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Abstract

The aim of this multiple-case study was to research the key characteristics of project-based learning (PBL) and how
teachers implement them within the context of science education. K-12 science teachers and their students’ videos,
learning diaries and online questionnaire answers about their biology related PBL units, within the theme nature
and environment, were analysed using deductive and inductive content analysis (n =12 schools). The studied
teachers are actively engaged in PBL as the schools had participated voluntarily in the international StarT
programme of LUMA Centre Finland. The results indicate that PBL may specifically promote the use of
collaboration, artefacts, technological tools, problem-centredness, and certain scientific practices, such as carrying
out research, presenting results, and reflection within science education. However, it appeared that driving
questions, learning goals set by students, students’ questions, the integrity of the project activities, and using the
projects as a means to learn central content, may be more challenging to implement. Furthermore, although
scientific practices had a strong role in the projects, it could not be defined how strongly student-led the inquiries
were. The study also indicated that students and teachers may pay attention to different aspects of learning that
happen through PBL. The results contribute towards a deeper understanding of the possibilities and challenges
related to implementation of PBL and using scientific practices in classrooms. Furthermore, the results and the
constructed framework of key characteristics can be useful in promoting research-based implementation and
design of PBL science education, and in teacher training related to it.

Keywords: Key characteristics, Design principles, Project-based learning, Interdisciplinary education, Teachers,
Students, Implementation, Science education, Biology education

Introduction

Project-based learning (PBL) can be a useful approach
for promoting twenty-first century learning and skills in
future-oriented K-12 science education. PBL refers to
problem-oriented and student-centred learning that is
organised around projects (Thomas, 2000). This means
that the intended learning of new skills and content hap-
pens through the project that students carry out in
groups (Condliffe et al, 2017; Parker et al, 2013;
Thomas 2000). Thus, PBL can be described as a
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collaborative inquiry-based teaching method where stu-
dents are integrating, applying and constructing their
knowledge as they work together to create solutions to
complex problems (Guo et al.,, 2020). It is important that
students practice working like this at school, as future
generations will need to be able to overcome global en-
vironmental problems. As such, science education has to
equip students with deeper learning instead of simple
memorising of facts; students need the ability to apply
their scientific knowledge in situations requiring
problem-solving and decision-making (Miller & Krajcik,
2019).
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PBL relies on four significant ideas from learning sci-
ences: learning is most effective when students (1) con-
struct their understanding actively and (2) work
collaboratively in (3) authentic learning environments,
whilst being sufficiently scaffolded with (4) cognitive
tools (Krajcik & Shin, 2014). Compared to traditional
teacher-led instruction, PBL has been found to result in
greater academic achievement (Chen & Yang, 2019;
Balemen & Ozer Keskin, 2018). Additionally, it has been
shown to improve students’ skills in critical thinking and
question-posing (Sasson et al., 2018). There is also some
evidence that PBL might contribute to developing stu-
dents’ intra- and interpersonal competencies (Kaldi
et al.,, 2011).

Within science and technology education, one of the
key benefits of PBL is arguably immersing students in
using scientific practices, such as asking questions
(Novak & Krajcik, 2020). Whilst various approaches can
be taken to PBL, scientific practices are often considered
as one of its key characteristics (see Table 1 for discus-
sion about the key characteristics of PBL). The idea is
that in PBL, students should participate in authentic re-
search in which they use and construct their knowledge
like scientists would (Novak & Krajcik, 2020). Using sci-
entific practices has been found to contribute towards
students’ engagement when learning science (Lavonen
et al,, 2017), and PBL does indeed appear to have a posi-
tive impact on students’ attitudes and motivation to-
wards science and technology (Kortam et al, 2018;
Hasni et al., 2016). PBL allows students to see and ap-
preciate the connection between scientific practices and
the real world, significance of learning, carrying out in-
vestigations and the open-endedness of the problems
under investigation (Hasni et al., 2016).

Nevertheless, according to the review done by Con-
dliffe et al. (2017), the efficacy of PBL in terms of stu-
dent outcomes is not entirely clear. In a more recent
review, however, Chen & Yang (2019) found more dis-
tinctive benefits to learning compared to previous stud-
ies. As they suggest, it may be that implementation of
PBL has developed between 2000 and 2010, potentially
owing to the better availability of training programmes
and materials. Nonetheless, whilst Chen & Yang (2019)
did find that PBL improves students’ academic achieve-
ment in STEM (science, technology, engineering and
mathematics), they also found that the positive effect of
PBL appeared to be somewhat bigger in social sciences
compared to STEM subjects. Additionally, the various
distinctions between different researchers for what
makes PBL different from other closely related instruc-
tional approaches, such as inquiry-based and problem-
based learning, make it challenging to confidently deter-
mine exactly how effective PBL is as an instructional
method (Condliffe et al., 2017).

(2022) 4:2 Page 2 of 17

However, PBL is supported by governments, re-
searchers, and teachers in many countries (Novak &
Krajcik, 2020; Condliffe et al., 2017; Aksela & Haatainen,
2019; Annetta et al,, 2019; Hasni et al., 2016). Studies
have found that teachers consider PBL as an approach
that promotes both students’ and teachers’ learning and
motivation, collaboration and a sense of community at
school level, student-centred learning, connects theory
with practice and brings versatility to teachers’ instruc-
tion (Viro et al., 2020; Aksela & Haatainen, 2019). How-
ever, regardless of teachers’ enthusiasm towards PBL,
they can still struggle with its implementation (Tamim
& Grant, 2013). PBL is a challenging method to use in
practice, as it requires a fundamental understanding of
its pedagogical foundations (Han et al., 2015), and it ap-
pears that teachers tend to have limited and differing
conceptions about PBL (Hasni et al., 2016). For example,
PBL is often defined through its distinct characteristics
(Hasni et al., 2016; Thomas, 2000), but these tend to be
unknown to teachers (Tamim & Grant, 2013). What is
more, research has indicated that in order for PBL to be
implemented as it is described by researchers, teachers
require training and multiple years of practice with it
(Mentzer et al, 2017). In fact, students display greater
learning gains when their teacher is experienced with
PBL (Capraro et al., 2016; Han et al., 2015), and it ap-
pears that partial or incorrect implementation of PBL
may even have negative consequences for students’ aca-
demic performance (Capraro et al., 2016; Erdogan et al,,
2016).

Both Viro et al. (2020) and Aksela & Haatainen (2019)
found that according to STEM teachers, the most chal-
lenging aspects of implementing PBL are project organ-
isation (for example, time management), technical
issues, resources, student-related challenges and collab-
oration (Viro et al,, 2020; Aksela & Haatainen, 2019). As
PBL requires students to study a certain phenomenon in
detail by using scientific practices, it takes longer than
more traditional approaches (Novak & Krajcik, 2020).
Researchers have also reported that teachers consider ir-
relevance to subject teaching and an unfamiliar teaching
style among the significant negative aspects of PBL (Viro
et al., 2020). Implementation of PBL should focus on
teaching twenty-first century skills, being student-
centred, and building strong and personal interaction
between students and teachers (Morrison et al.,, 2020).
This requires both teachers and students to take on new
roles. In PBL, teachers are often having to act simultan-
eously as designers, champions, facilitators and man-
agers, and students are expected to be self-directed
learners who are able to endure the ambiguity and open-
endedness of PBL projects (Pan et al., 2020).

Despite the move towards student-centred approaches
(for example, inquiry-based teaching) in many national
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Table 1 Framework of the key characteristics of PBL. The six characteristics are as proposed by Krajcik & Shin (2014)

Characteristic

Overview of purpose and features from literature

1. Driving question

2. Learning goals

3. Scientific practices

4, Collaboration

5. Using technological
tools

- One of the most commonly recognised characteristics of PBL (Miller & Krajcik, 2019; Condliffe et al, 2017; Mentzer et al,
2017; Hasni et al,, 2016; Krajcik & Shin, 2014; Thomas, 2000; Blumenfeld et al.,, 1991).

- PBL projects are centred around the driving question: it directs the work, provides the context for it, and reminds the
students of the purpose of the various activities included in the project unit (Hasni et al., 2016; Krajcik & Shin, 2014; Hmelo-
Silver, 2004; Thomas, 2000; Blumenfeld et al,, 1991). The driving question creates continuity and cohesion (Mentzer et al,,
2017).

- The end product created at the end of the PBL unit will answer the driving question (Blumenfeld et al., 1991).

- The following features characterise a good driving question in STEM PBL (Hasni et al., 2016):

1. The driving question has an authentic link to the real world experienced by the learners and it is interesting to them.

2. The driving question is open-ended and it challenges the learners to carry out intellectually challenging tasks, whilst con-

sidering their age and skill set.

3. The driving question creates the need to understand the central scientific concepts related to the studied subject.

« PBL should enable students to learn new topics and skills central to the curriculum (Bell, 2010; Tal et al.,, 2006; Thomas,
2000). As such, PBL should be the primary instructional method in a course, rather than a separate section of it
(Condliffe et al,, 2017; Parker et al,, 2013). For example, Thomas (2000) states that PBL projects should always teach students
new skills and content that are central to the curriculum, and as such projects that are used to enrich the curriculum or
revise are not PBL. However, Tamim & Grant (2013) contest this strict view and suggest viewing PBL more broadly, as a
continuum.

« PBL tends to consume more time than traditional teacher-centred approaches and as such, it is vital for teachers to feel as
though they are able to reach the statutory learning outcomes through it (Krajcik & Shin, 2014).

- To allow the students to gain a deeper understanding of the topic, ask questions and collaborate, the PBL unit should last
for longer than one lesson (Krajcik & Shin, 2014; Stearns et al., 2012; Thomas, 2000; Blumenfeld et al, 1991). Whilst a
consensus around the idea that PBL should extend over a significant time period seems to exist, it is yet to be specified
how long exactly the inquiry should be to qualify as PBL (Condliffe et al,, 2017). Chen & Yang (2019) suggest that using
PBL for at least two hours per week leads to significantly better academic achievement in students compared to using PBL
for less than two hours per week.

- In STEM PBL, students should actively use scientific methods in order to solve and study the driving question (Krajcik &
Shin, 2014; Tal et al., 2006; Thomas, 2000; Blumenfeld et al., 1991).

+ The PBL unit should allow students to plan and carry out their own research (Mentzer et al, 2017). When developing
research questions and methods, students will gain experience in using scientific practices, develop their cognitive skills
and build their understanding of the topic (Novak & Krajcik, 2020; Krajcik & Shin, 2014; Thomas, 2000; Blumenfeld et al,,
1991).

+ Whilst a teacher may choose the driving question, students need to be given the possibility to study their own questions
within the scope of the driving question (Krajcik, 2015), as presenting questions is an integral part of scientific research
(Chin & Osborne, 2008).

- The scientific practices identified from inquiry-based learning research can be used to describe these practices as found in
PBL. Students engage in the following scientific practices within a research project (Pedaste et al, 2015):

1. Orientation into the topic: at the end, students have a problem that they need to solve.

2. Conceptualisation:

a. Presenting research questions

b. Presenting hypotheses

3. Investigation:

a. Exploration (if there is only a research question but no hypothesis)

b. Experimentation (if there is a hypothesis)

c¢. Data interpretation.

4. Conclusions: students draw them based on the collected data.

5. Discussion:

a. Communicating the results

b. Reflection

- During PBL, students carry out research in collaboration with each other (Krajcik & Shin, 2014; Tal et al,, 2006).

- Ideally, PBL includes collaboration with experts, companies or parents (Krajcik, 2015; Tal et al., 2006).

- Collaboration is motivating for students (Malone & Lepper, 1987), and it models a scientist's way of working and allows
students to develop their communication skills (Bestelmeyer et al, 2015), and to practice dividing responsibilities and roles
(Blumenfeld et al,, 1991).

« However, collaboration should be seen as a means to reach the primary goals of PBL; practising science, understanding
central concepts, and learning how scientific knowledge is created and used (Hasni et al, 2016).

- Science education should model the importance of computer aided technology in modern scientific research (Edelson,
2001).

- Technology can support student learning through, for example, increased interest, modelling concepts, and strategic
support (Tal et al., 2006; Blumenfeld et al., 1991), and it allows the learners to preserve and present knowledge more widely
(Edelson, 2001). Learning technologies constitute an important scaffold to students to manage the project activities (Krajcik
& Shin, 2014).

- Technology can also support teachers: it can be used to give instructions and support the projects (Blumenfeld et al,,
1991).

- Technology can be used to create the artefacts (Tal et al,, 2006).

- However, similarly to collaboration, using technology in the PBL unit should in most cases be seen more as a tool rather
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Table 1 Framework of the key characteristics of PBL. The six characteristics are as proposed by Krajcik & Shin (2014) (Continued)

Characteristic

Overview of purpose and features from literature

than the primary goal (Hasni et al., 2016). Whilst technology is useful in PBL and using information technologies appears to
improve students’ academic achievement in PBL, it does not necessarily need to be the focal point (Chen & Yang, 2019).

6. Creating an artefact

- In PBL, the learning process is centred around producing an artefact or an end product that answers the driving question

(Krajcik & Shin, 2014; Tal et al., 2006; Blumenfeld et al,, 1991).
- Artefacts have been proposed to be what differentiates PBL from problem-based and inquiry-based learning (Hasni et al,,

2016; Sahin, 2013).

- Artefacts present the students’ cognitive work and their level of understanding (Novak & Krajcik, 2020; Blumenfeld et al,,
1991). They are concrete, for example, games, posters, models, plays, websites or drawings (Krajcik & Shin, 2014; Blumenfeld

et al, 1991).
- The artefact should (Krajcik & Shin, 2014):
1. Answer the driving question.
2. Reveal the students’ level of understanding.

3. Support students to gain an understanding about the topic when they are creating the artefact.
« The PBL unit could lead to multiple artefacts, but they should culminate into one artefact that answers the driving

question (Blumenfeld et al,, 1991).

- Creating artefacts is beneficial for learning: students can be expected to learn more effectively when they create external
representations of their conceptions (Krajcik & Shin, 2014). Deploying physical objects in the learning process also expands
the limitations set by working memory (National Academy of Engineering and National Research Council, 2014). Creating
artefacts forces the students to rebuild their understanding constantly (Krajcik & Shin, 2014).

- Ideally, the artefacts should be made public and presented to an audience (Condliffe et al,, 2017).

- However, within science education there is a need to conceptualise artefacts better; articles tend to not specify why
certain artefacts are specific to PBL, and the artefacts rarely serve a real purpose, which disregards the overarching goal of
striving towards authenticity in PBL (Hasni et al., 2016). PBL artefacts should be meaningful (Novak & Krajcik, 2020).

curricula, such as in the United States (National Re-
search Council, 2012), Finland (Ldhdemaiki, 2019) and
throughout much of Europe (European Commission,
2007), there is a distinct lack of research about PBL that
is initiated by teachers (Condliffe et al., 2017). There is
very little research into how teachers understand and
use PBL when they are not guided by university re-
searchers, and the models they develop for its imple-
mentation (Hasni et al., 2016). It is also important to
research what kinds of changes teachers make to PBL
curricula to adapt them to their classes, and how this
process could be supported (Condliffe et al, 2017).
Often the reality in classrooms differs from the vi-
sions in curricula (Abd-El-Khalick et al., 2004), and
simply reforming the science curricula does not mean
that teachers understand how to implement the new
concepts into their teaching (Severance & Krajcik,
2018). In order to gain a better understanding of how
teachers implement PBL and the related possibilities
and challenges in practice, and to promote the use of
PBL in education, PBL units from K-12 schools were
studied from the perspective of key characteristics of
PBL. The studied schools were from several different
countries and they all had participated in the inter-
national StarT programme (https://start.luma.fi/en/)
by LUMA Centre Finland (see ‘Participants’).

Key characteristics of PBL

Most projects done at schools are not considered to be
PBL, as PBL is often defined more specifically through
its distinct characteristics (Hasni et al., 2016; Thomas,
2000), also referred to as ‘design principles’

(Condliffe et al., 2017). However, there is still ambiguity
among researchers about what the exact key characteris-
tics or design principles of PBL are (Condliffe et al,
2017; Hasni et al., 2016). Krajcik & Shin (2014) propose
the following six features as key characteristics of PBL:
(1) driving question, (2) learning goals, (3) scientific
practices, (4) collaboration, (5) using technological tools,
and (6) creating an artefact. These characteristics, in-
cluding their purpose and features, have been discussed
based on the literature review in Table 1.

In this study, the PBL units were researched by using
the six key characteristics found in Table 1 as a frame-
work (Krajcik & Shin, 2014). The categories in the con-
tent analysis (see Table 2 in ‘Methods’) were based on
these characteristics. At the time of doing the analysis,
the model proposed by Krajcik & Shin (2014) was the
most recent and detailed description of the characteris-
tics of PBL that allowed study into the quality of the
PBL units in practice. Additionally, their framework is in
line with the views of other authors who focused on the
characteristics of PBL, including the recent systematic
review by Hasni et al. (2016) into the characteristics of
STEM PBL used by researchers, and with the reviews
done by for example, Condliffe et al. (2017) and Thomas
(2000). However, in order to study the quality of PBL
units under each of the characteristics, the framework
was developed further by using the most current litera-
ture. For example, the phases of inquiry-based learning
(Pedaste et al., 2015) were used to study how scientific
practices were carried out by the schools.

Most earlier science education studies have looked at
teachers’ perceptions of PBL through questionnaires and
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Characteristic  Categories used in the analysis

Rationale for the categories

1. Driving
question

- Features of a good driving question in STEM PBL
(Hasni et al,, 2016):

1. The driving question has an authentic link to the

real world experienced by the learners.

a. Learning environments are local or otherwise

familiar to students.

b. Use of socio-scientific issues.

2. The driving question is open-ended.

2. Learning
goals

« Learning goals stated by students and teachers:
a. Practical goals

b. Goals with a reference to students' development
« Learning gains stated by students and teachers

3. Scientific
practices

1. Conceptualisation:

a. presenting research questions

b. presenting hypotheses

2. Investigation:

a. exploration (if there is only a research question but
no hypothesis)

b. experimentation (if there is a hypothesis)
c. data interpretation.

3. Conclusions.

4. Discussion:

a. communicating the results

b. reflection

« Collaboration between students
- Collaboration between teachers
« Collaboration with partners from outside of the

4, Collaboration

school
5. Using « ICT (information and communication technologies).
technological « Technology that was used as a scientific research
tools tool.

+ The same question/problem is answered to with
multiple artefacts.

« Multiple single artefacts from separate activities.

- One clear artefact.

« A larger artefact that includes the smaller ones.

6. Creating an
artefact

« Authenticity can also be demonstrated by having students participate in
using scientific practices (Hasni et al, 2016). However, this was studied
under ‘3. Scientific practices’. Additionally, due to the level of detail in the
studied materials, ‘familiar or local learning environments’ were
considered in the wider sense of the term.

- The third feature of a good driving question, “The driving question
creates the need to understand the central scientific concepts related to
the studied subject” (Hasni et al, 2016), was not included. This was due to
the studied projects being from different countries, and examining the
projects in relation to the different curricula would have been out of the
scope of this study.

- Since the international sample of the study did not allow a direct
comparison between the projects and the national curricula, the two
main aspects of this key characteristic were chosen as the focus: did the
teachers or students report any learning goals that were set for the
project, and did they report any learning that happened as a result of the
project?

- Scientific practices were studied through the phases of inquiry-based
learning, as they describe the scientific practices that students carry out in
practice within one research project (Pedaste et al, 2015).

- First phase, ‘orientation’, was left out as its outcome, the driving question,
is studied separately.

+ Many models developed for evaluating the quality of inquiry-based learn-
ing can be adapted for PBL (Thys et al., 2016). Also, for example, Mentzer
et al. (2017) studied how teachers implemented the phases of inquiry-
based learning in their PBL unit plans.

« These categories arose from the materials.

« These categories arose from the materials.

- These categories arose from the materials.

- Krajcik & Shin (2014) outline that the artefact should answer the driving
question, reveal the students’ level of understanding, and support
students in gaining an understanding about the topic. These would have
been useful categories, however it was not possible to use them in this
study due to the lack of driving questions and detail about the aims of
the projects.

interviews (Hasni et al., 2016), but this study analysed
teachers and students’ reports of their projects in prac-
tice. Considering the widely recognised challenges in the
implementation of PBL, and the shift in many national
curricula towards PBL and similar approaches, there is
an urgent need to understand how teachers are man-
aging the change, and what kinds of models they are de-
veloping for the implementation of the new curricula in
their classrooms. The aim of this study is to understand
possibilities and challenges related to the implementa-
tion of PBL in practice through the key characteristics
(Table 1). The detailed research questions are: (1) Which
key characteristics of PBL do teachers implement in the
projects? and (2) How do teachers implement these char-
acteristics in practice?

Methods

This study was carried out as a multiple-case study (Yin,
2014) on schools that participated in the international
StarT programme by LUMA Centre Finland from differ-
ent countries. A multiple case study allows for compari-
son between the differences and similarities between the
cases (Yin, 2014), and therefore to gain a preliminary
idea of characteristics or issues that might be common
across the schools. The PBL units of twelve K-12 schools
were studied (see ‘Participants’ for further details on the
selection criteria). The schools participated in the inter-
national StarT competition organised by LUMA Centre
Finland (https://startluma.fi/en/) during the academic
year of 201617 or 2017-18.
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The StarT programme

StarT encourages teachers to share their best models for
implementing PBL, and students to present the products
and research they have done within their groups (StarT
programme). The competition has two categories:
teachers’ descriptions of the PBL units that were carried
out by the schools (‘best practices’), and ‘students’ pro-
jects’ that describe what individual student groups stud-
ied, created and learned during the school’s PBL unit.
Each school was able to upload one entry to the
teachers’ category, describing the implementation of the
project unit from teachers’ perspective as a best practice
for other schools, and an unlimited number of students’
projects related to this unit. As such, each ‘student pro-
ject' is part of the same PBL unit organised by the
school, but it describes what one student group pro-
duced under the PBL unit implemented by the teachers.
Depending on the school and how much freedom the
students had in the PBL unit, the student groups might
have had completely different research topics, or they
might have just produced slightly different artefacts to
the same problem.

To participate in each category, the schools needed to
upload a three-minute-long video describing the best
practice or the project and to answer questions on an
online form. Additionally, student groups were required
to upload a learning diary, the format of which could be
freely chosen. As such, the schools had significant free-
dom in terms of what they wanted to report about their
PBL units. At the time of the data collection, the partici-
pants did not receive any professional development
training from StarT, but depending on how closely they
followed the online channels of StarT, they had access to
project ideas and videos from other participants via the
programme website, and the programme also included
voluntary webinars and newsletters. However, these ma-
terials were freely available to anyone on the internet,
and participating in the competition did not require any
other engagement with the StarT programme.

Content analysis
Deductive content analysis is suitable for research that
aims to study an existing model or theory (Hsieh &
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Shannon, 2005). The key characteristics of PBL shown
in Table 1 were used as a basis for the deductive and in-
ductive content analysis, where it was determined which
characteristics teachers implemented in the projects, and
how they did this. In qualitative content analysis, data is
analysed by reducing it to concepts that describe the
studied phenomenon, for example, through pre-defined
categories, whilst also acknowledging the themes rising
from the data (Elo et al., 2014; Cohen et al., 2007). The
final categories used in the deductive analysis, and dis-
cussion about decisions regarding them, can be seen in
Table 2. The data was looked at inductively within these
categories (Marshall & Rossman, 2014). An example of
the coding combining inductive and deductive content
analysis is given in Table 3.

The analysed materials (# = 12 project units and n =17
students’ projects; see details under ‘Participants’ and in
Table 5) were written responses to questions on an on-
line form, videos and learning diaries. The units consid-
ered in the analysis were words, sentences, and
paragraphs from verbal communication. As the students’
projects were what individual student groups produced
within the PBL unit of the school, all of the materials
provided by an individual school were considered as an
entity when studying how the school carried out PBL.
Therefore, there was no differentiation between the
source of the information (for example, learning diary or
best practice video) but instead all materials from a sin-
gle school were treated as equal evidence of how the
characteristics of PBL were implemented (see Table 3).
However, since two schools provided multiple student
groups’ works as student projects, and there were differ-
ences in the approaches that different student groups
took to carrying out their project work, also the number
of student projects displaying each of the key character-
istics is included in Table 6 under ‘Results’.

In order to see how the six key characteristics of PBL
were distributed across the projects, the overall frequen-
cies of characteristics displayed in a project unit (1=
present, 0 = not present) were counted. Table 4 displays
the sections from the coding framework that were in-
cluded in the frequency count. Each row in the second
column was counted as ‘1" if it was observed and as ‘0" if

Table 3 An example of the coding combining inductive and deductive content analysis

Studied characteristic: The driving question and its topic

School Original expression

Simplified expression

Sub-category Main category

Project  “The goal of our work is to use and apply renewable
X energy sources.

“Impressions were more than excellent, as we achieved
exactly what we wanted: to get people interested and to
raise awareness of energy efficiency, renewable energy
sources and in general about the preservation of our
planet.

Applying renewable energy sources Ecological energy

Raising awareness about energy
efficiency, renewable energy
sources and being ecological

Environmental
problems and
climate change

consumption

Raising awareness of the
environmental effects of
energy production

Raising
awareness
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Table 4 Features used to study the distribution of the frequencies of PBL characteristics

Key characteristic Features used for the frequency count (n = 24; feature observed = 1, feature not observed = 0).

Driving question Is the project problem-based?
Are the learning environments local?
Does the project deal with socio-scientific issues?
Learning goals Does the project include learning goals set by the teacher?
Does the project include learning goals set by the students?
Does the project include learning goals related to biology?
Do students describe learning gains?
Do teachers describe learning gains?
Are learning gains related to biology described?
Scientific practice Do the students ask questions?
Do the students present hypotheses?
Do the students carry out explorations?
Do the students carry out experiments?
Do the students interpret the data?
Do the students draw conclusions from the results?
Do the students present their work to others?
Do the students reflect on doing the project?
Collaboration Do the students collaborate with each other during the project?
Do the teachers collaborate with each other during the project?
Does the project include collaboration with outside partners?
Technology Does the project describe using ICT?
Does the project include using scientific technology?
Artefact Does the project have an artefact?

Does the artefact draw the project together?

Frequency of PBL characteristics demonstrated by
the schools
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Fig. 1 Frequency of the PBL characteristics demonstrated by the schools A-L (n= 12, see Tables 4 and 5)
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it was not. Including these features in the frequency
count allows a satisfactory picture of the distribution of
the key characteristics across the studied schools to be
drawn (See Fig. 1 and Table 6). Scientific practices are
emphasised in the count due to their many subcategor-
ies, but this was deemed appropriate since they are a
good indication of how inquiry-based and student-led
the projects were. Learning goals and gains have a sig-
nificant role too, but their role is similarly justified by their
importance — they determine largely whether the projects
have resulted in their intended purpose, learning. The re-
sults regarding the implementation and distribution of the
key characteristics can be found under ‘Results’.

In order to improve the reliability and validity of the
study, triangulation was employed (Turner et al., 2017)
through the use of different types of materials as sources
of information. This increases the reliability of studies
looking at human behaviour (Cohen et al, 2007) and
case studies (Yin, 2014), as that allows cues from differ-
ent sources to be combined into a more representative
image of a case (Baxter & Jack, 2008). Firstly, the mate-
rials consisted of three different types of media: written
descriptions and answers to questions on an online
form, videos, and a learning diary, the medium of which
was not pre-defined for the participants. Secondly, the
studied schools only consisted of learning communities
that had participated in both the teacher category of
StarT with a ‘best practice’ (a description of the PBL unit
from teachers’ point of view) and the student category
with at least one ‘student project’ (description of the

Table 5 Distribution of data across school levels. Schools that
provided multiple projects: named with subsequent numbers

School Project School level
A Al Lower secondary (13-15 y.0.)
B B1 Lower secondary (13-15 y.0.)
B2
B3
C C1 Upper secondary (16-18 y.0.)
C2
a3
Cc4
D D1 Primary (7-12 y.0.)
E E1 Primary (7-12 y.0.)
F F1 Lower secondary (13-15 y.0.)
G G1 Lower secondary (13-15 y.0.)
H H1 Primary (7-12 y.0.)
| 11 Primary (7-12 y.0.)
J )1 Primary (7-12 y.0.)
K K1 Primary and lower secondary (7-15 y.o.)
L L1 Lower secondary (13-15 y.0.)
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work one student group did during the PBL unit). As
such, this study includes the viewpoints of both teachers
and students. Additionally, the results from coding were
agreed upon by both of the authors.

Participants

The study analysed students’ projects and teachers’ best
educational practices at K-12 school level (=12 project
units and # =17 students’ projects; see Table 5 for de-
tails) that were implemented in 2016-2017 or 2017-
2018. The projects were mostly (7 =9) created and im-
plemented by teachers and students, and as such they
reflect the reality of schools when it comes to imple-
menting PBL. Only n =3 schools mentioned that they
had participated in a (university-led) development
programme. As such, the studied PBL units provide a
plausible reflection of the reality of active teachers
implementing PBL (see ‘Limitations’ for further
discussion).

The studied PBL units within the theme ‘Nature and
environment’ were chosen from the learning communi-
ties that participated in the international StarT
programme in 2016-2017 and in 2017-2018. The other
themes that the StarT participants could choose for their
projects were ‘Technology around us’, ‘Mathematics
around us’, “This works! A mobile toy’, ‘Stars and space’,
‘Well-being’, ‘Home, culture and internationality’. ‘Na-
ture and environment’ was the most popular single
theme during both years of data collection: n=132
learning communities from all # =277 learning commu-
nities indicated that they had done a project related to it
in 2016-2017, and n =50 out of n=229 in 2017-2018.
Whilst the studied projects focus on the theme ‘nature
and environment’ in the context of biology education,
the interdisciplinary nature of the theme makes the re-
sults largely applicable for other sciences. The decision
to base the study on a single discipline was made in
order to gain a more detailed understanding of the im-
plications of STEM PBL for subject teaching; the case in
this study focusing on teaching biology through PBL.

The first criteria in selecting the cases for this study
was to include only PBL units implemented by K-12
school (ages 7 to 18). Additionally, only projects themed
‘Nature and environment’, where biology had a clear
role, were included. Finally, only schools that had pro-
vided full sets of materials used in the analysis (written
responses, videos and learning diaries) were included.
Full sets of materials were required for both teachers’
descriptions of the PBL unit and students’ projects, ei-
ther in English or Finnish (one school had to be ex-
cluded due to an insufficient level of English).

Table 5 presents participants and their school levels:
12 schools matched the criteria described above. In total,
12 project units and 17 students’ projects were analysed,
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with only two of the schools having provided more than
one student project as a part of the project unit. 11 of
the studied schools were from six different countries in
Europe, and one school was from Southwest Asia.
Schools D, E and F (Table 5) participated in the same
PBL development programme implemented by a local
university.

The participants gave permission for using their mate-
rials for research purposes upon their participation in
StarT. However, as this study looks at the projects from
an evaluative perspective, direct quotations or detailed
descriptions of individual cases that could be used to
identify the schools were not included.

Results

The results for each of the research questions (see end
of the chapter “Key characteristics of PBL”) will be pre-
sented separately.

(1) The key characteristics of PBL in the projects

The most frequently displayed key characteristics of PBL
were collaboration, artefacts, technology, problem-
centredness, and out of scientific practices, carrying out
research, presenting results and reflection (see Table 6
for more detail). At least some form of collaboration (ei-
ther between the students, between teachers or with out-
side partners) took place in all but one of the schools.
Any interaction that the schools described as having
taken place between different actors was considered as
collaboration. Furthermore, technology was used as a
part of the projects in all of the schools. Artefacts were
also created in all of the studied projects. The results for
each of the characteristics are summarised in Table 6
(research question 1), which also outlines how they were
implemented (research question 2). As n=2 schools
provided multiple projects by different student groups,
the number of projects (n =17) is higher than the num-
ber of schools (# = 12).

Regarding scientific practices that students partici-
pated in, presenting results (n = 12 schools), interpreting
results (7 =11) and reflection (# =10) were most com-
monly demonstrated. However, not all schools (n =4)
displayed clearly that students had done any research
(such as searching for information, observation and col-
lecting data). As testing hypotheses was not visible in
any of the projects (n = 0), according to the definition of
Pedaste et al. (2015), the research was considered as” ex-
ploration” (n=8) instead of’ experimentation” (n=0).
Only n =4 schools included a mention of students hav-
ing presented questions that had an impact on the
course of the project or the investigations that were car-
ried out.

Driving questions and learning goals were among the
key characteristics that were not described well (Table
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6). None of the twelve schools that were studied dis-
played evidence of having used a driving question in
their projects. However, the majority of the schools (n =
8) did centre their projects around solving a single prob-
lem. According to PBL literature, this is not the same as
having a driving question (see Table 1 for a more de-
tailed description), but in the absence of driving ques-
tions it was considered useful to study whether the
projects were at least centred around solving a single
problem. Learning goals (goals with a reference to stu-
dents’ development) were also not that commonly de-
scribed; materials from 7 =6 schools displayed learning
goals set by teachers, but none of the schools displayed
learning goals set by students. However, students did ap-
pear to set practical goals (goals with no reference to
students’ development) in the projects from n=3
schools, and teachers mentioned these in most schools
too (n=9). Furthermore, students’ descriptions of what
they had learnt as a result of the projects were visible in
the materials of 7 =10 schools, whereas teachers’ com-
ments regarding that were only visible in those of half
(n = 6) of the schools.

Figure 1 displays the distribution of the characteristics
across the project units. The highest frequency values
were for the schools E and F, which both had partici-
pated in the same development programme organised by
a local university. However, although they did not re-
ceive help from researchers, schools A (f=18), I (f=17)
and C (f=16) still displayed a reasonably high count of
PBL characteristics. In fact, school C had the same fre-
quency of PBL characteristics as school D, which was
the third school to participate in the university-led de-
velopment programme. Figure 1 shows that there is a
clear difference between schools whose PBL units were
most closely in line with the PBL framework used in this
study (f = 21, n = 2) and the schools that provided project
units with the least resemblance to it (f=9, n = 2).

(2) Implementation of the key characteristics in the
projects

The main results regarding the implementation of the
key characteristics are summarised in Table 6, together
with their visibility. The detailed description about the
implementation of each of the key characteristics of PBL
can be found below: (1) driving question, (2) learning
goals, (3) scientific practices, (4) collaboration, (5) using
technological tools, and (6) creating an artefact.

Using central problems instead of driving questions
did not stop schools from accomplishing some of the
characteristics of a good driving question. In all of the
schools where the project had a central problem, the
problems were related to environmental issues, which
meant that they were regarded as socio-scientific issues
(Sadler, 2009). All of these schools also used local or
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Table 6 Visibility of key characteristics and their implementation in practice in the PBL units

Characteristic N=17 N =12 Details and examples of implementation
projects schools
1: Driving question  Project has a driving 0 0 + No schools mentioned ‘driving questions..
question « N=1 project was technically based around a question,” the subject of how
what we do and use affects the environment’, but the question is even
referred to as a topic for the unit, rather than an actual solvable question.
Centred around solving a 11 8 + None of the projects had a direct mention of ‘solving a problem’ through
problem the project.
+ N=11 projects had a clear reference to an attempt to solve a situation or
phenomenon through the project.
« The remaining projects (n =6, from n =4 schools) did not have a single
problem connecting the various activities.
Socio-scientific issues 11 8 - All central problems were socio-scientific, as they were related to solving
environmental issues (for example, acid rain, waste disposal).
Local or familiar learning 11 8 - Researching everyday phenomena (n =7 projects), using family or peers as
environments audience (n=6), creating an impact on local environment (n = 6), studying
local environment (n = 5), visiting local attractions (n = 2) or collaborating
with students’ families (n = 2).
+ As the locality of learning environments was used as a proxy for the
authenticity of the driving question (Hasni et al,, 2016), only the 11
problem-centred projects were considered.
2: Learning goals Practical goals set by 9 9 - Goals with no reference to students’ development; for example, “creating
teachers an herb garden”.
Learning goals set by 6 6 - Goals that included a reference to the students’ development: learning
teachers related to biology (n =5 schools), scientific practices (n = 4), social skills
(n=3), other twenty-first century skills (n=1) and technical skills (n=1).
« Learning goals related to biology: values (n =5 schools), content (n = 3)
and skills (n=1).
Practical goals set by 5 3 « All related to biology (n=5 projects).
students
Learning goals set by 0 0 -
students
Learning gains according 10 6 - Learning biology: mentioned by students from n =7 schools, by teachers
to teachers from n =3 schools.
L . . di 1 10 - Learning social skills: teachers n =6, students n=4.
teartnlgg gt;ams gccording - Other twenty-first century skills: teachers n=2, students n=1.
0 students - Scientific practices: teachers n =2, students n =0.
- Development of environmental values: students n =4, teachers n=2.
« ICT skills: students n =2, teachers n=1.
- Personal development (for example, new perspectives and experiences):
students from n =2 schools (in n= 3 projects), teachers n=0.
3: Scientific practices Asking questions 4 4 + Questions that had an impact on the investigations carried out.
(Pedaste et al. 2015) ) . . )
Forming hypotheses 0 0 + N=0 projects had hypotheses, but n=8 did experiments that could have
Experimentati 0 0 included a hypothesis. However, they were considered as exploration due
xperimentation to lack of hypotheses (Pedaste et al, 2015).
Exploration 14 8 « Research consisted mostly of searching for information and doing
Interpreting results 14 11 experiments.
Conclusions 13 11
Presenting results 17 12 « All projects were presented to others at least through the StarT project
videos. N =16 projects described additionally for example, presentations
and posters.
Reflection 15 10 - Students’ comments reflecting on at least some aspect of the project.
4: Collaboration Between students 16 1 + Mostly group work (n=16) or presenting the work for other students (n =
9).
Between teachers 14 9 - Teachers from the same school (n =8 schools)

. Teachers from another school (n =4). NB. Three of these schools
participated in the same development programme of a local university,
and this university organised the event where collaboration happened.

- No detailed information of how teachers collaborated with each other and
how teachers of different subjects made collaboration happen.
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Table 6 Visibility of key characteristics and their implementation in practice in the PBL units (Continued)

Characteristic N=17 N =12 Details and examples of implementation
projects schools
With actors from outside of 14 9 - The partners were students’ parents (n =9), universities (n =5), media (n =
the school 5), museums (n = 5), municipalities or other public agencies (n =4), local
people (n = 3), other experts (n = 3) and organisations (n = 2).
- Collaboration with media: local newspaper wrote about students’ projects.
5: Using Technology 17 12 - All studied projects included at least a video of project work.
technological tools ) ) .
9 ICT (information and 15 10 + Commonly available technology at homes and schools.
communication
technologies)
Scientific technology 6 6 « Technology designed for scientific measurements and observations.
6: Artefact Concrete creations made by 17 12 « For example, reports, models, lessons and webpages.
students
Multiple artefacts answer 6 3 « More than one artefact that aim to reach the same goal by approaching it
the same question from different angles.
Multiple unconnected 5 5 - The artefacts were related to the same theme but did not attempt to
artefacts from separate address a single problem.
activities
One clear artefact 4 3 - In two (2) projects the artefact was simple and in the other two (2) it was a
complex technical product that was the result of smaller experiments.
A single larger artefact that 2 2 - For example, developing the school garden, a webpage on environmental

consists of the smaller ones

issues.

familiar learning environments, which is another charac-
teristic of a good driving question. For example, they
researched everyday phenomena (n="7 projects), used
family or peers as audience (1 = 6), created an impact on
the local environment (n = 6) or studied it (7 =5). Some
also visited local attractions (#z =2) or collaborated with
students’ families (n = 2).

Interestingly, teachers and students seemed to report
different kinds of learning gains; students focused on
learning biology (1 =7 schools) more than teachers (n =
3), who paid attention to progress in learning social
skills (n = 6), other twenty-first century skills (z =2) and
scientific practices (n=2). Students reported these re-
spectively in n=4, n=1 and #n =0 schools. Furthermore,
teachers did not mention students’ personal develop-
ment (for example, new perspectives and experiences),
which the students themselves noted in # =2 schools.
Students also mentioned development of their environ-
mental values more often (# =4 compared to teachers in
n=2 schools). ICT skills were mentioned in n=2
schools by students and n = 1 by teachers.

When words that referred to the students’ develop-
ment (for example, “develop”, “apply” or “learn”) were
used in conjunction with the aims of the project, the
goal was interpreted as a learning goal. However, when
they were absent, the goal was interpreted as a concrete
practical aim (for example, “creating an herb garden”).
N =5 projects displayed practical goals set by students,
all of which were related to biology too. However, none
of the goals set by students were learning goals accord-
ing to the definition described above; they all focused on

the practical aims of the work instead. Learning goals set
by teachers included learning related to biology (n=5
schools), scientific practices (n =4), social skills (n =3),
other twenty-first century skills (z=1) and technical
skills (n = 1). The learning goals related to biology could
be divided into values (n=5 schools), content (1 =3)
and skills (7 = 1).

The materials of the study did not allow extensive as-
sumptions about what was teachers’ and what students’
viewpoint, but in terms of learning goals, it was deemed
necessary to make a distinction based on the sentence
structures. If a continuous part of the text displayed stu-
dents as implementers and was written in third person
(for example, “in this project students are expected to
.. or “their goal is to ...” ), the learning was interpreted
as having been set by the teacher. However, if a continu-
ous part of the text was presented in first person and the
text clearly displayed that “we” referred to students, the
part of the text that described learning was interpreted
as students’ viewpoint to learning.

With regards to different scientific practices, it was
not possible to identify how student-led the implementa-
tion was due to lack of teachers’ and students’ comments
on this. Hypotheses were not presented in any of the
projects, although n =8 projects included experiments
that could have included a hypothesis. The three pro-
jects that did not show any signs of doing research and
interpreting data were all from the same school and gen-
erally vaguely described; these projects did not show evi-
dence of students drawing conclusions either. As all
projects were presented to others at least through the
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video that was shared to StarT, all of them were consid-
ered as having presented the results of the project. How-
ever, all but one project described having done that in
other ways as well, for example, by giving presentations
for younger students and parents, and making posters.

Most of the projects were carried out in various learn-
ing environments and with a variety of partners. In
terms of collaboration, three categories emerged: collab-
oration between students (n =11 schools), collaboration
between teachers (7 =9), and collaboration between the
school and outside actors (1 =9). Collaboration between
students was mostly group work (# = 16 projects) or pre-
senting the work for other students (m=9 projects).
Teachers collaborated mostly with other teachers in the
same school (7 =8 schools), and in some cases with
teachers from another school (#=4); however, n=3 of
these schools participated in the same development
programme of a local university, and this university
organised the event where the collaboration happened.
The materials did not provide information of how the
teachers collaborated with each other or divided tasks.
The outside partners were students’ parents (n =9), uni-
versities (# = 5), media (# = 5), museums (# = 5), munici-
palities or other public agencies (n=4), local people
(n = 3), other experts (n = 3), and organisations (1 = 2).

Technology used by students in their projects could be
divided into two categories that emerged from the mate-
rials: ICT (information and communication technolo-
gies) and technology that was used as a scientific
research tool. All technology that is commonly available
and used at homes (and schools), such as editing videos,
programming and text editing, and calculation pro-
grammes, was included in the ICT category. Any tech-
nology that is not commonly expected to be found at
homes but that can be used to do scientific measure-
ments and observations (for example, pH probes and ni-
trogen indicators, microscopes and voltage meters) was
considered as scientific technology. According to this
definition, students used scientific technology in n=6
projects and ICT in #n = 15 projects.

The artefacts included for example, reports, slide-
shows, lessons, webpages and miniature models. Mul-
tiple artefacts were created in majority of the projects
(n=14). Different categories emerged depending on
what the role of these artefacts was in the project. In
n =2 projects, the artefacts were part of a larger, final
artefact. For example, one of the schools developed a
webpage on climate change, and the contents of the
webpage (for example, campaign videos and articles)
were produced by separate student groups. Whilst mul-
tiple artefacts were created in many projects, it was more
common for them to complement each other, meaning
that they dealt with the same topic by answering it from
a slightly different angle (n =6 projects). In one of these
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projects, students had, for example, created both a video
and a slide show on the same topic, or both a written re-
port and a physical miniature model.

In the third category, in which multiple artefacts were
made, students created artefacts that dealt with the same
theme but did not directly attempt to answer the same
question (1 =5). These artefacts were the result of mul-
tiple activities that were separate from each other. For
example, in one project, students created weather maps,
recorded air pressure, and made art related to weather.
Although all of these activities were related to the same
theme, they were clearly separate from one another, and
they did not aim to solve a common problem. In the rest
of the projects (n =4), only one clear artefact was pro-
duced. In n=2 of these projects, the artefact was rela-
tively simple, and the materials did not give evidence of
students having had to carry out significant research or
experimentation in order to create it. In the other n=2
projects, the artefact was clearly a complex technical
product, such as a miniature model of an energy-
efficient house or an irrigation system for plants. These
projects displayed evidence of the students having done
smaller experiments to be able to create the final arte-
fact. However, as the results of these experiments were
not turned into clear artefacts, these artefacts were con-
sidered as separate from the first category (‘single arte-
facts form the final artefact’).

Discussion

The main aim of this study was to understand the possi-
bilities and challenges related to the implementation of
key characteristics of PBL. These aims will be discussed
in relation to each of the research questions below.

Key characteristics of PBL implemented by the teachers
This study shows that within the context of K-12 science
education, using PBL creates opportunities for the im-
plementation of the following key characteristics (Krajcik
& Shin, 2014): collaboration, artefacts, technology,
problem-centredness, and scientific practices (Table 6;
carrying out research, presenting results, and reflection).
However, it might also be true that these characteristics
are generally commonly implemented at schools, or as-
pects of social constructivism or PBL familiar to
teachers. For example, Viro et al. (2020) found that
teachers saw development of teamwork skills among the
most important characteristics of PBL. However, both
Viro et al. (2020) and Aksela & Haatainen (2019) also
found that teachers consider technical issues and collab-
oration as significant challenges in science PBL; as such,
teachers’ attention may have been directed to describe
the use of these practices in their project reports.

This study indicates that schools might struggle espe-
cially with implementing driving questions, using
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students’ questions, and having students set their own
learning goals (see ‘Teachers’ implementation of the key
characteristics’ for further discussion). Notably, the char-
acteristics that were commonly visible in the studied
PBL units were also well-aligned with the StarT format
that promotes their implementation (StarT programme).
As such, there might be potential in encouraging
teachers to implement certain characteristics of PBL
through a competition and its instructions and assess-
ment criteria. For example, StarT does not mention driv-
ing questions, and although % of the projects were
centred around solving a problem, no driving questions
were visible. Similar to this study, Haatainen & Aksela
(2021) found that only half of the 12 StarT schools they
studied included driving questions in their projects.
Driving questions have previously been identified as the
most challenging aspect of PBL (Mentzer et al, 2017),
but it is likely that the studied teachers were not even fa-
miliar with the concept as there were no mentions of
this ‘hallmark’ of PBL. Based on the results, it might be
worthwhile to include the framework used in this study
more visibly into the StarT programme in order to direct
the teachers’ attention to the desired characteristics.
However, although advocated for by StarT (StarT
programme), students’ questions were hardly visible at
all. Goals set by students were also rare (n =3 schools),
and none of them showed signs of learning goals set by
students (see next section for further discussion).

Teachers’ implementation of the key characteristics

Artefacts and driving questions would seem to require
further instruction. Nearly half of the schools produced
single artefacts that resulted from separate activities only
linked together through a common theme. Artefacts
should, however, answer the driving question and draw
the project together (for example, Mentzer et al., 2017).
Although there were no driving questions, many of the
projects that were centred around solving a problem still
managed to demonstrate other characteristics of PBL
and the qualities of a good driving question well (centred
around solving a problem, use of socio-scientific issues,
and local or familiar learning environments). This is in
line with the findings of Morrison et al. (2020), who
found that teachers are very aware of the importance of
authenticity and working with real-world problems in
PBL. However, although the driving question can be re-
placed with a central problem (Hasni et al., 2016), it has
an important role in unifying the activities within a PBL
unit (Thomas, 2000). Judging by the artefacts, many of
the projects lacked the kind of unity described in litera-
ture, especially those with no central problem or one
that was defined broadly. Therefore, the observations
from this study support the views of Mentzer et al.
(2017), Krajcik & Shin (2014) and Blumenfeld et al.
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(1991) on the importance of a driving question on unify-
ing the PBL unit.

As only half of the schools displayed learning goals
and many of the projects mentioned that they had been
carried outside of regular lesson time, it seemed like
most of the projects were not primarily used as a means
to learn central concepts. According to Thomas (2000),
this is not PBL, but Tamim & Grant (2013) suggest tak-
ing a broader outlook on what is considered PBL. Never-
theless, as collaboration, time and organisation of the
projects have previously been found to be among the as-
pects of PBL that teachers find challenging (Viro et al,
2020; Aksela & Haatainen, 2019), it is not surprising that
teachers would prefer to use PBL outside of regular
lesson time and focus on developing students’ soft skills,
rather than focusing on content acquisition. However,
spending sufficient time and covering central content
have been identified among the central variables for suc-
cessful PBL teaching in science education (Tal et al,
2006), in addition to building strong teacher-student re-
lationships (Morrison et al., 2020). This indicates that
for PBL to be a truly useful method for teachers, the re-
cent changes in curricula towards less content and cov-
ering more skills (Novak & Krajcik, 2020) need to be
sustained, and these changes need to be reflected in the
standardised tests too.

The learning goals mentioned by the teachers were
well aligned with the learning gains associated with PBL
(for example, scientific practices, social skills and other
twenty-first century skills, environmental values), but
this does not equal working with concepts central to
their curricula. Furthermore, for students to benefit from
the learning gains associated with PBL, the focus should
be on learning rather than doing a project; the teachers’
attention should be on what the students can research
and find out, instead of focusing on what students can
create and do (Lattimer & Riordan, 2011). Mentzer et al.
(2017) found that projects implemented by teachers who
had used PBL for no longer than a year did not resemble
a coherent research project, and that this changed only
after two or three years of PBL implementation. The
projects tended to be a collection of lessons that were
poorly connected to each other, and that consisted of ei-
ther highly structured activities that had the same pre-
defined outcome for all students, or of activities in which
the main purpose was to research without a clear out-
come (Mentzer et al.,, 2017). Similarly, in this study, the
projects were often a collection of separate activities tied
together through a common theme. According to Blu-
menfeld et al. (1991), this could be solved with a good
driving question which brings cohesion to the project
and ensures that students are working with central con-
cepts and problems.
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Although scientific practices were represented gener-
ally well across the studied schools, students’ questions
were hardly visible, and goals set by students were rare
(n = 3 schools). As such, it remains unclear how student-
led the projects were exactly. For example, Herranen &
Aksela (2019) highlight the importance of training
teachers to use students’ questions as the basis of class-
room inquiries, as this has clear implications for how au-
thentically the inquiry will resemble that of scientists.
Teachers might see PBL as student-centred (Aksela &
Haatainen, 2019) and use scientific practices in their
projects, but the reality is that they can be employed in a
highly teacher-led fashion too (Colley, 2006). Earlier re-
search into StarT projects indicated that the projects
varied from having “complete student autonomy” to hav-
ing “teacher-led activities with little student choice”
(Haatainen & Aksela, 2021).

Furthermore, Severance & Krajcik (2018) found that
even with support from researchers, teachers struggled
to understand the idea of using scientific practices in
their teaching. Also, teachers themselves consider lack of
support for PBL implementation, including teachers’
professional skills and motivation, among the most com-
mon hindrances to PBL implementation (Viro et al,
2020). In line with this, the n =3 schools in this study
that received support for the implementation of PBL
from a university, all displayed a higher count of PBL
characteristics and scientific practices than most of the
studied schools (Fig. 1). However, whilst two of them
displayed the highest count of characteristics across all
cases, one of them had a lower count, closer to the
values of schools that did not receive help. This high-
lights the importance of providing additional support for
the schools in terms of the pedagogy of PBL and imple-
menting scientific practices, and the fact that even sup-
port from a university does not guarantee research-
based implementation of PBL. Even when teachers im-
plement PBL units designed by researchers, they can
adapt the unit significantly when moulding it for their
educational context (Condliffe et al., 2017). Depending
on the teachers’ beliefs, it is likely that all of these adap-
tations are not beneficial for learning (Condliffe et al.,
2017).

Additionally, teachers who intended to teach biology
through the projects (5/12 schools) mainly focused on
developing students’ values towards nature and environ-
ment. This can of course be expected as all projects
aimed to solve environmental issues, but it should not
give a reason to exclude goals related to subject-specific
content and skills. Especially, as the data consisted of
projects in which biology had a clear role, and the stu-
dents frequently (7/12 schools) mentioned having learnt
biology content. However, the teachers mentioned this
in three schools only. The explanation could be that
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students had a more liberal idea of what constitutes as
biology content, or that the teachers had not even
attempted to teach core content through the projects,
and thus did not pay particular attention to development
in that area. Nevertheless, the different views between
teachers and students in terms of perceived learning
gains may be an interesting point to study in the future.

Opverall, it seems like the teachers mainly used PBL for
learning soft skills, which is commonly reported about
PBL (Guo et al, 2020; Aksela & Haatainen, 2019). For
instance, in a study of PBL in mathematics, Viro et al
(2020) found that less than half of the in- and pre-
service teachers they surveyed (n = 64) considered learn-
ing mathematics among the three most important char-
acteristics of a successful PBL unit. Other options that
they considered as most important for a successful PBL
unit in mathematics were all related to student motiv-
ation and learning of twenty-first century skills. In line
with this, the results indicate a need to emphasise the
importance of planning the PBL unit around the core
curriculum so that in-depth subject teaching can occur
(Grossman et al,, 2019; Tal et al., 2006). Context-based
and problem-based approaches to instruction are seen as
useful for student learning in biology (Cabbar & Senel,
2020; Jeronen et al., 2017), but if the focus is not on cen-
tral concepts, then it remains uncertain how useful the
PBL units are from the perspective of academic
performance.

Development of twenty-first century skills is vital for
solving issues related to sustainability, which makes PBL
an attractive approach for teaching topics related to it
(Konrad et al., 2020). Using environmental issues as the
starting point of PBL projects in science education has
become increasingly popular, and there is a growing
body of evidence of its usefulness as a way to implement
STEM PBL (for example, Hugerat, 2020; Triana et al.,
2020; Kricsfalusy et al., 2018). This study is in line with
that as students stated that their environmental attitudes
had developed in several schools (# =4). Teachers men-
tioned developing students’ environmental values as
learning goals of the projects in n=5 schools, and n=2
schools mentioned that the goal had been reached. How-
ever, as the participants of this study had a lot of free-
dom in terms of what they decided to report about their
projects, teachers not explicitly mentioning the develop-
ment of environmental values does not necessarily mean
that the goal was not reached.

Limitations

Content analysis can only focus on what is visible in the
materials (Cohen et al., 2007). As teachers and students
have reported their project work to the StarT competi-
tion that searches good models for the implementation
of PBL, it can be expected that the teachers would
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highlight (and instruct their students to highlight) the
aspects of PBL that they consider important in the vid-
eos and written descriptions that they provided. Conse-
quently, if a certain characteristic of PBL is not visible in
their materials at all, it is likely that teachers are either
not aware of it or do not consider it that important for
the implementation of PBL. However, as participating in
competitions such as StarT is usually extra work for the
teachers, they might struggle to find the time to provide
materials that accurately represent their views on what was
essential for the project. Furthermore, the form of reporting
was very open-ended (for example, videos and learning
diaries). As such, it remains possible that if the instructions
for reporting the PBL unit had included specific questions
about certain characteristics, teachers might have been able
to comment on them. Nevertheless, it remains true that in
their reports, teachers would include what they valued and
focused on most in their projects.

What is more, as participation in StarT is completely
voluntary, it is likely that the sample of teachers and
schools studied is limited to those that are already ac-
tively interested and implementing PBL. As such, the re-
sults cannot necessarily be expected to represent PBL
that is carried out in an average classroom; the focus is
clearly on teachers who are already actively engaged in
PBL and science education programmes. As one would
expect, PBL implementation can be greatly influenced by
school context and whether it is supported by school
leadership or not (Condliffe et al., 2017).

A further limitation to the results is the scope of the ma-
terials and the limitations they had for determining the ex-
tent of student-centredness in projects; only inferences
can be ascertained about which decisions were made by
the students and which by the teachers. However, the in-
terpretations that were made during the coding process
have been carefully described in ‘Methods’. As such, whilst
the materials limited the deductions that could be made
confidently, the analysis is reliable within said limitations.

The number of separate schools in this study is 12.
However, three of them did interact with each other as
they participated in the same development programme
organised by a local university. Nevertheless, as Stake
(2000) states, the main aim of a case study is not to gen-
eralise results but to understand the cases better. The
aim of the study is not to claim that the results would be
true to all teachers but to gain more understanding of
how individual teachers might see PBL and find trends
across individual cases.

Conclusion

This study supports the notion that teachers have varying
conceptions of PBL and its characteristics (Hasni et al.,
2016). The study provided new information of PBL that
takes place at schools that are active participants in
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international education competitions, as they have not been
researched from the perspective of the characteristics of
PBL earlier. As such, it also shows how teachers who are
actively engaged in PBL implement the characteristics,
therefore giving an idea of what the ‘best-case scenario’ of
the implementation of PBL units that are not guided by re-
searchers might be. Additionally, due to the international
sample of schools studied, the study is not limited to a spe-
cific educational context.

This study provides important information for teacher
training, as it has paved the way into studying the quality
of PBL units created by teachers as opposed to those cre-
ated by researchers through the lens of key characteristics
of PBL. Based on the results, the authors believe it is im-
portant to ensure that teacher training and curriculum de-
velopment consider how teachers can use PBL to teach
central content, and how schools can better support
teachers to carry this out in terms of resources and time.

In line with Morrison et al. (2020) and Tsybulsky &
Muchnik-Rozanov (2019), the authors believe it would
be important for teachers themselves to learn through
PBL during their pre-service training. Furthermore, for
teachers to be able to fully grasp the pedagogical ap-
proach required in PBL, both teacher training and re-
search should consider the key characteristics and
their implementation, especially those that have been
shown to cause more difficulties for teachers through
this and earlier studies (for example, teaching central
content, students’ questions and driving questions).
Additionally, it may be useful to direct efforts into
studying the key characteristics from the perspective
of flexible implementation; which of the characteris-
tics should be followed rigidly, and could some of
them be interpreted more flexibly to suit local educa-
tional contexts better? For example, considering the
importance placed on the driving question in PBL lit-
erature, and the difficulties in its implementation, it
would be useful to understand how the characteristic
could be contextualised into a format that is more
easily accessible to teachers.

Finally, a viable framework was created for analysing
how the key characteristics of PBL were implemented in
teachers’ projects. It can be adapted for studying PBL
units also in other settings. The used approach to ana-
lysing project units can also be used as a starting point
for studying PBL artefacts, which has been advocated for
by Guo et al. (2020) and Hasni et al. (2016). What is
more, it allows studying PBL from the point of view of
students, which has also been done clearly less in PBL
research (Habok & Nagy, 2016).

The authors believe that research should continue
to address PBL units from the perspective of the key
characteristics of PBL. This allows research to be
grounded in the practice of schools, and for
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researchers to pinpoint the most critical aspects of
PBL that professional development initiatives should
focus on. PBL remains a challenging instructional
method and a lot more training and resources are
still needed for it to live up to its potential. The re-
sults from this study and the constructed framework
of key characteristics can be useful in promoting
research-based implementation and design of PBL sci-
ence education, and in teacher training related to it.
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