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Abstract:

In order to thrive in today's uncertain environment, there is a need to master 21st century skills as well as knowledge of
key subjects. Project-based learning (PBL) has been recommended as an important instructional strategy to prepare
students for their future work and life. As teachers play an important role in classroom instructional practice,
understanding their perspectives on PBL is essential in order to provide them with support for its successful
implementation. We investigated how Finnish pre- and in-service class teachers and mathematics and science teachers
(N = 257) view PBL in terms of (1) its objectives, (2) its characteristics, (3) the suitable application and situation
regarding its implementation, and (4) support for and barriers to its implementation. We collected data from two
questionnaire surveys, project plans, and reports and then analysed them quantitatively. We found that a majority of
the teachers considered the development of students’ knowledge and understanding of mathematics and science, and
21st century skills as important objectives of PBL in mathematics and science education. The development of teamwork
skills and the connection between theory and practice were regarded as key PBL characteristics. Moreover, PBL was
perceived as suitable for both revising and learning new content. Nevertheless, the relative inadequacy of resources
and support for PBL implementation was reported. Of particular necessity were ready-made project instructions, ideas,
tips, and examples; advice from experienced teachers; training and guidance on basic PBL issues; and more time
allocation. We discuss implications for teachers’ professional development towards PBL.

Keywords: project-based learning, mathematics and science education, 21st century skills, mathematical
proficiency, science proficiency, curriculum

Introduction

The contemporary period is characterised by constant economic, societal, and technological change,
challenging the manner in which our education system prepares students for further education,
careers, citizenship, and life. Thus, mastery of key subjects, such as reading, writing, mathematics,
and science, is not enough to succeed in work and life in the 21st century. A new set of skills,
including critical thinking, problem solving, communication, collaboration, creativity, innovation,
and leadership, is also required (e.g., Markham et al., 2006; Partnership for 21st Century Skills [P21],
2007; World Economic Forum [WEF], 2018). Recently, several national curricula, including that of
Finland (Finnish National Agency for Education [EDUFI], 2016a, 2016b), have responded to these
future challenges by encouraging teachers to implement project-based learning (PBL), among other
instructional strategies, in their classrooms in order to develop students’ 21st century skills. PBL,
which involves learning based around projects driven by a realistic problem (Krajcik & Blumenfeld,
2006, Markham et al., 2006; Thomas, 2000) and was introduced at the beginning of the 20th century,
not only promotes students’ knowledge of key subjects but also the skills needed for the 21st century
(e.g., Han et al., 2015; Kay & Greenhill, 2011; Larmer et al., 2015).
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In response to these educational reforms, teachers are mostly required to implement PBL on their
own, without any guidance or support (Thomas, 2000), and have to confront various challenges to do
so (Han et al., 2015; Larmer et al., 2015). Research has indicated that teachers play an important role in
the successful implementation of PBL (Han et al., 2015; Kokotsaki et al., 2016, Larmer et al., 2015).
Thus, understanding how teachers view PBL is essential for providing them with the necessary
support (e.g., training, resources, and administrations) for its successful implementation in their
classrooms. This study investigates how Finnish pre- and in-service class teachers and mathematics
and science teachers view PBL in terms of (1) its objectives, (2) its characteristics, (3) suitable
application and situation regarding its implementation, and (4) support for and barriers to its
implementation.

Theoretical background

21st century skills.

There have been recent debates regarding what the future of work might look like and the
implications for present and future workforces. To address these problems, the WEF (2018) conducted
the Future of Jobs Survey, which covers wide-ranging industries and geographies. Their findings
indicated that by 2022, machines and algorithms will increasingly complement human skills in data
processing and information searching and will supplement physical and manual work tasks, while
humans will perform high-value tasks that require, for instance, communicating, developing,
reasoning, and decision making. Consequently, there will be a significant shift in the skills needed to
perform most jobs (WEF, 2018). Skills demand trends (WEF, 2018) show that by 2022, there will be a
decline in the demand for skills, including physical abilities and manual, reading, writing, math, and
active listening skills, and that the demand for skills such as analytical and critical thinking,
reasoning, innovation, creativity, problem solving, and leadership will either increase or remain
constant.

One therefore needs to master various skills in order to thrive in this uncertain environment in
addition to acquiring knowledge of key subjects, such as reading, writing, mathematics, and science
(Kay & Greenhill, 2011; P21, 2007). Various essential skills for 21st century work and life have been
proposed under several names, including 21st century skills, soft skills, interdisciplinary skills, and
success skills (Larmer et al., 2015). In this study, we use the term 21st century skills. To prepare future
workforces, policymakers and educators will need to align curricula, education, and training systems
with 21st century skills (Kay & Greenbhill, 2011; P21, 2007; WEF, 2018).

P21 (2007), a leading advocacy organisation working to infuse 21st century skills into education,
developed the Framework for 21st Century Learning, which can be used to prepare children for their
future work and life. According to P21 (2007), children must have knowledge of key subjects, such as
reading, writing, mathematics, and science, as well as an understanding of academic content in
relation to 21st century interdisciplinary themes, such as global awareness and civic literacy.
Moreover, they must master three sets of skills: learning and innovation skills; information, media,
and technology skills; and life and career skills (P21, 2007):

e Learning and innovation skills consist of creativity and innovation, critical thinking and
problem solving, and communication and collaboration. These skills can distinguish those who
are prepared for the modern world from those who are not.

¢ Information, media, and information and communications technology (ICT) literacies are more
important than ever, as we have access to large quantities of information and can freely make
our own contributions through different media within a fast-changing technology
environment.

o Life and career skills are necessary for citizens of the 21st century. For example, they need to be
adaptable to diverse and changing environments, be able to work independently, be
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accountable for their own actions, show leadership, be responsible to others, and have social
and cross-cultural skills.

To prepare students for their future work and life, P21 (2007) calls for the integration of 21st century
skills and curricula into the teaching and learning of all school subjects. Students must learn to apply
and develop their 21st century skills while learning school subjects, such as mathematics, through
project-based or other applied work.

In response to economic, societal, and technological changes, the aim of the Finnish National Core
Curriculum for Basic Education 2014 (EDUFI, 2016a) and the National Core Curriculum for General Upper
Secondary Schools 2015 (EDUFI, 2016b) has been to enable students to develop various skills for
working and living in the 21st century. The curriculum for basic education (EDUFI, 2016a) introduced
transversal competences — comprising knowledge, skills, values, attitudes, and will — which cross the
boundaries of school subjects and link various kinds of skills-related knowledge as its mission and
general goals. Basic education must enable students to develop competences, such as thinking and
learning to learn, multiliteracy, ICT competence, and working life competence and entrepreneurship.
Likewise, the curriculum for upper secondary schools (EDUFI, 2016b) introduced cross-curricular
themes — transversal competences that cross the boundaries of school subjects — as part of its learning
objectives and core educational contents. Through cross-curricular themes (e.g., active citizenship,
entrepreneurship, and the world of work; multiliteracy and the media; and technology and society),
upper secondary students can develop the knowledge and skills needed for the modern world. All in
all, transversal competences (EDUFI, 2016a) and cross-curricular themes (EDUFI, 2016b) are aligned
with the P21’s (2007) Framework for 21st Century Learning.

Proficiency in mathematics and science.

Twenty-first century skills are not completely separate from individual subjects. Problem solving, for
example, is closely linked to mathematics (Common Core State Standards Initiative, n.d.), and
inquiries that involve collaborating with other students are an essential part of science education
(Larmer et al., 2015). However, 21st century skills alone are not enough; students need to understand
the content of key subjects, in this case, mathematics and science knowledge.

Kilpatrick et al. (2001) defined mathematical proficiency using five strands that interact with one
another: conceptual understanding, procedural fluency, strategic competence, adaptive reasoning,
and productive disposition. Moschkovich (2015) broadened this five-strand model to describe
academic literacy in mathematics. A description of each strand, based on the model by Kilpatrick et al.
(2001), is as follows:

e Conceptual understanding is comprehension of mathematical concepts, operations, and
relations. It is more than just the knowledge of facts or methods; it is also the ability to use
mathematical concepts in the right context and to connect new concepts to those learned
earlier.

e Procedural fluency involves flexible, efficient, accurate, and appropriate calculation. This
strand has a close connection to conceptual understanding because it is not possible to
understand a mathematical concept without managing the procedures behind it.

e Strategic competence or problem solving is the ability to formulate a problem into a
mathematical form in order to solve it. It is proficiency in applying learned concepts and
procedures to a new context.

e Adaptive reasoning refers to logical thinking, reflection, and explanation of one’s own solution.
It is the ability to justify the choice of solution and/or procedures.

e Productive disposition is the ability to see the importance of mathematics and to understand its
usability in real life. Joutsenlahti (2005) used the term view of mathematics to broaden the
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concept of productive disposition to students’ beliefs and attitudes regarding mathematics and
mathematics learning.

According to the Organization for Economic Co-Operation and Development (OECD)'s Programme
for International Student Assessment (PISA) 2018 (2019), scientific literacy requires three key
competencies: the ability to explain phenomena scientifically, to evaluate and design scientific
enquiry, and to interpret data and evidence scientifically. The ability to explain phenomena
scientifically requires particular content knowledge (i.e., students’ understanding of scientific facts
and theories). The two other competences require procedural and epistemic knowledge (i.e., students’
understanding of how ideas are produced and their underlying rationale). Correspondingly, the U.S.
National Research Council (2012) used three major elements to describe the proficiencies for K-12
science education: disciplinary core ideas, scientific and engineering practices, and cross-cutting
concepts. Disciplinary core ideas consist of learning objectives linked to a certain discipline. Scientific
and engineering practices (e.g., analysing and interpreting data or engaging in an argument derived
from evidence) resemble the key competences of scientific literacy defined by PISA 2018 (OECD,
2019). Examples of cross-cutting concepts are cause and effect or energy and matter. Common among
both definitions of science proficiency is the role of multidisciplinary skills.

Project-based learning.

Scholars (e.g.,, Capraro & Slough, 2008; Krajcik & Blumenfeld, 2006; Markham et al., 2006) have
defined PBL somewhat differently. However, while their definitions use different words, they usually
describe the same things (Erdogan & Bozeman, 2015). Capraro and Slough (2008) defined Science,
Technology, Engineering, and Mathematics (STEM) PBL as 'An ill-defined task with a well-defined
outcome situated within a contextually rich task requiring students to solve several problems, which
when considered in their entirety, showcase student mastery of several concepts of various STEM
subjects’ (p. 4).

Larmer et al. (2015) argued that the objective of PBL is to assist students in developing not only their
knowledge and understanding of subjects but also success skills (i.e., 21st century skills). They
emphasised that during the project, students are required to apply their knowledge of subjects to
practice. As a result, students promote their deep learning of subjects through understanding and the
use of several skills, such as critical thinking, problem solving, collaboration, and self-management.
Similarly, Capraro and Slough (2008) emphasised that besides the anticipated learning outcomes, PBL
normally leads to additional outcomes, including thinking skills, collaboration, communication, and
problem solving. Aruga et al. (as cited in Ozaki et al., 2017) also noted an increase in students’ self-
motivation and empowerment as a PBL objective.

Scholars (Kokotsaki et al., 2016; Krajcik & Blumenfeld, 2006; Larmer et al., 2015; Thomas, 2000) have
defined similar essential characteristics that comprise PBL and distinguish it from other instructional
approaches. Using real-world questions and problems, PBL encourages students to develop their
conceptual knowledge of subjects and connect this knowledge with its application. Students are
driven to carry out projects through inquiry-based and constructive investigation. PBL is a student-
centred learning process in which students are empowered and actively involved. Other
characteristics of PBL include collaboration and interaction with others (Alozie et al., 2010; Kokotsaki
et al., 2016), use of technology tools to support learning (Krajcik & Blumenfeld, 2006), reflection on the
problem-solving strategies used and on project outcomes (Larmer et al., 2015), creation of project
outputs such as artefacts (Alozie et al., 2010; Krajcik & Blumenfeld, 2006), and sharing products with
the public (Larmer et al., 2015).

Previous studies have identified various factors that facilitate PBL implementation. Teachers' skills
and ability to guide students play a key role in the success of PBL (Kokatsaki et al., 2016; Tal et al.,
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2006). Additionally, students’ teamwork (Kokatsaki et al.,, 2016) and communicative competences
(Campbell, 2012) are crucial for collaboration in PBL. Students’ activities and a positive atmosphere
also contribute to successful PBL (Habdk & Nagy, 2016). Moreover, support from the school and other
teachers (Kokatsaki et al., 2016) as well as available materials (Tal et al.,, 2006) are important for its
implementation. While modern digital technology enables students to design and develop their
projects (Kokatsaki et al., 2016), its use is not considered important in PBL (Habok & Nagy, 2016).

A body of research has reported on different barriers to the implementation of PBL, such as
inadequacies in relation to teachers’ understanding, skills, and ability to implement PBL as well as
their resistance to student-centred instruction (Marx et al., 1997; Mentzer et al., 2017). Another barrier
involves the lack of resources, particularly time (Aksela & Haatainen, 2019; Marx et al., 1997) and
challenges regarding scheduling (Viro & Joutsenlahti, 2018; Viro et al., 2016). Other barriers concern
students” motivation (Blumenfeld et al., 1991), knowledge, and skills (Aksela & Haatainen, 2019),
especially 21st century skills (Viro & Joutsenlahti, 2018), as well as technological problems, such as a
lack of competence relating to information technology skills (Marx et al., 1997), slow wireless Internet
connection, and lack of computer hardware and software (Viro et al., 2016).

Researchers have recommended providing students and teachers with support in order to
successfully implement PBL in schools. Students should be guided through time and self-
management as well as supported with technological resources (Kokatsaki et al., 2016).
Correspondingly, schools should provide teachers with professional development opportunities and
networking support (Kokatsaki et al., 2016). Based on the findings of Han et al. (2015), teachers’
understanding of the requirements for successful PBL plays a vital role in how they implement PBL in
their class. This, in turn, directly goes hand in hand with students’ learning outcomes. Some Finnish
universities (e.g., University of Helsinki and University of Jyvaskyld) have incorporated PBL in their
pre-service class teacher and subject teacher trainings. Different PBL continuing courses and support,
especially for in-service STEM teachers, are also available (Viro & Joutsenlahti, 2018).

The literature addresses several issues relating to PBL, such as definitions, objectives, characteristics,
challenges, and support. Nevertheless, there is a dearth of research on the suitable application and
situation of PBL implementation.

Methods

Context of the study.

The purpose of this study was to investigate Finnish class teachers” and subject teachers’ views on
PBL in mathematics and science education. This particular setting was chosen as the study context
because the new curricula for basic education (EDUFI, 2016a) and upper secondary schools (EDUF]I,
2016b) recommend PBL among other instructional strategies. Nevertheless, Finnish teachers have
autonomy regarding how they teach. In Finland, qualified class and subject teachers are required to
complete a master’s degree, pedagogical studies, and either multidisciplinary studies in the subjects
taught in basic education (in the case of class teachers) or studies in any subject taught in schools (in
the case of subject teachers). Class teachers provide instruction for all school subjects in primary
school (Grades 1-6), whereas subject teachers provide instruction for a specific subject taught in lower
(Grades 7-9) and upper secondary schools.

Participants and data collection.

We gathered data from two separate questionnaire surveys: PBL in mathematics (Survey A) and PBL
in mathematics and sciences (Survey B). Both questionnaires were comprised of open-ended items to
gather the participants’ rationale and comments as well as Likert-type items to determine the degree
of their responses regarding the survey items. While Survey A only focused on PBL in one specific
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study subject (mathematics), Survey B not only focused on PBL in mathematics and sciences but also
on how it could be used in multidisciplinary studies. We also collected data from seven teachers’
project plans and reports on PBL in mathematics. All participants gave permission to use their
questionnaire responses, project plans, and project reports. Moreover, their personal data were
processed according to the EU General Data Protection Regulation (GDPR). Figure 1 presents the
research participants’ classifications according to the surveys in which they participated and their
previous experiences with PBL implementation.

No experience with | Experiences with
PBL implementation | PBL implementation

n=113 n=80

In-service|teachers
Survey B
Survey A

n=41 n=10 n=13

Pre-service teachers In-service|teachers

Figure 1. Participants (N = 257) for both surveys based on their experiences with PBL implementation

Survey A.

This survey was conducted in two parts in the autumn of 2018: one for in-service teachers and
another for pre-service teachers. The items in both surveys were almost identical. Some items were
edited so that they were relevant to the context of the participants. The questionnaires were
composed of the participants’ background and views on PBL in terms of its objectives, characteristics,
suitable application and situation, and factors that support or hinder its implementation.

The first part of Survey A targeted 40 Finnish in-service teachers participating in either an online or
multiform course on mathematical PBL. The participants of the online course worked in primary or
lower secondary schools throughout Finland, whereas those of the multiform course were from a
couple of small municipalities near the location where the training was organised. All participants
were asked to complete the questionnaire before the course started. In total, we received 23 responses
(years of teaching experience: M = 12.4, SD = 6.7): 10 from primary school class teachers and 13 from
lower secondary school mathematics teachers. As part of one of the courses, the participants were
required to plan PBL for their mathematics class, implement their plan, and then report on their
implementation. Seven teachers returned their project plans and reports, which were also included in
this study.

The second part of Survey A targeted about 100 pre-service teachers participating in class teacher or
mathematics teacher programmes at Tampere University. The survey was a voluntary part of their
courses. We received 41 responses: 29 from pre-service class teachers and 12 from pre-service
mathematics teachers.

Survey B.

This survey consisting of 44 items was part of one of our development projects. However, in this
study, we only used four items that were of relevance to our research objectives, as they were
concerned with perceptions of the learning objectives, characteristics, and necessary support for PBL
(see Table 1). In the autumn of 2018, the survey was randomly sent to 53 municipalities in Finland
representing three different levels of population density — highly populated, densely populated, and
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rarely populated — according to the categorisation of the Ministry of Education and the Finnish
National Agency for Education (Kumpulainen, 2017). The chosen municipalities were asked to deliver
an email with a survey link to 982 primary school class teachers and secondary school mathematics or
science teachers working in 140 schools. We received survey responses from 193 teachers (years of
teaching experience: M = 15.7, SD = 10.0): 77 class teachers, 91 subject teachers, and 25 teachers

qualified as class and subject teachers from 78 schools in 41 municipalities.

Table 1. The research objectives and questionnaire items from both surveys

Research Objectives

Items in Survey A

Items in Survey B

1. Objectives of PBL

2. Characteristics of
PBL

3. Suitable
application and
situation regarding

implementation of
PBL

4. Support for and
barriers to the

implementation of
PBL

A1l: List, in order of importance,
the five most important
objectives of mathematical PBL.
(open-ended)

A2.1: List, in order of
importance, the three
characteristics that best describe
successful mathematical PBL.
(open-ended)

A2.2: List, in order of
importance, the three
characteristics of PBL that
threaten its success in
mathematics.

(open-ended)

A3.1:

¢ PBL is not suitable for
mathematics education.

¢ PBL is suitable for revising
mathematics contents.

¢ PBL is suitable for learning
new content.

¢ PBL can only be used for less
important things.

e Mathematics is a supportive
tool for projects in other
study subjects.

(Four-level Likert-type item
rated from 1: strongly disagree to
4: strongly agree)

A3.2: What is the most suitable
situation for implementing PBL
in mathematics? Why?
(open-ended)

A4.1: What factors support PBL
in mathematics at your
school?/What factors do you
believe can support PBL in
mathematics?

(open-ended)

B1: What is the most important
objective of PBL?
(open-ended)

B2: The characteristics of PBL are:
¢ Development of teamwork
skills
¢ Development of problem-
solving skills
o Self-assessment
e Etc.
(Five-level Likert-type item rated
from 1: strongly disagree to 5:
strongly agree)

B4.1: Your school has provided
enough time and material
resources for integrative learning
modules through PBL.
(Five-level Likert-type item rated
from 1: strongly disagree to 5:
strongly agree)



European Journal of Science and Mathematics Education Vol. 8, No. 1, 2020 | 19

A4.2: What hinders PBL in -

mathematics at your

school?/What do you believe

hinders PBL in mathematics?

(open-ended)

A4.3: What kinds of support do B4.2: What kinds of support do

you need in order to implement you need in order to implement
PBL in mathematics? PBL?
(open-ended) (open-ended)

Note: All items were translated from Finnish to English.

Data analysis.

Two separate and somewhat different questionnaires were used for Surveys A and B. The original
items used in this study are presented in Table 1. We compared the data from Surveys A and B that
corresponded to the same topics (Research Objectives 1-4) of our study. Qualitative content analyses
and quantitative methods were used to analyse the dataset. Different groups of participants (i.e., pre-
and in-service teachers as well as class and subject teachers) were treated equally in all analyses.

Coding.

First, all responses to each open-ended item were analysed and then categorised into sub-themes,
which were grouped into themes. The analysis used data-driven open coding. The only exception was
the analysis of the responses regarding the objectives of PBL (Items Al and B1), which was partly
guided by the literature. The objectives (i.e., themes) concerning the development of mathematical
competence and 21st century skills were a priori codes deriving from the literature, while those
concerning multidisciplinarity and a working method that differed from the traditional instruction
were open coded (see Tables 2 and 3). Table 5 is an example of open coding. It displays the coding
themes for positive and negative characteristics of PBL in mathematics with the sub-themes in
parentheses. For the Likert-type responses to Item B2 on the characteristics of PBL, only the responses
of strongly agree were included in our study. The inclusive responses were treated as they would be
the participants’ open responses and coded under each provided claim (i.e., theme). At the beginning
of the coding process, two authors discussed and reached a joint decision on how to classify the open-
response data. Then, one author was responsible for categorising the data while the other cross-
checked the data for doubtful circumstances. If there was still disagreement, a discussion took place
to reach a consensus.

Quantitative analysis.

Finally, all the data (i.e., the open coded and Likert-type responses) were analysed quantitatively in
terms of frequencies and percentages using the Statistical Package for the Social Sciences (SPSS)
software (IBM, Armonk, NY). Then, the results were compared between different groups of
participants. Pearson’s chi-squared test was used to investigate the statistical significance of the
findings. However, due to the limited number of survey participants, it was not possible to examine
the statistical significance of all comparisons. Thus, Pearson’s chi-squared test statements are
presented in the results section only when it was possible to conduct this test.

Results and Discussion

Objectives of PBL.

The objectives regarding the implementation of PBL play a crucial role both in the implementation
and success of the project. Thus, we examined how the teacher participants prioritised the PBL
objectives. Table 2 presents the results of Survey A relating to the five most important objectives of
mathematical PBL (Item Al) based on the participants’ (1 = 64) opinions in relation to mathematics,
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21st century skills, multidisciplinarity, and working methods. Most participants considered the
development of mathematical competence to be one of the most important objectives. Their responses
referred to mathematical proficiency, as per Kilpatrick et al. (2001), especially adaptive reasoning
(22%) and view of mathematics (50%), and some referred to mathematics learning in general (52%
based on short responses). Numerous participants also regarded the development of 21st century
skills as one of the most important objectives. Developing learning and innovation skills (77%),
especially communication and collaboration skills, was highly regarded as a key objective, followed
by the development of life and career skills (25%). Some participants also considered the development
of multidisciplinarity (16%) and offering a working method that differed from traditional instruction
(19%) as important objectives. We also conducted a separate investigation of the responses listing the
most important objective of mathematical PBL (see f [main] and % [main] in Table 2). The findings
support the responses regarding the five most important objectives.

Table 2. Survey A on teachers’ opinions of important objectives of mathematical PBL

Objectives of PBL f(main) % (main) f(@ll) % (all)

Mathematics Conceptual understanding 2 3.1 2 3.1

Strategic competence 3 4.7 9 14.1

Adaptive reasoning 6 9.4 14 21.9

View of mathematics 14 21.9 32 50.0

Procedural fluency 0 0.0 3 4.7

Mathematics learning in general 15 23.4 33 51.6
21st century Learning and innovation skills 20 31.3 49 76.6
skills (creativity, critical thinking and

problem-solving, and communication
and collaboration)

Information, media, and technology 0 0.0 2 3.1
skills

(information and ICT literacy)

Life and career skills 1 1.6 16 25.0

(flexibility and adaptability, initiative
and self-direction, productivity and
accountability, and leadership and
responsibility)
Multidisciplinarity 2 3.1 10 15.6
(overall picture in terms of conceptualising and
perceiving, different perspectives, and cause-and-effect
understanding)
A working method that differs from the traditional 1 1.6 12 18.8
instruction
(action-based, versatile, diverse, learner-centred,
experiential, phenomenon-based, observation-based, and
new teaching and learning tools)

Note: Objectives listed as the most important are displayed in the f (main) column. All listed
objectives were counted together and are displayed in the f (all) column. The percentage of each
objective was calculated in relation to the number of participants (n = 64; non-respondents = 0). For
precise descriptions of conceptual understanding, strategic competence, adaptive reasoning, view of
mathematics, and procedural fluency, see the subsection on proficiency in mathematics and science in
the theoretical background section.
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To better understand how the different groups of participants viewed the two most important
objectives of mathematical PBL (i.e., the development of mathematical competence and 21st century
skills), we investigated the frequency of these objectives listed in the first order as the most important.
The difference between class teachers’ and mathematics teachers” opinions was statically significant (p
< 0.001). Nearly all the mathematics teachers (92%) prioritised the development of mathematical
competence, while less than half of the class teachers (44%) shared this opinion. In contrast, 49% of
the class teachers prioritised the development of 21st century skills compared to only 8% of the
mathematics teachers. The dissimilarity between the pre- and in-service teachers’ perspectives was
also statistically significant (p = 0.016). The majority of the in-service teachers (78%) prioritised the
development of mathematical proficiency, whereas about half of the pre-service teachers (54%)
shared this opinion. Conversely, 44% of the pre-service teachers highlighted 21st century skills as the
most important objective, with only 13% of the in-service teachers concurring.

In the project plans and reports, which were part of the mathematical PBL course, seven in-service
teachers (three class teachers and four subject teachers) reported the objectives of PBL implementation
in their mathematics class in a manner that was similar to the results of Survey A (see Table 3). The
development of mathematical competence and 21st century skills were considered the two most
important PBL objectives.

Table 3. Frequency of objectives of mathematical PBL in teachers’ project plans and reports

Examples of Teachers' Descriptions of the

Objectives of PBL f PBL Objectives
Mathematics Conceptual understanding 4  'To reinforce understanding of basic geometric
concepts'
Strategic competence 3 'To guide students to develop their skills

regarding how to raise questions'

Adaptive reasoning 2 'To guide students to develop their skills
regarding how to draw a conclusion based on
their own observation'

View of mathematics 4  'The objective is to get students to understand
the historical and present importance of
encrypted writing'

Procedural fluency 3 'Setting up our classroom’s shop where
students can play shopping and selling
(calculate shopping price, compare prices, and
practice multiplication table)'

21st century Learning and innovation 3 'Learn how to work in pairs/groups'

skills skills
Information, media, and 3 'To be familiar with how to use GeoGebra*’
technology skills
Life and career skills 0 -

Multidisciplinarity 3 'Design, ideation, and presentation of

multidisciplinarity, such as mother tongue
skills and transversal competences'

Working method 2 'To use diverse ways of working, among other
that differs from things, and to learn through an action-based
traditional instruction approach'

Note: n = 7. The description of each objective of mathematical PBL is the same as in Table 2. Each
objective was counted once per participant. *GeoGebra is an interactive geometry, algebra, statistics,
and calculus application.
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Based on the results of Survey B, Table 4 shows that the most important objective of PBL (Item B1),
according to the participants (n = 193), was also related to the study subjects (i.e., mathematics and
sciences), 21st century skills, multidisciplinarity, and working methods. For 39% of the participants,
the development of 21st century skills, particularly learning and innovation skills (26%), was
regarded as the most important objective. Some participants (31%) also considered the development
of study subject competence to be the most important objective. Of these, 18% emphasised the view of
the study subject (i.e., beliefs and attitudes regarding the study subject and its learning), especially
motivation, connection between practice and theory, success, and relevance. Nevertheless, the
differences between the groups’ (e.g., class teachers vs. subject teachers, teaching experience, or PBL
implementation experience) responses regarding the most important objective were not statistically

significant.
Table 4. Survey B on teachers’ opinions of the objectives of PBL
Objectives of PBL f %
Study subjects The learning of concepts 1 0.5
(i.e., mathematics and Application in new situations 5 2.6
science) Thinking and understanding 9 4.7
View of the study subjects 34 17.6
Learning of study subjects in general 10 5.2
21st century skills Learning and innovation skills 51 26.4
Information and media skills 8 4.1
Life and career skills 17 8.8
Multidisciplinarity 28 14.5
Working method that differs 66 34.2

from traditional instruction

Note: The description of each objective concerning 21st century skills, multidisciplinarity, and
working methods is the same as in Table 2. Some participants listed more than one objective as the
most important, and these were also included in the data. The percentage of each objective was
calculated in relation to the number of participants (n = 193; non-respondents = 18).

We cross-tabulated the responses from the two surveys. Figure 2 shows that different types of
objectives were emphasised relatively equally in Survey B but not in Survey A. The most emphasised
objective in Survey A was the development of mathematics (89%), whereas in Survey B, it was the
development of multidisciplinarity (34%). In both surveys, the second most emphasised objective was
the development of 21st century skills (88% in Survey A and 33% in Survey B). However, the third
most emphasised objective in Survey A was providing a working method that differed from the
traditional instruction (19%), while in Survey B, it was the development of mathematics or science
(29%).
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Study Subjects: Mathematics and Sciences
21st Century Skills
Multidisciplinarity

Working method differing from traditional instruction
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Figure 2. Teachers’ opinions of important PBL objectives by survey
Note: Survey A: n = 64; non-respondents = 0. Survey B: n = 193; non-respondents = 18. All responses of
each participant that belonged to the same theme were counted once. The percentage of the responses
was calculated in relation to the number of participants in each survey.

In Tables 2 and 4, each participant’s responses were categorised into themes of four types of objective
(i-e., study subjects, 21st century skills, multidisciplinarity, and a working method that differs from
traditional instruction) and were counted separately to investigate their responses in detail. However,
in Figure 2, each participant’s responses belonging to the same type of objective were grouped
together and counted as one for the purpose of comparing the responses from both surveys. While a
great number of Survey A participants listed three to five important objectives, the majority of Survey
B participants listed only one. Thus, their varied responses to the surveys should be taken into
consideration when interpreting Figure 2.

The findings from both surveys strongly confirmed the assertion of Larmer et al. (2015) that the
development of knowledge and understanding of study subjects, and expansion of 21st century skills
are regarded as important objectives of PBL implementation. Besides learning in general, Survey A
participants” responses to students” development of mathematics could be categorised according to
Kilpatrick et al.’s (2001) mathematical proficiency. Interestingly, Survey B participants’ responses to
students’ development of mathematics and science could be similarly classified. Moreover, the
participants’ emphasis on the development of 21st century skills is also in line with the aim of
Finland's curricula for basic education (EDUFI, 2016a) and upper secondary schools (EDUFI, 2016b)
in terms of student development.

In both surveys, the objectives that participants perceived as important included the development of
multidisciplinarity, support for the understanding of academic content through 21st century
interdisciplinary themes (P21, 2007), cross-curricular themes in the Finnish National Core Curriculum
for General Upper Secondary Schools 2015 (EDUFI, 2016b), and the cross-cutting concepts of proficiency
in K-12 science education recommended by the U.S. National Research Council (2012). In addition to
the PBL objectives described in the literature, this study found a new PBL objective: offering a
working method that differed from traditional instruction.

Characteristics of PBL.

We also investigated the participants’ responses regarding the characteristics of PBL. Based on the
participants’ (n = 64) responses, Table 5 presents the results of Survey A for three characteristics that
were listed as best describing successful mathematical PBL (Item A2.1) and three that threaten its
success in mathematics (Item A2.2). Based on the participants” opinions, the same issues could be seen
as either positive or negative characteristics of PBL depending on their effect on it. PBL was perceived
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positively because of its contribution to students” motivation and enthusiasm (58%), mathematics
learning (47%), and teamwork (39%). However, it was seen as negative because it hinders organising
and scheduling (53%) and teamwork (50%), and 44% of participants mentioned other negative issues,
such as irrelevance to mathematics, an unfamiliar teaching style to teachers and students, and
requiring resources.

Table 5. Survey A findings for positive and negative characteristics of PBL in mathematics

Positive Characteristics f % Negative Characteristics f Y%
Motivation and enthusiasm 37 57.8 Challenges regarding motivation 11  17.2
(incitement, eagerness, joy, and (lack of motivation, desperation
suitable challenges) and frustration, questioning, and

nonchalance)
Mathematics learning 30 469 Problems with mathematics 14 219
(i.e., gaining knowledge, learning
understanding, and mastery) (inappropriate level of difficulty,

not promoting learning,
knowledge gap, and cannot learn
from others' projects)

Teamwork 25 39.1 Problems with teamwork 32 50.0
(listening to everyone’s voice, peer (problematic workload
learning, cooperation, and contribution [free riders],
participation of all) teamwork problems, only
working with friends, and
competition)

Understanding of multidisciplinarity 12 18.8 Problems with the given exercise =~ 11  17.2
(confusion, insufficient
guidance/instruction, and
disorganized entity)

Pleasant atmosphere 11 17.2  Classroom chaos 12 188
(good flow, positive spirit, and (children just having fun or not
productive environment) paying attention, noise, and

misuse of mobile phones)
Connection between theory and 10 156 - - -
practice

(proximity of practicality, connection

to everyday life, contextuality,

usefulness, application)

Perseverance 6 9.4 Lack of concentration 3 4.7
(commitment and carefulness)

Organising and scheduling 4 63  Problems with organising and 34 531
(defining the subject and planning scheduling
time resource) (waste of time, lack of time,

problematic schedule from
teacher’s or student’s perspective,
required planning time, not going
as planned, and incomplete

projects)
Others 16 250 Others 28 438
(data processing and analysis, sense (irrelevance to mathematics,

of success, versatile methods, information copying, unfamiliar
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student-centred learning, teaching style to teachers and
differentiation, communication, students, unconvincing method,
project outputs, and rewarding for inadequate working skills, lack of
teacher) creativity, lack of resources, and
dullness)
Non-responses 0 0.0  Non-responses 4 6.3

Note: Eight of the most mentioned responses are presented separately in the table. The remaining
responses are grouped together and presented as others in the table. Positive and negative
characteristics related to the same issue were positioned in the same row to facilitate comparison. The
percentage of each characteristic was calculated in relation to the number of participants (1 = 64).

We also examined (positive) PBL characteristics, which were those that the participants of Survey B (n
= 193) strongly agreed were the most important (Item B2), as seen in Table 6. Nearly half of the
participants considered the development of teamwork skills (45%) as the most important, followed by
growth of responsibility (41%) and connection between theory and practice (39%).

Table 6. Survey B characteristics that participants strongly agreed were the most important in PBL

Characteristics f %
Development of teamwork skills 86 44.8
Growth of responsibility 78 40.6
Connection between theory and practice 75 39.1
Development of data collection skills 71 37.0
Development of learning skills 69 359
Development of problem-solving skills 66 34.4
Learning of communication and career skills 65 33.9

Note: n =193; non-respondents = 1.

What the participants of both surveys regarded as important characteristics of PBL were somewhat
diverse (see Tables 5 and 6). However, the development of teamwork skills and the connection
between theory and practice were both deemed highly important characteristics of PBL.

The shared perspectives of participants of both surveys on PBL characteristics are consistent with the
literature. The view on the connection between theory and practice corroborates that of Kokotsaki et
al. (2016), Krajcik and Blumenfeld (2006), Larmer et al. (2015), and Thomas (2000), while the
perspective on the development of teamwork skills substantiates that of Alozie et al. (2010) and
Kokotsaki et al. (2016). In accordance with the results of Survey A, previous studies have
demonstrated that PBL is a student-centred learning process (Kokotsaki et al., 2016; Krajcik &
Blumenfeld, 2006; Larmer et al., 2015; Thomas, 2000) and that it leads to project outputs (Alozie et al.,
2010; Krajcik & Blumenfeld, 2006; Larmer et al., 2015). Additionally, the development of problem-
solving skills found in Survey B partly confirms the PBL characteristic proposed by Larmer et al.
(2015). One unexpected finding was that inquiry-based and constructive investigation, as reported by
Kokotsaki et al. (2016), Krajcik and Blumenfeld (2006), Larmer et al. (2015), and Thomas (2000), were
not explicitly mentioned by any of the participants of this study.

Suitable application and situation regarding implementation of PBL.

Teachers’ views regarding the applicability and implementation of PBL in mathematics in terms of
suitable applications and situation can influence how they actually implement PBL in their
mathematics classrooms. Therefore, we first examined what Survey A participants regarded as a
suitable application for implementing PBL in mathematics (Item A3.1). Table 7 shows how the pre-
and in-service teachers responded to five claims regarding the suitability of implementing PBL in
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mathematics. Overall, PBL was considered suitable for implementation in mathematics education.
Only a small number of participants (12% of pre-service and 4% of in-service teachers) thought that
PBL was unsuitable for mathematics. In terms of suitable applications, a majority considered PBL to
be suitable for revising mathematics content (95% of pre-service and 100% of in-service teachers) and
for learning new content (71% of pre-service and 91% of in-service teachers). Some participants (12%
of pre-service and 22% of in-service teachers) thought that PBL could be used only for learning less
important things. However, most of the participants (78% of pre-service and 87% of in-service
teachers) thought that mathematics plays a less important role as a supportive tool in a project
consisting of other study subjects. Overall, both groups of teachers shared a similar opinion on
suitable applications for implementing PBL in mathematics. However, the in-service teachers were
more open-minded than the pre-service teachers that PBL is suitable for using for any mathematics
learning as long as that to-be-learnt content is not important.

Table 7. Survey A on teachers’ opinions of suitable applications for implementing PBL
in mathematics by type of teacher

Claims Respondents Agree Disagree Do not know
f (%) f (%) f (%)

PBL is NOT suitable for Pre-service teachers 5(12.2) 35 (85.4) 1(2.4)
mathematics education. In-service teachers 1(4.3) 21 (91.3) 1(4.3)
PBL is suitable for revising  Pre-service teachers 39 (95.1) 1(2.4) 1(2.4)
mathematics contents. In-service teachers 23 (100) 0(0.0) 0(0.0)
PBL is suitable for learning  Pre-service teachers 29 (70.7) 10 (24.4) 2 (4.9)
new content. In-service teachers 21 (91.3) 2 (8.7) 0(0.0)
PBL can ONLY be used for = Pre-service teachers 5(12.2) 34 (82.9) 2 (4.9)
learning less important In-service teachers 5(21.7) 18 (78.3) 1 (0.0)
things.
Mathematics is a Pre-service teachers 32 (78.0) 1(2.4) 8 (19.5)
supportive tool for In-service teachers 20 (87.0) 1(4.3) 2(8.7)
projects in other study
subjects.

Note: 1 = 64; non-respondents = 0.

Second, we investigated the participants’ open responses, including a suitable situation for
implementing PBL in mathematics and reasons for that choice of timing (Item A3.2). Table 8 presents
their responses categorised into five themes of appropriate situations for PBL implementation. Three
of the categories (i.e., for revision, for learning new content, and a supportive tool for projects in other
study subjects) were the same as three of the claims provided in Item A3.1, while two new categories
(i.e., at any time and for differentiation) derived from the coding of Item A3.2. About half of the
participants (52%) thought that PBL was suitable for revision, including for deepening students’
knowledge of what has already been learned, for applying their knowledge, for recalling what was
previously learned, or for providing the overall picture of the subject. About 30% felt that PBL could
be used at any time, whereas about 16% viewed PBL as appropriate for learning new content.
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Table 8. Survey A on teachers’ opinions regarding suitable situation
for implementing PBL in mathematics

Suitable Situation f % Sample Responses

For revision 33 51.6 'Revision of what already learned: in my opinion,
foundation stuffs [study contents] have to be attained
first, so called in a traditional way, after that they can
be deepened in a project.’

For learning new content 10 15.6 'In my opinion, it [PBL] is suitable for learning new
things because, in this context, it is important to
provide concrete examples as well as to link the topic
to the children’s world of experience, which project
work can help accomplish'

At any time 19 29.7 'With good planning, project work can be suitable for
any [learning] stage'

As a supportive tool for 4 6.3 'As a supportive tool in other study subjects, it [PBL]

projects in other study provides a good opportunity to work on, among

subjects other things, challenging mathematics in physics
projects’

For differentiation 1 1.6 'Why not for upward differentiation?'

Note: n = 64; non-respondents = 4.

When comparing the participants’ responses to Items A3.1 and A3.2, disagreement was found
between their responses to both items in terms of the suitability of PBL for learning new content.
Interestingly, for the Likert-type item, 71% of pre-service and 91% of in-service teachers agreed that
PBL is suitable for learning new things (see Table 7), but only 16% of them were of the same view
according to the open-ended item (see Table 8).

Support for and barriers to PBL implementation.

To explore how to support the implementation of PBL, we first examined Survey A participants’
viewpoints on factors that support (Item A4.1) and hinder (Item A4.2) PBL in mathematics. Figure 3
shows that the participants considered that the resources provided by the school, the teacher’s
professional skills and motivation, available project ideas, students’ competence prior to the project,
interaction among students and between the teacher and students, collegial support, flexibility of
schedule, and curriculum can either support or hinder the implementation of PBL. For example, good
project ideas can facilitate project work, whereas a lack of project ideas can make it difficult to start a
project. The pre- and in-service teachers had varying views regarding the factors that support PBL.
The pre-service teachers considered good project ideas (29%) followed by good student competence
prior to the project (27%) as factors that facilitate PBL, while a majority of the in-service teachers
regarded a lack of resources provided by the school (61%) followed by collegial support (48%) as
facilitators. However, both groups shared a similar opinion on the three most frequently cited
hindrances to PBL: inflexible schedule (42% and 48% of pre- and in-service teachers, respectively), a
lack of teachers’ professional skills and motivation (29% and 22% of pre- and in-service teachers,
respectively), and a lack of resources provided by the school (27% and 48% of pre- and in-service
teachers, respectively). Nevertheless, it was difficult to investigate the similarities and differences
between the pre- and in-service teachers’ responses due to the small number of participants in each

group.
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Resources provided by the school (+) 9 14

-) 11 11

Teacher's professional skills & motivation (+) 10 4
) 12 5

Available projectideas (+) 12

¢) 5

Students' competence prior to the project (+) 11
-) 8 1

Interaction among students & with teachers (+) 9 2
) 10 1
Collegial support (+) 1
() 7
Flexibility of schedule (+) 3 2
) 17 1
Curriculum (+) 2 3
-) 2 1
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Figure 3. Survey A response frequency for teachers” opinions regarding what
supports (+) or hinders (-) PBL in mathematics by types of teachers
Note: In-service teachers: n = 23; non-respondents = 0. Pre-service teachers: n = 41; (+) non-
respondents = 4 and (-) non-respondents = 3.

Second, we investigated whether the participants in Survey B felt that their schools provided enough
time and material resources to the integrative learning modules through PBL (Item B4.1). Altogether,
40% of the participants (n = 193) felt that the resources provided by their schools were sufficient
(strongly agreed or agreed), and only 26% of them did not feel that resources were sufficient (strongly
disagreed or disagreed).

Finally, we examined what kind of support the participants needed in order to implement PBL in
mathematics (Item A4.3) and in mathematics and sciences (Item B4.2). The opinions were mostly
consistent across both surveys. The participants of both surveys expressed the need for different types
of support (see Figure 4), the most important of which included ready-made project instructions,
ideas, tips, and examples (67% in Survey A and 29% in Survey B). Some of the participants (22% in
Survey A and 12% in Survey B) stated that they would like to receive advice from experienced
teachers about what works and what does not. Moreover, 17% of participants in Survey A and 12% in
Survey B wanted training and guidance on basic PBL issues. Nevertheless, there were some divergent
opinions between the two surveys. About 4% of participants in Survey B stated that they would like
to receive guidance on ICT, whereas no one from Survey A mentioned this. Further, 6% of Survey B
participants explicitly stated that they did not need any support.
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Figure 4. Response frequency on support needed for implementing PBL
in mathematics and science by survey
Note: For Survey A, pre-service teachers: nn = 41; non-respondents = 5. In-service teachers: n = 23, non-
respondents = 2. For Survey B, n = 193; non-respondents = 60. The remaining responses, including
assessment, more teaching resources, courage, space, the utilisation of the learning environment, and
outside school partnership were grouped together and presented as others. Some participants listed
more than one type of needed support. Thus, these responses were also included in the data.

In accordance with the literature (e.g., Habdk & Nagy, 2016; Kokatsaki et al., 2016; Tal et al., 2006), the
results of Survey A demonstrate that teachers’ skills in relation to PBL implementation, good
interaction among students, sufficient support from the school and colleagues, and the availability of
project ideas are believed to support PBL implementation. Various barriers to the implementation of
PBL were found, such as a lack of resources, inadequate teacher competence, and inadequate student
knowledge and skills, thereby confirming previous research (e.g., Aksela & Haatainen, 2019; Mentzer
et al., 2017). Interestingly, teachers” motivations, which in this study were considered crucial for the
success of PBL implementation, were not noted in the PBL literature. The findings regarding teachers’
needs for support in implementing PBL in mathematics and science substantiate previous studies, for
example, in terms of professional development; networking with teachers who have experience in
PBL implementation (Kokatsaki et al., 2016); and ready-made project instructions, ideas, tips, and
examples (Tal et al., 2006).

Conclusions

This study contributes to a better understanding of teachers’ perspectives on PBL in mathematics and
science. It identifies teachers’ views of PBL objectives and characteristics, the suitable application and
situation of implementing PBL, and support for and barriers to PBL implementation. The
development of students’” knowledge and understanding of mathematics and science as well as their
21st century skills were considered to be important PBL objectives. Additionally, the development of
teamwork skills and the connection between theory and practice were regarded as key characteristics
of PBL. PBL was seen as suitable for both revising and learning new mathematics content.

Numerous teachers in Survey A felt that the objective of PBL only concerns mathematics learning,
whereas the Finnish National Core Curriculum for Basic Education 2014 (EDUFI, 2016a) requires the
inclusion of multidisciplinary learning modules for all grade levels. Conversely, in Survey B,
multidisciplinarity was regarded as the most important objective of PBL, while the development of
mathematics and science played a minor role. In the future, the role of multidisciplinarity and the
development of specific study subjects should be equally emphasised as important PBL objectives in
mathematics and science.
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The findings identified somewhat inadequate resources and support for the implementation of PBL.
Thus, the forms of support provided — particularly ready-made project instructions, ideas, tips, and
examples; advice from experienced teachers; and training and guidance on basic PBL issues — would
assist teachers in implementing PBL. Moreover, support from the school, for example, in the form of
more time for planning and implementing a project, would enhance the success of PBL
implementation. The findings of this study may also be useful in informing teachers’ professional
development of PBL.

Limitations and future studies.

Our work clearly has some limitations. The data collected only apply to the Finnish educational
context. The number of participants in Survey A was relatively small, especially when the data were
divided into pre- and in-service teachers' responses. Moreover, all of the pre-service teachers who
participated were recruited from two different courses at the same university. The in-service teachers
came from the continuing education course on PBL. Thus, it is likely that they were already interested
in PBL. This might have influenced their survey responses. Although two authors coded the
principles and resolved doubtful circumstances by reaching a joint decision, the data were mainly
coded by one author. Additionally, the questionnaire only provided overviews of the teachers’
perspectives. Despite these limitations, we believe that our research provides fruitful information on
teachers’ perspectives on PBL in mathematics and science.

A larger number of survey participants as well as randomised controlled trials are needed in future
studies. Double coding by an independent person would increase the reliability of the data coding.
Qualitative data collection methods, such as interviews and observations, could provide a deeper
understanding of teachers” views on PBL. Additionally, while this research has identified teachers’
perspectives on PBL, it would also be interesting to consider students’ perspectives on PBL and their
achievements in relation to the learning objectives.
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