was based on
knowledge-building (KB) pedagogy (as discussed above) with support from Knowledge Forum (KF) technology
(see below for detail). At the beginning of the course, the participants were randomly divided into 10 groups (4
groups of 5 students and 2 groups of 4 students) and they worked in these groups throughout the course. All of
their online group activities were recorded in KF, including discussions related to their design projects.

Instructional Design

The instructional design of this course was mainly concerned with two design problems: (1) how to support student
collaboration, and (2) how to integrate the online platform (i.e., Knowledge Forum) to support their collaboration.
In terms of the first design problem, each group was invited to undertake the following collaborative activities that
centered on a shared technology design goal: (1) Problem observation and investigation: discussing everyday
technology objects that can be potentially improved. (2) Problem determination: deciding and selecting one
particular technology object as the main STEM project for further discussion and evaluation. (3) Solution
generation and evaluation: brainstorming as many diversified ideas as possible to address the issues or defects
identified from the selected technology object. (4) Solution decision: In-depth discussion and debate comes into
reflect, elaborate, and finalize the best solution ideas for improving the target technology object for final
improvement

To address the second design problem, this study capitalized on various features of KF designed for three essential
dimensions of KB (working with ideas, fostering community, and assuming agency) (see Fig. 1). Within these
three KB dimensions, working with ideas allows students to integrate knowledge from different disciplines in order
to address problems they identified; fostering community allows them to work in groups and shoulder collective
design responsibility; and assuming agency encourages them to take risk and be adventurous for new learning
experiences. These KF features are described below.

Fig. 1

Pedagogical design and a screenshot of KF showing a KF note (bottom right) and a KF view and
features of the KF design

Full size image

Features that Support Working with Ideas

Using KF, learners can contribute a note to express an idea, reference notes when building on existing ideas, and
revise a note to improve ideas within it. “Note-contributing” is the function members used for generating ideas. It
allows members to contribute ideas to the database in order to address a given problem during a given time period.
“Note-referencing” allows users to reference each other and share ideas. “Note-revising” allows members to reflect
on his or her ideas.

Features that Help to Foster Community

KF provides functions such as “note-reading,” “note-building-on,” and “note-linking.” The “note-reading” function
shows community members’ reading activity for a specified time period. “Note-building-on” allows users to revise
or improve old ideas, share information or ask questions about ideas within an existing note in a build-on tree.
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“Note-linking” includes all notes from building-on-notes, referenced notes, and rise-above notes (i.e., higher-level
notes which subsumes all related ideas or notes).

Features that Help Learners Assume Agency

KF provides tools such as “problems-worked-on,” “keyword,” and “search.” The “problems-worked-on” feature
records the content and number of problem statements contained in notes authored by the user. The “keyword” tool
allows users to exercise extra effort to identify important key concepts when working or reflecting on their ideas in
writing. “Search” is a tool to help users take a more directed, focused approach to identifying a given idea or
relating one idea to another.

One thing to note is that the tools and functions described here are only a subset of those available in KF. It is also
important to note that some tools may serve more than one KB purpose in KF. In this course, students were able to
use the majority of tool features such as note-contribution, note-reading, note-build-on, note-revision, reference,
search, and problem-worked-on (see Fig. 1).

Data Collection and Analysis

Mixed methods were used to collect data of each group’s online discussion in KF. The main data sources were (1) a
group’s online activity logs, (2) group discourse in KF, (3) the final STEM product designed by a participating
group, and (4) analysis of a selected group’s project and STEM learning.

Figure 2 illustrates the analytical framework of this study. First, online activities (such as notes-contributed, notes-
built-on, and notes-read) were automatically logged in the KF database and descriptive statistics were calculated to
provide a general picture of activities in KF.

Fig. 2

Analytical framework

Full size image

Second, the content of online discussion was analyzed qualitatively in light of the three KB dimensions—fostering
community (FC), working with ideas (WI), and assuming agency (AA)—using the KF note as the unit of analysis.
From a knowledge-building perspective, the FC activity is defined as the extent to which a community members’
engagement or involvement by interacting or collaborating with others to improve ideas by posting notes in
Knowledge Forum. The level of FC activities was classified into three levels: level 1—simple participation through
the creation of notes; level 2—deep involvement in group conversation about the design topic/problem/ideas; and
level 3—working to synthesize diverse or inconsistent ideas for advancing group or community knowledge.
Table 2 summarizes the three levels of community engagement or involvement. To analyze WI, all KF notes were
carefully read and re-read and then divided into two types: (1) notes focused on idea-relevant discussion and (2)
notes composed of idea-irrelevant discussion. Notes categorized as idea-relevant were further classified according
to the level of epistemic agency they displayed (higher vs. lower). Here, epistemic agency reflected a learner’s
efforts in advancing one’s understanding. Hence, notes that merely reported anecdotes of real-life problems,
generated new ideas, provided information, made suggestions, or asked questions were classed as lower-agency
behaviors, whereas notes illustrating learners’ intention to elaborate or integrate ideas, identify potential problems,
or provide a solution to a problem were classified as higher-agency behaviors.

Table 2 Coding scheme of three types of knowledge-building activities
Full size table

Third, to evaluate the quality of each group’s design product (e.g., eyeglasses with a massage function, reusable
chopsticks), we used Besemer’s (1998) Creative Product Analysis Matrix (CPAM). Each group’s design products
were evaluated in three dimensions: novelty (i.e., originality and surprise); resolution (i.e., value, logicality,
usefulness and comprehensibility); and elaboration and synthesis (i.e., organic qualities, elegance and craftedness).
Detailed descriptions of these dimensions are presented in Table 3.

Table 3 Creative product scoring scheme
Full size table
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Fourth, we computed the correlations between the above measures of (1) online KF activities, (2) KF discussion
content, and (3) STEM products. Online KF activities were indexed using the quantitative, behavioral variables
recorded in the KF database as frequencies or percentages. To ensure statistical reliability, we first transformed all
variables into standardized z-scores, which were then summed to yield a single score representing a group’s online
activity. We used the same approach to generate an overall z-score for the three KB activities. Spearman
correlations between overall KF activity, combined KB activities, and the final STEM product score (which was
not transformed into a z-score as there was only one final score) were then calculated to identify associations
between these aspects of STEM learning.

Finally, the entire design process was described and explained for one representative group to illustrate how groups
approached design work in the designed KBE, using Norman’s (2013) conceptual design-thinking framework of
two working spaces (i.e., problem and solution spaces).

Inter-coder reliability (Spearman’s ρ) was calculated for all the above analyses to check that coders displayed
sufficient agreement with one another. The values indicated good, reliable agreement between coders: fostering
community ρ = 0.86 (p < 0.01); working with ideas and assuming agency ρ = 0.74 (p < 0.01); creative products ρ = 
0.81 (p < 0.01).

Results

Overall Online Performance

Overall online KF performance in this course is presented in Table 4, using the group as the unit of analysis.
During the semester, 1461 notes were contributed in KF, a mean of 29.31 per participant (SD = 26.41). The average
percentage of notes linked to another note (through replying or referencing) was 79.4% (SD = 17.63%). Each
student has read on average 19.6% (SD = 22.41%) of all notes. In addition, the average percentage of notes with
keywords was 52.85% (SD = 32%). Overall, these records of KF activities demonstrate that online interaction was
fairly interactive in this course, but these interactive behavioral indicators only give a general sense of the extent to
which participants acted and took part in group activities in the course. More detailed qualitative analyses were
necessary to explore in detail how participants sustained the community, worked with ideas, and assumed
epistemic agency.

Table 4 Descriptive analysis of the KF community’s online activities
Full size table

Knowledge-building Practices

Following the above analysis, we investigated the quality of students’ online work and performance of the three
essential aspects of KB activities, i.e., fostering community, working with idea, and assuming agency using the
group as the unit of analysis. First, we analyzed fostering community, using the community engagement coding
scheme based on the three dimensions of participation, discussion, and integration, as described above. As shown
in the top portion of Table 5, there was a difference among the three community dimensions (χ2(2) = 10.46, p < 
0.01). Post hoc analysis was carried out using Wilcoxon signed-rank tests. There were no differences between the
participation and discussion running trials (Z = − 1.224, p = 0.221) or between discussion and integration running
trials (Z = − 2.157, p = 0.031). However, there was a reduction in perceived effort in the participation relative to the
integration (Z = − 2.555, p < 0.05), indicating that the groups did not demonstrate higher-level integration activities.
Nevertheless, these data show that groups did work together to advance group knowledge for the STEM project.

Table 5 Knowledge-building practices
Full size table

Second, we analyzed working with ideas by examining what were generated in notes to code them into two types:
idea-relevant and idea-irrelevant. We then calculated non-parametric statistics to compare the numbers of each type
of notes. As shown in the middle portion of the Table 5, a Wilcoxon signed-rank test showed that there were more
notes on idea-relevant discussion (M = 91.9, SD = 29.85) than on idea-irrelevant discussion (M = 15.4, SD = 10.91;
Z = − 2.803, p < 0.01). Overall, the findings indicate that groups were able to work productively in KF and
discussed ideas related to their design project rather than chatting.

Third, we analyzed assuming agency by looking in detail at the content of all idea-relevant notes. We then
compared the frequency of each level of agency using a non-parametric test, the Wilcoxon signed-rank test. As
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shown in the rest of the Table 5, the results revealed a difference between the numbers of high- and low-agency
notes (Z = − 2.803, p < 0.01); there were more notes documenting cognitive behaviors associated with low agency
(M = 4.18, SD = 0.07) than notes documenting high agency (M = 1.64, SD = 0.16). This was as expected, as it is not
possible for students to perform higher-level cognitive activities without the support of lower-level cognitive
activities. The important issue is whether activity displaying higher agency improved STEM product design.

STEM Products

We looked into the final STEM products students designed in the KBE. These products were designed based on
related products the students encountered in their daily life. For example, one group designed a new kind of
umbrella with a detachable, replaceable canopy that would be attached with buttons, a zipper, or Velcro. This can
be compared with a standard umbrella, where the canopy is usually stitched to the umbrella’s metal ribs. As one
group member (Group 2) said “…the canopy of the umbrella is always sewn tightly to the framework of the
umbrella and cannot be separated!!…we may be able to address this problem by using buttons…” We used
Besemer’s (1998) CPAM to code each product design in terms of novelty, resolution, and elaboration & synthesis.
As shown in Table 6, non-parametric statistics revealed significant difference among novelty, resolution, and
elaboration/synthesis (χ2(2) = 6.20, p < 0.05). We carried out post hoc analysis using Wilcoxon signed-rank tests.
There were no significant differences between the novelty and resolution running trials (Z = − 0.564, p = 0.573) or
between elaboration/synthesis and novelty running trials (Z = − 0.767, p = 0.443). However, there was a statistically
significant reduction in perceived effort in the resolution versus elaboration/synthesis (Z = − 2.405, p < 0.05),
indicating that when designing their STEM products, groups focused on value, logicality, usefulness and
comprehensibility at the expense of the product’s organic qualities, elegance, and well-craftedness. Overall, the
findings indicated that students were able to make creative improvements to the product they started with using the
KBE and that they were particularly effective in designing practical improvements.

Table 6 Evaluation of groups’ STEM products using Besemer’s creative product analysis matrix
Full size table

Relationships among Online Activities, KB Activities, and STEM Products

Finally, we explored the relationships among overall online interactions, KB activities, and STEM product design.
As shown in Fig. 3, online performance was correlated with the score for KB activities (ρ = 0.77, p < 0.01),
indicating that the combined online activities may be used as a measure for understanding how KB activities were
practiced in the KF. In addition, the STEM product design score was correlated with the score for KB activities (ρ 
= 0.75, p < 0.05), but not with online performance (ρ = 0.61, p > 0.05). This implies that qualitative measures of the
KB activities may be more closely related to the quality of STEM product design than the quantitative, online
behavioral variables. From a temporal perspective, it is posited that there is a causal relationship among them
because students’ group workflow started with their online performance, mediated by the three KB activities, and
eventually culminating with the formation of the design of their STEM products. It might, therefore, be interesting
to explore the causal relationships amongst the three variables. Nevertheless, the correlations we have documented
are sufficient to support our main claim, namely that the designed KBE is conducive to integrated STEM learning.
Below, we look more closely at groups’ design processes in this KBE using one group as a case.

Fig. 3

Relationships among online activities, KB activities, and STEM products (**p < 0.01; *p < 0.05)

Full size image

A Case Example

Groups’ STEM product designs were grounded in real-life issues or problems that they found interesting. To gain a
better understanding of the processes by which groups developed their STEM product designs, we used Norman’s
(2013) conceptual framework of two working spaces (i.e., problem and solution spaces) to examine how groups
approached their design problems and eventually came up with solutions, considering the process in terms of the
following four phases: problem observation and investigation, problem determination, solution generation and
evaluation, and solution decision. Overall, our analysis shows that all groups went through these four phases. Due
to constraints on space, we decided to look in more detail at one group, Group 2, to illustrate the design process in
detail.
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Group 2’s Phase 1 (problem observation and investigation) discussion initially focused on identifying possible
everyday objects and products that needed improvement. Eventually, they identified the following eight targets:
toothbrush, umbrella, typing, hair spray, washing machine, hair dryer, dining table, and food menu. During the
problem investigation phases group members started to discuss all the potential problems of each product. Below,
we summarize the main problems and solutions they identified for each potential target: (1) demountable
toothbrush (reduce material waste); (2) detachable umbrella (convenience and reuse of materials); (3) voice typing
(convenience); (4) cleaning hair spray (for hairstyling and hair-cleaning simultaneously); (5) pen-washing machine
(wash germs off pens); (6) instant hair dryer (save time); (7) adjustable table (save space); and (8) digital menu
(paperless).

In Phase 2 (problem determination), Group 2 eventually selected detachable umbrella as their main STEM project
after in-depth discussion and evaluation. Overall, Group 2 members went through a divergent-to-convergent
thinking process when working in the problem space. First, they brainstormed possible design problems and then
they singled out one problem after reflecting on the value of each problem, and idea-centered KBE served as their
problem space for their design work.

In Phase 3 (solution generation and evaluation), the group focused on the detachable umbrella idea and proceeded
to generate as many ideas as possible, including (1) making the metal frame of an umbrella separate from the
canopy so that the canopy can be detached; (2) allowing the canopy to be customized with different patterns; (3)
using something to fasten the canopy to the umbrella frame; (4) designing umbrellas with different canopy shapes
(e.g., square); (5) anti-UV cloth for the canopy; (6) allowing the umbrella be attached to a backpack (instead of
handheld) for convenience; (7) using extremely light materials for the frame; and (8) Nano coating for the canopy.
All ideas were subjected to careful examination and critical discussion to rule out irrelevant and less useful or
innovative ones (e.g., square canopies and the backpack-mounted umbrella). In the last phase, the solution decision
phase, the group decided to use buttons, Velcro, or zippers to create a canopy that could be attached and detached
from the metal ribs of an umbrella to solve the problem they had chosen, creation of a detachable umbrella.
Figure 4 illustrates the key concept behind Group 2’s design solution. As when they were working in the problem
space, Group 2 members went through a divergent-to-convergent thinking process when working in the KBE as
their solution space.

Fig. 4

Group 2’s chosen solution to the problem of creating a detachable umbrella

Full size image

Clearly, the case shown above corresponds to Kelley and Knowles’ (2016) conceptual framework for STEM
education, which includes four elements: scientific inquiry, technological literacy, mathematical thinking, and
engineering design. Evidently, the students were engaging in a scientific inquiry process while using technology to
access/evaluate/integrate/communicate information (i.e., technology literacy) through mathematical thinking
(which is defined as a way of looking at things, of breaking them down to their structural essentials, and of
identifying the hidden patterns) in order to address an engineering design problem.

Discussion and Implications

Previous STEM studies have shown that an effective STEM learning environment is usually characterized by its
being able to support interdisciplinary knowledge integration (Honey et al. 2014 English 2016; Stohlmann et al.
2012), engage students in highly design-oriented activities (Gross and Gross 2016; Han et al. 2016; Kelley and
Knowles 2016; Siew et al. 2016), foster risk-taking through experiential learning (Barak and Assal 2018; Evans et
al. 2014), and value peer collaboration and evaluation (Bruning et al. 2004; Gasiewski et al. 2012). Previous
research also indicates that many STEM-oriented classes have difficulties in engaging students with in-depth
knowledge-integration tasks (Berland and Steingut 2016). Clearly, more research is urgently needed to explore
various strategies to design effective STEM learning environments. To this end, this study engaged students in
various idea-centered and design-oriented tasks in a KBE (Lin et al. 2017) by addressing the question of how to
help foster integrated STEM learning in an online KBE through three major types of online knowledge-building
activities.

To answer the first research question, we examined groups’ overall online performance in the KBE. The results
indicated that groups were able to move away from individual learning to collaboration in KF, as reflected in
activities such as note linking, note reading, note revision, and note creation.
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The second research question is concerned with the three types of online KB activities (fostering community,
working with ideas, and assuming agency). With regard to fostering community, this study supports the argument
from prior research that effective STEM learning environments are inherently collaborative (Sanders 2009), as the
findings indicate that group members were able to form a strong community by participating more fully in group
activities via discussion about their STEM projects. Nevertheless, the integration of ideas, which requires higher-
level online performance, remained more challenging. More scaffolding or guidance needs to be provided to
facilitate the integration of ideas. This could include encouraging students to use KF’s “rise-above” function as this
should prompt them to re-conceptualize their design problem and to consolidate their ideas.

As regard working with ideas, we coded notes into idea-relevant and idea-irrelevant categories to investigate how
the KBE facilitated idea-centered discourse. This feature of KBEs distinguishes them from other platforms, which
typically focus on social interactions (e.g., social chat or information-sharing). The results showed that groups
engaged in idea-relevant discussion most of time, hence we can infer that KF provided a suitable online
environment for intellectual discourse underpinning productive work with ideas for a STEM project. The findings
are consistent with previous research on science or technology-related learning indicating that the design of KBEs
makes them suitable for deep inquiries where the emphasis is on ideas (Hakkarainen and Sintonen 2002; Hong and
Lin 2018; Lee et al. 2006; Oshima et al. 2006). The present study provides corroboration of the effectiveness of
idea-centered platforms as a method of supporting project-based STEM learning and problem-solving.

With regard to assuming agency, the results also indicate that groups toned to exercise high-level agency when
completing their STEM projects. Higher-level cognitive activities amounted to 28.17% (1.64/(1.64 + 4.18)) of all
cognitive activities in the KBE, which is in contrast with most social media platforms, where cognitive activities
typically involve information exchange only. In a KBE, by means of collaborating with other members, important
ideas are devoted to advancing community knowledge. Higher-level agency enables group members to monitor
their idea-centered discourse continuously to help them improve their progress with their STEM projects and is
reflected in the decentralized structure of group activities, with group members not only contributing personal
ideas, but also building on the ideas of others (Scardamalia and Bereiter 1991).

The third research question is concerned with the STEM product designs produced by the groups. The findings
indicate that the students were able to design and improve products in a KBE. Groups were given the goal of
improving the design of an existing produce through a process similar to that used by real-world knowledge
workers who try to make lives better. As reflected in the pattern of scores on the three CPAM dimensions, groups’
product improvement was mainly focused on value, logicality, comprehensibility, and usefulness (i.e., the practical
aspects of the products), and they did not pay much attention to other aspects such as their organic qualities and
elegance, so there is still room for pedagogical improvement in their project-based STEM learning. Nonetheless,
from the process perspective, it is certain that at the outset of the design process they were able to identify ill-
defined problems for designing their products and later on to come up with promising ideas and solutions.
Researchers should explore ways of providing guidance that would enhance students’ design capability to enable
them to come up with more original, novel, or elaborated ideas for creative products as part of more effective
STEM learning in the future.

Fourth, correlations between online behaviors, KB activities, and creation of STEM products revealed associations
between them. These results support the claim that KBE is related to project-based STEM learning activities. Our
evidence also shows that groups’ KB activities (i.e., fostering community, working with ideas, and assuming
agency) in a computer-supported environment moved progressively towards deeper understanding of their STEM
projects.

Finally, the results from our case study provide further support for our claim that KBEs support project-based
STEM learning. Group 2’s KB processes followed the commonly observed pattern for a design process, moving
from problem observation and investigation, through problem determination, solution generation, and evaluation to
solution decision. This design process also reflects the divergent-to-convergent design processes that drive the
development of design thinking.

There are two important implications for further design of STEM learning with KBE. First, the design of
conventional learning environments is usually concept-based to help learners systematically acquire, accumulate,
and master a set of important concepts for solving problems or puzzles assigned by teachers or suggested in
textbooks. The findings in this study, however, suggest that the design of STEM learning environments should be
idea-centered, rather than concept-based. When the production, exchange, and development of students’ own ideas
(i.e., working with ideas) are valued in a STEM environment, students’ learning is more likely to be intentional
rather than passive (thus more likely to assume agency) and to share information and resources while working
collaboratively with ideas (i.e., fostering community). Second, there is a need to further explore and develop
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relevant tool supports for idea-centered activities for STEM learning. One possibility is to consider turning O’Quin
and Besemer’s (2006) product evaluation criteria into scaffolds to support effective group discussion, so that when
designing STEM products, group discussion would not only focus on the practical dimension as the findings
indicated. Another possibility may be to develop learning analytics tools to allow learners to simultaneously reflect
and monitor their idea-related activities so that they are more likely to focus on idea-relevant, rather than idea-
irrelevant, online discussion activities.

Admittedly, there are limitations to our study. There was no control condition so we cannot compare the effect that
working in the KBE has on project-based STEM learning with the effects of other online learning environments or
other typical design classes. Nevertheless, we have provided evidence of a positive correlation between KB
activities and STEM project outcomes and it would be worth investigating whether this is a causal relationship. We
suggest future studies should include a control group. In addition, as work on most design projects in STEM fields
is carried out face-to-face, researchers should also consider comparing the advantages and disadvantages of online
and face-to-face learning environments and exploring their similarities and differences.

References

1. Aronson, E. (1978). The jigsaw classroom. Beverly Hills: Sage.

Google Scholar

2. Aronson, E. (2002). Building empathy, compassion, and achievement in the jigsaw classroom. In J. Aronson
(Ed.), Improving academic achievement: Impact of psychological factors on education (pp. 209–225).
Cambridge: Academic Press.

Google Scholar

3. Barak, M., & Assal, M. (2018). Robotics and STEM learning: Students’ achievements in assignments
according to the P3 Task Taxonomy—Practice, problem solving, and projects. International Journal of
Technology and Design Education, 28(1), 121–144.

Article
Google Scholar

4. Becker, K., & Park, K. (2011). Effects of integrative approaches among science, technology, engineering,
and mathematics (STEM) subjects on students’ learning: A preliminary meta-analysis. Journal of STEM
Education, 12(5/6), 23–37.

Google Scholar

5. Bell, S. (2010). Project-based learning for the 21st century: Skills for the future. The Clearing House: A
Journal of Educational Strategies, Issues and Ideas, 83(2), 39–43.

Article
Google Scholar

6. Berland, L. K., & Steingut, R. (2016). Explaining variation in student efforts towards using math and science
knowledge in engineering contexts. International Journal of Science Education, 38(18), 2742–2761.

Article
Google Scholar

7. Besemer, S. P. (1998). Creative product analysis matrix: Testing the model structure and a comparison
among products—Three novel chairs. Creativity Research Journal, 11(4), 333–346.

Article
Google Scholar

8. Bransford, J. D., Brown, A. L., & Cocking, R. R. (2000). How people learn (Expanded ed.). Washington,
DC: National Academy.

Google Scholar

https://link.springer.com/article/10.1007/s40299-018-0409-y?shared-article-renderer#ref-CR49
http://scholar.google.com/scholar_lookup?&title=The%20jigsaw%20classroom&publication_year=1978&author=Aronson%2CE
http://scholar.google.com/scholar_lookup?&title=Improving%20academic%20achievement%3A%20Impact%20of%20psychological%20factors%20on%20education&pages=209-225&publication_year=2002&author=Aronson%2CE
https://doi.org/10.1007%2Fs10798-016-9385-9
http://scholar.google.com/scholar_lookup?&title=Robotics%20and%20STEM%20learning%3A%20Students%E2%80%99%20achievements%20in%20assignments%20according%20to%20the%20P3%20Task%20Taxonomy%E2%80%94Practice%2C%20problem%20solving%2C%20and%20projects&journal=International%20Journal%20of%20Technology%20and%20Design%20Education&volume=28&issue=1&pages=121-144&publication_year=2018&author=Barak%2CM&author=Assal%2CM
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20integrative%20approaches%20among%20science%2C%20technology%2C%20engineering%2C%20and%20mathematics%20%28STEM%29%20subjects%20on%20students%E2%80%99%20learning%3A%20A%20preliminary%20meta-analysis&journal=Journal%20of%20STEM%20Education&volume=12&issue=5%2F6&pages=23-37&publication_year=2011&author=Becker%2CK&author=Park%2CK
https://doi.org/10.1080%2F00098650903505415
http://scholar.google.com/scholar_lookup?&title=Project-based%20learning%20for%20the%2021st%20century%3A%20Skills%20for%20the%20future&journal=The%20Clearing%20House%3A%20A%20Journal%20of%20Educational%20Strategies%2C%20Issues%20and%20Ideas&volume=83&issue=2&pages=39-43&publication_year=2010&author=Bell%2CS
https://doi.org/10.1080%2F09500693.2016.1260179
http://scholar.google.com/scholar_lookup?&title=Explaining%20variation%20in%20student%20efforts%20towards%20using%20math%20and%20science%20knowledge%20in%20engineering%20contexts&journal=International%20Journal%20of%20Science%20Education&volume=38&issue=18&pages=2742-2761&publication_year=2016&author=Berland%2CLK&author=Steingut%2CR
https://doi.org/10.1207%2Fs15326934crj1104_7
http://scholar.google.com/scholar_lookup?&title=Creative%20product%20analysis%20matrix%3A%20Testing%20the%20model%20structure%20and%20a%20comparison%20among%20products%E2%80%94Three%20novel%20chairs&journal=Creativity%20Research%20Journal&volume=11&issue=4&pages=333-346&publication_year=1998&author=Besemer%2CSP
http://scholar.google.com/scholar_lookup?&title=How%20people%20learn%20%28Expanded%20ed.%29&publication_year=2000&author=Bransford%2CJD&author=Brown%2CAL&author=Cocking%2CRR


9. Brown, A. L., Ash, D., Rutherford, M., Nakagawa, K., Gordon, A., & Campione, J. C. (1993). Distributed
expertise in the classroom. In G. Salomon (Ed.), Distributed cognitions: Psychological and educational
considerations (pp. 188–228). Cambridge: Cambridge University Press.

Google Scholar

10. Bruning, R., Schraw, G., Norby, M., & Ronning, R. (2004). Cognitive psychology and instruction.
Columbus, OH: Merrill.

Google Scholar

11. Bybee, R. W. (2010). A new challenge for science education leaders: Developing 21st-century workforce
skills. In J. Rhoton (Ed.), Science education leadership: Best practices for a new century (pp. 33–49).
Arlington: NSTA Press.

Google Scholar

12. Cantrell, P., Young, S., & Moore, A. (2003). Factors affecting science teaching efficacy of preservice
elementary teachers. Journal of Science Teacher Education, 14(3), 177–192.

Article
Google Scholar

13. Chai, C. S. (2018). Teacher professional development for science, technology, engineering and mathematics
(STEM) education: A review from the perspectives of technological pedagogical content (TPACK). The
Asia-Pacific Education Researcher. https://doi.org/10.1007/s40299-018-0400-7.

Article
Google Scholar

14. Chai, C. S., & Tan, S. C. (2009). Professional development of teachers for computer-supported collaborative
learning: A knowledge-building approach. Teachers College Record, 111(5), 1296–1327.

Google Scholar

15. Chalmers, C., Carter, M. L., Cooper, T., & Nason, R. (2017). Implementing “big ideas” to advance the
teaching and learning of science, technology, engineering, and mathematics (STEM). International Journal
of Science and Mathematics Education, 15(1), 25–43.

Article
Google Scholar

16. Chen, B., & Hong, H.-Y. (2016). Schools as knowledge-building organizations: Thirty years of design
research. Educational Psychologist, 51(2), 266–288.

Article
Google Scholar

17. Cornelius-White, J. (2007). Learner-centered teacher-student relationships are effective: A meta-analysis.
Review of educational research, 77(1), 113–143.

Article
Google Scholar

18. Deslauriers, L., Schelew, E., & Wieman, C. (2011). Improved learning in a large-enrollment physics class.
Science, 332(6031), 862–864.

Article
Google Scholar

19. Dewey, J. (1938). Experience and education. New York: Macmillan.

Google Scholar

http://scholar.google.com/scholar_lookup?&title=Distributed%20cognitions%3A%20Psychological%20and%20educational%20considerations&pages=188-228&publication_year=1993&author=Brown%2CAL&author=Ash%2CD&author=Rutherford%2CM&author=Nakagawa%2CK&author=Gordon%2CA&author=Campione%2CJC
http://scholar.google.com/scholar_lookup?&title=Cognitive%20psychology%20and%20instruction&publication_year=2004&author=Bruning%2CR&author=Schraw%2CG&author=Norby%2CM&author=Ronning%2CR
http://scholar.google.com/scholar_lookup?&title=Science%20education%20leadership%3A%20Best%20practices%20for%20a%20new%20century&pages=33-49&publication_year=2010&author=Bybee%2CRW
https://doi.org/10.1023%2FA%3A1025974417256
http://scholar.google.com/scholar_lookup?&title=Factors%20affecting%20science%20teaching%20efficacy%20of%20preservice%20elementary%20teachers&journal=Journal%20of%20Science%20Teacher%20Education&volume=14&issue=3&pages=177-192&publication_year=2003&author=Cantrell%2CP&author=Young%2CS&author=Moore%2CA
https://doi.org/10.1007/s40299-018-0400-7
https://doi.org/10.1007%2Fs40299-018-0400-7
http://scholar.google.com/scholar_lookup?&title=Teacher%20professional%20development%20for%20science%2C%20technology%2C%20engineering%20and%20mathematics%20%28STEM%29%20education%3A%20A%20review%20from%20the%20perspectives%20of%20technological%20pedagogical%20content%20%28TPACK%29&journal=The%20Asia-Pacific%20Education%20Researcher&doi=10.1007%2Fs40299-018-0400-7&publication_year=2018&author=Chai%2CCS
http://scholar.google.com/scholar_lookup?&title=Professional%20development%20of%20teachers%20for%20computer-supported%20collaborative%20learning%3A%20A%20knowledge-building%20approach&journal=Teachers%20College%20Record&volume=111&issue=5&pages=1296-1327&publication_year=2009&author=Chai%2CCS&author=Tan%2CSC
https://doi.org/10.1007%2Fs10763-017-9799-1
http://scholar.google.com/scholar_lookup?&title=Implementing%20%E2%80%9Cbig%20ideas%E2%80%9D%20to%20advance%20the%20teaching%20and%20learning%20of%20science%2C%20technology%2C%20engineering%2C%20and%20mathematics%20%28STEM%29&journal=International%20Journal%20of%20Science%20and%20Mathematics%20Education&volume=15&issue=1&pages=25-43&publication_year=2017&author=Chalmers%2CC&author=Carter%2CML&author=Cooper%2CT&author=Nason%2CR
https://doi.org/10.1080%2F00461520.2016.1175306
http://scholar.google.com/scholar_lookup?&title=Schools%20as%20knowledge-building%20organizations%3A%20Thirty%20years%20of%20design%20research&journal=Educational%20Psychologist&volume=51&issue=2&pages=266-288&publication_year=2016&author=Chen%2CB&author=Hong%2CH-Y
https://doi.org/10.3102%2F003465430298563
http://scholar.google.com/scholar_lookup?&title=Learner-centered%20teacher-student%20relationships%20are%20effective%3A%20A%20meta-analysis&journal=Review%20of%20educational%20research&volume=77&issue=1&pages=113-143&publication_year=2007&author=Cornelius-White%2CJ
https://doi.org/10.1126%2Fscience.1201783
http://scholar.google.com/scholar_lookup?&title=Improved%20learning%20in%20a%20large-enrollment%20physics%20class&journal=Science&volume=332&issue=6031&pages=862-864&publication_year=2011&author=Deslauriers%2CL&author=Schelew%2CE&author=Wieman%2CC
http://scholar.google.com/scholar_lookup?&title=Experience%20and%20education&publication_year=1938&author=Dewey%2CJ


20. Duran, M., & Sendag, S. (2012). A preliminary investigation into critical thinking skills of urban high school
students: Role of an IT/STEM program. Creative Education, 3(02), 241–250.

Article
Google Scholar

21. El Sayary, A. M. A., Forawi, S. A., & Mansour, N. (2015). STEM education and problem-based learning. In
R. Wegerif, L. Li, & J. C. Kaufman (Eds.), The Routledge international handbook of research on teaching
thinking (pp. 357–369). London/New York: Routledge.

Google Scholar

22. English, L. (2016). STEM education K-12: Perspectives on integration. International Journal of STEM
Education, 3(3), 1–8.

Google Scholar

23. Evans, M. A., Lopez, M., Maddox, D., Drape, T., & Duke, R. (2014). Interest-driven learning among middle
school youth in an out-of-school STEM studio. Journal of Science Education and Technology, 23(5), 624–
640.

Article
Google Scholar

24. Gasiewski, J. A., Eagan, M. K., Garcia, G. A., Hurtado, S., & Chang, M. J. (2012). From gatekeeping to
engagement: A multicontextual, mixed method study of student academic engagement in introductory STEM
courses. Research in Higher Education, 53(2), 229–261.

Article
Google Scholar

25. Gilbert, N. J., & Driscoll, M. P. (2002). Collaborative knowledge building: A case study. Educational
Technology Research and Development, 50(1), 59–79.

Article
Google Scholar

26. Grant, M. M., & Hill, J. R. (2006). Weighing the risks with the rewards: Implementing student centered
pedagogy within high-stakes testing. In R. Lambert & C. McCarthy (Eds.), Understanding teacher stress in
an age of accountability (pp. 19–42). Greenwich: Information Age Press.

Google Scholar

27. Gross, K., & Gross, S. (2016). Transformation: Constructivism, design thinking, and elementary STEAM.
Art Education, 69(6), 36–43.

Article
Google Scholar

28. Hakkarainen, K., & Sintonen, M. (2002). The interrogative model of inquiry and computer-supported
collaborative learning. Science & Education, 11(1), 25–43.

Article
Google Scholar

29. Han, S. (2017). Korean students’ attitudes toward STEM project-based learning and major selection.
Educational Sciences: Theory & Practice, 17(2), 529–548.

Google Scholar

30. Han, S., Capraro, R. M., & Capraro, M. M. (2016). How science, technology, engineering, and mathematics
project based learning affects high-need students in the US. Learning and Individual Differences, 51, 157–
166.

https://doi.org/10.4236%2Fce.2012.32038
http://scholar.google.com/scholar_lookup?&title=A%20preliminary%20investigation%20into%20critical%20thinking%20skills%20of%20urban%20high%20school%20students%3A%20Role%20of%20an%20IT%2FSTEM%20program&journal=Creative%20Education&volume=3&issue=02&pages=241-250&publication_year=2012&author=Duran%2CM&author=Sendag%2CS
http://scholar.google.com/scholar_lookup?&title=The%20Routledge%20international%20handbook%20of%20research%20on%20teaching%20thinking&pages=357-369&publication_year=2015&author=Sayary%2CAMA&author=Forawi%2CSA&author=Mansour%2CN
http://scholar.google.com/scholar_lookup?&title=STEM%20education%20K-12%3A%20Perspectives%20on%20integration&journal=International%20Journal%20of%20STEM%20Education&volume=3&issue=3&pages=1-8&publication_year=2016&author=English%2CL
https://doi.org/10.1007%2Fs10956-014-9490-z
http://scholar.google.com/scholar_lookup?&title=Interest-driven%20learning%20among%20middle%20school%20youth%20in%20an%20out-of-school%20STEM%20studio&journal=Journal%20of%20Science%20Education%20and%20Technology&volume=23&issue=5&pages=624-640&publication_year=2014&author=Evans%2CMA&author=Lopez%2CM&author=Maddox%2CD&author=Drape%2CT&author=Duke%2CR
https://doi.org/10.1007%2Fs11162-011-9247-y
http://scholar.google.com/scholar_lookup?&title=From%20gatekeeping%20to%20engagement%3A%20A%20multicontextual%2C%20mixed%20method%20study%20of%20student%20academic%20engagement%20in%20introductory%20STEM%20courses&journal=Research%20in%20Higher%20Education&volume=53&issue=2&pages=229-261&publication_year=2012&author=Gasiewski%2CJA&author=Eagan%2CMK&author=Garcia%2CGA&author=Hurtado%2CS&author=Chang%2CMJ
https://doi.org/10.1007%2FBF02504961
http://scholar.google.com/scholar_lookup?&title=Collaborative%20knowledge%20building%3A%20A%20case%20study&journal=Educational%20Technology%20Research%20and%20Development&volume=50&issue=1&pages=59-79&publication_year=2002&author=Gilbert%2CNJ&author=Driscoll%2CMP
http://scholar.google.com/scholar_lookup?&title=Understanding%20teacher%20stress%20in%20an%20age%20of%20accountability&pages=19-42&publication_year=2006&author=Grant%2CMM&author=Hill%2CJR
https://doi.org/10.1080%2F00043125.2016.1224869
http://scholar.google.com/scholar_lookup?&title=Transformation%3A%20Constructivism%2C%20design%20thinking%2C%20and%20elementary%20STEAM&journal=Art%20Education&volume=69&issue=6&pages=36-43&publication_year=2016&author=Gross%2CK&author=Gross%2CS
https://doi.org/10.1023%2FA%3A1013076706416
http://scholar.google.com/scholar_lookup?&title=The%20interrogative%20model%20of%20inquiry%20and%20computer-supported%20collaborative%20learning&journal=Science%20%26%20Education&volume=11&issue=1&pages=25-43&publication_year=2002&author=Hakkarainen%2CK&author=Sintonen%2CM
http://scholar.google.com/scholar_lookup?&title=Korean%20students%E2%80%99%20attitudes%20toward%20STEM%20project-based%20learning%20and%20major%20selection&journal=Educational%20Sciences%3A%20Theory%20%26%20Practice&volume=17&issue=2&pages=529-548&publication_year=2017&author=Han%2CS


Article
Google Scholar

31. Hathcock, S. J., Dickerson, D. L., Eckhoff, A., & Katsioloudis, P. (2015). Scaffolding for creative product
possibilities in a design-based STEM activity. Research in Science Education, 45(5), 727–748.

Article
Google Scholar

32. Honey, M., Pearson, G., & Schweingruber, A. (2014). STEM integration in K-12 education: Status,
prospects, and an agenda for research. Washington: National Academies Press.

Google Scholar

33. Hong, H. Y., & Lin, P. Y. (2018). Elementary students enhancing their understanding of energy-saving
through idea-centered collaborative knowledge-building scaffolds and activities. Educational Technology
Research and Development. https://doi.org/10.1007/s11423-018-9606-x.

Article
Google Scholar

34. Hong, H.-Y., & Lin, S. P. (2010). Teacher-education students' epistemological belief change through
collaborative knowledge building. Asia-Pacific Education Researcher, 19(1), 99–110.

Article
Google Scholar

35. Hong, H.-Y., & Scardamalia, M. (2014). Community knowledge assessment in a knowledge building
environment. Computers & Education, 71, 279–288.

Article
Google Scholar

36. Hong, H.-Y., Scardamalia, M., Messina, R., & Teo, C. L. (2015). Fostering sustained idea improvement with
principle-based knowledge building analytic tools. Computers & Education, 89, 91–102.

Article
Google Scholar

37. Hurtado, S., Eagan, K., Pryor, J. H., Whang, H., & Tran, S. (2012). Undergraduate teaching faculty: The
2010–2011 HERI faculty survey. Los Angeles: University of California.

Google Scholar

38. Kelley, T. R., & Knowles, J. G. (2016). A conceptual framework for integrated STEM education.
International Journal of STEM Education, 3(1), 1–11.

Article
Google Scholar

39. Kuenzi, J. J. (2008). Science, technology, engineering, and mathematics (STEM) education: Background,
federal policy, and legislative action (CRS report for Congress). Retrieved from
http://www.fas.org/sgp/crs/misc/RL33434.pdf.

40. Lee, E. Y., Chan, C. K., & van Aalst, J. (2006). Students assessing their own collaborative knowledge
building. International Journal of Computer-Supported Collaborative Learning, 1(1), 57–87.

Article
Google Scholar

41. León, J., Núñez, J. L., & Liew, J. (2015). Self-determination and STEM education: Effects of autonomy,
motivation, and self-regulated learning on high school math achievement. Learning and Individual
Differences, 43, 156–163.

https://doi.org/10.1016%2Fj.lindif.2016.08.045
http://scholar.google.com/scholar_lookup?&title=How%20science%2C%20technology%2C%20engineering%2C%20and%20mathematics%20project%20based%20learning%20affects%20high-need%20students%20in%20the%20US&journal=Learning%20and%20Individual%20Differences&volume=51&pages=157-166&publication_year=2016&author=Han%2CS&author=Capraro%2CRM&author=Capraro%2CMM
https://doi.org/10.1007%2Fs11165-014-9437-7
http://scholar.google.com/scholar_lookup?&title=Scaffolding%20for%20creative%20product%20possibilities%20in%20a%20design-based%20STEM%20activity&journal=Research%20in%20Science%20Education&volume=45&issue=5&pages=727-748&publication_year=2015&author=Hathcock%2CSJ&author=Dickerson%2CDL&author=Eckhoff%2CA&author=Katsioloudis%2CP
http://scholar.google.com/scholar_lookup?&title=STEM%20integration%20in%20K-12%20education%3A%20Status%2C%20prospects%2C%20and%20an%20agenda%20for%20research&publication_year=2014&author=Honey%2CM&author=Pearson%2CG&author=Schweingruber%2CA
https://doi.org/10.1007/s11423-018-9606-x
https://doi.org/10.1007%2Fs11423-018-9606-x
http://scholar.google.com/scholar_lookup?&title=Elementary%20students%20enhancing%20their%20understanding%20of%20energy-saving%20through%20idea-centered%20collaborative%20knowledge-building%20scaffolds%20and%20activities&journal=Educational%20Technology%20Research%20and%20Development&doi=10.1007%2Fs11423-018-9606-x&publication_year=2018&author=Hong%2CHY&author=Lin%2CPY
https://doi.org/10.3860%2Ftaper.v19i1.1511
http://scholar.google.com/scholar_lookup?&title=Teacher-education%20students%27%20epistemological%20belief%20change%20through%20collaborative%20knowledge%20building&journal=Asia-Pacific%20Education%20Researcher&volume=19&issue=1&pages=99-110&publication_year=2010&author=Hong%2CH-Y&author=Lin%2CSP
https://doi.org/10.1016%2Fj.compedu.2013.09.009
http://scholar.google.com/scholar_lookup?&title=Community%20knowledge%20assessment%20in%20a%20knowledge%20building%20environment&journal=Computers%20%26%20Education&volume=71&pages=279-288&publication_year=2014&author=Hong%2CH-Y&author=Scardamalia%2CM
https://doi.org/10.1016%2Fj.compedu.2015.08.012
http://scholar.google.com/scholar_lookup?&title=Fostering%20sustained%20idea%20improvement%20with%20principle-based%20knowledge%20building%20analytic%20tools&journal=Computers%20%26%20Education&volume=89&pages=91-102&publication_year=2015&author=Hong%2CH-Y&author=Scardamalia%2CM&author=Messina%2CR&author=Teo%2CCL
http://scholar.google.com/scholar_lookup?&title=Undergraduate%20teaching%20faculty%3A%20The%202010%E2%80%932011%20HERI%20faculty%20survey&publication_year=2012&author=Hurtado%2CS&author=Eagan%2CK&author=Pryor%2CJH&author=Whang%2CH&author=Tran%2CS
https://doi.org/10.1186%2Fs40594-016-0046-z
http://scholar.google.com/scholar_lookup?&title=A%20conceptual%20framework%20for%20integrated%20STEM%20education&journal=International%20Journal%20of%20STEM%20Education&volume=3&issue=1&pages=1-11&publication_year=2016&author=Kelley%2CTR&author=Knowles%2CJG
http://www.fas.org/sgp/crs/misc/RL33434.pdf
https://doi.org/10.1007%2Fs11412-006-6844-4
http://scholar.google.com/scholar_lookup?&title=Students%20assessing%20their%20own%20collaborative%20knowledge%20building&journal=International%20Journal%20of%20Computer-Supported%20Collaborative%20Learning&volume=1&issue=1&pages=57-87&publication_year=2006&author=Lee%2CEY&author=Chan%2CCK&author=Aalst%2CJ


Article
Google Scholar

42. Lin, F., & Chan, C. K. (2018). Examining the role of computer-supported knowledge-building discourse in
epistemic and conceptual understanding. Journal of Computer Assisted Learning.
https://doi.org/10.1111/jcal.12261.

Article
Google Scholar

43. Lin, K. Y., Hong, H. Y., & Chai, C. S. (2014). Development and validation of the knowledge-building
environment scale. Learning and Individual Differences, 30, 124–132.

Article
Google Scholar

44. Lin, P. Y., Chang, Y. H., Lin, H. T., & Hong, H. Y. (2017). Fostering college students’ creative capacity
through computer-supported knowledge building. Journal of Computers in Education, 4(1), 43–56.

Article
Google Scholar

45. Looi, C. K., Chen, W., & Patton, C. M. (2010). Principles and enactment of rapid collaborative knowledge
building in classrooms. Educational Technology, 50(5), 26–32.

Google Scholar

46. Lou, S. J., Shih, R. C., Diez, C. R., & Tseng, K. H. (2011). The impact of problem-based learning strategies
on STEM knowledge integration and attitudes: An exploratory study among female Taiwanese senior high
school students. International Journal of Technology and Design Education, 21(2), 195–215.

Article
Google Scholar

47. National Science Teachers Association. (2011). NSTA Position statement: Quality science education and
21st-century skills. http://www.nsta.org/about/positions/21stcentury.aspx.

48. Norman, D. (2013). The design of everyday things: Revised and expanded edition. New York: Basic Books.

Google Scholar

49. O’Quin, K., & Besemer, S. P. (2006). Using the creative product semantic scale as a metric for results-
oriented business. Creativity and Innovation Management, 15(1), 34–44.

Article
Google Scholar

50. Oshima, J., Oshima, R., Murayama, I., Inagaki, S., Takenaka, M., Yamamoto, T., et al. (2006). Knowledge-
building activity structures in Japanese elementary science pedagogy. International Journal of Computer-
Supported Collaborative Learning, 1(2), 229–246.

Article
Google Scholar

51. Ritz, J. M., & Fan, S. C. (2015). STEM and technology education: International state-of-the-art.
International Journal of Technology and Design Education, 25(4), 429–451.

Article
Google Scholar

52. Roschelle, J., & Teasley, S. D. (1995). The construction of shared knowledge in collaborative problem
solving. In C. E. Omalley (Ed.), Computer supported collaborative learning (pp. 69–97). Berlin, Heidelberg:
Springer.

https://doi.org/10.1016%2Fj.lindif.2015.08.017
http://scholar.google.com/scholar_lookup?&title=Self-determination%20and%20STEM%20education%3A%20Effects%20of%20autonomy%2C%20motivation%2C%20and%20self-regulated%20learning%20on%20high%20school%20math%20achievement&journal=Learning%20and%20Individual%20Differences&volume=43&pages=156-163&publication_year=2015&author=Le%C3%B3n%2CJ&author=N%C3%BA%C3%B1ez%2CJL&author=Liew%2CJ
https://doi.org/10.1111/jcal.12261
https://doi.org/10.1111%2Fjcal.12261
http://scholar.google.com/scholar_lookup?&title=Examining%20the%20role%20of%20computer-supported%20knowledge-building%20discourse%20in%20epistemic%20and%20conceptual%20understanding&journal=Journal%20of%20Computer%20Assisted%20Learning&doi=10.1111%2Fjcal.12261&publication_year=2018&author=Lin%2CF&author=Chan%2CCK
https://doi.org/10.1016%2Fj.lindif.2013.10.018
http://scholar.google.com/scholar_lookup?&title=Development%20and%20validation%20of%20the%20knowledge-building%20environment%20scale&journal=Learning%20and%20Individual%20Differences&volume=30&pages=124-132&publication_year=2014&author=Lin%2CKY&author=Hong%2CHY&author=Chai%2CCS
https://doi.org/10.1007%2Fs40692-016-0063-4
http://scholar.google.com/scholar_lookup?&title=Fostering%20college%20students%E2%80%99%20creative%20capacity%20through%20computer-supported%20knowledge%20building&journal=Journal%20of%20Computers%20in%20Education&volume=4&issue=1&pages=43-56&publication_year=2017&author=Lin%2CPY&author=Chang%2CYH&author=Lin%2CHT&author=Hong%2CHY
http://scholar.google.com/scholar_lookup?&title=Principles%20and%20enactment%20of%20rapid%20collaborative%20knowledge%20building%20in%20classrooms&journal=Educational%20Technology&volume=50&issue=5&pages=26-32&publication_year=2010&author=Looi%2CCK&author=Chen%2CW&author=Patton%2CCM
https://doi.org/10.1007%2Fs10798-010-9114-8
http://scholar.google.com/scholar_lookup?&title=The%20impact%20of%20problem-based%20learning%20strategies%20on%20STEM%20knowledge%20integration%20and%20attitudes%3A%20An%20exploratory%20study%20among%20female%20Taiwanese%20senior%20high%20school%20students&journal=International%20Journal%20of%20Technology%20and%20Design%20Education&volume=21&issue=2&pages=195-215&publication_year=2011&author=Lou%2CSJ&author=Shih%2CRC&author=Diez%2CCR&author=Tseng%2CKH
http://www.nsta.org/about/positions/21stcentury.aspx
http://scholar.google.com/scholar_lookup?&title=The%20design%20of%20everyday%20things%3A%20Revised%20and%20expanded%20edition&publication_year=2013&author=Norman%2CD
https://doi.org/10.1111%2Fj.1467-8691.2006.00367.x
http://scholar.google.com/scholar_lookup?&title=Using%20the%20creative%20product%20semantic%20scale%20as%20a%20metric%20for%20results-oriented%20business&journal=Creativity%20and%20Innovation%20Management&volume=15&issue=1&pages=34-44&publication_year=2006&author=O%E2%80%99Quin%2CK&author=Besemer%2CSP
https://doi.org/10.1007%2Fs11412-006-8995-8
http://scholar.google.com/scholar_lookup?&title=Knowledge-building%20activity%20structures%20in%20Japanese%20elementary%20science%20pedagogy&journal=International%20Journal%20of%20Computer-Supported%20Collaborative%20Learning&volume=1&issue=2&pages=229-246&publication_year=2006&author=Oshima%2CJ&author=Oshima%2CR&author=Murayama%2CI&author=Inagaki%2CS&author=Takenaka%2CM&author=Yamamoto%2CT&author=Yamaguchi%2CE&author=Nakayama%2CH
https://doi.org/10.1007%2Fs10798-014-9290-z
http://scholar.google.com/scholar_lookup?&title=STEM%20and%20technology%20education%3A%20International%20state-of-the-art&journal=International%20Journal%20of%20Technology%20and%20Design%20Education&volume=25&issue=4&pages=429-451&publication_year=2015&author=Ritz%2CJM&author=Fan%2CSC


Google Scholar

53. Ryser, G. R., Beeler, J. E., & McKenzie, C. M. (1995). Effects of a computer-supported intentional learning
environment (CSILE) on students’ self-concept, self-regulatory behavior, and critical thinking ability.
Journal of Educational Computing Research, 13(4), 375–385.

Article
Google Scholar

54. Sanders, M. (2009). STEM, STEM education, STEM mania. The Technology Teacher, 68(4), 20–26.

Google Scholar

55. Savery, J. S. (2006). Overview of PBL: Definitions and distinctions. Interdisciplinary Journal of Problem-
Based Learning, 1(1), 9–20.

Article
Google Scholar

56. Scardamalia, M., & Bereiter, C. (1991). Higher levels of agency for children in knowledge building: A
challenge for the design of new knowledge media. The Journal of the Learning Sciences, 1(1), 37–68.

Article
Google Scholar

57. Scardamalia, M., & Bereiter, C. (2003). Knowledge building. In J. W. Guthrie (Ed.), Encyclopedia of
education (2nd ed., pp. 1370–1373). New York: Macmillan Reference.

Google Scholar

58. Scardamalia, M., Bransford, J., Kozma, B., & Quellmalz, E. (2012). New assessments and environments for
knowledge building. In P. Griffin, B. McGaw, & E. Care (Eds.), Assessment and teaching of 21st century
skills (pp. 231–300). Dordrecht: Springer.

Google Scholar

59. Siew, N. M., Goh, H., & Sulaiman, F. (2016). Integrating STEM in an engineering design process: The
learning experience of rural secondary school students in an outreach challenge program. Journal of Baltic
Science Education, 15(4), 477–493.

Google Scholar

60. Springer, L., Stanne, M. E., & Donovan, S. (1999). Effects of small-group learning on undergraduates in
science, mathematics, engineering, and technology: A meta-analysis (Research Monograph No. 11). Review
of Educational Research, 69, 21–51.

Article
Google Scholar

61. Stohlmann, M., Moore, T. J., & Roehrig, G. H. (2012). Considerations for teaching integrated STEM
education. Journal of Pre-College Engineering Education Research (J-PEER), 2(1), 28–34.

Article
Google Scholar

62. Swap, R. J., & Walter, J. A. (2015). An approach to engaging students in a large-enrollment, introductory
STEM college course. Journal of the Scholarship of Teaching and Learning, 15(5), 1–21.

Article
Google Scholar

63. Vokatis, B., & Zhang, J. (2016). The professional identity of three innovative teachers engaging in sustained
knowledge building using technology. Frontline Learning Research, 4(1), 58–77.

http://scholar.google.com/scholar_lookup?&title=Computer%20supported%20collaborative%20learning&pages=69-97&publication_year=1995&author=Roschelle%2CJ&author=Teasley%2CSD
https://doi.org/10.2190%2FXLGB-PXEC-BVXG-GRKN
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20a%20computer-supported%20intentional%20learning%20environment%20%28CSILE%29%20on%20students%E2%80%99%20self-concept%2C%20self-regulatory%20behavior%2C%20and%20critical%20thinking%20ability&journal=Journal%20of%20Educational%20Computing%20Research&volume=13&issue=4&pages=375-385&publication_year=1995&author=Ryser%2CGR&author=Beeler%2CJE&author=McKenzie%2CCM
http://scholar.google.com/scholar_lookup?&title=STEM%2C%20STEM%20education%2C%20STEM%20mania&journal=The%20Technology%20Teacher&volume=68&issue=4&pages=20-26&publication_year=2009&author=Sanders%2CM
https://doi.org/10.7771%2F1541-5015.1002
http://scholar.google.com/scholar_lookup?&title=Overview%20of%20PBL%3A%20Definitions%20and%20distinctions&journal=Interdisciplinary%20Journal%20of%20Problem-Based%20Learning&volume=1&issue=1&pages=9-20&publication_year=2006&author=Savery%2CJS
https://doi.org/10.1207%2Fs15327809jls0101_3
http://scholar.google.com/scholar_lookup?&title=Higher%20levels%20of%20agency%20for%20children%20in%20knowledge%20building%3A%20A%20challenge%20for%20the%20design%20of%20new%20knowledge%20media&journal=The%20Journal%20of%20the%20Learning%20Sciences&volume=1&issue=1&pages=37-68&publication_year=1991&author=Scardamalia%2CM&author=Bereiter%2CC
http://scholar.google.com/scholar_lookup?&title=Encyclopedia%20of%20education&pages=1370-1373&publication_year=2003&author=Scardamalia%2CM&author=Bereiter%2CC
http://scholar.google.com/scholar_lookup?&title=Assessment%20and%20teaching%20of%2021st%20century%20skills&pages=231-300&publication_year=2012&author=Scardamalia%2CM&author=Bransford%2CJ&author=Kozma%2CB&author=Quellmalz%2CE
http://scholar.google.com/scholar_lookup?&title=Integrating%20STEM%20in%20an%20engineering%20design%20process%3A%20The%20learning%20experience%20of%20rural%20secondary%20school%20students%20in%20an%20outreach%20challenge%20program&journal=Journal%20of%20Baltic%20Science%20Education&volume=15&issue=4&pages=477-493&publication_year=2016&author=Siew%2CNM&author=Goh%2CH&author=Sulaiman%2CF
https://doi.org/10.3102%2F00346543069001021
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20small-group%20learning%20on%20undergraduates%20in%20science%2C%20mathematics%2C%20engineering%2C%20and%20technology%3A%20A%20meta-analysis%20%28Research%20Monograph%20No.%2011%29&journal=Review%20of%20Educational%20Research&volume=69&pages=21-51&publication_year=1999&author=Springer%2CL&author=Stanne%2CME&author=Donovan%2CS
https://doi.org/10.5703%2F1288284314653
http://scholar.google.com/scholar_lookup?&title=Considerations%20for%20teaching%20integrated%20STEM%20education&journal=Journal%20of%20Pre-College%20Engineering%20Education%20Research%20%28J-PEER%29&volume=2&issue=1&pages=28-34&publication_year=2012&author=Stohlmann%2CM&author=Moore%2CTJ&author=Roehrig%2CGH
https://doi.org/10.14434%2Fjosotl.v15i5.18910
http://scholar.google.com/scholar_lookup?&title=An%20approach%20to%20engaging%20students%20in%20a%20large-enrollment%2C%20introductory%20STEM%20college%20course&journal=Journal%20of%20the%20Scholarship%20of%20Teaching%20and%20Learning&volume=15&issue=5&pages=1-21&publication_year=2015&author=Swap%2CRJ&author=Walter%2CJA


Article
Google Scholar

64. Walter, E. M., Henderson, C. R., Beach, A. L., & Williams, C. T. (2016). Introducing the Postsecondary
Instructional Practices Survey (PIPS): A concise, interdisciplinary, and easy-to-score survey. CBE-Life
Sciences Education, 15(4), ar53.

Article
Google Scholar

65. Wang, H. H., Moore, T. J., Roehrig, G. H., & Park, M. S. (2011). STEM integration: Teacher perceptions and
practice. Journal of Pre-College Engineering Education Research (J-PEER), 1(2), 1–13.

Google Scholar

66. Wells, J. G. (2016). Efficacy of the technological/engineering design approach: Imposed cognitive demands
within design-based biotechnology instruction. Journal of Technology Education, 27(2), 4–20.

Google Scholar

67. Wilson, S. B., & Varma-Nelson, P. (2016). Small groups, significant impact: A review of peer-led team
learning research with implications for STEM education researchers and faculty. Journal of Chemical
Education, 93(10), 1686–1702.

Article
Google Scholar

68. Zhang, J., Hong, H. Y., Scardamalia, M., Teo, C. L., & Morley, E. A. (2011). Sustaining knowledge building
as a principle-based innovation at an elementary school. The Journal of the Learning Sciences, 20(2), 262–
307.

Article
Google Scholar

Download references

Acknowledgements

Funding was provided by Ministry of Science and Technology, Taiwan (Grant Nos. 106-2511-S-004-008-MY2 and
107-2511-H-004-004-MY3).

Author information

Affiliations

1. National Chengchi University, Taipei, Taiwan
Huang-Yao Hong
, Pei-Yi Lin
 & Nanxi Chen

2. University of Minnesota, Minneapolis, MN, USA
Bodong Chen

Authors

1. Huang-Yao Hong
View author publications
You can also search for this author in

PubMed
Google Scholar

2. Pei-Yi Lin

https://doi.org/10.14786%2Fflr.v4i1.223
http://scholar.google.com/scholar_lookup?&title=The%20professional%20identity%20of%20three%20innovative%20teachers%20engaging%20in%20sustained%20knowledge%20building%20using%20technology&journal=Frontline%20Learning%20Research&volume=4&issue=1&pages=58-77&publication_year=2016&author=Vokatis%2CB&author=Zhang%2CJ
https://doi.org/10.1187%2Fcbe.15-09-0193
http://scholar.google.com/scholar_lookup?&title=Introducing%20the%20Postsecondary%20Instructional%20Practices%20Survey%20%28PIPS%29%3A%20A%20concise%2C%20interdisciplinary%2C%20and%20easy-to-score%20survey&journal=CBE-Life%20Sciences%20Education&volume=15&issue=4&publication_year=2016&author=Walter%2CEM&author=Henderson%2CCR&author=Beach%2CAL&author=Williams%2CCT
http://scholar.google.com/scholar_lookup?&title=STEM%20integration%3A%20Teacher%20perceptions%20and%20practice&journal=Journal%20of%20Pre-College%20Engineering%20Education%20Research%20%28J-PEER%29&volume=1&issue=2&pages=1-13&publication_year=2011&author=Wang%2CHH&author=Moore%2CTJ&author=Roehrig%2CGH&author=Park%2CMS
http://scholar.google.com/scholar_lookup?&title=Efficacy%20of%20the%20technological%2Fengineering%20design%20approach%3A%20Imposed%20cognitive%20demands%20within%20design-based%20biotechnology%20instruction&journal=Journal%20of%20Technology%20Education&volume=27&issue=2&pages=4-20&publication_year=2016&author=Wells%2CJG
https://doi.org/10.1021%2Facs.jchemed.5b00862
http://scholar.google.com/scholar_lookup?&title=Small%20groups%2C%20significant%20impact%3A%20A%20review%20of%20peer-led%20team%20learning%20research%20with%20implications%20for%20STEM%20education%20researchers%20and%20faculty&journal=Journal%20of%20Chemical%20Education&volume=93&issue=10&pages=1686-1702&publication_year=2016&author=Wilson%2CSB&author=Varma-Nelson%2CP
https://doi.org/10.1080%2F10508406.2011.528317
http://scholar.google.com/scholar_lookup?&title=Sustaining%20knowledge%20building%20as%20a%20principle-based%20innovation%20at%20an%20elementary%20school&journal=The%20Journal%20of%20the%20Learning%20Sciences&volume=20&issue=2&pages=262-307&publication_year=2011&author=Zhang%2CJ&author=Hong%2CHY&author=Scardamalia%2CM&author=Teo%2CCL&author=Morley%2CEA
https://link.springer.com/article/10.1007/s40299-018-0409-y-references.ris?shared-article-renderer
https://link.springer.com/search?dc.creator=%22Huang-Yao+Hong%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Huang-Yao+Hong
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Huang-Yao+Hong%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en


View author publications
You can also search for this author in

PubMed
Google Scholar

3. Bodong Chen
View author publications
You can also search for this author in

PubMed
Google Scholar

4. Nanxi Chen
View author publications
You can also search for this author in

PubMed
Google Scholar

Corresponding author

Correspondence to Pei-Yi Lin.

Rights and permissions

Reprints and Permissions

About this article

Cite this article

Hong, H., Lin, P., Chen, B. et al. Integrated STEM Learning in an Idea-centered Knowledge-building
Environment. Asia-Pacific Edu Res 28, 63–76 (2019). https://doi.org/10.1007/s40299-018-0409-y

Download citation

Published: 24 October 2018

Issue Date: 15 February 2019

DOI: https://doi.org/10.1007/s40299-018-0409-y

Share this article

Anyone you share the following link with will be able to read this content:

Get shareable link

Sorry, a shareable link is not currently available for this article.

Copy to clipboard

Provided by the Springer Nature SharedIt content-sharing initiative

Keywords

STEM learning

https://link.springer.com/search?dc.creator=%22Pei-Yi+Lin%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Pei-Yi+Lin
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Pei-Yi+Lin%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://link.springer.com/search?dc.creator=%22Bodong+Chen%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Bodong+Chen
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Bodong+Chen%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://link.springer.com/search?dc.creator=%22Nanxi+Chen%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Nanxi+Chen
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Nanxi+Chen%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://link.springer.com/article/10.1007/s40299-018-0409-y/email/correspondent/c1/new?shared-article-renderer
https://s100.copyright.com/AppDispatchServlet?title=Integrated%20STEM%20Learning%20in%20an%20Idea-centered%20Knowledge-building%20Environment&author=Huang-Yao%20Hong%20et%20al&contentID=10.1007%2Fs40299-018-0409-y&publication=0119-5646&publicationDate=2018-10-24&publisherName=SpringerNature&orderBeanReset=true
https://crossmark.crossref.org/dialog/?doi=10.1007/s40299-018-0409-y
https://link.springer.com/article/10.1007/s40299-018-0409-y.ris?shared-article-renderer
https://doi.org/10.1007/s40299-018-0409-y


Knowledge building
Learning environment
Collaboration

Download PDF 

Sections
Figures
References

Abstract
Introduction
Literature Review
Method
Results
Discussion and Implications
References
Acknowledgements
Author information
Rights and permissions
About this article

Advertisement

Fig. 1
figure1

View in articleFull size image

Fig. 2
figure2

View in articleFull size image

Fig. 3
figure3

View in articleFull size image

Fig. 4
figure4

View in articleFull size image

1. Aronson, E. (1978). The jigsaw classroom. Beverly
Hills: Sage.

https://link.springer.com/content/pdf/10.1007/s40299-018-0409-y.pdf
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvapOvyKZOzVN8xxaE2IkhyKrGJSViyjr7dJbdwdA6hbOEOKLcZyjoMV6SPUB61NZ9ZmXdmfyE0ddbiqRLLPzygg0XLsSe7zb_1xYjdDfpl1uZtuAskSXFP8cwqQRpHPy06jQU4hqd7U22Pgpe5cwJ7V32RU1awd58IWY4u-OnIiGmTUMKxz2k2DK9ESg3vGGrpNlkJspnWGT3citJBLbxJj-G_qpng8ePyt7pDTYk7Q4zk4xIn2h6Cj1k1DHqoBPhbG_K1_SclKnBbS2KPgw&sai=AMfl-YRC-PQZ-uoLOSGsnGtaiBVHcbZ9NiMa6GyJgdC-7oJ2MC0uMWBUUiSb0b7ia4WluJWX5q6iF_foY3JKqvN8XEyK5QbN_gZKnhV39poYIZREqwBcEWUyIVMA1-iQrbgjwV_c0w&sig=Cg0ArKJSzGRrynArA5if&adurl=https://www.nature.com/collections/gjdbbdcacd/%3Futm_source%3Ddisplay%26utm_medium%3Dbanners%26utm_campaign%3Dcrs-sl_nc_toolkit%26utm_content%3Dsl_toolkit_300x250v1
https://link.springer.com/article/10.1007/s40299-018-0409-y/figures/1?shared-article-renderer
https://link.springer.com/article/10.1007/s40299-018-0409-y/figures/2?shared-article-renderer
https://link.springer.com/article/10.1007/s40299-018-0409-y/figures/3?shared-article-renderer
https://link.springer.com/article/10.1007/s40299-018-0409-y/figures/4?shared-article-renderer


Google Scholar

2. Aronson, E. (2002). Building empathy, compassion,
and achievement in the jigsaw classroom. In J.
Aronson (Ed.), Improving academic achievement:
Impact of psychological factors on education (pp.
209–225). Cambridge: Academic Press.

Google Scholar

3. Barak, M., & Assal, M. (2018). Robotics and STEM
learning: Students’ achievements in assignments
according to the P3 Task Taxonomy—Practice,
problem solving, and projects. International Journal
of Technology and Design Education, 28(1), 121–144.

Article
Google Scholar

4. Becker, K., & Park, K. (2011). Effects of integrative
approaches among science, technology, engineering,
and mathematics (STEM) subjects on students’
learning: A preliminary meta-analysis. Journal of
STEM Education, 12(5/6), 23–37.

Google Scholar

5. Bell, S. (2010). Project-based learning for the 21st
century: Skills for the future. The Clearing House: A
Journal of Educational Strategies, Issues and Ideas,
83(2), 39–43.

Article
Google Scholar

6. Berland, L. K., & Steingut, R. (2016). Explaining
variation in student efforts towards using math and
science knowledge in engineering contexts.
International Journal of Science Education, 38(18),
2742–2761.

Article
Google Scholar

7. Besemer, S. P. (1998). Creative product analysis
matrix: Testing the model structure and a comparison
among products—Three novel chairs. Creativity
Research Journal, 11(4), 333–346.

Article
Google Scholar

8. Bransford, J. D., Brown, A. L., & Cocking, R. R.
(2000). How people learn (Expanded ed.).
Washington, DC: National Academy.

Google Scholar

9. Brown, A. L., Ash, D., Rutherford, M., Nakagawa,
K., Gordon, A., & Campione, J. C. (1993).
Distributed expertise in the classroom. In G. Salomon
(Ed.), Distributed cognitions: Psychological and

http://scholar.google.com/scholar_lookup?&title=The%20jigsaw%20classroom&publication_year=1978&author=Aronson%2CE
http://scholar.google.com/scholar_lookup?&title=Improving%20academic%20achievement%3A%20Impact%20of%20psychological%20factors%20on%20education&pages=209-225&publication_year=2002&author=Aronson%2CE
https://doi.org/10.1007%2Fs10798-016-9385-9
http://scholar.google.com/scholar_lookup?&title=Robotics%20and%20STEM%20learning%3A%20Students%E2%80%99%20achievements%20in%20assignments%20according%20to%20the%20P3%20Task%20Taxonomy%E2%80%94Practice%2C%20problem%20solving%2C%20and%20projects&journal=International%20Journal%20of%20Technology%20and%20Design%20Education&volume=28&issue=1&pages=121-144&publication_year=2018&author=Barak%2CM&author=Assal%2CM
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20integrative%20approaches%20among%20science%2C%20technology%2C%20engineering%2C%20and%20mathematics%20%28STEM%29%20subjects%20on%20students%E2%80%99%20learning%3A%20A%20preliminary%20meta-analysis&journal=Journal%20of%20STEM%20Education&volume=12&issue=5%2F6&pages=23-37&publication_year=2011&author=Becker%2CK&author=Park%2CK
https://doi.org/10.1080%2F00098650903505415
http://scholar.google.com/scholar_lookup?&title=Project-based%20learning%20for%20the%2021st%20century%3A%20Skills%20for%20the%20future&journal=The%20Clearing%20House%3A%20A%20Journal%20of%20Educational%20Strategies%2C%20Issues%20and%20Ideas&volume=83&issue=2&pages=39-43&publication_year=2010&author=Bell%2CS
https://doi.org/10.1080%2F09500693.2016.1260179
http://scholar.google.com/scholar_lookup?&title=Explaining%20variation%20in%20student%20efforts%20towards%20using%20math%20and%20science%20knowledge%20in%20engineering%20contexts&journal=International%20Journal%20of%20Science%20Education&volume=38&issue=18&pages=2742-2761&publication_year=2016&author=Berland%2CLK&author=Steingut%2CR
https://doi.org/10.1207%2Fs15326934crj1104_7
http://scholar.google.com/scholar_lookup?&title=Creative%20product%20analysis%20matrix%3A%20Testing%20the%20model%20structure%20and%20a%20comparison%20among%20products%E2%80%94Three%20novel%20chairs&journal=Creativity%20Research%20Journal&volume=11&issue=4&pages=333-346&publication_year=1998&author=Besemer%2CSP
http://scholar.google.com/scholar_lookup?&title=How%20people%20learn%20%28Expanded%20ed.%29&publication_year=2000&author=Bransford%2CJD&author=Brown%2CAL&author=Cocking%2CRR


educational considerations (pp. 188–228).
Cambridge: Cambridge University Press.

Google Scholar

10. Bruning, R., Schraw, G., Norby, M., & Ronning, R.
(2004). Cognitive psychology and instruction.
Columbus, OH: Merrill.

Google Scholar

11. Bybee, R. W. (2010). A new challenge for science
education leaders: Developing 21st-century workforce
skills. In J. Rhoton (Ed.), Science education
leadership: Best practices for a new century (pp. 33–
49). Arlington: NSTA Press.

Google Scholar

12. Cantrell, P., Young, S., & Moore, A. (2003). Factors
affecting science teaching efficacy of preservice
elementary teachers. Journal of Science Teacher
Education, 14(3), 177–192.

Article
Google Scholar

13. Chai, C. S. (2018). Teacher professional development
for science, technology, engineering and mathematics
(STEM) education: A review from the perspectives of
technological pedagogical content (TPACK). The
Asia-Pacific Education Researcher.
https://doi.org/10.1007/s40299-018-0400-7.

Article
Google Scholar

14. Chai, C. S., & Tan, S. C. (2009). Professional
development of teachers for computer-supported
collaborative learning: A knowledge-building
approach. Teachers College Record, 111(5), 1296–
1327.

Google Scholar

15. Chalmers, C., Carter, M. L., Cooper, T., & Nason, R.
(2017). Implementing “big ideas” to advance the
teaching and learning of science, technology,
engineering, and mathematics (STEM). International
Journal of Science and Mathematics Education,
15(1), 25–43.

Article
Google Scholar

16. Chen, B., & Hong, H.-Y. (2016). Schools as
knowledge-building organizations: Thirty years of
design research. Educational Psychologist, 51(2),
266–288.

Article
Google Scholar

http://scholar.google.com/scholar_lookup?&title=Distributed%20cognitions%3A%20Psychological%20and%20educational%20considerations&pages=188-228&publication_year=1993&author=Brown%2CAL&author=Ash%2CD&author=Rutherford%2CM&author=Nakagawa%2CK&author=Gordon%2CA&author=Campione%2CJC
http://scholar.google.com/scholar_lookup?&title=Cognitive%20psychology%20and%20instruction&publication_year=2004&author=Bruning%2CR&author=Schraw%2CG&author=Norby%2CM&author=Ronning%2CR
http://scholar.google.com/scholar_lookup?&title=Science%20education%20leadership%3A%20Best%20practices%20for%20a%20new%20century&pages=33-49&publication_year=2010&author=Bybee%2CRW
https://doi.org/10.1023%2FA%3A1025974417256
http://scholar.google.com/scholar_lookup?&title=Factors%20affecting%20science%20teaching%20efficacy%20of%20preservice%20elementary%20teachers&journal=Journal%20of%20Science%20Teacher%20Education&volume=14&issue=3&pages=177-192&publication_year=2003&author=Cantrell%2CP&author=Young%2CS&author=Moore%2CA
https://doi.org/10.1007/s40299-018-0400-7
https://doi.org/10.1007%2Fs40299-018-0400-7
http://scholar.google.com/scholar_lookup?&title=Teacher%20professional%20development%20for%20science%2C%20technology%2C%20engineering%20and%20mathematics%20%28STEM%29%20education%3A%20A%20review%20from%20the%20perspectives%20of%20technological%20pedagogical%20content%20%28TPACK%29&journal=The%20Asia-Pacific%20Education%20Researcher&doi=10.1007%2Fs40299-018-0400-7&publication_year=2018&author=Chai%2CCS
http://scholar.google.com/scholar_lookup?&title=Professional%20development%20of%20teachers%20for%20computer-supported%20collaborative%20learning%3A%20A%20knowledge-building%20approach&journal=Teachers%20College%20Record&volume=111&issue=5&pages=1296-1327&publication_year=2009&author=Chai%2CCS&author=Tan%2CSC
https://doi.org/10.1007%2Fs10763-017-9799-1
http://scholar.google.com/scholar_lookup?&title=Implementing%20%E2%80%9Cbig%20ideas%E2%80%9D%20to%20advance%20the%20teaching%20and%20learning%20of%20science%2C%20technology%2C%20engineering%2C%20and%20mathematics%20%28STEM%29&journal=International%20Journal%20of%20Science%20and%20Mathematics%20Education&volume=15&issue=1&pages=25-43&publication_year=2017&author=Chalmers%2CC&author=Carter%2CML&author=Cooper%2CT&author=Nason%2CR
https://doi.org/10.1080%2F00461520.2016.1175306
http://scholar.google.com/scholar_lookup?&title=Schools%20as%20knowledge-building%20organizations%3A%20Thirty%20years%20of%20design%20research&journal=Educational%20Psychologist&volume=51&issue=2&pages=266-288&publication_year=2016&author=Chen%2CB&author=Hong%2CH-Y


17. Cornelius-White, J. (2007). Learner-centered teacher-
student relationships are effective: A meta-analysis.
Review of educational research, 77(1), 113–143.

Article
Google Scholar

18. Deslauriers, L., Schelew, E., & Wieman, C. (2011).
Improved learning in a large-enrollment physics class.
Science, 332(6031), 862–864.

Article
Google Scholar

19. Dewey, J. (1938). Experience and education. New
York: Macmillan.

Google Scholar

20. Duran, M., & Sendag, S. (2012). A preliminary
investigation into critical thinking skills of urban high
school students: Role of an IT/STEM program.
Creative Education, 3(02), 241–250.

Article
Google Scholar

21. El Sayary, A. M. A., Forawi, S. A., & Mansour, N.
(2015). STEM education and problem-based learning.
In R. Wegerif, L. Li, & J. C. Kaufman (Eds.), The
Routledge international handbook of research on
teaching thinking (pp. 357–369). London/New York:
Routledge.

Google Scholar

22. English, L. (2016). STEM education K-12:
Perspectives on integration. International Journal of
STEM Education, 3(3), 1–8.

Google Scholar

23. Evans, M. A., Lopez, M., Maddox, D., Drape, T., &
Duke, R. (2014). Interest-driven learning among
middle school youth in an out-of-school STEM
studio. Journal of Science Education and Technology,
23(5), 624–640.

Article
Google Scholar

24. Gasiewski, J. A., Eagan, M. K., Garcia, G. A.,
Hurtado, S., & Chang, M. J. (2012). From
gatekeeping to engagement: A multicontextual, mixed
method study of student academic engagement in
introductory STEM courses. Research in Higher
Education, 53(2), 229–261.

Article
Google Scholar

https://doi.org/10.3102%2F003465430298563
http://scholar.google.com/scholar_lookup?&title=Learner-centered%20teacher-student%20relationships%20are%20effective%3A%20A%20meta-analysis&journal=Review%20of%20educational%20research&volume=77&issue=1&pages=113-143&publication_year=2007&author=Cornelius-White%2CJ
https://doi.org/10.1126%2Fscience.1201783
http://scholar.google.com/scholar_lookup?&title=Improved%20learning%20in%20a%20large-enrollment%20physics%20class&journal=Science&volume=332&issue=6031&pages=862-864&publication_year=2011&author=Deslauriers%2CL&author=Schelew%2CE&author=Wieman%2CC
http://scholar.google.com/scholar_lookup?&title=Experience%20and%20education&publication_year=1938&author=Dewey%2CJ
https://doi.org/10.4236%2Fce.2012.32038
http://scholar.google.com/scholar_lookup?&title=A%20preliminary%20investigation%20into%20critical%20thinking%20skills%20of%20urban%20high%20school%20students%3A%20Role%20of%20an%20IT%2FSTEM%20program&journal=Creative%20Education&volume=3&issue=02&pages=241-250&publication_year=2012&author=Duran%2CM&author=Sendag%2CS
http://scholar.google.com/scholar_lookup?&title=The%20Routledge%20international%20handbook%20of%20research%20on%20teaching%20thinking&pages=357-369&publication_year=2015&author=Sayary%2CAMA&author=Forawi%2CSA&author=Mansour%2CN
http://scholar.google.com/scholar_lookup?&title=STEM%20education%20K-12%3A%20Perspectives%20on%20integration&journal=International%20Journal%20of%20STEM%20Education&volume=3&issue=3&pages=1-8&publication_year=2016&author=English%2CL
https://doi.org/10.1007%2Fs10956-014-9490-z
http://scholar.google.com/scholar_lookup?&title=Interest-driven%20learning%20among%20middle%20school%20youth%20in%20an%20out-of-school%20STEM%20studio&journal=Journal%20of%20Science%20Education%20and%20Technology&volume=23&issue=5&pages=624-640&publication_year=2014&author=Evans%2CMA&author=Lopez%2CM&author=Maddox%2CD&author=Drape%2CT&author=Duke%2CR
https://doi.org/10.1007%2Fs11162-011-9247-y
http://scholar.google.com/scholar_lookup?&title=From%20gatekeeping%20to%20engagement%3A%20A%20multicontextual%2C%20mixed%20method%20study%20of%20student%20academic%20engagement%20in%20introductory%20STEM%20courses&journal=Research%20in%20Higher%20Education&volume=53&issue=2&pages=229-261&publication_year=2012&author=Gasiewski%2CJA&author=Eagan%2CMK&author=Garcia%2CGA&author=Hurtado%2CS&author=Chang%2CMJ


25. Gilbert, N. J., & Driscoll, M. P. (2002). Collaborative
knowledge building: A case study. Educational
Technology Research and Development, 50(1), 59–79.

Article
Google Scholar

26. Grant, M. M., & Hill, J. R. (2006). Weighing the risks
with the rewards: Implementing student centered
pedagogy within high-stakes testing. In R. Lambert &
C. McCarthy (Eds.), Understanding teacher stress in
an age of accountability (pp. 19–42). Greenwich:
Information Age Press.

Google Scholar

27. Gross, K., & Gross, S. (2016). Transformation:
Constructivism, design thinking, and elementary
STEAM. Art Education, 69(6), 36–43.

Article
Google Scholar

28. Hakkarainen, K., & Sintonen, M. (2002). The
interrogative model of inquiry and computer-
supported collaborative learning. Science &
Education, 11(1), 25–43.

Article
Google Scholar

29. Han, S. (2017). Korean students’ attitudes toward
STEM project-based learning and major selection.
Educational Sciences: Theory & Practice, 17(2),
529–548.

Google Scholar

30. Han, S., Capraro, R. M., & Capraro, M. M. (2016).
How science, technology, engineering, and
mathematics project based learning affects high-need
students in the US. Learning and Individual
Differences, 51, 157–166.

Article
Google Scholar

31. Hathcock, S. J., Dickerson, D. L., Eckhoff, A., &
Katsioloudis, P. (2015). Scaffolding for creative
product possibilities in a design-based STEM activity.
Research in Science Education, 45(5), 727–748.

Article
Google Scholar

32. Honey, M., Pearson, G., & Schweingruber, A. (2014).
STEM integration in K-12 education: Status,
prospects, and an agenda for research. Washington:
National Academies Press.

Google Scholar

https://doi.org/10.1007%2FBF02504961
http://scholar.google.com/scholar_lookup?&title=Collaborative%20knowledge%20building%3A%20A%20case%20study&journal=Educational%20Technology%20Research%20and%20Development&volume=50&issue=1&pages=59-79&publication_year=2002&author=Gilbert%2CNJ&author=Driscoll%2CMP
http://scholar.google.com/scholar_lookup?&title=Understanding%20teacher%20stress%20in%20an%20age%20of%20accountability&pages=19-42&publication_year=2006&author=Grant%2CMM&author=Hill%2CJR
https://doi.org/10.1080%2F00043125.2016.1224869
http://scholar.google.com/scholar_lookup?&title=Transformation%3A%20Constructivism%2C%20design%20thinking%2C%20and%20elementary%20STEAM&journal=Art%20Education&volume=69&issue=6&pages=36-43&publication_year=2016&author=Gross%2CK&author=Gross%2CS
https://doi.org/10.1023%2FA%3A1013076706416
http://scholar.google.com/scholar_lookup?&title=The%20interrogative%20model%20of%20inquiry%20and%20computer-supported%20collaborative%20learning&journal=Science%20%26%20Education&volume=11&issue=1&pages=25-43&publication_year=2002&author=Hakkarainen%2CK&author=Sintonen%2CM
http://scholar.google.com/scholar_lookup?&title=Korean%20students%E2%80%99%20attitudes%20toward%20STEM%20project-based%20learning%20and%20major%20selection&journal=Educational%20Sciences%3A%20Theory%20%26%20Practice&volume=17&issue=2&pages=529-548&publication_year=2017&author=Han%2CS
https://doi.org/10.1016%2Fj.lindif.2016.08.045
http://scholar.google.com/scholar_lookup?&title=How%20science%2C%20technology%2C%20engineering%2C%20and%20mathematics%20project%20based%20learning%20affects%20high-need%20students%20in%20the%20US&journal=Learning%20and%20Individual%20Differences&volume=51&pages=157-166&publication_year=2016&author=Han%2CS&author=Capraro%2CRM&author=Capraro%2CMM
https://doi.org/10.1007%2Fs11165-014-9437-7
http://scholar.google.com/scholar_lookup?&title=Scaffolding%20for%20creative%20product%20possibilities%20in%20a%20design-based%20STEM%20activity&journal=Research%20in%20Science%20Education&volume=45&issue=5&pages=727-748&publication_year=2015&author=Hathcock%2CSJ&author=Dickerson%2CDL&author=Eckhoff%2CA&author=Katsioloudis%2CP
http://scholar.google.com/scholar_lookup?&title=STEM%20integration%20in%20K-12%20education%3A%20Status%2C%20prospects%2C%20and%20an%20agenda%20for%20research&publication_year=2014&author=Honey%2CM&author=Pearson%2CG&author=Schweingruber%2CA


33. Hong, H. Y., & Lin, P. Y. (2018). Elementary students
enhancing their understanding of energy-saving
through idea-centered collaborative knowledge-
building scaffolds and activities. Educational
Technology Research and Development.
https://doi.org/10.1007/s11423-018-9606-x.

Article
Google Scholar

34. Hong, H.-Y., & Lin, S. P. (2010). Teacher-education
students' epistemological belief change through
collaborative knowledge building. Asia-Pacific
Education Researcher, 19(1), 99–110.

Article
Google Scholar

35. Hong, H.-Y., & Scardamalia, M. (2014). Community
knowledge assessment in a knowledge building
environment. Computers & Education, 71, 279–288.

Article
Google Scholar

36. Hong, H.-Y., Scardamalia, M., Messina, R., & Teo, C.
L. (2015). Fostering sustained idea improvement with
principle-based knowledge building analytic tools.
Computers & Education, 89, 91–102.

Article
Google Scholar

37. Hurtado, S., Eagan, K., Pryor, J. H., Whang, H., &
Tran, S. (2012). Undergraduate teaching faculty: The
2010–2011 HERI faculty survey. Los Angeles:
University of California.

Google Scholar

38. Kelley, T. R., & Knowles, J. G. (2016). A conceptual
framework for integrated STEM education.
International Journal of STEM Education, 3(1), 1–11.

Article
Google Scholar

39. Kuenzi, J. J. (2008). Science, technology, engineering,
and mathematics (STEM) education: Background,
federal policy, and legislative action (CRS report for
Congress). Retrieved from
http://www.fas.org/sgp/crs/misc/RL33434.pdf.

40. Lee, E. Y., Chan, C. K., & van Aalst, J. (2006).
Students assessing their own collaborative knowledge
building. International Journal of Computer-
Supported Collaborative Learning, 1(1), 57–87.

Article
Google Scholar

https://doi.org/10.1007/s11423-018-9606-x
https://doi.org/10.1007%2Fs11423-018-9606-x
http://scholar.google.com/scholar_lookup?&title=Elementary%20students%20enhancing%20their%20understanding%20of%20energy-saving%20through%20idea-centered%20collaborative%20knowledge-building%20scaffolds%20and%20activities&journal=Educational%20Technology%20Research%20and%20Development&doi=10.1007%2Fs11423-018-9606-x&publication_year=2018&author=Hong%2CHY&author=Lin%2CPY
https://doi.org/10.3860%2Ftaper.v19i1.1511
http://scholar.google.com/scholar_lookup?&title=Teacher-education%20students%27%20epistemological%20belief%20change%20through%20collaborative%20knowledge%20building&journal=Asia-Pacific%20Education%20Researcher&volume=19&issue=1&pages=99-110&publication_year=2010&author=Hong%2CH-Y&author=Lin%2CSP
https://doi.org/10.1016%2Fj.compedu.2013.09.009
http://scholar.google.com/scholar_lookup?&title=Community%20knowledge%20assessment%20in%20a%20knowledge%20building%20environment&journal=Computers%20%26%20Education&volume=71&pages=279-288&publication_year=2014&author=Hong%2CH-Y&author=Scardamalia%2CM
https://doi.org/10.1016%2Fj.compedu.2015.08.012
http://scholar.google.com/scholar_lookup?&title=Fostering%20sustained%20idea%20improvement%20with%20principle-based%20knowledge%20building%20analytic%20tools&journal=Computers%20%26%20Education&volume=89&pages=91-102&publication_year=2015&author=Hong%2CH-Y&author=Scardamalia%2CM&author=Messina%2CR&author=Teo%2CCL
http://scholar.google.com/scholar_lookup?&title=Undergraduate%20teaching%20faculty%3A%20The%202010%E2%80%932011%20HERI%20faculty%20survey&publication_year=2012&author=Hurtado%2CS&author=Eagan%2CK&author=Pryor%2CJH&author=Whang%2CH&author=Tran%2CS
https://doi.org/10.1186%2Fs40594-016-0046-z
http://scholar.google.com/scholar_lookup?&title=A%20conceptual%20framework%20for%20integrated%20STEM%20education&journal=International%20Journal%20of%20STEM%20Education&volume=3&issue=1&pages=1-11&publication_year=2016&author=Kelley%2CTR&author=Knowles%2CJG
http://www.fas.org/sgp/crs/misc/RL33434.pdf
https://doi.org/10.1007%2Fs11412-006-6844-4
http://scholar.google.com/scholar_lookup?&title=Students%20assessing%20their%20own%20collaborative%20knowledge%20building&journal=International%20Journal%20of%20Computer-Supported%20Collaborative%20Learning&volume=1&issue=1&pages=57-87&publication_year=2006&author=Lee%2CEY&author=Chan%2CCK&author=Aalst%2CJ


41. León, J., Núñez, J. L., & Liew, J. (2015). Self-
determination and STEM education: Effects of
autonomy, motivation, and self-regulated learning on
high school math achievement. Learning and
Individual Differences, 43, 156–163.

Article
Google Scholar

42. Lin, F., & Chan, C. K. (2018). Examining the role of
computer-supported knowledge-building discourse in
epistemic and conceptual understanding. Journal of
Computer Assisted Learning.
https://doi.org/10.1111/jcal.12261.

Article
Google Scholar

43. Lin, K. Y., Hong, H. Y., & Chai, C. S. (2014).
Development and validation of the knowledge-
building environment scale. Learning and Individual
Differences, 30, 124–132.

Article
Google Scholar

44. Lin, P. Y., Chang, Y. H., Lin, H. T., & Hong, H. Y.
(2017). Fostering college students’ creative capacity
through computer-supported knowledge building.
Journal of Computers in Education, 4(1), 43–56.

Article
Google Scholar

45. Looi, C. K., Chen, W., & Patton, C. M. (2010).
Principles and enactment of rapid collaborative
knowledge building in classrooms. Educational
Technology, 50(5), 26–32.

Google Scholar

46. Lou, S. J., Shih, R. C., Diez, C. R., & Tseng, K. H.
(2011). The impact of problem-based learning
strategies on STEM knowledge integration and
attitudes: An exploratory study among female
Taiwanese senior high school students. International
Journal of Technology and Design Education, 21(2),
195–215.

Article
Google Scholar

47. National Science Teachers Association. (2011). NSTA
Position statement: Quality science education and
21st-century
skills. http://www.nsta.org/about/positions/21stcentury.aspx.

48. Norman, D. (2013). The design of everyday things:
Revised and expanded edition. New York: Basic
Books.

Google Scholar

https://doi.org/10.1016%2Fj.lindif.2015.08.017
http://scholar.google.com/scholar_lookup?&title=Self-determination%20and%20STEM%20education%3A%20Effects%20of%20autonomy%2C%20motivation%2C%20and%20self-regulated%20learning%20on%20high%20school%20math%20achievement&journal=Learning%20and%20Individual%20Differences&volume=43&pages=156-163&publication_year=2015&author=Le%C3%B3n%2CJ&author=N%C3%BA%C3%B1ez%2CJL&author=Liew%2CJ
https://doi.org/10.1111/jcal.12261
https://doi.org/10.1111%2Fjcal.12261
http://scholar.google.com/scholar_lookup?&title=Examining%20the%20role%20of%20computer-supported%20knowledge-building%20discourse%20in%20epistemic%20and%20conceptual%20understanding&journal=Journal%20of%20Computer%20Assisted%20Learning&doi=10.1111%2Fjcal.12261&publication_year=2018&author=Lin%2CF&author=Chan%2CCK
https://doi.org/10.1016%2Fj.lindif.2013.10.018
http://scholar.google.com/scholar_lookup?&title=Development%20and%20validation%20of%20the%20knowledge-building%20environment%20scale&journal=Learning%20and%20Individual%20Differences&volume=30&pages=124-132&publication_year=2014&author=Lin%2CKY&author=Hong%2CHY&author=Chai%2CCS
https://doi.org/10.1007%2Fs40692-016-0063-4
http://scholar.google.com/scholar_lookup?&title=Fostering%20college%20students%E2%80%99%20creative%20capacity%20through%20computer-supported%20knowledge%20building&journal=Journal%20of%20Computers%20in%20Education&volume=4&issue=1&pages=43-56&publication_year=2017&author=Lin%2CPY&author=Chang%2CYH&author=Lin%2CHT&author=Hong%2CHY
http://scholar.google.com/scholar_lookup?&title=Principles%20and%20enactment%20of%20rapid%20collaborative%20knowledge%20building%20in%20classrooms&journal=Educational%20Technology&volume=50&issue=5&pages=26-32&publication_year=2010&author=Looi%2CCK&author=Chen%2CW&author=Patton%2CCM
https://doi.org/10.1007%2Fs10798-010-9114-8
http://scholar.google.com/scholar_lookup?&title=The%20impact%20of%20problem-based%20learning%20strategies%20on%20STEM%20knowledge%20integration%20and%20attitudes%3A%20An%20exploratory%20study%20among%20female%20Taiwanese%20senior%20high%20school%20students&journal=International%20Journal%20of%20Technology%20and%20Design%20Education&volume=21&issue=2&pages=195-215&publication_year=2011&author=Lou%2CSJ&author=Shih%2CRC&author=Diez%2CCR&author=Tseng%2CKH
http://www.nsta.org/about/positions/21stcentury.aspx
http://scholar.google.com/scholar_lookup?&title=The%20design%20of%20everyday%20things%3A%20Revised%20and%20expanded%20edition&publication_year=2013&author=Norman%2CD


49. O’Quin, K., & Besemer, S. P. (2006). Using the
creative product semantic scale as a metric for results-
oriented business. Creativity and Innovation
Management, 15(1), 34–44.

Article
Google Scholar

50. Oshima, J., Oshima, R., Murayama, I., Inagaki, S.,
Takenaka, M., Yamamoto, T., et al. (2006).
Knowledge-building activity structures in Japanese
elementary science pedagogy. International Journal
of Computer-Supported Collaborative Learning, 1(2),
229–246.

Article
Google Scholar

51. Ritz, J. M., & Fan, S. C. (2015). STEM and
technology education: International state-of-the-art.
International Journal of Technology and Design
Education, 25(4), 429–451.

Article
Google Scholar

52. Roschelle, J., & Teasley, S. D. (1995). The
construction of shared knowledge in collaborative
problem solving. In C. E. Omalley (Ed.), Computer
supported collaborative learning (pp. 69–97). Berlin,
Heidelberg: Springer.

Google Scholar

53. Ryser, G. R., Beeler, J. E., & McKenzie, C. M.
(1995). Effects of a computer-supported intentional
learning environment (CSILE) on students’ self-
concept, self-regulatory behavior, and critical thinking
ability. Journal of Educational Computing Research,
13(4), 375–385.

Article
Google Scholar

54. Sanders, M. (2009). STEM, STEM education, STEM
mania. The Technology Teacher, 68(4), 20–26.

Google Scholar

55. Savery, J. S. (2006). Overview of PBL: Definitions
and distinctions. Interdisciplinary Journal of
Problem-Based Learning, 1(1), 9–20.

Article
Google Scholar

56. Scardamalia, M., & Bereiter, C. (1991). Higher levels
of agency for children in knowledge building: A
challenge for the design of new knowledge media.
The Journal of the Learning Sciences, 1(1), 37–68.

Article

https://doi.org/10.1111%2Fj.1467-8691.2006.00367.x
http://scholar.google.com/scholar_lookup?&title=Using%20the%20creative%20product%20semantic%20scale%20as%20a%20metric%20for%20results-oriented%20business&journal=Creativity%20and%20Innovation%20Management&volume=15&issue=1&pages=34-44&publication_year=2006&author=O%E2%80%99Quin%2CK&author=Besemer%2CSP
https://doi.org/10.1007%2Fs11412-006-8995-8
http://scholar.google.com/scholar_lookup?&title=Knowledge-building%20activity%20structures%20in%20Japanese%20elementary%20science%20pedagogy&journal=International%20Journal%20of%20Computer-Supported%20Collaborative%20Learning&volume=1&issue=2&pages=229-246&publication_year=2006&author=Oshima%2CJ&author=Oshima%2CR&author=Murayama%2CI&author=Inagaki%2CS&author=Takenaka%2CM&author=Yamamoto%2CT&author=Yamaguchi%2CE&author=Nakayama%2CH
https://doi.org/10.1007%2Fs10798-014-9290-z
http://scholar.google.com/scholar_lookup?&title=STEM%20and%20technology%20education%3A%20International%20state-of-the-art&journal=International%20Journal%20of%20Technology%20and%20Design%20Education&volume=25&issue=4&pages=429-451&publication_year=2015&author=Ritz%2CJM&author=Fan%2CSC
http://scholar.google.com/scholar_lookup?&title=Computer%20supported%20collaborative%20learning&pages=69-97&publication_year=1995&author=Roschelle%2CJ&author=Teasley%2CSD
https://doi.org/10.2190%2FXLGB-PXEC-BVXG-GRKN
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20a%20computer-supported%20intentional%20learning%20environment%20%28CSILE%29%20on%20students%E2%80%99%20self-concept%2C%20self-regulatory%20behavior%2C%20and%20critical%20thinking%20ability&journal=Journal%20of%20Educational%20Computing%20Research&volume=13&issue=4&pages=375-385&publication_year=1995&author=Ryser%2CGR&author=Beeler%2CJE&author=McKenzie%2CCM
http://scholar.google.com/scholar_lookup?&title=STEM%2C%20STEM%20education%2C%20STEM%20mania&journal=The%20Technology%20Teacher&volume=68&issue=4&pages=20-26&publication_year=2009&author=Sanders%2CM
https://doi.org/10.7771%2F1541-5015.1002
http://scholar.google.com/scholar_lookup?&title=Overview%20of%20PBL%3A%20Definitions%20and%20distinctions&journal=Interdisciplinary%20Journal%20of%20Problem-Based%20Learning&volume=1&issue=1&pages=9-20&publication_year=2006&author=Savery%2CJS
https://doi.org/10.1207%2Fs15327809jls0101_3


Google Scholar

57. Scardamalia, M., & Bereiter, C. (2003). Knowledge
building. In J. W. Guthrie (Ed.), Encyclopedia of
education (2nd ed., pp. 1370–1373). New York:
Macmillan Reference.

Google Scholar

58. Scardamalia, M., Bransford, J., Kozma, B., &
Quellmalz, E. (2012). New assessments and
environments for knowledge building. In P. Griffin, B.
McGaw, & E. Care (Eds.), Assessment and teaching
of 21st century skills (pp. 231–300). Dordrecht:
Springer.

Google Scholar

59. Siew, N. M., Goh, H., & Sulaiman, F. (2016).
Integrating STEM in an engineering design process:
The learning experience of rural secondary school
students in an outreach challenge program. Journal of
Baltic Science Education, 15(4), 477–493.

Google Scholar

60. Springer, L., Stanne, M. E., & Donovan, S. (1999).
Effects of small-group learning on undergraduates in
science, mathematics, engineering, and technology: A
meta-analysis (Research Monograph No. 11). Review
of Educational Research, 69, 21–51.

Article
Google Scholar

61. Stohlmann, M., Moore, T. J., & Roehrig, G. H.
(2012). Considerations for teaching integrated STEM
education. Journal of Pre-College Engineering
Education Research (J-PEER), 2(1), 28–34.

Article
Google Scholar

62. Swap, R. J., & Walter, J. A. (2015). An approach to
engaging students in a large-enrollment, introductory
STEM college course. Journal of the Scholarship of
Teaching and Learning, 15(5), 1–21.

Article
Google Scholar

63. Vokatis, B., & Zhang, J. (2016). The professional
identity of three innovative teachers engaging in
sustained knowledge building using technology.
Frontline Learning Research, 4(1), 58–77.

Article
Google Scholar

64. Walter, E. M., Henderson, C. R., Beach, A. L., &
Williams, C. T. (2016). Introducing the Postsecondary
Instructional Practices Survey (PIPS): A concise,

http://scholar.google.com/scholar_lookup?&title=Higher%20levels%20of%20agency%20for%20children%20in%20knowledge%20building%3A%20A%20challenge%20for%20the%20design%20of%20new%20knowledge%20media&journal=The%20Journal%20of%20the%20Learning%20Sciences&volume=1&issue=1&pages=37-68&publication_year=1991&author=Scardamalia%2CM&author=Bereiter%2CC
http://scholar.google.com/scholar_lookup?&title=Encyclopedia%20of%20education&pages=1370-1373&publication_year=2003&author=Scardamalia%2CM&author=Bereiter%2CC
http://scholar.google.com/scholar_lookup?&title=Assessment%20and%20teaching%20of%2021st%20century%20skills&pages=231-300&publication_year=2012&author=Scardamalia%2CM&author=Bransford%2CJ&author=Kozma%2CB&author=Quellmalz%2CE
http://scholar.google.com/scholar_lookup?&title=Integrating%20STEM%20in%20an%20engineering%20design%20process%3A%20The%20learning%20experience%20of%20rural%20secondary%20school%20students%20in%20an%20outreach%20challenge%20program&journal=Journal%20of%20Baltic%20Science%20Education&volume=15&issue=4&pages=477-493&publication_year=2016&author=Siew%2CNM&author=Goh%2CH&author=Sulaiman%2CF
https://doi.org/10.3102%2F00346543069001021
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20small-group%20learning%20on%20undergraduates%20in%20science%2C%20mathematics%2C%20engineering%2C%20and%20technology%3A%20A%20meta-analysis%20%28Research%20Monograph%20No.%2011%29&journal=Review%20of%20Educational%20Research&volume=69&pages=21-51&publication_year=1999&author=Springer%2CL&author=Stanne%2CME&author=Donovan%2CS
https://doi.org/10.5703%2F1288284314653
http://scholar.google.com/scholar_lookup?&title=Considerations%20for%20teaching%20integrated%20STEM%20education&journal=Journal%20of%20Pre-College%20Engineering%20Education%20Research%20%28J-PEER%29&volume=2&issue=1&pages=28-34&publication_year=2012&author=Stohlmann%2CM&author=Moore%2CTJ&author=Roehrig%2CGH
https://doi.org/10.14434%2Fjosotl.v15i5.18910
http://scholar.google.com/scholar_lookup?&title=An%20approach%20to%20engaging%20students%20in%20a%20large-enrollment%2C%20introductory%20STEM%20college%20course&journal=Journal%20of%20the%20Scholarship%20of%20Teaching%20and%20Learning&volume=15&issue=5&pages=1-21&publication_year=2015&author=Swap%2CRJ&author=Walter%2CJA
https://doi.org/10.14786%2Fflr.v4i1.223
http://scholar.google.com/scholar_lookup?&title=The%20professional%20identity%20of%20three%20innovative%20teachers%20engaging%20in%20sustained%20knowledge%20building%20using%20technology&journal=Frontline%20Learning%20Research&volume=4&issue=1&pages=58-77&publication_year=2016&author=Vokatis%2CB&author=Zhang%2CJ


interdisciplinary, and easy-to-score survey. CBE-Life
Sciences Education, 15(4), ar53.

Article
Google Scholar

65. Wang, H. H., Moore, T. J., Roehrig, G. H., & Park, M.
S. (2011). STEM integration: Teacher perceptions and
practice. Journal of Pre-College Engineering
Education Research (J-PEER), 1(2), 1–13.

Google Scholar

66. Wells, J. G. (2016). Efficacy of the
technological/engineering design approach: Imposed
cognitive demands within design-based biotechnology
instruction. Journal of Technology Education, 27(2),
4–20.

Google Scholar

67. Wilson, S. B., & Varma-Nelson, P. (2016). Small
groups, significant impact: A review of peer-led team
learning research with implications for STEM
education researchers and faculty. Journal of
Chemical Education, 93(10), 1686–1702.

Article
Google Scholar

68. Zhang, J., Hong, H. Y., Scardamalia, M., Teo, C. L.,
& Morley, E. A. (2011). Sustaining knowledge
building as a principle-based innovation at an
elementary school. The Journal of the Learning
Sciences, 20(2), 262–307.

Article
Google Scholar

Over 10 million scientific documents at your fingertips

Switch Edition

Academic Edition
Corporate Edition

Home
Impressum
Legal information
Privacy statement
How we use cookies
Accessibility
Contact us

Not logged in - 140.119.115.91

National Chengchi University (2000375266) - 5166 SpringerLink Taiwan TAEBC eBook Consortium
(3000182799) - 4803 SpringerLink Taiwan eJournal Consortium 2010 (3000185072) - 7452 SpringerLink Taiwan
TAEBC eBook Consortium - 2010 (3000222544) - 8429 SpringerLink Taiwan eJournal Consortium (3000251287)
- 9243 SpringerLink Taiwan Maths eJournal Consortium (3000651002) - Taiwan Trial Consortium (3001059271) -
TAEBDC consortium (3001336515) - Taiwan TAEBC eBook Consortium 2015 (3001997788) - Taiwan Trial
Consortium (3002083039) - Taiwan TAEBC eBook Consortium 2016 CRY (3002339428) - Taiwan Consortium -

https://doi.org/10.1187%2Fcbe.15-09-0193
http://scholar.google.com/scholar_lookup?&title=Introducing%20the%20Postsecondary%20Instructional%20Practices%20Survey%20%28PIPS%29%3A%20A%20concise%2C%20interdisciplinary%2C%20and%20easy-to-score%20survey&journal=CBE-Life%20Sciences%20Education&volume=15&issue=4&publication_year=2016&author=Walter%2CEM&author=Henderson%2CCR&author=Beach%2CAL&author=Williams%2CCT
http://scholar.google.com/scholar_lookup?&title=STEM%20integration%3A%20Teacher%20perceptions%20and%20practice&journal=Journal%20of%20Pre-College%20Engineering%20Education%20Research%20%28J-PEER%29&volume=1&issue=2&pages=1-13&publication_year=2011&author=Wang%2CHH&author=Moore%2CTJ&author=Roehrig%2CGH&author=Park%2CMS
http://scholar.google.com/scholar_lookup?&title=Efficacy%20of%20the%20technological%2Fengineering%20design%20approach%3A%20Imposed%20cognitive%20demands%20within%20design-based%20biotechnology%20instruction&journal=Journal%20of%20Technology%20Education&volume=27&issue=2&pages=4-20&publication_year=2016&author=Wells%2CJG
https://doi.org/10.1021%2Facs.jchemed.5b00862
http://scholar.google.com/scholar_lookup?&title=Small%20groups%2C%20significant%20impact%3A%20A%20review%20of%20peer-led%20team%20learning%20research%20with%20implications%20for%20STEM%20education%20researchers%20and%20faculty&journal=Journal%20of%20Chemical%20Education&volume=93&issue=10&pages=1686-1702&publication_year=2016&author=Wilson%2CSB&author=Varma-Nelson%2CP
https://doi.org/10.1080%2F10508406.2011.528317
http://scholar.google.com/scholar_lookup?&title=Sustaining%20knowledge%20building%20as%20a%20principle-based%20innovation%20at%20an%20elementary%20school&journal=The%20Journal%20of%20the%20Learning%20Sciences&volume=20&issue=2&pages=262-307&publication_year=2011&author=Zhang%2CJ&author=Hong%2CHY&author=Scardamalia%2CM&author=Teo%2CCL&author=Morley%2CEA
https://link.springer.com/siteEdition/link?id=siteedition-academic-link
https://link.springer.com/siteEdition/rd?id=siteedition-corporate-link
https://link.springer.com/
https://link.springer.com/impressum
https://link.springer.com/termsandconditions
https://link.springer.com/privacystatement
https://link.springer.com/cookiepolicy
https://link.springer.com/accessibility
https://link.springer.com/contactus


Academic (3002622062) - 17007 Taiwan Consortium (3991454581) - Taiwan TAEBDC eBook Consortium 2014
(3991456190)

Springer Nature 

© 2020 Springer Nature Switzerland AG. Part of Springer Nature.

https://www.springernature.com/
https://www.springernature.com/

