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Abstract

Project-based learning (PBL) has been identified as an effective pedagogy for instructors to
help students to learn interdisciplinary knowledge, problem-solving skills, modes of think-
ing, and collaborative practices through solving problems in a real-world context. How-
ever, previous studies reported that instructors from K-12 to tertiary learning environments
found it challenging to implement such a pedagogy for various reasons. The emergence of
PBL E-learning platforms in the recent decade has attracted increasing interest in adoption
and seems to provide a solution to tackle the difficulties in PBL implementation. Yet little
is known about designing these platforms and how they facilitate the PBL learning process
and management. In the current study, we conducted a multiple case survey study on 16
PBL learning platforms in English and Chinese, collected data on their features and func-
tions, categorized them according to their services provided, and analyzed how they tackle
the implementation challenges. Additionally, we identified four trends in PBL development
as pedagogy, the skills, and competence required for teachers and students to successfully
carry out PBL via e-learning platforms and provide suggestions to improve and refine the
platform design for educational technologists and related stakeholders. The limitations of
this study and the future research direction are included.

Keywords Project-based learning - E-learning platforms - Implementation difficulties -
Project management

Introduction

Project-based learning (PBL) is a systematic and transformative pedagogy that advocates
for students to gain knowledge and skills through working for an extended period to inves-
tigate and respond to an authentic, contextualized, complex question, problem, or challenge
(Thomas, 2000). Students demonstrate their knowledge and skills by creating tangible or
intangible artifacts and presenting them to real audience group(s). As a result, students
develop deep content knowledge and skills like critical thinking, collaboration, creativ-
ity, and communication (Barron & Darling-Hammond, 2008). Studies have identified the
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positive impact PBL had on students, including increased design proficiency, improved
confidence and willingness to approach challenges (Thomas, 2000), developed thinking
skills (Anazifa & Djukri, 2017), and interdisciplinary competence (Brassler & Dettmers,
2017).

Despite the usefulness and effectiveness of PBL pedagogy, concerns were voiced
against adopting PBL, as many teachers found it challenging to implement and manage the
learning process (Aldabbus, 2018). Often, teachers were responsible for providing learning
materials, keeping up with students’ personal and in-group collaboration progress, check-
ing up on students’ learning performance, providing timely feedback, and supporting suf-
ficient interactions among students, teachers, and content. Hence, a solution that assists
teachers in managing the mentioned efforts was highly desired.

With the development of technologies in education and the digitalization of learning,
adopting electronic learning (e-learning) platforms, especially in elementary and secondary
schools, has seen a rapid evolution (Cavus et al., 2021). E-learning platforms have become
an indispensable component of the education experience for students, teachers, and other
stakeholders. Provides the technical infrastructure on which e-learning activities can take
place. The various functions embedded in e-learning platforms help teachers complete
teaching duties, administrative and management assignments, and practice the e-learning
platforms and teaching method (Kassymova et al., 2020), like project-based learning.

Seeing the increasing popularity of PBL worldwide and the need to manage the learning
process, the e-learning platforms specialized in supporting PBL emerged and have gained
interest from teachers and educational institutes. PBL learning platforms like Project Pals
developed by the U.S., Dreamdo Schools by Finland, Cura by Australia, and EPBL by
China were good examples. Their user groups have been growing. However, though all
claimed to be PBL e-learning platforms, they were distinctive in the rationale of design,
features and functions, and the mechanism supporting PBL practice and development.

Since 2020, the Covid-19 pandemic has deeply affected the global economy and pro-
foundly changed the form of education. Numerous schools shut down during the pandemic,
and the uncertainty of face-to-face instruction accelerated the transition to online and digi-
talized learning, making e-learning platforms a core component in K-12 education. Prior to
2022, the top challenges of online learning for K-12 learners include inequity of technol-
ogy and materials, lack of online teaching knowledge (Vinson & Caukin, 2021), unstable
internet connection, and unfamiliar with the learning platforms and software (Zuo et al.,
2021), among many others. Looking into the post-pandemic era, many schools and dis-
tricts continue to use e-learning technologies to assist students to achieve learning success
(Mann et al., 2021). On the other hand, the emergence of PBL e-learning platforms posts
challenges for educators to choose the right platform for the targeted learners. In the cur-
rent study, we propose surveying the available PBL platforms in both the English and Chi-
nese worlds to explore how these platforms support PBL practice and development.

Literature review
Project-based learning (PBL)
PBL is a student-centered pedagogy and an overall approach to the design of the learn-

ing environment (Krajcik & Blumenfeld, 2006). There are five key features of the PBL
learning environment and procedures (Krajcik et al., 2003). PBL starts from a driving
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question or a real-world problem to be solved. Then, students engage in authentic, con-
textualized inquiry to explore the driving question and learn to apply essential ideas
in the discipline. Third, students, teachers, and community members engage collabora-
tively in activities to find solutions to the driving question, which mirrors the process of
solving challenges in a real-world context. Fourth, learning technologies provide scaf-
folds for students to expand their ability and engage more profound in the inquiry pro-
cess. Last, students create tangible products to address the driving question and share
the artifacts publicly with the stakeholders. After decades of research, researchers have
established four constructive principles of PBL (Krajcik & Blumenfeld, 2006): (1) con-
textualized learning. Learning in an authentic, real-world context allows students to see
the value and meaning of the tasks and activities they perform and generalize better to a
broader range of situations. (2) Active construction of knowledge. PBL allows students
to actively construct their knowledge through participating in real-world activities simi-
lar to those that experts from different fields engage in, to solve problems and develop
artifacts. (3) Social interactions. In PBL, students achieve learning goals through social
interactions and the sharing of knowledge, which creates a community of learners. (4)
Apply cognitive tools for scaffolding. Technological tools amplify and expand what
students can learn. Specifically, cognitive tools can help students with data collecting,
accessing and visualizing, collaboration, project planning, implementation, and learning
output through various formats (multimedia, digital board, etc.).

Research has revealed the positive impact of PBL in improving the learning outcomes
of students, including the affective outcomes (perceptions of the benefits and experience
of PBL), cognitive outcomes (knowledge and cognitive strategies), behavioral outcomes
(skills and engagement), and artifact outcomes (Guo et al., 2020). Despite the majority of
research on PBL’s positive effects being conducted with students from higher education as
participants (Verstegen et al., 2016), studies also identified positive learning results from
K-12 learners worldwide (i.e., Kokotsaki et al., 2016). In terms of the learning experience,
implementing PBL can improve the quality of learning for elementary students (Fauzia
& Kelana, 2021), yield higher learning outcomes (Amini et al., 2019), and increase the
affective connection (Virtue & Hinnant-Crawford, 2019). Implementing PBL improves
students’ academic achievement and knowledge retention (Al-Balushi & Al-Aamri, 2014),
increasing the student’s science process skills and cognitive learning outcomes (Nasir
et al., 2019). Behaviorally, PBL improves students’ informational reading skills (Duke
et al., 2021), social-emotional skills (Culclasure et al., 2019), collaboration and conflict-
solving skills (Lee et al., 2015), problem-solving and critical thinking skills (Trisdiono
et al., 2019). Studies with large effect sizes show the predominant benefits of PBL on K-12
learners.

The covid pandemic permanently changed learning behavior worldwide. Prior to 2022,
the top challenges of online learning for K-12 learners include inequity of technology and
materials, lack of online teaching knowledge (Vinson & Caukin, 2021), unstable internet
connection, and unfamiliar with the learning platforms and software (Zuo et al., 2021),
among many others. Yet looking into the post-pandemic time, many schools and districts
used online learning to respond to the pandemic and continue to use e-learning technolo-
gies to assist students to achieve learning success (Mann et al., 2021). Owens and Hite’s
(2022) study reported implementing a STEM learning experience using a virtual global
collaboration project-based learning approach using Canvas as the learning platform and
achieved satisfying learning results. Given these, e-learning platforms and learning appli-
cations help teachers and students overcome the learning challenges and will continue to
play important role in K-12 learning, especially in the PBL context.
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Table 1 Challenges of PBL implementation

Categories Challenges

Beliefs and understanding of PBL  Teachers see implementing PBL as giving up control of class (Aksela
& Haatainen, 2019)

Mix inquiry-based learning in PBL with hands-on activities (Aksela &
Haatainen, 2019)

Project design and planning Choose and contextualize significant content (Aldabbus, 2018)

The mismatch between the school curriculum and PBL learning goals
and practice (Mentzer et al., 2017)

Familiarize students with the PBL learning process (Mentzer et al.,
2017)

Make students realize the learning goal of PBL (Lewis et al., 2019)
Balance the needs of all PBL stakeholders (Lewis et al., 2019)

Design and carry out authentic, multi-dimensional assessments (Aksela
& Haatainen, 2019; Wilson, 2021)

Implementation management The time-consuming nature of PBL, lacking time management skills
(Habok & Nagy, 2016; Kokotsaki et al., 2016; Mentzer et al., 2017)

The difficulty of accommodating the regular school schedule (Marx
et al., 1997)

Require teachers to pay great attention to details in the learning process
(Habok & Nagy, 2016)

Students lack collaborative knowledge and skills, challenging to sup-
port teamwork (Lewis et al., 2019)

Students cannot raise investigable driving questions (Marx et al., 1997)

Difficult to monitor, keep track and review individual/team learning
progress (Lewis et al., 2019)

Provide sufficient assistance to help students/teams (Lewis et al., 2019)

Overstate the product and artifact, and understate the learning process
(Aldabbus, 2018)

Support Lack of financial support (Aldabbus, 2018)
School culture doesn’t support innovative pedagogy (Wilson, 2021)

Lack of support/co-teaching opportunities from other colleagues (Lam
et al., 2010; Lewis et al., 2019)

Students cannot get access to technology through the learning process
(Marx et al., 1997)

Lacking Information and Communication Technologies (ICT) skills
(Aksela & Haatainen, 2019; Aldabbus, 2018)

Missing school-parent collaboration and parents’ support (Aldabbus,
2018)

Problems and challenges of PBL implementation

Despite the advantages of PBL mentioned above, implementing PBL in K-12 classrooms
is documented as challenging. The challenges in K-12 classrooms are mainly four: beliefs
and understanding of PBL, project design and plan, implementation management, and sup-
port. The challenges are listed in Table 1.

From the numbers of challenges reported in Table 1, project implementation and man-
agement were the top concerns of teachers, followed by project design and planning,
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support and beliefs, and understanding of PBL. Despite the challenges mentioned above,
empirical evidence has demonstrated that PBL is a practical pedagogy and a must-have
experience for students to enter the knowledge-based economy with 21st-century skills.
Kokotsaki et al. (2016) listed five facilitating factors to smoothen the implementation of
PBL instruction, including (1) adopting digital technology to engage students in designing
and developing the project with guidance and support, (2) engaging students in collabora-
tion and peer interaction with positive interdependence, individual accountability, equal
participation, and social skills, (3) effectively scaffolding students’ learning, (4) providing
support from administrators, (5) adopting two-phase PBL approach, for students to first
acquire the sufficient competence by developing required knowledge and skills, before
design and make products independently. Lewis et al. (2019) also proposed that educa-
tional technologists should be considered to aid, scoping, curriculum, and coordinating
tools to facilitate the implementation of PBL.

Identifying the facilitating factors is only the first step, without properly solving the
challenges can hinder teachers and their passion for adopting PBL continuously in their
classrooms. The challenges instructors perceive in the classroom practices should fuel edu-
cational technologists to overcome these challenges and communicate the benefits (Rogers,
2003). Given the rapid development of educational technologies, it is promising to seek
solutions to the abovementioned issues and put the proposed strategies into practice.

E-learning and E-learning platforms

With the development of technology and its impact on education, it is almost impossible
to teach and learn without the support of ICTs today. E-learning refers to using ICTs to
facilitate and support learning (JISC, 2014). ICTs here could be applications, programs,
objects, websites, etc., as long as it provides learning opportunities for individuals (Moore
et al., 2011). The e-learning platforms could be e-learning systems, learning management
systems (LMS), course management systems (CMS), virtual learning environments (VLE),
or other websites and mobile applications that support learning. After decades of devel-
opment, e-learning platforms are equipped with versatile functions, they provide a range
of tools and facilities to help the interactive learning process. For instance, students and
teachers can upload and get access to learning materials in a great variety of formats, inter-
act with each other through communication tools like the message, forums, chats, and vide-
oconferences, collaborate with peers, support assessment and reflection, and many more
(Choudhury & Pattnaik, 2020; Donkers, Verstegen, de Leng, & de Jong, 2010). For stu-
dents, e-learning increases the accessibility of learning (Dziuban et al., 2018). It allows
students to have more control over the learning process (Blount, 2016) hence improving
knowledge retention and learning performance (CITE), making learning flexible (Lara
et al., 2014) and cost-effective (Farhan et al., 2018). For teachers, e-learning makes it easy
to reuse, update and arrange course materials (Blount, 2016), and allows teachers to track
learning data generated by students’ learning behaviors. These advantages of e-learning
have convinced educational institutes worldwide to adopt it as part of the learning service
for students (Toth-Stub, 2020).

In PBL implementation, adopting educational and technological tools is an essential
practice that differentiates PBL from other pedagogies (Krajcik & Blumenfeld, 2006).
Kokotsaki et al. (2016) listed technological tools as the primary enabler for students to
engage smoothly with the PBL process. PBL practitioners and researchers have integrated
various tools to facilitate teaching and learning in K-12 classrooms. Two tools are applied:
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individual tools with specific functions and existing e-learning systems that can partially
support the PBL process. Individual tools used in PBL include contextual information
providers like Google, Bing, and YouTube (Iwamoto et al., 2016), performance assess-
ment tools like Performance Assessment Resource Bank (PARB, Guha et al., 2018), ICT
tools for facilitating communication (Habok & Nagy, 2016), and collaboration tool like
mentioned in the study of Rongbutsri (2017). E-learning systems applied as PBL man-
agement and facilitation tools include but do not exclude Google Classroom (Ramadhani
et al., 2019) and Moodle (Wu & Wu, 2020). These systems are mainly applied to deliver
information, facilitate communication and collaboration, and conduct assessments (Alver-
son et al., 2019). Despite the versatility of the embedded functions provided in the existing
systems, instructors typically need to integrate additional tools to support PBL implemen-
tation, which increases the cognitive load for students and hampers the optimization of the
learning outcome.

In recent years, a noticeable trend has been the emergence of e-learning systems spe-
cialized in supporting PBL worldwide. Platforms like ProjectPals from the US, Dreamdo
School from Finland, and EPBL from China are attracting more and more K-12 users. The
COVID-19 global pandemic has served as the catalyst and accelerated the progress of the
transformation of educational institutes (Adnan & Anwar, 2020). PBL learning platforms
are embracing their rapidly growing clientele. Yet little is known about these platforms,
especially their rationale of design, features, functions, and how they tackle the implemen-
tation challenges and support PBL.

The study on PBL e-learning platforms is still in its infancy. The heterogeneity in
instructional design and other features of the platforms are rarely explored and understood
with empirical evidence. In the current study, we intend to conduct an exhaustive search in
both the English and Chinese worlds on PBL e-learning platforms and seek to understand
their innovative mechanism of supporting PBL. The research questions of this study are:

1. What are the properties of the selected PBL e-learning platforms, and what functions
do they possess?

2. How do the platforms tackle the PBL implementation challenges?

3. How is PBL as a pedagogy understood differently through the design of the platforms?

The aim of the study is not to prove the usability or efficiency evaluation of these plat-
forms but to uncover how PBL as pedagogy is understood differently through the design
of the platforms, how these platforms solve challenges of the PBL practice, and how they
facilitate PBL in different learning modes and environment. With the gained insights, we
propose to holistically understand the wisdom of supporting PBL worldwide, provide guid-
ance and recommendation for teachers, students, schools, and districts to select appropriate
platforms, and shed light on how educational technologists could optimize the design of
these platforms.

Methodology

In the current study, we adopted the multiple case study approach to explore the selected
PBL platforms. Compared to single case studies, a multiple case study design allows
researchers to develop a more in-depth understanding of the phenomena (Stake, 2013).
This research design was appropriate for this study due to the nature of the research
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questions. Each selected PBL platform is an individual case, studied independently before
drawing significant comparisons across cases.

The selection of the online PBL learning platforms

To answer the research questions, the researchers first conducted a platform search. The
search was carried out both in English and in Chinese. All the searches were completed
before September 2021. In the Google search engine, researchers first input the terms
“project-based learning platform” and "global project-based learning platform" in English.
There were 11 and five (5) results claimed to be PBL platforms. Besides google search-
ing, researchers also identified one (1) platform mentioned in the educational technology
review blogs. Excluding the overlapped results, there were 13 PBL platforms in English.
The Chinese search was conducted by searching the same term with the Google search
engine in both simplified and traditional Chinese and received three (3) results in simpli-
fied Chinese and one (1) result in traditional Chinese. The search result in traditional Chi-
nese overlapped with one of the results in English.

There are four criteria we applied when selecting platforms from the results. Specifi-
cally, we eliminated: (1) platforms that support multiple pedagogies instead of focusing
mainly on PBL; (2) platforms that provide only one or several functions associated with
PBL (collaboration support, learning portfolio, etc.); (3) platforms only support the learn-
ing of one subject (i.e., language or programming); and (4) new PBL learning platforms
with no actual users. In total, 16 (13 in English and 3 in Chinese) platforms were included
in this study, they 13 platforms in English are: ProjectPals (PP, hwww.projectpals.com/),
Foundry (FD, https://www.projectfoundry.com/), Defined Learning (DL, https://www.defin
edlearning.com/), Educurious (EDC, https://educurious.org/), LiftLearning (LL, https:/
liftlearning.com/), Headrush Learning (HR, http://www.headrushlearning.com/), Sprocket
(SK, https://sprocket.lucasedresearch.org/), Echo (https://newtechnetwork.org/echo/), PBL
Works (PBLW, https://www.pblworks.org/), Dreamdo Schools (DDS, https://edu.dream.
do/en), Cura (CR, https://www.curaeducation.com/), iEARN (https://www.iearn.org/), and
PenPal Schools (https://www.penpalschools.com/). The three platforms in Chinese are:
EPBL (EPBL, http://epbl.aicfe.cn/epbl/), GoPBL (GPBL, https://www.gopbl.com/), Crea-
tive Knowledge PBL Platform (CK, http://xms.forclass.net/). The information on all the
platforms, including their full name, URL, country of origin, initiator and property, are
briefly introduced in Table 2 in Appendix 1.

Data collection and validation

To guarantee the trustworthiness and validity of the collected data, we followed the data
triangulation procedures and collected data from more than one source using more than
one method (Connaway & Radford, 2016). The qualitative data collected for this study
were from three different resources in different ways: (1) researchers’ observational jour-
nals and notes from visiting the website of each platform, (2) researchers’ user experience
journal logged from using the platforms with the provided free trial account, and (3) the
interactions researchers had with platform staff via the scheduled demonstration and fol-
low-up emails. All the data included was collected before October 2021. Any updated or
new functions added to the studied platforms were not included.

When visiting each platform’s website, the researchers first captured all the text pre-
sented for the coding later. The observational journals and notes for each platform were
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collected from two separate researchers before consolidating into one excel sheet for analy-
sis. When using the free trial account on each platform, the researchers went through the
entire platform to familiarize each function and adopted the think-out-loud method to keep
the usability notes, which were transcribed and coded later for analysis.

When preparing the collected data for coding, the English discourse data were tran-
scribed and coded with NVivo 12. The Chinese discourse data was transcribed with iflyrec.
com and coded in an excel sheet in Chinese, and the results of the data analysis were con-
veyed in English to guarantee accuracy. All the quotes translated from Chinese into English
were sent back to each participant to verify their correctness, especially those words and
phrases that could not be directly translated into English. We followed Tie, Birks, & Fran-
cis (2019)’s guidance. Two researchers in the research team first completed the initial cod-
ing, did the constant comparative analysis, and established cross-case analysis.

Results

We organized the coded data from three sources into tables (Table 2 in Appendix 1 and
Table 3 in Appendix 2) to summarize the standard features within the same type of plat-
forms and distinguish the differences across to answer the research questions. We first
present the findings from the following aspects: properties, unique features and functions,
problems and challenges solved, and rationale of the design.

General properties

The name of each platform, the coded name, and their URL are listed in Table 2 in Appen-
dix 1. The 16 platforms came from five countries: The United States (10), China (3), Spain
(1), Finland (1), and Australia (1). The targeted users were mainly K-12 educators and
learners, except three platforms indicate supporting post-secondary users. All the platforms
were web-based or websites, two claimed to have mobile applications, yet researchers
could not identify them in the primary application stores. 13 platforms offer free-to-try or
partially free-to-use accounts for individual users. Through interacting with the platform
technologists, we identified four types of platform developers: entrepreneurs with K-12
classroom teaching or counseling experience, researchers and developers of higher educa-
tional institutes, global or domestic non-profit organizations, and educational corporations.

Special features and functions

Nine themes related to platform features and functions emerged from coding. We organ-
ized them into nine categories of functions: (1) project planning and building, (2) project
management, (3) competency, (4) rubric, assessment, and feedback, (5) evidence and prod-
ucts, (6) learning analytics, (7) teacher professional development, (8) PBL community and
ecosystem, and (9) learning mode and tech support. Table 3 shows functions embedded in
each platform to the best of the researchers’ knowledge. Although all claimed to be PBL
platforms, their services are diversified. We conducted a cross-case analysis and identified
four types of PBL platforms: learning management platforms, content providers, commu-
nication and community facilitator, and service provider, as shown in Fig. 1. It is worth
noting that one platform can provide multiple types of services. Hence, we focused on
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[ PBL Platforms }

Learning Management Content Provider Commul'licatim.l .and
Platforms Community Facilitator
|
Provide learning skill / \
tools, productive tools, Provide teachers Provide Provide professional
and learning progress complete PBL communication tools development
tracking tools to curriculum and pre- and create PBL materials and
support PBL process, designed lesson plans community for to resources to teachers,
documentary and to implement PBL teachers and students schools and districts

learning continuity K /

Fig. 1 Four Types of PBL Platforms

their featured service(s) when categorizing them. We elaborate on the features of each type
below.

Learning management platforms

According to our study, learning management platforms account for 62.5% of the total
studied platforms. There were ten platforms designed to manage the learning process of
PBL. They were PP, FD, HR, LL, Echo, DL, DDS, EPBL, GPBL, and CK. This result
matched our literature review that project management was the top concern of practition-
ers. Multiple technologists from the above platforms mentioned the rationale for them to
create their products include: (1) the difficulty of managing the learning process, (2) the
importance for teachers and students to acquire project management skills, and (3) the
authenticity of a learning experience as the primary reasons for designing learning man-
agement platforms. As the designer from PP stated:

....... Companies are using software like Trello, Monday, and Jira to communicate
not just within companies, countrywide and worldwide...... Project management in
2025 will become an 8 billion business, but we don’t see much of that in educa-
tion...... teachers are not project managers, a big part of the success in PBL is to
know how to manage projects...... Students are expected to work as team members
on projects when they enter the workplace. They should learn in the same way......

Similarly, the designer of GPBL also voiced the urgency of developing a management
platform to guarantee the successful implementation of PBL, as he stated:

A learning project that allows students to display their learning agency requires
teamwork, personalized learning tasks, timely assessment, and feedback, but facing
a class with more than 30 students? It is an impossible mission for the teacher. There
has to be a platform to support teachers if we are serious about implementing PBL.

Learning management platforms covered most functions across all nine categories,
especially in project planning and designing, project management, interaction and com-
munication, assessment and feedback, documentation and product, learning analytics,
and teacher professional development. These platforms guided users through similar
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learning phases during the projects (terms varied), including project launch (discover,
understand, plan, design), investigate (collaborate, manage), manage (monitor, track,
capture), and share (report, adapt, reflect, reflect, thrive). Due to the various functions
and the relatively long learning process, most platforms provide teacher training and
familiarize teachers with the platform navigation. Some platforms (i.e., PP and GPBL)
even make teacher training compulsory to reduce the anxiety and frustration that might
be caused by cognitive overwhelming.

Depending on the service-providing mode and target users, the learning manage-
ment platforms could be further divided into two subtypes: individual users and insti-
tute users. Platforms for individual users are PP, DL, HR, DDS, EPBL, GPBL, and CK.
Although the trial use was issued only upon request, these platforms not only gave a
single license for individual users to register as teachers or students but also supported
institutional users in implementing learning projects. The flexibility of these platforms
allows digitalized PBL to be implemented in a diversified learning context. As the tech-
nologist from DL stated:

...... We also issue a single license to teachers of summer camps. All teachers are
welcome to use our platform, for short or long. Our platform is flexible, as long as
teachers want to try it...

The representative management platforms for institute users are FD, LL, and Echo.
They offer customized services to assist the institute-wide transformation to PBL and fulfill
the personalized needs of schools and districts. These three platforms did not provide a free
trial to account; therefore, their functions marked in Table 3 only highlight their expertise.

The infrastructure in the classroom is an essential factor in how the project learning pro-
cess is supported, which clustered the learning management platforms into (1) evidence-
based documentary platforms and (2) process-oriented platforms. GPBL and CK are two
good examples of evidence-based learning documentary platforms. They prioritize sup-
porting the implementation of assessment plans, establishing learning portfolios by allow-
ing uploading learning evidence of different formats throughout the learning process, and
digitally showcasing the learning outcomes. GPBL and CK were both from China. Accord-
ing to the technologists, their platforms were evidence-based for two reasons. First, com-
puters and other smart mobile devices were generally not provided beyond information
technology classes. Students could not get constant access to devices during the project
learning. Second, due to the tradition of entrance examination in middle and high schools,
PBL is typically implemented in elementary education before students heavily engage in
academic learning. Elementary school students had limited digital competency to carry out
project learning and sharing purely online. Therefore, students typically use the platform at
the end of each learning session to collect and store the fine pieces of digital learning evi-
dence to form a learning portfolio and provide continuous tracking of their project learning
experience.

Platforms like PP and HR are the representatives of process-oriented platforms. Both
are designed for classrooms in which computers are accessible for students throughout the
projects. Beyond learning evidence documentation, process-oriented platforms intended
to bring the authentic experience of how projects are completed in real-world workplaces
by allowing teachers and students to create projects from scratch, with various scaffolding
tools embedded (i.e., visual organizers, analysis tools, event templates, etc.). By collabora-
tively drafting and editing the project pages and leaving comments on each created event,
students can enhance their collaborative learning, problem-solving and critical thinking
skills. The constructive learning process facilitates students’ learning agency. Additionally,
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allowing teachers to check personal and team learning progress can help track students’
performance and contribution in a group.

The anticipated learning environment is an essential factor. The technologists from the
ten platforms unitedly stated that PBL should ideally implement in a traditional face-to-
face classroom setting in K-12 education for a better experience of contextualized learning
and close collaboration. It explained why platform that supports synchronous learning (i.e.,
videoconference) were rarely observed.

Although focusing on learning management, the ten LMPs were distinct from the tradi-
tional LMSs. In addition to serving the information delivering function, LMPs also embed-
ded a number of pre-designed projects to help teachers familiarize themselves with the
navigation and prepare them to customize and create their projects. DL and EPBL were
content-intensive. Both platforms provided hundreds of pre-designed projects and scaffold-
ing activities. The designers from both platforms emphasized the importance of supporting
teachers by providing ready-to-use materials and their intention to establish a curriculum-
based learning projects warehouse soon.

The LMPs were designed to solve a series of challenges in project planning, implemen-
tation, and support by providing the abovementioned functions. For students, the learning
management platforms helped them to: (1) become familiar with the PBL learning pro-
cess by providing the learning menu, (2) to keep up with the learning goal of the projects
by referring to the embedded learning goal and project rubrics, and (3) supporting team
collaboration by providing team learning space and data on learning progress. For teach-
ers, the LMPs (1) integrated all the resources, materials, and information demanded by a
project without leaving out the detail, (2) allowed teachers to monitor the learning process
and keep track of individual/team learning progress, (3) provided sufficient a/synchronous
assistance to help individual students and teams, and (4) empowered teachers to design and
carry out authentic, multi-dimensional assessment, with referring to the different types of
learning data. For external project facilitators, the platforms allowed them to join via invi-
tation. They could contribute to enhancing the support of external experts and promoting
school-parent collaboration, ultimately building the PBL learning ecology.

Content provider platforms (CPP)

Three platforms were categorized as CPP: EDC, SPK, and CR. EDC and SPK listed teach-
ers as the target users and provided strong examples of PBL curricula and flexible teach-
ing resources for students in grades 3—12 on various subjects. SPK materials were under a
Creative Commons license as open educational resources (OER). Both platforms provided
detailed project teaching materials on individual subjects or areas of study (i.e., biology,
English, science, and social studies). EDC provided PBL courses designed jointly with
local employers1 to promote career-connected learning, which increased the authenticity of
the learning projects. However, the project content on SPK was OERs created by teachers
who joined the community of practice.

CR took a different route and provided pre-designed, self-paced PBL courses and
learning modules directly to students. The technologist of CR defined it as a content plat-
form. By delivering the asynchronous learning materials and scaffolding templates (i.e.,
team contract template, debate preparation form), CR intends to provide a PBL learning

' A good example is the Port of Seattle Units at https://educurious.org/courses/.
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experience with the two-phase learning approach. In phase one, students should be familiar
with the knowledge and skills related to the project’s theme and prepare for the collabora-
tive and creative work in phase two.

The content from the CPPs aligns with the pre-existing curriculum in their respective
regions and countries, which contributed to solving two challenges: the mismatch of cur-
riculum and PBL learning goals and practices and the difficulty of choosing and contextu-
alizing important content.

Community organizer and communication facilitator platforms

Although platforms EDC, SPK, DDS, iEARN, and PPS branded themselves as PBL learn-
ing platforms, they specialize in creating professional learning and teaching communities
and facilitate communication among students, teachers, and external facilitators. In the
previous subsection, we listed EDC and SPK as the CPP, but both platforms also showed
strong domestic social attributes. SPK created an online community and communication
tools for teachers to share their experience adopting the provided materials and implemen-
tation insights. SPK also encourages teachers to collectively enact the curriculum materials
and update and enhance the project-based programs to meet the needs of their local con-
texts. EDC provided an expert network by recruiting experts from diverse fields to con-
textualize their learning and help students tackle the challenges. DDS, iEARN, and PPS
facilitated connecting teachers and students globally to communicate and collaborate on
various projects via messages, discussion forums, and videoconference tools. Specifically,
projects in iEARN aligned with the sustainable development goals of the United Nations
and promote the endeavor of improving the quality of life worldwide.

Many LMPs support external teachers and facilitators collaboratively in designing,
implementing, monitoring, and assessing the learning process. But the collaboration heav-
ily relies on teachers’ personal networking and connections. One of the significant advan-
tages of the organizer and facilitator platforms like EDC, SPK, and DDS was that they
created a community for like-minded teachers and students to experience authentic, cross-
cultural collaboration in action. The platforms facilitating communication helped solve
teachers’ lack of pedagogical support and co-teaching opportunities, creating opportunities
for students to learn projects cross-contextually and cross-culturally.

Service provider

PWS was the only platform we categorized as a PBL service provider, as it provides nei-
ther support directly to classroom learning nor curriculum to teachers, but professional
development training and materials like videos, planning forms, rubrics, and blogs to
teachers, to deepen the understanding of PBL as a pedagogy. Although only a limited num-
ber of projects were provided, these projects were designed to walk teachers through each
step of project design following the project design rubrics. Unlike SPK provided discussion
forums to group teachers to different topics and grade levels, PWS recruited faculty nation-
wide to create content and professional development materials on various world-concerned
topics to tackle the frequently encountered challenges. The service of PWS went beyond
supporting PBL practice, and it played the driving force behind the development of PBL
pedagogy and its related research.
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Understanding of PBL as a pedagogy

Through cross-case analysis, we observed that PBL as a pedagogy was understood dif-
ferently through the design of the platforms. Specifically, the differences focused on four
facets: (1) single subject vs. interdisciplinary learning projects, (2) teacher-led vs. student-
led learning, (3) career-connected learning and the authenticity of PBL, and (4) PBL as a
pedagogy for fostering global competence.

Single subject vs. interdisciplinary learning projects

PBL provides students opportunities for real-world challenges and questions, which are
often interdisciplinary by nature (Repko et al., 2019). Among the studied platforms, we
observed a divided understanding between PBL as a single subject and an interdiscipli-
nary approach. On teacher-oriented platforms like SPK and all three platforms from China
(EPBL, GPBL, and CK), projects were organized by subject (i.e., math, physics, biology).
In contrast, platforms supporting students’ learning process (i.e., PP, HR, DL) projects
organized by areas of subjects showed more interdisciplinary nature. Besides the cultural
differences in education, the emerging platforms providing interdisciplinary projects may
act as a promoting force for implementing interdisciplinary learning in K-12.

Teacher-led vs. student-led PBL

With the collaborative and management features, many LMPs were designed to provide
students more opportunities to develop the ownership of the projects and experience and
increase students’ learning agency by enabling personalized learning task assignments
and collaboration. Yet the design of LMPs and their product discourse divided them into
teacher-led (i.e., DL) and student-led (i.e., PP). DL was designed for teachers to lead stu-
dent-centered learning. The teacher was the authorized party to cherry-pick and assign
learning tasks from various materials according to the goal and objectives. In comparison,
PP provided scaffolding tools and templates for students to establish a project from scratch
or for teachers and students to co-create and co-plan. Students play the dominant role in
their learning.

Career connected learning and the authenticity of PBL

Beyond supporting PBL, we observed platforms DL and EDC also featured for their career-
connected learning (CCL). On DL, a similar product named Defined Careers™ provided a
personalized career assessment and hands-on project learning for students to explore all
career paths. On EDC, career-connected learning was a separate course unit that offered
opportunities for high school students to participate in planning their future actively. Stu-
dents could advocate themselves to employers and recruiters by completing the learning
units.

The authenticity feature of PBL requires students to do work that is real to them, or
the work directly impacts or uses in the real world. The goal of CCL is to connect learn-
ing to the real world, allow students to understand academic content in a way that is rel-
evant to them, and help them develop knowledge, skills, and experiences to help them
enter the world after school (Meeder & Pawlowski, 2020). Exploring the career path and
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being career ready are highly relevant to each student. Integrating CCL into PBL with
academic content could be a viable path to preparing students to succeed in the global
economy. Besides the currently available approaches mentioned in the work of Meeder and
Pawlowski (2020), PBL platforms with CCL integrated may have the potential to support
authentic CCL activities systematically.

PBL for global competence

Platform DDS, iRN, and PPS were all devoted to connecting students and classrooms
worldwide, and they all had many users. Globally concerned issues were designed to be
learning projects, and students from different countries and cultural backgrounds learned
to compare, contrast, collaborate and contribute to solving the problems. Although the
learning tasks on these platforms were not strictly following the typical learning phases,
and students’ collaboration was primarily through videoconferencing and writing, these
platforms showed an innovative function of PBL: fostering global competence. With the
themed communication promoted by these platforms, we also observed the trend that PBL
broke the wall of individual classrooms and enhanced the development of cross-cultural
competence.

To sum up, we studied 16 PBL platforms designed in English and Chinese-speaking
regions, identified nine clusters of functions, and categorized the platforms into four types.
Project management was the top challenge in PBL practice. We identified platforms that
tackled the challenges by providing services to different user groups, learning environ-
ments, and learning modes. We also identified platforms specialized in delivering the
content, facilitating the forming of learning and teaching communities, enabling commu-
nication beyond the classroom, and enhancing the understanding of PBL as a pedagogy.
Reflected from the design of the platforms, PBL applied as a student-led or teacher-led
pedagogy, an approach to develop career readiness and foster global and cross-cultural
competence.

Discussion and implication

In this section, we discuss four observations based on studying PBL platforms and the
skills and competence required for teachers and students to implement PBL successfully
with the researched platforms.

Traditional LMS and LMPs

PBL LMPs, as a subcategory of LMS, were designed to provide for the unique needs of
PBL. They offered not only the learning, communication support, and productivity func-
tions but also the flexibility to accommodate the needs of K-12 teachers and learners within
and beyond the learning projects. LMPs were different from the traditional LMS in at least
three facets. First, LMPs went beyond information delivery and learning management
functions (Kraleva et al., 2019) and provided teachers with both teaching materials and
tools to facilitate the PBL design, implementation, teacher professional development, and
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advanced the development of PBL as a pedagogy. Second, LMPs realized personalized
and collaborative learning through team member management tools, personalized learning
task assignments, and learning progress tracking, which emphasized both the personalized
learning experience and the collective effort to the overall success of the projects. Third,
through co-plan and co-creation of learning projects, LMPs promoted students’ ownership
through the learning process and participated in the projects with equal identity compared
to the traditional LMS.

PBL platforms as warehouses and student autonomy

As mentioned previously, multiple platforms provided ample project examples and
intended to build learning projects, activities, and tasks warehouses. Platforms (i.e., DL)
even provide multiple investigation routes and formative assessment plans for students and
teachers, which seemed to be a feasible way to encourage more teachers to adopt PBL.
Studies also showed that teachers who felt well supported were more motivated to imple-
ment and persist in using PBL (Lam et al., 2010). Designing PBL platforms as warehouses
may solve the difficulty of teacher project design and planning, lowering the challenge for
students to raise driving questions and lead the investigation. Yet, it might compromise the
opportunities to develop student autonomy.

Student autonomy was identified as one of the five essential characteristics of learning
projects, and authentic PBL projects “do not end up at a predetermined outcome or take
predetermined paths” (Thomas, 2000, p. 4). Previous studies also identified that student
choice and autonomy throughout the PBL process were helpful for students to develop a
sense of ownership and control over their learning (Kokotsaki et al., 2016). How to balance
and moderate the support for teachers to incorporate student autonomy, choice, unsuper-
vised work time, and responsibility according to their competence should be considered for
future platform design.

The trend of global classroom connection

The emergence of PBL communication facilitating platforms signaled the trend of globali-
zation of education in K-12 and the importance of fostering students’ global competence.
Unlike traditional LMS organizing learning mainly institute-wide or nationwide, PBL
communication facilitating platforms built the globally connected classroom. Through the
experience of studying the same projects and exchanging cultural and contextual informa-
tion, students from different countries can collaborate synchronously and asynchronously
through the discussion board, emails, and chats to collaborate and contribute to the glob-
ally concerned issues. This learning experience can improve their global digital citizen-
ship, significantly impacting youth over the next decades (Harris & Johns, 2021). With
the restricted international traveling during COVID and online and blended learning as
the new normal in the post-COVID era, LMPs and communication facilitation platforms
will play an essential role in fostering global competence. Various technologies that could
bring students immersive experiences like augmented reality (AR) and virtual reality (VR)
should integrate to simulate the hands-on international collaborative learning experience.
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The proposed new skills

To fully appreciate the convenience of the PBL platforms, new skills are required for stu-
dents and teachers: digital competence for students, TPACK knowledge and pedagogical
digital competence for teachers, and project management skills for both.

To get teachers ready to effectively adopt PBL platforms, acquiring sound TPACK
knowledge is a must. TPACK is featured to enable teachers to make intelligent pedagogi-
cal uses of technology (Koehler et al., 2007). It encompasses teachers’ expertise in tech-
nology integration, and focuses on teachers’ capacity of designing content, pedagogy,
and knowledge of technology at all levels. When adopting the PBL platform, it is crucial
for teachers to possess not only the relevant content and pedagogical knowledge but the
technological and pedagogical technological knowledge (Koehler & Mishra, 2009). Spe-
cifically, teachers should actively keep up with the evolution of the development of the
available e-learning platforms, think about how teaching and learning would change when
platforms are used to support certain learning activities, and apply them productively to
assist students to achieve their learning goals and help them internalize their skills of
information technology adaption (Harris, 2016).

Pedagogical digital competence (From, 2017) requires the teacher to consider the
interrelationships between knowledge, skills, attitudes, technology, learning theory,
subject, context, and learning. With a thorough understanding, teachers could consist-
ently plan, conduct, evaluate and revise ongoing teaching practice with theory, current
research, and proven experience in a technology-supported teaching context to best sup-
port students learning. The innovative nature of PBL and PBL platforms requires teach-
ers to improve their information and data literacy, digital communication and collabora-
tion skills, create content digitally, problem shooting for teaching on the platforms, and
innovatively implement PBL and develop it as a pedagogy.

Project management skills are another critical component for successfully implementing
PBL. In the current study, we found that despite the differences, the PBL platforms, especially
the learning management platforms, share the similar learning and teaching processes to a
certain extent and can be break into three learning phases: (1) project planning, key words
include discover, connect, define goals, plan, (co-)design, adopt and adjustment, (co-)create,
and build, (2) launching and implementing, key words include launch, collaborate, monitor,
respond, transform, track, capture, report, support, communicate, manage, assess, and (3)
reporting and reflection, key aspects include report, reflect, adapt, publish, application, dem-
onstration, showcase, evidence collection. These key words overlap with the skillsets required
for successful project management in the real world.

Project management skills are essential for professions in organizations with upper man-
agement and multiple teams and departments involved in several extensive projects, like engi-
neering, manufacturing, and construction (Cleland, 2007). PBL is featured for providing an
authentic learning experience, which demands two types of project management skills for
teachers: simulate the project management in the real-world context to demonstrate good pro-
ject management skills for students, and help students to become good project managers by
assisting them in organizing groups and monitoring their progress, improving their technical
management skills like planning and forecasting, tracking and monitoring progress, enhance
their subject matter expertise, and foster the soft skills like time management, leadership, and
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adaptability (Meredith et al., 2017). These will help maximize the benefit of adopting PBL
pedagogy.

Conclusion, limitation, and future research

This article presented a multiple case study of 16 PBL platforms available in Eng-
lish and Chinese to tackle the difficulties and challenges of implementing PBL. As the
result of this study, we found the PBL platforms were from five countries, serving pre-
dominantly K-12 users. According to the services provided, these platforms could be
categorized into four types: learning management platforms, content providers, com-
munity organizers, communication facilitators, and service provider. Most platforms
(10 out of 16) were for learning management, intended to address the major challenge
of implementing PBL in regular classrooms. Five out of 16 platforms facilitated the
establishment of the professional learning community domestically and internationally
for teachers and globally connected classrooms for students. We then conducted the
cross-case analysis to see how PBL as a pedagogy was understood through the design
of the platforms. In discussion and implication, we discussed the differences between
traditional LMS and LMPs, the trend of global classroom connection, and the pro-
posed new skills for teachers and students.

This study has some evident limitations. First, as one of the first studies on PBL
e-learning platforms, this study did not involve actual users. Hence the usability and
efficiency remain unclear. Despite the researchers’ unbiased observation of the plat-
form by accessing the trial versions could provide insights into the platform’s capabili-
ties, it is unclear if these platforms offer the facility for teachers to implement PBL-
based instruction successfully, as well as for students to adopt and learn efficiently.
An empirical study with actual users will be the next step to deepen the understanding
of how these platforms can support learning in various classroom contexts, how they
coordinate and facilitate the learning process, and to what extent they can help to solve
the implementation challenges, especially if the platforms will offer accessibility fea-
tures in the near future, and how these features will support the learning process of
students with learning challenges. Second, how to balance and moderate the support
for teachers and foster students’ autonomy should be given more thinking and consid-
eration in platform design and improvement. Additionally, studies are also desired to
explore how to prepare pre-service and in-service teachers pedagogically and digitally
ready to successfully implement PBL with the support of PBL platforms to achieve the
optimal learning outcome for students.

Appendix 1

See Table 2.
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