Chapter 7
Collaborative Problem Solving in Finnish
Pre-service Teacher Education: A Case Study

Arto K. Ahonen, Piivi Hikkinen, and Johanna Poyséi-Tarhonen

Abstract This chapter provides results from a case study utilising tasks from the
ATC21S™ assessment portal in the context of pre-service teacher education in
Finland. The results from the portal are combined with a questionnaire regarding
dispositions towards teamwork and collaboration. Twenty-four pre-service teachers
completed both these measures. The students of this study were following two
divergent teacher education programs that had different profiles in terms of their
study contents and methods. The participants of both groups tended to be highly
disposed to collaborate and work in teams, and their collaborative problem solving
skills can be described as very good. The participants’ measured social skills and
self-assessed disposition to negotiate in the collaborative processes were strongly
associated.

Introduction

Finnish teachers are highly educated professionals. Whereas the traditional lectur-
ing role of a teacher is still seen as essential, there are also many other roles, such as
guidance and collaboration with other professionals, that are coming to be seen as
more important parts of the teachers’ profession in Finland (Krokfors et al. 2010).
However, as noted in the ITL (Innovative Teaching and Learning) study (Norrena
2013), even though twenty-first century skills are recognised and mentioned in the
curricula of Finnish comprehensive schools, the schools and, especially, individual
teachers vary greatly in their ability to facilitate the development of twenty-first
century skills. The teachers consider teaching twenty-first century skills to be diffi-
cult (e.g. Niemi 2012) and it is generally up to individual teachers’ discretion
whether they include elements of innovative teaching and learning in their instruc-
tion. Therefore, teacher education units have a central role in contributing to this
pedagogical evolution. Teacher education focused on developing twenty-first cen-
tury skills has the potential, with a research-based curriculum and carefully designed
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learning practices, to provide new teachers entering schools with a better foundation
to meet the many challenges of twenty-first century learning environments (see
Kong et al. 2013).

The Finnish national interest in fostering twenty-first century skills has high-
lighted a need for — and interest in the development of — tools and methods for
teaching and assessing such skills. Assessment in Finland is often formative, based
on constant evaluation of an individual student’s development in different subjects.
In addition, the changes in the Finnish school curriculum in August 2016 towards
phenomenon-based instruction with an emphasis on more interdisciplinary and
generic skills and competencies have created a need for new forms of assessment.
In this regard, technology-enhanced systems that enable formative assessment of
complex performances involving collaboration are becoming more essential
(Binkley et al. 2012; Van Aalst 2013).

Finland’s participation in the ATC21S project was a step towards better under-
standing of the assessment of more complex skills. While today’s international and
national standards primarily measure core subject performance (in math, science
and reading), ATC21S designed new assessment prototypes to help education sys-
tems include the twenty-first century skills that are essential to performing better in
those core subjects. Finding technical solutions to meet schools’ everyday peda-
gogical goals is an interesting and ongoing challenge. The work done in the ATC21S
project continued as part of the “Preparing teacher students for 21st century learn-
ing practices”, PREP21 project (Hikkinen et al. 2017; PREP21 2015; Poysi-
Tarhonen et al. 2016). The purposes of this study are, firstly, to acquire better
understanding about the Finnish early stage pre-service teachers’ dispositions
towards teamwork and collaboration and, secondly, to assess their existing level of
collaborative problem solving skills by using the novel technology-enhanced assess-
ment system of the ATC21S portal.

By linking the students’ dispositions and self-assessments to objectively mea-
sured levels on learning progressions of collaborative problem solving, the aim is to
investigate existing connections and disconnections between these measures and
answer the following research questions:

1. What is the current level of collaborative problem solving skill among the two
selected groups of pre-service teachers?

2. What kind of relation exists between teacher education students’ collaboration
and teamwork dispositions and assessed collaborative problem solving skills?

Method

Participants and Context of Study

The participants of the study were second-year teacher education students (n = 24,
21 female, 3 male) from one Finnish University. The teacher training program of
this university follows phenomenon- and inquiry-based learning approaches. The
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phenomenon-based curriculum integrates, for example, the study of educational sci-
ence and research methods into inquiry-based study projects. In addition to the
phenomenon-based approach, all the students study in home groups. Different home
groups have different profiles in terms of their study contents and methods. The
students of this study were following two divergent teacher education programs in
their home groups. Common for both of these programs was that they apply
phenomenon-based, collaborative modes of studying and their students are, hence,
supposed to be experienced in engaging in productive collaborative activities,
including collaborative problem-solving activities. Study projects with schools are
also included in both of these study programs. Active agency for own learning is
emphasized in these study programs in terms of both students’ own studying and in
promoting pupils’ learning at school.

Group A consisted of 12 students from a study program specializing in
technology-enhanced learning (TEL). The goal of this group was to envision and
experiment with the use of learning technologies with students in school settings.
Hence, these students use also in their own studies multiple tools and technologies
(e.g. personal mobile devices/tablets, social media, games) for individual access,
manipulation and analysis of information as well as for communication, sharing and
joint knowledge construction with peers. In comparison to group B, group A uti-
lized the phenomenon-based approach more thoroughly and participated only mini-
mally in traditional lectures. Another dimension that was more present in group A
was collaborative ‘teachership.” The aim in this program is to model collaborative
teaching for students by coaching and supervising them as a team of teacher educa-
tors. In distinguishing the two groups, we called group A the “Technology” group.

Group B consisted of 12 students following a program focusing on STEM-
related themes, especially in science and mathematics. This group relied on the
inquiry-based curriculum but also participated in lectures more than group
A. Although this group had an emphasis on communities of teachers, they were not
given a model of collaborative teachership in their own studies. They had only one
teacher at a time guiding their studies. We called this group the “Inquiry” group.

Measures

To assess the pre-service teachers’ CPS skills from different perspectives, two mea-
sures were combined. First, a PREP21 self-report questionnaire was used. A set of
questions based on the work of Wang et al. (2009), also applied as part of the PISA
2015 background questionnaire, was created to measure dispositions towards coop-
eration, negotiation and guidance. In this approach, these student dispositions are
defined as general attitudes towards collaboration, collaborative problem solving
and teamwork. Dispositions refer, thus, to students’ broader attitudes, beyond any
particular collaborative learning situations or contexts. Accordingly, these disposi-
tions are supposed to predict students’ performance in collaborative problem-
solving activities (OECD 2017). Also, obtaining a better understanding of teamwork
as a set of skills and dispositions provides the grounds for deeper exploration of how
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students may acquire these skills and how instruction could be better designed to
assist students in developing and applying these skills in professional settings
(Hughes and Jones 2011).

The items referring to students’ dispositions towards collaboration, collaborative
problem solving and teamwork were scored on a 7-point Likert-type scale, from 1
(not at all true of me) to 7 (very true of me). The subscales were based on responses
to a PREP21 survey of a larger sample (N = 263) of Finnish pre-service teachers.
For the internal consistency of measured subscales, Cronbach alpha was used. The
reliabilities were measured as (a = 0.74) for the Cooperation subscale and (a = 0.75)
for the Guidance and Negotiation subscales. These can be considered adequate reli-
abilities of scale (Nunnally 1978). First, negotiation is seen as a central element of
teamwork, because an individual needs to negotiate and adjust his/her actions
according to the surrounding group. The Negotiation subscale comprises variables
related with the ability to listen to others, flexibility and openness to others’ thoughts
and ideas. Negotiation was measured with six items: “I am a good listener”’; “I enjoy
seeing my classmates be successful”’; ““I take into account what others are interested
in”; “T am flexible when working with a team”; “I enjoy considering different per-
spectives”; “I am open to all sorts of opinions”. The subscale of Guidance includes
the teacher education students’ dispositions towards their skills to guide and mentor
their other team members. The disposition of guidance was measured with six
items: “I like to be in charge of groups or projects”; “I enjoy sharing ideas”; “I con-
vince others to see things my way”’; “I enjoy exchanging ideas”; “I like convincing
peers”; “I enjoy bringing a team together”. The subscale of Cooperation includes
teacher education students’ dispositions towards working together as a team.
Cooperation was measured with four items: “I prefer working as part of a team to
working alone”; “I find that teams make better decisions than individuals™; “I find
that teamwork raises my own efficiency”; “I enjoy cooperating with peers”.

In addition to the survey of dispositions towards collaboration and teamwork, an
assessment portal, ATC21S, was used to assess the students’ skills over the course
of CPS activities. Each pair of students completed one bundle of five assessment
tasks over a period of 90 min. Group A completed Laughing Clowns, Plant growth,
Balance, Olive oil and Game of 20. For Group B, Game of 20 was replaced by Small
pyramids. These tasks have been described by Care et al. (2015). They are complex
game-like tasks, mainly in the science and math domains, related both to curriculum
content and to generic skills. The participating pairs proceeded well in the assess-
ment. All of them could either enter or finish the last task (Game of 20 or Small
pyramids). Moreover, in the ATC21S portal, students’ completion of the assessment
tasks yielded log file data. The data generated were captured in a process stream
data file, and patterns in these data were automatically coded as indicators of the
CPS elements (Adams et al. 2015; Hesse et al. 2015). Furthermore, the tasks cap-
tured social and cognitive components of students’ CPS skills. Each of the skills
could thus be scaled based on the actions taken by the students, which were col-
lected as process data, together with the online chat discussions that took place
while performing CPS tasks.
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The scoring itself took into consideration students’ actions as they moved
through the tasks. The process data consisted of distinct keystrokes and mouse
events that indicated exploration of the task environment, such as typing, clicking,
dragging, cursor movements, hovering time and action sequences, all of which
explicitly demonstrated students’ thinking processes and skill levels. The log file
data from the assessment tasks were processed by the Assessment Research Centre
of the University of Melbourne. All of the user actions and chat messages were
recorded and time-stamped. The files generated for the automatic records of student-
task interactions are referred to as session log files (Adams et al. 2015). Next,
MySQL database architecture was used to record the interactions within the task
environment. The scoring engine then automatically coded and scored data to pro-
duce reports for teacher and student use. Figure 7.1 provides an example of the
reports on social and cognitive skills retrieved from the portal. This particular stu-
dent (fifprr0002a) was estimated at a Level 5 for her cognitive skills and a Level 6
for her social skills.

Learning Readiness Report ﬁ

Learning Readiness Report ﬁ
e e St sama:
Ssdunt sate WrICEZS

Towm code:  Mpr000Z MELBOURNE Toam oede MOl MILBOURNE
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Beb s * [ Ban P [—

Scodom  ILOE3018 =~ Bewdan 338308 -
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level the student’s actions appear to be well
thought out, planned and purposeful, identifying
the necessary sequence of subtasks. The student
identifies cause and effect, basing their goals on
prior knowledge and uses suitable sirategies to
gain a correct path solution for both simple and
complex tasks. The student can modify and
adapt their original hypotheses, in light of new
information, testing alternatives hypotheses and
adapt additional or alternative of thinking.

LEVEL 5 Cognitive Efficient Working: At this

LEVEL 6 Social Cooperation & Shared Goals:
Al this level, the student works collaboratively
through the problem solving process and
assumes group responsibility for the success of
the task. Feedback from their partner is
incorporated and used to identify solution paths
or modify incorrect ones. The student can
evaluate their own and their partners
performance and understanding of the task. The
student may tailor their communication and
manage conflicts with partner successfully,
resolving differences before proceeding on a
possible solution path.

Fig. 7.1 Learning readiness reports from ATC21S™ portal: cognitive and social skills
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Table 7.1 Range of WLE scores in the ATC21S portal corresponding to the learning readiness

levels
Level of learning progression WLE range social 2D1 WLE range cognitive 2D2
1 Below —1.3 Below —3.5
2 —1.3 between —0.7 —3.5 between —0.8
3 —0.7 between —0.5 —0.8 between 0.5
4 —0.5 between 0.3 0.5 between 1.7
5 0.3 between 1.5 1.7 between 2.1
6 above 1.5 above 2.1
Data Analysis

Scores on respondents’ skill level estimates were firstly drawn from the ATC21S
assessment portal by utilising the Rasch modelling on the ConQuest™program (Wu
2007), a multi-aspect test software. All analysis was performed with ConQuest™,
using a Partial Credit model with Guass-Hermite Quadrature estimation with 15
nodes. These skill level estimates were then used to create the skill level reports. In
accordance with the procedures of Rasch modelling, the average of the task scores
was set to zero and the difficulty of the item was presented as an estimate describing
the level of the students based on their results on the bundle of tasks they had com-
pleted. Each student received a Weighted Likelihood Estimate score (WLE), which
could vary from —4 to 4 on both social and cognitive dimensions. The report dis-
plays are based on the Weighted Likelihood Estimate scores (WLE) distributed on
different levels of learning progression, presented in Table 7.1.

The participants were analysed as two separate groups based on their study
group. SPSS v 22 was then used to investigate confidence intervals (using T-tests),
descriptive statistics and correlation in the whole set of data and between the two
groups. The statistical significance of mean differences was tested using one way
analysis of variance. Due to the small sample size, the correlations were calculated
with non-parametric Spearman’s rho. We used general criteria to interpret the
correlation coefficients: 0.10-0.29 for weak, 0.3-0.49 for moderate, 0.5-0.69 for
strong, and above 0.7 for very strong associations between variables (c.f., Cohen
1988).

Results

The descriptive statistics for the scores received from the ATC21S assessments and
PREP21 questionnaire dispositions for all participants are presented in Table 7.2.
The ATC21S WLE scores are presented separately for social and cognitive skills.
Pre-service teacher students’ social skills were reported with a mean of 1.92
(SD = 0.65), which falls in the highest level of learning progression: Level 6. Their
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cognitive skills were reported with a mean of 1.62 (SD = 1.02), which falls in Level
4 of learning progression. The level of social skills was fairly consistent at the very
top level, but cognitive skill levels varied and were overall at lower level compared
to social skills. The dispositions from the PREP21 questionnaire were at a rather
high level. The mean of Guidance was 5.32 (SD = 0.65), the mean of Cooperation
was 5.25 (SD = 1.24) and the mean of Negotiation was the highest, at 6.08
(SD =0.75) on a scale of 1 to 7. Due to the small sample size, and the fact that the
sample responses were not normally distributed, correlations were calculated with
non-parametric Spearman’s rho. Negotiation correlated significantly and positively
(r=0.57) with the ATC21S social skills WLE score. ATC21S cognitive skills WLE
score did not have statistically significant correlations on any measured variables.
The disposition variables also correlated significantly with each other. Negotiation
correlated strongly (r = 0.57) with cooperation and moderately (r = 0.41) with guid-
ance. Also cooperation correlated moderately (r = 0.41) with guidance.

Due to the small number of respondents, it was also possible to examine each
student’s scores and dispositions individually, based on their study groups. Table 7.3
presents these individual measures separately. The WLE scores were indicated as
levels of learning readiness based on Rasch modeling of the item difficulties. There
were no significant differences in the mean scores between the two groups of pre-
service teachers. Still, group A “Technology” scores were more consistent, with
lower standard deviations on both social and cognitive WLEs when compared to
group B “Inquiry”. Group A students also generally indicated slightly higher dispo-
sitions than group B students. But only on negotiation was the difference statisti-
cally significant (p < 0.05), where the group A mean was 6.40 and the group B mean
was 5.76. When Social skills WLE are associated with negotiation dispositions, it
can be interpreted that students from both groups utilized their negotiation capacity
well in the social processes of collaborative problem solving. When examining the
dispositions on individual level, it is possible to recognise that four students from
group B indicated their negotiation dispositions below 6 and two below 5. In group
A, only one student’s dispositions were below 6. When examining the results of
individual student ID 5a, it can be seen that her social skills WLE were measured on
the lowest level (1.29) in group A. When examining the results of individual students
from group B it can also be seen that student ID 21a had reported her dispositions
as rather low on cooperation (3.00) and negotiation (3.33), which are actually the
lowest ratings of all. Her skills were also measured as the lowest with ATC21S. In
this particular case the ATC21S measurement and student’s own dispositions met
exceptionally well. Still, this particular students’ pair ID 21b had very high ratings
on the portal, where both her social and cognitive skills were measured at the very
top level. Despite her high measured skills, her dispositions did not indicate high
expectations regarding her skills on teamwork and collaboration when compared to
other high scoring students. The only clear difference, when compared to her pair
21a, was that her dispositions on negotiation were clearly higher (4.67). This indi-
cates that negotiation dispositions were clearly associated with this student’s mea-
sured social skills.
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Discussion and Conclusions

Recent developments in technology-enhanced assessments have made it possible to
evaluate complex performance such as collaborative problem solving more effec-
tively. In this study, we used the ATC21S to assess teacher education students’ col-
laborative problem-solving skills and a PREP21 self-report instrument to measure
more general collaboration and teamwork dispositions. The results indicate that the
current level of collaborative problem-solving skills among these students is gener-
ally high; measured levels of social skills were especially high, as compared to
cognitive skills. Social skills were also connected positively with collaboration and
teamwork dispositions — in particular with negotiation. However, the cognitive
skills scores did not correlate with teamwork and collaboration dispositions. This
indicates that the social aspect of collaborative problem solving is probably the key
for success in these kinds of shared tasks.

The respondents were representing two different study groups with slightly dif-
ferent implementation of their study programs. Group A “Technology” focused par-
ticularly on technology-enhanced learning, and group B “Inquiry” followed the
STEM-related program. Common to both of these programs is that they apply col-
laborative modes of studying. It can be assumed that these students have been
trained to be more familiar with productive forms of collaboration and collaborative
problem solving than an average group of students. As compared to group B, group
A had a slightly stronger focus on phenomenon-based curriculum, with hardly any
lectures in their studies. Furthermore, they also received a model of collaborative
teaching as they were coached and supervised by a team of teacher educators.

Group A “Technology” had consistently higher results on social skills when
compared to group B “Inquiry”. Both groups had higher social skills than cognitive
skills, but there were no significant mean differences between the groups. The find-
ing that negotiation had statistically significant and positive correlation with social
skills WLE scores measured by ATC21S supports the assumption that there is an
empirical connection between these two independent measures.

Given the adaptations that a society based on knowledge and competence
demands from school pedagogy, it must be remembered that teacher education
needs to be adjusted to meet the challenges. Pre-service teachers have a central role
in developing twenty-first century learning practices and promoting skills such as
collaborative problem solving in future schools. In Finland, autonomy is typical for
the teaching profession, which also means that teachers often work too indepen-
dently, sometimes alone. As the skills to solve complex, cross-curricular problems
in teams become more important in our society, teachers should acquire these skills
also by themselves. In general, the adoption of new pedagogical innovations has
been unsuccessful, primarily because too little attention has been paid to teacher’s’
own learning processes (Lieberman and Pointer Mace 2008). Thus, we argue that
the task of teacher education is to guide these processes.

Pre-service teachers are themselves the result of traditional school culture, which
strongly influences their assumptions regarding good teaching models (i.e., favour-
ing models featuring a traditional teacher-led approach) (Mikitalo-Siegl et al. 2011;
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Schratzenstaller 2010; Webb and Mastergeorge 2003). We believe that pre-service
teacher education could be a powerful means of sparking long-term change in the
field. To create change in schooling, pre-service teachers first need to learn how to
adapt to the new learning culture. One of the specific aims of the PREP21 project is
to outline the analysis and pedagogical designs regarding students’ collaborative
problem solving skills and the related pedagogical practices in pre-service teacher
training programs. Based on this experimental study it can be inferred that skills
needed in successful collaborative problem solving measured by ATC21S benefit
from collaborative practices of instructional methods in teacher training. Using this
web-based portal to measure collaborative problem solving in the pre-service
teacher education context was the first pilot in advancing the assessment of stu-
dents’ complex skills. It can be concluded that these tasks are welcome and well
suited to pre-service teacher training.

In research to follow, we will apply ATC21S assessments in the context of teacher
education on a wider scale, in which the assessment session is followed by debrief-
ing of students’ scores. With larger numbers of respondents, we will examine the
interesting associations between teamwork dispositions, self-assessment and
ATC21S. In addition, by monitoring the performance of students during the tasks by
applying online measures of their performance (e.g. by capturing screen activity)
and combining it with subjective data (e.g. cued retrospective interviews) (see
Poysi-Tarhonen et al. 2016) we might be able to better understand the individual
differences monitored over the course of this study.

Acknowledgements We would like to thank Mrs. Anne Martin for her help on the data collection
of the study. We would also like to thank the lecturers of teacher training, in whose classes the
portal assessment took place. This study has been funded by the Academy of Finland (project no
273970).

References

Adams, R., Vista, A., Scoular, Awwal, N., Griffin, P., & Care, E. (2015). Automatic coding proce-
dures. In P. Griffin & E. Care (Eds.), Assessment and teaching of 21st century skills. Methods
and approach (pp. 115-132). Dordrecht: Springer.

Binkley, M., Erstad, O., Herman, J., Raizen, S., Ripley, M., Miller-Ricci, M., & Rumble, M.
(2012). Defining 21st-century skills. In P. Griffin, B. McGaw, & E. Care (Eds.), Assessment
and teaching of 21st century skills (pp. 17-66). Dordrecht: Springer.

Care, E., Griffin, P., Scoular, C., Awwal, N., & Zoanetti, N. (2015). Collaborative problem solving
tasks. In P. Griffin & E. Care (Eds.), Assessment and teaching of 21st century skills. Methods
and approach (pp. 85-104). Dordrecht: Springer.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). New Jersey:
Lawrence Erlbaum.

Hikkinen, P., Jarveld, S., Mikitalo-Siegl, K., Ahonen, A. K., Naykki, P., & Valtonen, T. (2017).
Preparing teacher students for 21st century learning practices: A framework for enhancing col-
laborative problem solving and strategic learning skills. Teachers and Teaching: Theory and
Practice, 23(1), 25-41. http://dx.doi.org/ 10.1080/13540602.2016.1203772.


http://dx.doi.org/
https://doi.org/10.1080/13540602.2016.1203772

130 A.K. Ahonen et al.

Hesse, H., Care, E., Buder, J., Sassenberg, K., & Griffin, P. (2015). A framework for teachable
collaborative problem solving skills. In P. Griffin & E. Care (Eds.), Assessment and teaching of
21st century skills. Methods and approach (pp. 37-56). Dordrecht: Springer.

Hughes, R. L., & Jones, S. K. (2011). Developing and assessing college student teamwork skills.
New Directions for Institutional Research, 149, 53—64. http://dx.doi.org/10.1002/ir.380.

Kong, S. C., Chan, T. W., Griffin, P., Hoppe, U., Huang, R., Kinshuk, & Yu, S. (2013). E-learning
in school education in the coming 10 years for developing 21st century skills: Critical research
issues and policy implications. Educational Technology and Society, 17(1), 70-78.

Krokfors, L., Kangas, M., Vitikka, E., & Myllari, J. (2010). Nakokulmia tulevaisuuden koulupeda-
gogiikkaan [Insights into future school pedagogy]. In R. Smeds, L. Krokfors, H. Ruokamo, &
A. Staffans (Eds.), InnoSchool — vdilittéivi koulu. Oppimisen verkostot, ympiiristét ja pedago-
giikka (pp. 51-85). Espoo: Aalto yliopisto.

Lieberman, A., & Pointer Mace, D. H. (2008). Teacher Learning: The key to educational reform.
Journal of Teacher Education, 59(3), 226-234.

Mikitalo-Siegl, K., Kohnle, C., & Fischer, F. (2011). Computer-supported collaborative inquiry
learning and classroom scripts: Effects on help-seeking processes and learning outcomes.
Learning and Instruction, 21(2),257-266.http://dx.doi.org/ 10.1016/j.learninstruc.2010.07.001.

Niemi, E. K. (2012). Opettajakysely. In E. K. Niemi (Ed.), Aihekokonaisuuksien tavoitteiden
toteutumisen seuranta-arviointi 2010 [ Evaluation of the fulfilment of cross-curricular themes],
Koulutuksen seurantaraportit 2012:1 (pp. 19-39). Helsinki: Opetushallitus.

Norrena, J. (2013). Opettaja tulevaisuuden taitojen edistdjind: “jos haluat opettaa noita taitoja,
sinun on ensin hallittava ne itse” [Teacher enhancing the skills for the future: “If you are going
to teach them, you have to know them yourself”’] (Jyviskyld Studies in Computing, Vol. 169).
Jyviskyld: University of Jyviskyld.

Nunnally, J. C. (1978). Psychometric theory. New York: McGraw-Hill.

OECD. (2017). Draft PISA 2015 collaborative problem solving framework. Retrieved from http://
www.oecd.org/pisa/pisaproducts/Draft PISA 2015 Collaborative Problem Solving Framework.
pdf

Poysd-Tarhonen, J., Care, E., Awwal, N., Hiakkinen, P., & Ahonen, A. (2016). Tracking student
teachers’ technology-enhanced collaborative problem solving: Combining objective assess-
ment data with subjective verbal reporting. In C.-K. Looi, J. Polman, U. Cress, & P. Reimann
(Eds.), Transforming learning, empowering learners: The 12th International Conference of the
Learning Sciences (ICLS) 2016 (Vol. 2, pp. 839-842). International Society of the Learning
Sciences. https://www.isls.org/icls/2016/docs/ICLS2016_Volume_2.pdf

PREP21. (2015). Prep21 Blog. Preparing teacher students for 21st century learning practices.
Retrieved from https://prep21.wordpress.com/about/.

Schratzenstaller, A. (2010). The classroom of the past. In K. Maikitalo-Siegl, J. Zottmann,
F. Kaplan, & F. Fischer (Eds.), Classroom of the future: Orchestrating collaborative spaces
(pp- 15-39). Rotterdam: Sense Publishers.

Van Aalst, J. (2013). Assessment in collaborative learning. In C. E. Hmelo-Silver, C. A. Chinn,
C. K. K. Chan, & A. O’Donnell (Eds.), The international handbook of collaborative learning
(pp. 280-296). New York: Routledge.

Wang, L., MacCann, C., Zhuang, X., Liu, O. L., & Roberts, R. D. (2009). Assessing teamwork and
collaboration in high school students: A multimethod approach. Canadian Journal of School
Psychology, 24(2), 108—124. http://dx.doi.org/10.1177/0829573509335470.

Webb, N. M., & Mastergeorge, A. (2003). Promoting effective helping behaviour in peer-directed
groups. International Journal of Educational Research, 39(1-2), 73-97.

Wu, M. L., Adams, R. J., & Wilson, M. R. (2007). ACER ConQuest version 2.0: Generalised item
response modelling software. Melbourne: ACER Press.


http://dx.doi.org/
https://doi.org/10.1016/j.learninstruc.2010.07.001
http://www.oecd.org/pisa/pisaproducts/Draft
http://www.oecd.org/pisa/pisaproducts/Draft
https://www.isls.org/icls/2016/docs/ICLS2016_Volume_2.pdf
https://prep21.wordpress.com/about

	Chapter 7: Collaborative Problem Solving in Finnish Pre-­service Teacher Education: A Case Study
	 Introduction
	 Method
	 Participants and Context of Study
	 Measures
	 Data Analysis
	 Results

	 Discussion and Conclusions
	References


