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Abstract: This study reports on whether students have the opportunity to acquire generic competen-
cies when they work with knowledge-related assignments at upper secondary school. We investigated
30 assignments. The data included lesson observations and interviews with teachers. The main
categories of teaching practices were theory-based, and the subcategories and the levels of intensity
were based on qualitative analysis of the data. The most common categories were Object-orientedness,
Epistemic challenge, Process-like emphasis, Intensity of collaboration, Cross-fertilisation, and Infor-
mation practices. The least common categories were Cross-fertilisation, Process-like emphasis, and
Object-orientedness. Cluster analysis produced three groups: Open and challenging assignments
with guidance and support (eight cases), Demanding assignments without support (seven cases), and
Well-defined, teacher-directed assignments (15 cases). Assignments of the first type support students’
knowledge-related competencies the best. The second type of assignment is demanding because
students work independently with limited support for challenging assignments. Assignments of the

third type were well-structured and teacher-centered assignments.
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School. Educ. Sci. 2023, 13, 471. In today’s world, secondary schools should provide students with the relevant generic
https://doi.org/10.3390/ competencies they need for further education and lifelong learning, as presumed by the
educscil3050471 changed conditions in studying in post-secondary education and the business world.

These requirements include skills such as asking questions, collaborating with others,
thinking “outside the box” for finding innovative solutions, critical thinking and creativity,
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Accepted: 26 April 2023 digital competence [1,2]. The frameworks for defining the generic competencies required by
Published: 4 May 2023 researchers and policymakers vary and develop over time [3,4]. A current widely applied
framework in education is the framework of 21st-century skills, which includes ways of
thinking, ways of working, tools for working, and ways for living in the world [5].

In the present study, we built on the approach of knowledge work competence by [6,7],
in which “knowledge work competence was structured as object-bound collaboration,
integration of personal and collective efforts, development through feedback, persistent
distributed under the terms and  development, understanding of different disciplines and related expertise, interdisciplinary
conditions of the Creative Commons  COllaboration, and using flexible tools and technology” [6] (p. 2084). The approach was
Attribution (CC BY) license (https://  applied to investigate higher education practices and emphasise students” competencies for
creativecommons.org/licenses /by / the world of work. That is somewhat different from the focus of the upper secondary school,
40/). but the approach of this study shares the main pedagogical elements examined and the
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theoretical background. In this article, we use the term competencies to mean collaborative
working with knowledge, emphasising collaboration and the fact that at school, students
practice and learn to use, produce and assess knowledge, even though they do not do real
knowledge work. Following this, we investigated how students’ assignments represented
and educated practices of collaborative working with knowledge.

To understand how upper secondary education can be improved to support compe-
tencies for collaborative working with knowledge, we investigated the favourable con-
ditions and shortcomings of existing pedagogical practices. Specific pedagogies, such as
problem-based learning, collaborative learning, experiential learning, authentic challenges,
entrepreneurship education, and comprehensive use of digital technologies, have been re-
ported for advancing the acquisition of various generic competencies [4,8-12]. In addition,
whole-task approaches (that is, teaching generic skills within one large assignment instead
of teaching individual skills separately) or teaching generic skills embedded in meaningful
contexts have been productive for learning the skills [13,14].

We intended to investigate the various ordinary upper secondary pedagogical prac-
tices instead of focusing on specific pedagogical approaches because there has been limited
empirical research about how practices of collaborative working with knowledge canbe
operationalised within everyday teaching. Furthermore, we investigated the enacted prac-
tices and assignments instead of the intended ones [15] because the enacted practices form
the basis of students’ learning. An assignment given by the teacher (e.g., students searching
answers in pairs for a societal problem), describes, explicitly or implicitly, characteristics
of knowledge to be studied and its use, the intended ways of student collaboration, the
nature of working practices, and the aspects of assessment. The assignments investigated
were designed and organised by the teacher, so they did not follow ready-made learning
material or a textbook.

In the following chapters, we first review the research on assignments promoting
generic competencies, and second, the theoretical key features for pedagogical practices
that we consider essential for learning assignments using digital technologies that promote
competencies for collaborative working with knowledge.

2. Theoretical Background

The relationship between pedagogical methods and students’ learning outcomes is not
straightforward and it cannot be explained by a single feature in the educational setting [4,16].
For assignments promoting generic competencies, teachers organise extensive and appropriate
opportunities for students to learn, including both the content to be covered, teacher actions
in the classroom, task characteristics that direct student engagement, and materials and other
resources [17,18]. Especially in teaching complex knowledge and skills, a teacher’s role is
indirect: setting up background conditions for the targeted learning and working through
designing the supportive pedagogical infrastructure, but not determining the contents, tasks,
and activities in detail [19].

Several studies about learning assignments and generic competencies focus on learning
outcomes when using a digital application in the assignment, e.g., virtual reality [20],
computer-supported fading and feedback [21], using 3D computer-aided design [22] or
mobile learning [23]. Some studies focus on the activities to improve learning at the school
level, such as support for teachers’ practices, by planning and managing the teaching of
competencies systematically at the school level and accounting for the latest findings in
future teacher training [24]. Rarely have the features of assignments as such been analysed.
There have been a few exceptions: e.g., Feu, Garcia-Rubio, Gamero, and Ibafez [25]
analysed learning tasks in physical education, focusing on learning by playing games.
Datzko [26] analysed open and closed short tasks for learning about computational thinking
and found that the open tasks supported creativity better, but both kinds of tasks are needed
for learning. Parsons, Malloy, Parsons, Peters-Burton, and Burrowbridge [27] analysed how
tasks supported sixth-grade students’ self-determination (one essential future competence).
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Their analysis focused on the authentic, collaborative, challenging, student-directed, and
sustained characteristics of the tasks.

Characteristics of Assignments Promoting Collaborative Working with Knowledge

Collaborative knowledge creation is considered to be one of the central characteristics of
work in a knowledge-intensive society. The knowledge creation approach to learning [28,29]
emphasises processes in which epistemic objects (e.g., papers or presentations) and working
practices are developed collaboratively. The social nature of learning and the importance of
engaging students in collaborative practices is generally recognised by learning researchers.
It is also essential that a student’s own individual motivation and engagement are fostered;
therefore, the integration of individual and collaborative efforts is emphasised in collaborative
knowledge creation [29]. Furthermore, teachers should explicitly model and teach relevant
collaboration practices and principles to students, as well as structuring, orchestrating, and
scaffolding group work [30-32].

Assignments for collaborative knowledge creation arise from authentic questions,
which then provide a guide to the authenticity of the object of the joint work, the working
practices, and the outcomes. Such assignments familiarise students with practices and
challenges of real-life knowledge work, including contexts that reflect the way knowledge is
used in real life to solve ill-defined tasks, access expert performances and working models,
collaborative construction of knowledge, reflection as well as assessment tied to the suc-
cessful solution of the tasks [9,33,34]. These assignments include transforming, reflecting,
and versioning, and these require longitudinal processes of knowledge advancement [29].
Collaborative knowledge creation requires metaskills concerning both individual activity,
collaborative interaction, and object-orientedness [9,35], and practising metaskills means
engagement in repeated self- and co-reflection as well as conducting multiple iterative
feedback and improvement rounds [36].

The requirement for cross-fertilisation, the interaction between different ideas, cultures,
categories, or organisations [29], broadens learning from one subject, one classroom and
one schoolbook into a wider understanding of the phenomena to be studied and practices
to be learned. Cross-fertilisation practices include for example students studying outside
educational institutions, and collaborating with students in other educational institutions
or with external experts [37]. Cross-fertilisation also means crossing boundaries between
knowledge of various subjects, which is necessary for solving complex problems, such
as climate change [38,39]. Cross-fertilisation broadens the conception of knowledge from
traditional factual knowledge in schoolbooks to understand that knowledge represents var-
ious backgrounds, approaches, and cultures and provides an opportunity to be acquainted
with and examine phenomena from various viewpoints. It also gives means for the critical
interpretation of information [40].

The epistemic challenge of a learning assignment offers opportunities to learn real
knowledge and work practices (7). It relates both to the authenticity of practices com-
pared to real-life challenges (discussed in the previous paragraphs), and to the complexity
of the problem space. Jonassen [41] emphasised the importance of engaging learners
in problem-solving and suggested distinguishing between well-defined and ill-defined
problem-solving tasks, which are different and teach different types of knowledge and
competence. Chinn & Malhotra [42] argued that inquiry tasks in schools should epistemo-
logically resemble authentic inquiry; they contrasted authentic scientific inquiry with the
simple inquiry tasks found, for example, in textbooks.

The use of digital technology in school education is important for advancing students’
digital competence in general, and managing the use of appropriate and flexible digital
tools is especially central in productive collaboration around shared objects of knowledge
work and practices [29]. Digital tools have a mediating role in shaping the ways of working,
influencing the pedagogical practices and the type of learning activities based on the
affordances that they offer [43]. At school, digital technology is often used for using digital
information sources. Students should learn to search for information from multiple digital
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sources, evaluate the sources critically, and create their own synthesis. The Internet has
created opportunities for using authentic information sources, but according to previous
studies, few upper-secondary students are competent in this [44,45]. As Saunders et al. [46]
stated, students rely too much on resources such as Google and Wikipedia, they are not able
to apply sophisticated search strategies, critically evaluate information, or to correctly cite
sources. Therefore, online reading skills should be practised at school and integrated into
subjects in a holistic way, not fragmented into small tasks, as Majid et al. [45] suggested. In
some pedagogical models, the scaffolding of information skills is explicit and embedded in
comprehensive working processes, such as in guided inquiry [47,48]. Many studies about
students’ information skills focus on textual information, although digital technology offers
a range of media types, such as pictures, videos, or voice. The multimodality of information
in learning settings has only recently been investigated, and the results show that students
evaluate the information differently based on its digital form. For example, videos offer
several opportunities for adding sound and pictures into information outcomes [49,50].

In a school context, a central element both in teaching and learning is assessment.
Students are strategic in their use of time and effort, and they concentrate on what they
think will be assessed and will lead to good grades [51]. Explaining assessment criteria
provides a direction for students about what the desirable or acceptable performance
guiding their efforts and understanding of the targeted knowledge and skills is [52]. Explicit
criteria and guided self and peer assessment practices may support students’ self-regulative
abilities [53]. Generic competencies related to working with knowledge should be explicitly
considered in assessment methods if we want students to be motivated to practice and
improve them, even if they cannot be defined or assessed through strict, objectively defined
criteria [54].

3. Aim and Research Questions

The theoretical viewpoints and empirical findings emphasise the need to support stu-
dents’ competencies for technology-enhanced collaborative knowledge creation practices.
Our aim in this study is to investigate whether the characteristics of learning assign-
ments include practices that can support the emergence of these competencies in upper
secondary school.

The following research questions were addressed:

(1) What are the characteristics of investigated assignments in upper secondary courses
in relation to promoting competencies for collaborative working with knowledge?
(2) What groups of pedagogical assignments can be identified in the investigated cases?

4. Materials and Methods

The study was an explanatory multiple-case study [55] in which the theory base helped
to create the analysis framework for the assignment analysis as well as to interpret and
explain the practical findings of the cases [56].

4.1. Context of the Study

This study took place in Finnish upper secondary schools. It takes three to four years
to complete upper secondary education [57]. Passing the matriculation exams provides an
option for applying for entry to higher education. The Finnish National Core Curriculum
for upper secondary schools (implemented in 2016), has a course structure of compulsory
and voluntary courses. A course is usually seven weeks long with 38 h of classroom
teaching. In addition to its content-related aims, the curriculum recommends pedagogical
methods, such as problem-solving or inquiry learning. The aims concerning general
competencies are to develop information acquisition and application capabilities, to become
accustomed to assessing the reliability of the information, and to learn to use information
and communication technology appropriately and safely. Furthermore, a school should
support interaction, cooperation, and self-expression skills, or those competencies needed
for working in teams and projects. The curriculum also consists of cross-curricular themes,
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such as multiliteracy and media, and technology and society. The aim of these is to engage
students in observing and analysing contemporary phenomena, exploring extensive entities
and crossing boundaries, sharing understanding and competence as well as in peer learning
and problem-solving [57]. Based on these aims, it can be said that the curriculum is well in
line with the recommendations to support the learning of the general competencies as well
as research findings on how to achieve these competencies.

Finnish teachers have relatively broad autonomy in their classrooms, they have the
freedom to decide on the pedagogical methods they use with students [58,59], and they
have deep professional insight into education from several perspectives because of their
academic background and the five-year master’s level university education they must
undertake. For these reasons, the courses and the assignments vary according to each
teacher’s pedagogical thinking and decisions, although the general curriculum is the same.

4.2. Cases

An independent and coherent knowledge-related assignment formed a case of the
study because the assignment captures the pedagogical basis for learning, as explained
above. For the knowledge-related assignments, students searched, compared, or evalu-
ated knowledge, and they answered questions that required information management
and processing skills, or they produced presentations, essays, or other creative outcomes
themselves. The duration of knowledge-related assignments varied from one to several
lessons, and they were conducted individually or collaboratively. We chose to focus on
individual assignments, not on courses, because usually, a course consists of several assign-
ments, which differ from each other. Focusing on the course level hides the details of the
assignments. The participating teachers had designed and implemented the assignments
(the cases) as part of their ordinary teaching practice, not for research purposes, and the
researchers did not participate in the design nor the implementation of the assignments.

The study consisted of 30 cases at 14 schools. The selection of the cases had three
prerequisites: first, the assignments should include working with knowledge. The subjects
and the number of cases in brackets were as follows: Finnish language and literature (7),
Psychology (4), Civics (3), Geography (3), Religion (3), Integrated entities (these consisted
of two or more subjects) (3), Biology (2), History (2), Chemistry (1), Health Education
(1), and Philosophy (1). Second, the knowledge assignment should include students” use
of digital technology. Third, the courses should be obligatory for all students, so they
could study how knowledge competence is taught to all students, and not only to selected
voluntary groups.

The schools were selected using a convenience sampling method [60]: We first con-
tacted principals of several schools through our collaboration and communication networks
in the field of school education to ask about their interest in participating in the study.
Some of them refused to participate, mainly because of the heavy workload of the upper
secondary school teachers or because of several concurrent studies in the school. The
principals helped in finding voluntary teachers in their schools. The second step was to con-
tact volunteering teachers by email, and they agreed in the course, the knowledge-related
assignment, and the lesson to be observed.

The permission and informed consent to conduct the study at the schools were ob-
tained from the municipalities, schools, and participating teachers.

4.3. Participants

In all, 30 teachers participated in the study, one to four teachers from each school. They
represented a wide cross-section of teachers: young, less experienced, and older with more
experience in teaching; 17 were women. The students (16-19 years) participated in the
courses mainly during their first or second year of upper secondary school. The number of
students participating in the lessons we observed varied from 14 to 32; the mean number
of students was 23.6. The participating schools were located in southern Finland; ten in the
Helsinki metropolitan area.
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4.4. Data Collection

To investigate the knowledge-related assignments, we collected three types of qual-
itative data, following the principles of a multi-methods approach [61] and focusing on
the issues founded in the theoretical background. Furthermore, the different types of data
supported the reliability by triangulation [62].

4.4.1. Classroom Observations

Classroom observations were used to provide information about the characteristics
and nature of enacted assignments. One researcher observed one lesson from each chosen
assignment. If the knowledge-related assignment was conducted over several lessons,
the first and the last lesson were avoided, to see students” working practices instead of a
teacher’s introduction or students’ final presentations. The lessons usually took 75 min.
Three researchers agreed on a common structure of observation notes, following the notion
of a sociocultural approach of focusing on practices, i.e., what activities were conducted
during the lesson, instead of interpreting thoughts, motivation, or intentions [63,64]. The
observation notes followed the chronological order of the lesson activities and events.
The observations focused on (1) the assignment: its aims and contents; the teacher’s and
students’ responsibilities (that is, the activities for which they were responsible in the
assignment); students’ collaboration; the digital technology used, (2) teacher guidance:
guidance of all students, the guidance of groups and individuals; the content of guidance,
and (3) the students working with the assignment.

4.4.2. Teacher Interviews

Teacher interviews were conducted two to three weeks after the course was finished,
and they allowed the researchers to get information on the overall structure and content
of the assignment as well as to clarify and strengthen their interpretations based on the
observations. The structured interviews focused on the following topics:

(1) Issues related to the whole course: the aims, timing, student tasks and activities, and
assessment practices.

(2) Issues related to the knowledge-related assignment investigated: general description
and organisation of the activities in the assignment; the role of the assignment as part
of the overall course; aims; timing; the teacher’s and students’ responsibilities; the
outcomes and their re-use; individual and collaborative activities; process working;
information sources and their use; reflection, commenting and feedback; the role of
external stakeholders; digital technology used; goals and assessment. The questions
were based on the theoretical background. In addition, researchers asked clarifying
questions about the lesson they observed.

The interviews took from 40 to 60 min, and they were transcribed.

4.4.3. Complementary Data

Before the interviews, teachers were asked to give the researchers access to the digital
learning environment or screen captures of the environment. These supported the under-
standing of the role of digital technology and also the assignments in general. The digital
environment was reviewed with the teacher during the interviews, but its content was
not analysed separately. We also received some materials from teachers, such as students’
outcomes or assignment guidelines; these were used to increase our understanding of the
assignments for the analysis.

4.5. Data Analysis

The analysis of the qualitative data of teacher interviews and lesson observations
was explorative. The creation of analysis categories (the pedagogical practices) and sub-
categories (the profound pedagogical practices) was a process of moving back and forth
between the theoretical viewpoints described above, and evidence, relying on theoretical
propositions [55,56,65]. The analysis followed the assumptions of interaction analysis [64]
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(p. 41): “building generalisations from records of particular, naturally occurring activities,
and steadfastly holding our theories accountable to that evidence.”

For the analysis, the observation notes and the interview transcriptions were con-
densed. Two of the five researchers first created an observation table, connecting the
relevant findings of the observation notes and the interviews of each case, and the pre-
liminary coding categories, which followed the interview questions. Gradually, the main
categories were revised according to the data-driven analysis as well as the theoretical
viewpoints described in the Theoretical background section. The key references for the
categorisation of the main categories were the following:

- The knowledge creation approach to learning and object-orientedness: [9,28,29]
- Collaborative practices: [30,32,40];

- Assignments for collaborative knowledge creation: [29,33,34];

- Cross-fertilisation: [37,38,40];

- The epistemic challenge: [4,7,43];

- Digital competence and information practices: [29,45,51];

- Assessment: [53,54].

After the main categories, the sub-categories were created and revised.

The definitions of categories were created collaboratively by the authors. After this,
the coding of data to sub-categories was examined more in-depth and divided into four
levels based on defining the occurrence, intensity, and quality of the feature analysed
in each case (see the categories and descriptions of levels in Table 1). Parsons et al. [27]
used a similar analysis in their study about assignments at the elementary school level
and Schoenfeld [62] used the same kind of coding schema. The qualitative levels were
quantified from one to four and the frequencies of the codes were compared [64], following
the example of Muukkonen et al. [7]. Level four represented the most intensive or expert-
like pedagogical practices of the investigated characteristics, level one did not include the
practices. Quantifying the qualitative data into four levels within each category made the
differences visible [27].

Table 1. The categories and sub-categories, theory basis, and the justification of the levels of the scales.

Sub-Category

Definition of the Levels of

the Scales Examples: 1 = Lowest Level, 4 = Highest Level

Object-orientedness

Existence of a shared object; level

(1) No shared object (task given by the teacher, everyone did the same task).

Tangible object of teacher vs. student contribution (&) Students made a knowledge object (essay, presentation, video, poster, etc.) in
groups aiming at influencing some issue (in society, in school, etc.).
. (1) No re-use.
Existence of re-use; broadness and
Re-use

scope of reuse (4) Students use the report created during the course and also during the second

course (only those students who choose also the next, voluntary second course).

Epistemic challenge

Problem space

(1) Ready-made questions to be answered, mainly factual and definition questions,

From well-defined to authentic with no real problems.

ill-defined problems (4) Examination of the chosen phenomenon from the viewpoints of

psychological science.

Freedom of choice

Degree of freedom in the

(1) Students did the tasks, decided by the teacher, in a pre-planned order.

assignment (4) Students chose the topic (phenomenon) of their essays, the teacher gave
suggestions; practising professional scientific writing.

Nature of working
practices

(1) Arbitrary ways of working just for getting acquainted with the content; writing

From knowledge acquisition to
simulating professional or
academic practices

answers to teacher-created questions.

(4) Systematic teaching of academic, scientific writing and use of academic sources.
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Table 1. Cont.

Sub-Category

Definition of the Levels of
the Scales

Examples: 1 = Lowest Level, 4 = Highest Level

Process-like emphasis

Iterativeness

From no versioning to long-term
and multiple versions

(1) The summary was written during one lesson; the teacher even encouraged them to
write shortly and finalise the text quickly. Submission in the same evening.

(4) Students reflect on the course content through the country they chose to explore
and prepare a project report throughout the course. Two checkpoints for improving
the report.

Reflection and

Extent and versatility of reflection

(1) At the end of the course, the teacher asked students to submit their answers and
commented on them.

feedback and feedback activities (4) Groups gave feedback to each other; the teacher gave feedback during the process.
Final work was reflected; everyone also evaluated their own work.
Intensity of collaboration
(1) No sharing between students, only to the teacher through Google Classroom.

Sharing Exter}t and versatility of sharing; (4) Students shared the outcomes first in their own group and then with other groups,

sharing content and/or process gt dents gave feedback to others in a discussion forum sharing their
preliminary thoughts.
Nature of group From voluntary collaboration and (1) No collaboration.
work division of labour to organised (4) Students worked in groups and did the experiment together, with roles based on

collaborative working

the task. Students also wrote a pre-study in pairs.

Cross-fertilization

Variation of

From mere learning material to a

(1) School book and digital material; voluntary to use the web as an
information source.

information . . . .
sources rich variety of information sources (4) Rich variety of different historical sources: books, newspapers, pictures and photos,
radio programs, and authentic web sources.
. . (1) No external collaboration.
External The intensity of external
collaboration collaboration (3) * Not emphasised but some groups visited some organisations or made surveys or
interviews for their work.
Information practices
(1) The teacher suggested using Google Docs for making group memos, but each
. . group had the freedom to use technology as they liked or not use anything; oral
Use of digital Variation of .chg1tal. technolpgy, presentations, no written guidelines, or digital platforms for sharing of outcomes.
technolo nature and intensity of using
gy digital technology (4) Web-based learning environment for sharing teaching materials (Edu 2.0); groups
made the posters using presentation tools of their choice (PP, LibreOffice, Google doc);
teaching of layout design.
Guided . . (1) Not mentioned any strategies, self-directed search.
information Systematic guidance of
mn . information strategies (4) Teacher very clearly presented the necessary materials, guiding material included,
strategies . 1 .
e.g., some examples for searching and guidelines on how to write references.
(1) Written answers/examination of claims and use of Internet resources,
. . multimodality not emphasized.
Degree of Variation of media types used
multimodality and/or created (4) Pictures, academic texts (even advised not to use texts including opinions or

propaganda), mind maps (created at the beginning of the process), and guidance to use
YouTube videos.

Assessment

Explicit assessment

From no criteria to clearly

(1) Criteria not explained.

criteria described assessment criteria (4) Clearly explicated assessment criteria (in a matrix) used by the teacher and the
students in peer review.
Versatility of From no assessment to a variety (1) Not assessed.
aSSESSOrs of assessors and assessment (4) Self-assessment of the group work process, peer assessment, and teacher

methods

assessment; teachers considered self and peer assessment results in their grading.

Assessment of
competencies of
collaborative
working with
knowledge

Existence and relevance of
assessing performance related to
collaborative working with
knowledge

(1) Not assessed.

(4) Part of the assessment was the
self assessment for group work,
using references, etc.

* No cases in level 4.
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The categorisation of data into levels in each sub-category was compared with each
other several times by the first two authors, to ensure that the features ranked into the same
level represented the same types of practices. When the final categories were decided on,
all cases were re-coded once more by the first two authors. During the revision process,
we noticed that the cases analysed first were analysed in a more critical way (similar to
Timmermanns and Tavory [65], who described saturation), but with more data and better
familiarisation with the data, the interpretations became more alike. The final analysis
framework of the pedagogical practices with the categories, sub-categories, definitions of
the levels of the scales, and examples of the lowest and highest levels is presented in Table 1.

Although the characteristics of the assignments were analysed separately from each
other, in practice they are closely intertwined; for example, to answer an ill-defined question,
students usually work longitudinally. They search for new information and make new
versions, they get feedback from the teacher and peers, and they have a relatively large
amount of independence in their working practices. To identify relatively homogeneous
groups of cases based on selected characteristics [65] and to reveal the differences in the
combination of characteristics between the cases, we clustered the cases according to the
level values of the sub-categories see [66]. A three-cluster solution was chosen because it
illustrated the differences between the cases best from the viewpoint of supporting students’
competencies relevant to technology-enhanced collaborative knowledge creation. If there
were more than three clusters, the solution produced was disordered and impossible to
interpret, and a two-cluster solution did not reveal differences between the clusters. For
the analyses of the quantified data, SPSS Statistics version 24 was used.

5. Results
5.1. The Characteristics of the Knowledge-Related Assignments

To answer the first research question, we first analysed the means and standard
deviations of each sub-category (presented in Table 2) and after that, the distribution of
the cases.

Table 2. The mean and standard deviation of the subcategories.

Category Mean SD
Object-orientedness (OB)
OB Tangible object 2.5 1.2
OB Re-use of the outcome 15 0.86
Epistemic challenge (EC)
EC Problem space 2.8 0.9
EC Freedom of choice 2.1 0.98
EC Nature of working practices 2.3 0.92
Process-like emphasis (PRO)
PRO Iterativeness 1.8 0.87
PRO Reflection and feedback 2 0.96
Intensity of collaboration (COL)
COL Sharing 1.7 0.99
COL Nature of group work 2.3 0.8
Cross-fertilisation (CF)
CF Variety of information sources 2.6 0.85
CF External collaboration 1.1 0.43
Information practices (IP)
IP Use of digital technology 2.3 0.75
IP Guided information strategies 2.4 1.1

IP Degree of multimodality 2.4 1.1
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Table 2. Cont.
Category Mean SD
Assessment (AS)
AS Explicit assessment criteria 22 1.1
AS Versatility of assessors 2 0.89
AS Assessment of competencies of 5 114

collaborative working with knowledge

The scores of the sub-categories within the main categories in most cases differed
from each other, and in some categories, like Object-orientedness or Cross-fertilisation,
even profoundly. The means of the subcategories revealed the rarest practices: External
collaboration, Iterative approach, reuse of the outcome, and Sharing. Opposite to these,
especially Problem space and Variety of information sources and Tangible objects received
high-level scores in the analysis.

The distribution of the cases in the subcategory levels brings to light the popular and
rare practices, presented in Figure 1.

0 5 10 15 20 25 30
OB Tangible object T Eye— QE——— 10
OB Re-use of the outcome . 3 4 1
EC Problem space sz 17 5
EC Freedom of choice s ) s s § s 9 2
EC Nature of working practices mmGm—— 10 3

PRO lterativeness IS e s ) 6 1
PRO Reflection and feedback e —————————— D — 5 3

COL Sharing s S S S 3

COL Nature of group work s m— 10 2
CF Variety of information sources mmmmn]wm— 11 5
CF External collalboratio 1 ) ]
IP Use of digital technology R Qe—— 5 3
IP Guided information strategies T EgE—————————O—— 7 6
IP Degree of multimodality ~m——g———S——— 8 6
AS Explicit assessment criteria IO 6 5
AS Versatility of assessors g s——— ] S e 6 2
AC Assessment of competencies of collaborative working... m e ————— 7 4

Hlevell mLlevel2 Level 3 Level 4

Figure 1. Distribution of cases in the levels within each sub-category.

In the assignments we investigated, the Tangible object category received high scores;
in one-third of the cases, it was at level four; objects were, e.g., digital posters, essays, or
written argument analysis. It was at the “highest” level of the practices used, which is
promising: in these schools, students do assignments in which they produce something
new. In addition, Problem space was open and challenging in 22 of the cases (levels
three and four), which is also promising: students had open and authentic questions and
problems to answer. As an example of a case at level four, students examined a self-selected
phenomenon from the viewpoint of psychological research. Also in the category Nature of
working practices, one-third of the cases were at level three, and, as an example, the teacher
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emphasised real methods and the concepts of literary science, and the students’ task was to
analyse a given text following them.

The opposite, uncommon practices, were Re-use of the outcome; only one case was
at level four, and in 22 cases there was no re-use. In 27 out of 30 assignments, there was
no External collaboration, and in two assignments (level two), the cross-fertilisation was
realised within the school: with a teacher of health care expertise or older students. In the
only assignment at level three, the external collaboration was voluntary, and student groups
visited external organisations, conducted surveys, or interviewed external stakeholders.

The other practices we investigated were between these opposite extremes. In the
Explicitness of information strategies and Degree of multimodality categories, the cases
were divided almost evenly between all levels.

The Use of digital technology category was at level two in two-thirds of cases, and in
these cases, a digital learning environment was in use as well as basic office applications
such as Word or PowerPoint. This means that students used digital technology but at the
basic level.

The process-like emphasis, Collaboration, and Responsibility of the process were at a
low level in most of the cases investigated. In 23 assignments, Iterativeness, and Reflection
and feedback practices were either missing or they were limited. Similarly, there was no
Sharing between students in 17 assignments. In several cases, we noticed that the teacher
asked students to share the work only with themselves, not with their student peers. In
some cases, this might relate to the lack of re-use practice: students” outcomes were not
regarded as true products which could be useful or valuable later, or to someone else, and
for this reason, they were not shared either.

Group work was voluntary (level 2) in 14 assignments. In ten assignments, students
worked in groups but that was typically based on the division of labour, or the group
work was only one part of the assignment. Students had limited or no responsibility for
the process in 19 assignments, e.g., in focusing on content and in choosing the topic or
the form of outcome. Examples of such assignments included writing answers to the
teacher’s questions (at level one) or groups that chose their topic and the teacher had
written questions, which they had to answer (at level two).

In the Assessment, in 20 cases, the assessment criteria were not clear, or the explicitness
was only at level 2, which does not support students” meta-understanding of the aims or
help them to focus their learning. Furthermore, in half of the cases, the competencies for
technology-enhanced collaborative knowledge creation were not assessed at all, which
implicitly points out that it is not important.

5.2. Finding Clusters of Pedagogical Practices in the Cases

To answer the second research question, we conducted a cluster analysis based on the
means of sub-categories. Because the levels of almost all sub-categories varied between one
to four we wanted to find out if the assignments formed groups based on similarities and
differences. After that, it was possible to consider what kind of learning the various groups
support. Figure 2 presents the clusters in relation to the mean scores of the subcategories.

The first cluster consists of eight cases, the second of seven cases, and the third of
15 cases. The cluster profiles differ from each other although the clusters also share some
similar characteristics. Cases resemble each other in some of the subcategories. The use
of technology and a variety of information sources, which is close to the use of digital
technology, represent practices that are quite ordinary. Subcategories External stakeholders
and Re-use of the outcomes by contrast are of low level. In all cases, collaboration with
external stakeholders was rare, similarly the re-use of an outcome. The major differences
between the cases were in clusters 1 and 3, in all subcategories, as Figure 2 shows. Clusters
1 and 2 differed from each other, especially in the Iterativeness, and Reflection and feedback,
Degree of multimodality subcategories, and all Assessment subcategories.
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AS Explicit assessment criteria

IP Degree of multimodality

IP Guided information

IP Use of digital technology

AS Versatility of assessors

OB Tangible object
AS Assessment of 4.0

. OB Re-use of the outcome
competencies of.

EC Problem space

EC Freedom of choice

EC Nature of working
practices

PRO lterativeness

PRO Reflection and feedback

FC External collaboration COL Sharing

FC Variation of information

COL Nature of group work
sources

Figure 2. A solution of tree clusters of the knowledge assignments.

In short, the cases differed also between the main categories. Group 1 had high
scores in Object-orientedness, Epistemic challenge, Process-like emphasis, Intensity of
collaboration, Information practices, and Assessment. Group 2 had relatively high scores
in Epistemic challenge, Information practices, and in subcategory Tangible object. In the
other categories, Group 2 was between the other groups. Group 3 had low scores in all
the categories.

In Cluster 1, the assignments were open and challenging, students had responsibility
for the process, e.g., freedom to choose the content and outcome of their work as well as
the ways of working, the assignments were iterative, and students received feedback from
their peers as well as from the teacher. In the assignments, students often collaborated
for a shared outcome (object), information practices were emphasised, and assessment
was explicit. Furthermore, the competencies were guided, and they were an essential
part of the assignments. We described this cluster as Open and challenging assignments
with guidance and support. An example of a case in Cluster 1 was an assignment from
the course Chemistry Everywhere. The assignment was an empirical experiment about
“Separating methods of substances”. Besides learning the topic, the aims were to learn to
do experiments and to report about them, but the aim was also to learn about scientific
methods in chemistry. Students worked in pairs and groups formed by themselves during
the four lessons (75 min each); in addition, they also had to do some writing at home.
Students” activities resembled a scientific experiment: they used professional tools, and
they worked as an expert group, each with a different role, doing real experiments. During
the first two lessons, students did a small study in pairs, practising how to do a study,
write references and write scientifically. The study continued for two lessons with an
experiment in groups of four. Students also wrote a report about it, combined with the first
pair’s writings. The teacher had guiding documents and videos on the digital learning
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environment and he guided students several times to read and examine them instead of
telling them the correct answers. He also showed a few techniques, but his guidance was
situational; he helped those groups that needed guidance.

Cases in Cluster 2 have similarities with the other two clusters. There was a tangible
object to be produced, the assignments were challenging, the problem space was open, and
students had the freedom to choose the topic and the production of outcomes. Students
used digital technology in an advanced way and the information strategies were explicitly
described. However, students did not get much support for their work: the process was
not iterative nor reflected, and the students got feedback mainly after finishing the work.
Furthermore, the assessment practices were not explicit, and the assessment was teacher-
centred. Students had a challenging task, but they did not get guidance during the process.
We named this cluster Demanding assignments without support. In a case in this cluster
from a Finnish language and literature course, students had to make an argumentation
analysis comparing two documentary reviews. Argumentation analysis was supported
by some written guidelines. The students searched and chose the reviews themselves
from the Internet; the teacher helped if needed but did not teach the students web search
strategies explicitly. The analysis was done during a 90-min lesson and continued at home.
There was no versioning, and only the teacher gave written feedback about each text after
submission. Students had the freedom to work individually, in pairs, or in groups, and
to choose which digital tools to use. The products were not shared between students
and there was no modelling of effective digital or collaboration practices. Assessment
criteria were not explained, but the teacher emphasised that the assessment focused on the
argumentation analysis skills demonstrated in the final text. The task was quite challenging
for students, but they did not get much systematic support to complete it.

Cluster 3 consisted of assignments representing teacher-centred pedagogy: in these
assignments, the teacher (or learning material) structured the object of working, there was
limited challenge or responsibility in the working process (typically all students did the
same assignment) and there was no reflection or feedback. Collaboration existed but it
was voluntary, information practices were limited, and the only information source besides
the textbook was the Internet, and if assessed, the teacher assessed the outcomes. We
named this cluster Well-defined, teacher-directed assignments. An example of assignments
belonging to this cluster is one from a Psychology course. The topic of the assignment
was the biological basis in human behaviour and the students’ task was to answer ready-
made (mainly factual) questions on a web platform using the textbook and the Internet
as information sources. Students were recommended to do the task in groups, but about
half worked alone. Students worked on the task in one 75 min lesson and continued it
as homework if needed. Everybody answered the same questions, and the answers were
not shared between the students. The teacher gave written feedback through the digital
platform after submission, and the students had the opportunity to improve their answers
after that before final grading. Assessment criteria were not explained to the students. The
assignment represented simple question answering without much challenge or modelling
of effective or professional knowledge work practices.

6. Discussion

The present study investigated the nature of 30 knowledge-related assignments in up-
per secondary schools. In general, the knowledge-related assignments differed profoundly
from each other. The main and subcategories helped to demonstrate the existing practices
as well as the differences between the cases.

It is promising that the epistemic challenge in the form of open problem space received
high scores; this indicates that students at upper secondary school faced tasks, which
require their responsibility and high-level thinking. The reverse is that the challenging
activities are seldom guided and supported enough, as the cluster Demanding assignments
without support shows. Challenges are good for students who manage to take responsibility
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and who are engaged in the assignment, but not for students with less competence, self-
direction, and motivation.

In general, the low level in such subcategories as Responsibility for the process or
Nature of working practices may diminish the self-leadership. In addition, the small
amount of iterativeness or reflection and feedback may lead students to find it difficult to
improve their outcomes. Such practices are used at school but not in subsequent education
and the workforce. Students learn to finish the work in one go, following the orders from
the teacher, and not regulating the work by themselves.

We noticed that digital technology was mainly used at a basic level, which is somewhat
surprising: the use of digital technology in the matriculation exams requires teachers to use
it during courses and it would be expected that it would be used in rich and versatile ways.
Technology was not used effectively or meaningfully. For instance, the sharing options (as
in Google Drive tools) were used less often than possible, and the sharing of processes and
unfinished outcomes was quite rare. It is more notable since schools used digital learning
environments that supported and allowed the sharing of work. The missing practice of
sharing seemed to be connected to another feature in the pedagogical practices: in these
cases, process-like practices were also at a low level, and, if students collaborated, it was
mainly voluntary and based on the division of work, not on joint elaboration.

Concerning cross-fertilisation, the use of a rich variety of information sources seemed
to represent a typical cross-fertilisation at the school level: students get “a touch” of external
knowledge by using web-based references, which are easy to organise and accessible in
the Internet era. Collaboration with external stakeholders was rare—we could not find
any cases at level four. Our finding is in line with others’ studies: there is not enough
collaboration between upper secondary education and the workforce or higher education,
and, if it exists, it is occasional [37,67,68].

The methods of assessment motivate students and focus their attention and activities.
The results showed that the strength of well-planned and versatile self and peer assessment
was seldom used. The assessment of the competencies which are not content-related, is
still rare and evolving, and there is a need to revise the assessment systems cf. [54,69]. In
our study, the cases in the cluster Open and challenging assignments with guidance and
support included methods for assessing competencies for technology-enhanced collabora-
tive knowledge creation, in addition to content mastery, which is a promising sign of the
opportunities presented.

The three-cluster solution revealed notable differences between the three groups of
cases. The first group consisted of assignments, which had features that are in line with
many theoretical ideas about recommendable pedagogical practices: they were open and
challenging, longitudinal and process-like, and scaffolded by the teacher, strongly in line
with the requirements stated in the national curriculum [57]. From a theoretical point of
view, we may say that these represent, or are close to, the knowledge creation approach to
learning see [28]. The second cluster was close to the first one: the assignments were open
and challenging, but students did not get guidance during the process, and feedback or
reflection practices were missing. Students were left alone with a demanding assignment.
Many teachers probably think that upper secondary students already have the skills and
competencies expected of them and therefore it is not necessary to teach them, or the
teachers themselves do not know how to teach competencies such as collaboration or
advanced information management and processing skills. The third cluster represented
traditional schoolwork: the assignments were well-structured, teacher-centred, and concise
without iterative elaboration and the challenges were limited.

Limitations of the Study

It is obvious that the subject domain somewhat affects the pedagogical methods and
the nature of assignments. In this study, the cases were not analysed according to the
subjects because the number of cases in the various subjects was small. However, the
results of the clustering show that the nature and characteristics of the assignments were
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not based on subjects. Findings of another study partly based on the same data [38]
indicate that although the same courses of a subject, run by different teachers, followed the
same curriculum, the assignments varied extensively, depending on the teacher. Students
reported learning practices of working with knowledge at different levels, related to the
nature of assignments, not the subject of the course.

Our study was conducted in the Finnish context, and the results are closely connected
to the requirements of Finnish upper secondary schools as well as the Finnish traditions of
a student-centred pedagogy and teachers’ pedagogical independence. However, even in
other contexts, knowledge-related assignments are essential for learning generic competen-
cies, as stated by the OECD [2] and the European Commission [70].

Thirty cases from 14 schools from several areas in Southern Finland participated in
the study and the cases were based on the teachers” voluntary participation. Another
knowledge-related assignment even from the same teacher could have been different.
The cases helped in creating the analysis framework and explaining essential aspects to
be considered in building students” competencies for technology-enhanced collaborative
knowledge creation, but the results cannot be used as proof of prevailing characteristics of
all Finnish upper secondary education.

The validity of the study was ensured in the following ways: The interpretation of
the cases was based on multiple sources of evidence resembling an ethnographic method;
we created a case study database, data were used for triangulation, and five researchers
examined the data and the interpretations [55].

7. Conclusions and Implications

Students learn what they do. For this reason, we focused on investigating the charac-
teristics of enacted knowledge-related assignments to find out what practices the students
are engaged in, and whether the assignments consist of features that, according to previ-
ous research, might be expected to promote the competencies of collaborative working
with knowledge.

7.1. Theoretical Implications

The analysis framework offers a theory-driven but practice-related approach for in-
vestigating assignments as well as classroom practices in different contexts focusing on
collaborative work for knowledge creation. In analysing the cases and creating the analysis
framework, we realised that pedagogical practices need to be examined from multiple
perspectives in an integrated way because various aspects of the learning assignments con-
tribute to students’” engagement and learning of competencies. The categories of Epistemic
challenge and Process-like emphasis described well the pedagogical practices in the class-
room organised by the teacher. The Intensity of collaboration subcategories revealed the
nature of collaboration better than just one general category for collaboration. Information
practices is a category for analysing how the use of digital tools and information sources
was implemented and guided. The Assessment category was necessary for understanding
what practices students were directed to focus on. In future, testing the framework in other
contexts will be needed, across disciplines and learning practices in different countries, to
see if the framework is usable with variations of assignments. Furthermore, studies with
more cases and thus more subject domains would be needed; perhaps with somewhat
lighter ways of collecting data.

7.2. Methodological Implications

The creation of the analysis framework was an extensive achievement of connecting
theoretical approaches to empirical findings. Based on the study, the use of the framework
showed essential differences between the knowledge-related assignments.

We used mixed methods and a range of data types to capture the characteristics of the
assignments. The qualitative data from different points of view and interpreted by several
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researchers were necessary for understanding the complexity of teaching and learning
competencies for collaborative knowledge work.

7.3. Practical Implications

At school, it is obvious that there is a need for restricted, short-term assignments but
students should also have more demanding open and challenging assignments to learn
generic competencies, especially for collaborative knowledge creation. However, demand-
ing assignments without support is problematic for students if they do not have skills
for self-regulation and self-leadership because the assignments do not include embedded
guidance and support. Many of these assignments could easily be improved: more teacher
guidance and peer feedback as well as self-reflection and clearer assessment criteria would
help to raise the pedagogical level. It is essential that students have challenges in both the
content and the practices during their upper secondary education, but they should also get
well-timed support and guidance to overcome any difficulties and problems. In our study,
only a quarter of the assignments were Open and challenging assignments with guidance
and support. We suggest increasing these kinds of activities. However, it is noteworthy
that there were also good practices to be found in the cases investigated, which shows
that teachers have the liberty and pedagogical competence to fulfil their pedagogical aims.
These exemplary practices need to be disseminated wider to other schools and teachers.
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