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ABSTRACT ARTICLE HISTORY
When addressing problems with wicked tendencies in higher Received 25 September 2023
professional education, students experience complexity, Accepted 6 February 2024
uncertainty, and value divergence. Furthermore, they are KEYWORDS
confronted with disciplinary, organisational, and sector  dent profiles; problem-
boundaries. Prior research has revealed variability in stu- solving competence;
dents’ experiences and boundary-crossing behaviour when boundary crossing; teacher
dealing with problems with wicked tendencies. In this study strategies; higher education;
we explore these differences by identifying student profiles wicked problems

based on the attributes that comprise the competence for

dealing with problems with wicked tendencies, and by iden-

tifying their relations with students’ boundary-crossing beha-

viour and relevant work experience. Person-centred cluster

analysis in a sample of first-year students (N=264) from

a bachelor’'s programme in social work identified four stu-

dent profiles, based on students’ self-assessed degree of

creativity, critical thinking, initiative, proactivity, risk toler-

ance, and work efficacy. Meaningful relations with students’

prior work experiences and their boundary-crossing beha-

viour were found. These profiles could serve to better under-

stand students’ boundary-crossing behaviour when

confronted with problems with wicked tendencies, and

help teachers foster the development of all students.

Introduction

Students today face a world in transition. Complex and ill-defined problems,
such as social equity, ageing populations, and poverty, which transcend dis-
ciplinary, organisational, and sector boundaries (Head and Alford 2015), reshape
the demands placed on professionals. Professionals are expected to contribute
to joint efforts aimed at addressing these problems in dynamic and unpredict-
able contexts, while facing ambiguities and navigating uncertainty, complexity,
and value divergence (Noordegraaf 2007). The increase in interprofessional
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work across various contexts has led to shifts and expansions of professional
roles, and to experiences of vagueness and role conflict (Noordegraaf 2007). The
ability to benefit from the expertise of others has become as vital as having
specific domain expertise (Noordegraaf 2007; Penttila and Kairisto-Mertanen
2013). Building upon the notion of boundary-crossing: the processes of working
and learning extend beyond the mere acquisition of expertise within a confined
domain. They encompass crossing boundaries in the sense of entering unfami-
liar grounds and combining elements of different contexts to create new solu-
tions or knowledge (Akkerman and Bakker 2011).

Higher professional education (HPE) aims to prepare students for the evol-
ving roles and practices that professionals encounter when navigating these
challenges (Neubert et al. 2017; Smith, Shaw, and Tredinnick 2015). This is
reflected in the increase in authentic learning environments, wherein students
address problems with wicked tendencies in collaboration with external stake-
holders across organisational and disciplinary boundaries (Penttila and Kairisto-
Mertanen 2013; Veltman, Van Keulen, and Voogt 2021). These settings immerse
students in new and unpredictable situations, encouraging them to take risks
and explore different perspectives. Prior research has highlighted variability in
how students experience uncertainty, complexity, and value divergence when
addressing problems with wicked tendencies in HPE courses (Veltman, Van
Keulen, and Voogt 2019, 2021, 2022). That variability manifests as differences
in boundary-crossing behaviour (Gulikers and Oonk 2019), different degrees of
tension (Veltman, Van Keulen, and Voogt 2021), and diverse coping mechan-
isms, such as avoiding interaction with stakeholders (Seremet, Haigh, and
Cihangir 2021).

From a situated, people-centred perspective on wickedness, how people
experience wickedness, cope with it, and pay attention to it, as well as the
attributes at their disposal to do so, also varies (Noordegraaf et al. 2019). When
viewed from an integrated stance, as proposed by Hager (2017) and Funke,
Fischer, and Holt (2018), among others, the competence to deal with wicked-
ness entails a combination of both cognitive and non-cognitive attributes.
These attributes encompass knowledge, skills, abilities, and attitudes needed
to address the challenges of observing wickedness and taking joint action in the
context of wickedness (Termeer et al. 2015). Several studies have stressed the
influence of personal attributes, such as risk tolerance, on people’s learning and
behaviour in collaborative and open-ended problem solving (Da Silva and Davis
2011; Head 2019; Head and Xiang 2016).

A better understanding of the differences between students is impor-
tant to inform teachers’ strategies and foster each student’s learning.
More insight is needed into the influence of students’ personal attributes
on their boundary-crossing behaviour when learning to deal with wicked-
ness (Arenas, Tabernero, and Briones 2006; Hero, Lindfors, and Taatila
2017) and the relation of these attributes with prior relevant work
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experience (Bhandari et al. 2021). Therefore, this study investigates which
combinations of attributes that comprise the competence for dealing with
problems with wicked tendencies exist in a sample of social-work stu-
dents in a first-year course situated in the local community. We use
person-centred cluster-analysis to investigate whether different student
profiles with respect to self-reported attributes for dealing with wicked-
ness can be identified. Subsequently, we examine how students’ self-
reported boundary-crossing behaviour and relevant work experience are
related to their profile assignments.

Learning in contexts of wickedness

In 1973, Rittel and Webber introduced the term wicked problems to describe
a category of complex social problems characterised by ill-definedness,
ambiguity, multi-dimensionality, open-endedness, resistance to solutions,
and differences in the values and perspectives of the people involved
(Rittel and Webber 1973). Following Head (2008) and Head and Alford
(2015), we understand wickedness as the combination of three dimensions:
complexity, uncertainty, and value divergence. Complexity refers to the
system-like character of problems and the existence of elements, subsys-
tems, and interdependencies. Uncertainty concerns the risks, consequences
of actions, and changing patterns with respect to conditions or resources
that occur over time. Value divergence refers to the involvement of stake-
holders with diverging perceptions, viewpoints, values, and strategic
intentions.

Rittel and Webber’s original distinction between wicked problems and ‘tame’,
technical problems (Head 2019), assumed a binary relationship between them.
However, currently, wickedness is considered as a spectrum of difficulties
(Newman and Head 2017). This perspective acknowledges that problems can
vary in the extend of their wickedness, meaning that they can exhibit varying
degrees of complexity, uncertainty, and value divergence (Head 2008; Head and
Alford 2015). As a result, rather than categorising problems as ‘wicked’ or not,
we refer to problems as having ‘wicked tendencies’, recognising the varying
degrees of wickedness they may exhibit.

When addressing wickedness, people face the two intertwined challenges of
observing and understanding the problem, and generating responses in terms
of action strategies (Head and Xiang 2016; Termeer et al. 2015). Addressing
wickedness requires adaptive, non-routine, experimental, collaborative, partici-
patory and cross-disciplinary approaches (Head 2019; Head and Xiang 2016).
Personal attributes, such as people’s tolerance for risk and failure, and openness
to different perspectives and change influence their perceptions of wickedness,
as well as their approaches to dealing with it (Head and Xiang 2016).
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Attributes for dealing with wickedness

Following Funke, Fischer, and Holt (2018), Gonczi (2003), and Hager (2017), we
adopt an integrated conception of competence. In this conception, competence
is understood in terms of a collection of attributes, (i.e. combinations of knowl-
edge, abilities, skills, attitudes, and values) displayed in relation to tasks and
challenges in a given context. Funke, Fischer, and Holt (2018) viewed problem-
solving competence for complexity as ‘a bundle of skills, knowledge and abil-
ities that are required to deal effectively with complex and dynamic non-routine
situations in different domains’ (42).

The competence for addressing problems with wicked tendencies, in this
integrated view, is considered a relational concept, since it links tasks and the
attributes that are resources for competent performance of these tasks, and
emphasises the contextuality of performance (Hager 2017). Hager spoke of
‘a contextualized capability involving an integration of assorted practitioner attri-
butes’ (Hager 2017, 206) [italicised in originall. Furthermore, it is a formative
construct, in the sense that successful performance in situations marked by
wickedness can result from various factors, that is, different combinations of
cognitive and non-cognitive attributes, including domain-specific and generic
attributes (Funke, Fischer, and Holt 2018). This is relevant in the context of
addressing problems with wicked tendencies, for which no single approach
exists, and which benefit from a diversity of attributes and resources of problem
solvers (Guile and Unwin 2020).

Viewing dealing with wickedness as a competence emphasises that the
attributes comprising this competence can be developed to varying degrees
(e.g. through training) and can change over time (Funke, Fischer, and Holt 2018).
Attributes for addressing wickedness can also be shaped by (work) experience.
The experiences with manifestations of wickedness that people gain through-
out their working life and education can increase their risk tolerance (Bhandari
et al. 2021; Karakowsky and Elangovan 2001), for example. As people acquire
new skills and become familiar with new contexts and situations, the initial
impact of the confrontation with wickedness and risks on their performance
tends to diminish (Arenas, Tabernero, and Briones 2006). Additionally, it is
important to consider that personal attributes play a vital role in people’s
engagement in new learning opportunities (Deakin Crick and Goldspink 2014)
when addressing wicked challenges.

Another feature of the integrated conception of competence is its holism, in the
sense that tasks and challenges are not independent and require problem solvers
to have a situational understanding (Chatenier et al. 2010; Gonczi 2003; Hager
2017). In addition to task overlap, scholars have also emphasised overlap or
amalgamation of the different attributes constituting competence (Avvisati,
Jacotin, and Vincent-Lancrin 2013; Gonczi 2003). Attributes widely acknowledged
for their importance in dealing with wickedness include creativity, critical thinking,
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initiative, proactivity, risk tolerance, and (work) efficacy. Taking into account their
intricate intertwining and overlap, and without claiming to be exhaustive, we
consider these six attributes to be relevant for dealing with wickedness.

Creativity

Addressing complex, ill-defined, ambiguous, and open-ended problems requires
Creativity (Rychen and Salganik 2001; Smith, Shaw, and Tredinnick 2015). Amabile
(1996) defined Creativity as the production of novel and useful ideas or solutions.
Several scholars have emphasised the influence of Creativity and non-linear
thinking on the problem-solving process in relation to finding diverse ways of
framing (e.g. Grohs et al. 2018), adopting views from different perspectives
(Chatenier et al. 2010; Hero, Lindfors, and Taatila 2017), and dealing with con-
straints, such as lack of resources and time pressure, commonly faced when
dealing with problems with wicked tendencies (Amabile 1996; Rosso 2014).

Critical thinking

The complexity, ambiguous nature, uncertainty, and multiple perspectives of
problems with wicked tendencies requires Critical Thinking, beyond fact-finding
and evidence-based practice. It also requires Critical Thinking as far as reflective
judgement, metacognitive processes, the consideration of multiple perspec-
tives (Milner and Wolfer 2021), relating issues to personal norms and values
and/or to general principles (e.g. social justice), and the propensity to partici-
pate critically in social practices (Ten Dam and Volman 2004).

Initiative

Opportunity seeking/creation and the tendency to do things without external
prompting are considered key features of Initiative (Santandreu-Mascarell,
Garzon, and Knorr 2013). Initiative is also considered part of an entrepreneurial
mindset (Pihie and Sani 2009). In the context of dealing with wickedness,
a person’s sense of Initiative also refers to the tendency to contribute by trying
new things and engaging in experimentation (Hero, Lindfors, and Taatila 2017).
Furthermore, Initiative includes the propensity to persuade and involve others
in identified opportunities and initiatives during the problem-solving process
(M. M. Keindnen and Kairisto-Mertanen 2019).

Proactivity

Chatenier et al. (2010) stressed the importance of personal Proactivity and intui-
tion in the context of addressing non-routine problems and referred to it as future
orientation. Bateman and Crant (1993) defined Proactivity as the tendency to
effect change. Proactivity is change/development-oriented, self-starting, and
future-focused (Tornau and Frese 2013). Proactive people tend to actively search
and take advantage of opportunities for improving themselves and their work
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processes (Bateman and Crant 1993) by seeking feedback, an asset in contexts
marked by uncertainty and ambiguity (Ashford and Cummings 1985).

Risk tolerance

Risk Tolerance is an important attribute for dealing with the uncertainty, ambi-
guity, dynamics, and constraints in diverse stakeholder contexts characterising
problems with wicked tendencies and innovation processes (Caratozzolo,
Alvarez-Delgado, and Hosseini 2020). Keindnen and Kairisto-Mertanen (2019)
related Risk Tolerance to daring to seize opportunities gained through compe-
tence. People with high Risk Tolerance have a propensity take risks (Caratozzolo,
Alvarez-Delgado, and Hosseini 2020). A positive orientation towards risk and
failure can enhance learning, as they offer valuable potential for learning
(Arenas, Tabernero, and Briones 2006; Deakin Crick and Goldspink 2014).

Work efficacy

When lacking clarity and concrete guidelines, people must find ways to deal
with constraints and engage in open-ended, adaptive problem-solving
approaches (Head and Xiang 2016; Rosso 2014). Work Efficacy, or the belief in
one’s work-related capabilities (Odello, Hill, and Gémez 2008), is associated with
the self-direction and independence needed to promote change and vary
approaches (Santandreu-Mascarell, Garzon, and Knorr 2013). When people can
perform their work and tasks routinely, they often have more mental space,
enabling them to be flexible, improvise, and embrace new experiences and
alternative approaches (Butter and van Beest 2017; Chatenier et al. 2010).

Boundary-crossing behaviour

To characterise students’ learning in the context of addressing problems with
wicked tendencies, we employ the concept of boundary crossing, which is an
integral part of the third generation of Cultural Historical Activity Theory (CHAT).
When students address problems with wicked tendencies in multi-stakeholder
contexts, their learning and activities inherently involve crossing boundaries
extending beyond the specific bachelor’'s programme that they are trained for.
This entails entering unfamiliar grounds (Suchman 1994) and combining ele-
ments of different contexts to create new solutions or knowledge (Akkerman
and Bakker 2011; Engestrom, Engestrom, and Karkkdinen 1995).

Boundary crossing is defined by Akkerman and Bakker as ‘a process of establish-
ing continuity in a situation of sociocultural difference’ (Akkerman and Bakker 2011,
152), referring to the (inter)actions of individuals/groups from different practices at
the experienced boundaries, and to the participation of a person in multiple
practices (Akkerman and Bruining 2016). Tensions experienced by students when
confronted with manifestations of wickedness often point to such boundaries.
Crossing boundaries, in the form of contradictions between different activity systems,
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affords vital opportunities for innovation, change, development, and problem
solving (Roth and Lee 2007; Termeer et al. 2015), as well as learning (Wenger
2000). Combining the different viewpoints, attributes, and experiences of different
actors (e.g. commissioners, residents, clients, representatives of organisations/busi-
nesses/governments) can yield creative ideas, new viable solutions (Penttilda and
Kairisto-Mertanen 2013), and new activity-systems (Engestréom, Engestrom, and
Karkkainen 1995). However, boundaries are also sources of potential difficulties
when students do not manage to cross them.

Akkerman and Bakker (2011) identified four dialogical learning mechanisms
through which boundary crossing can take place. Identification refers to learning
about practices in relation to one another and understanding similarities and
differences. Reflection entails understanding and making sense of the activities
and perspectives of others, which in turn inform and provide context for one’s
own activities. Reflection results in an expanded set of perspectives that can
inform boundary work and lead to mutual meaning-making. Coordination is
about overcoming boundaries and resolving discontinuities by facilitating
movement and effective collaboration between practices. Transformation
leads to profound changes in practices or new (in-between) practices. When
practices are created or changed and mediating tools are generated, new
contradictions and other discontinuities are generated. Learning takes place
through the continual resolution of discontinuities and contradictions by the
actors involved (Akkerman and Bakker 2011) and contributes to the joint
problem-solving process.

Present study

This study is part of a larger research project, which adopted a qualitative
approach and focused on generating insights to inform the curriculum design
of educational practices that foster students’ boundary-crossing learning when
addressing problems with wicked tendencies, and informing teacher strategies
for fostering students’ learning during implementation (Veltman, Van Keulen,
and Voogt 2019, 2021, 2022). In our previous studies, undertaken in the same
educational context, we found diverse experiences of students when confront-
ing challenges posed by problems with wicked tendencies in HPE courses, and
observed variability in students’ boundary-crossing behaviour (Veltman, Van
Keulen, and Voogt 2019, 2021, 2022). A nuanced understanding of how indivi-
dual attributes influence the navigation of wickedness is needed.

The aim of this study is to provide more insight into the differences in students’
attributes related to dealing with wickedness. Given this aim, a quantitative
approach at the individual student level has been adopted. From a situated,
people-centred perspective on wickedness, it is evident that not only do indivi-
duals experience and cope with wickedness differently, but their attention to such
situations and the attributes they employ in doing so also exhibit significant
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variations (Noordegraaf et al. 2019). Recognising these differences is important for
informing effective teaching strategies and fostering each student’s learning.

We investigated what student profiles can be identified based on how
students self-assess their status on attributes related to addressing problems
with wicked tendencies in multi-stakeholder settings. Additionally, we collected
data on students’ Boundary-crossing Behaviour and Relevant Work Experience
to explore whether the different profiles are related to these variables.

The student profiles might help identify and refine how HPE students
engaged in addressing problems with wicked tendencies in multi-stakeholder
settings can be supported by their teachers. Therefore, we formulated the
following research questions:

(1) What student profiles can be identified based on students’ attributes
regarding addressing problems with wicked tendencies in multi-
stakeholder settings?

(2) How are students’ boundary-crossing behaviour and relevant work
experience related to the profiles?

Figure 1 presents a visual representation of our conceptual frame in relation to
the research questions.

Methods
Participants and procedure

This study was conducted with first-year students in the bachelor’s programme
in social work at an HPE institute (i.e. University of Applied Sciences) in the
Netherlands, enrolled in a mandatory, one-semester 10 European Credit

Attributes for dealing with Boundary crossing behaviour
problems with wicked Student profiles for dealing

tendencies with wickedness _
among which: @ O Identification
Creativity based on the attributes that
Critical thinking RQL comprise the competence for RQ2
Initiative dealing with problems with Refilzaien
Proactivity ‘ wicked tendencies “ %

Risk tolerance
Work efficacy

Coordination

‘qu
@ Transformation

Prior relevant work
experience
Prior exposure to wickedness
Prior experiences in dealing
with wickedness

Context of wickedness:
Complexity
Uncertainty

Value divergence

Figure 1. Visualisation of the conceptual frame of the study in relation to the research questions.
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module. The module involved addressing authentic problems with wicked
tendencies across disciplinary and organisational boundaries at the commu-
nity/district-level. Students worked in groups of four to six. Each group was
tasked with conducting a district-level analysis, identifying a problem, and
developing a district-level intervention addressing this problem. The problem
contexts involved different stakeholders (e.g. public/private parties, intermedi-
aries, residents).

During the module, a self-assessment questionnaire was administered
to the cohort of approximately 450 students in 21 parallel classes via
a link in the student manual. Participation was optional, but encouraged.
After a brief online introduction and giving informed consent, students
were directed to the questions. The questionnaire yielded 276 responses,
a response rate of 61%.

After data preparation, the final sample included 264 participants.
Information about students’ gender, age, prior education, and relevant work
experience is summarised in Table 1.

Instruments

In addition to six attribute scales (Creativity, Critical Thinking, Initiative,
Proactivity, Risk Tolerance, and Work Efficacy) used in the cluster analysis, the
questionnaire included a scale on Boundary-crossing Behaviour and single
variables regarding students’ Relevant Work Experience and demographic char-
acteristics. Internal consistency of the scales ranged from satisfactory (a =0.71)
to good (a = 0.82).

Attribute scales

The European FINCODA-project generated scales that measure competences for

innovation. Though not explicitly stated, they align well with wickedness theory.

The open-ended process of innovation in collaboration with multiple stake-

holders is closely tied to addressing problems with wicked tendencies.
Creativity, Critical Thinking, and Initiative were measured using scales

from the psychometrically validated FINCODA Barometer (Butter and van

Table 1. Students’ age, gender, prior education and relevant work experience (N = 264).
Years of Relevant Work

Gender N Age N Prior Education N Experience N
Male 55 17-18 68 Secondary 125 0 189
education
Female 205 19-20 108 Vocational 136 1 30
education
Other/Not 4 21-22 60 Other 3 2 18
specified
23-24 18 3 18
225 10 4 3

\%
9,
(o)}
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Beest 2017), a formative online self-assessment tool for both students and
professionals. The scales were derived from a systematic literature review
(Marin-Garcia et al. 2016). Content validity was assured through work-
shops with academic/business partners, specialists, and employers, asses-
sing the practical suitability and clarity of the scales. The scales have
demonstrated reliability in previous studies (Keindnen and Butter 2018;
Keindnen and Kairisto-Mertanen 2019). All items started with ‘To benefit
innovation, how do you consider your ability to ... ." and were scored on
a 5-point Likert scale ranging from (1) poor to (5) excellent, with an extra
option (6) cannot judge. Participants were asked to judge themselves
through the eyes of a competent beholder (‘Think of someone who has
a view of your skills. Judge yourself from their perspective’).

Creativity. (9 items, a=0.81) measures students’ tendency to think beyond
existing ideas, rules, patterns, or relationships, and to generate meaningful
alternatives, ideas, products, methods, or services independent of their practi-
cality and future added value. Example items are: ‘think differently and adopt
different perspectives’ and ‘find new ways to implement ideas.’

Critical thinking. (5 items, a=0.76) measures students’ tendency to analyse
and evaluate advantages and disadvantages and estimate the risks involved
for a given purpose. Example items are: ‘forecast impact on users’ and ‘face
the task from different points of view." One item of the original six items in
the scale was excluded from the analysis because the missing values
exceeded 10% of the cases. This decision was made to ensure the robustness
of the data and maintain the integrity of the scale. The remaining items were
retained for analysis, and the reliability coefficient (a=0.76) was calculated
based on the retained items.

Initiative. (6 items, a =0.82) measures students’ tendency to influence or make
decisions that foster positive changes. Example items are: ‘go beyond expecta-
tions in the assignment, task, or job description without being asked’ and
‘convince people to support an innovative idea.’

Proactivity, Risk Tolerance, and Work Efficacy were measured with scales from
the FINCODA Self Reports, which were used in the mixed-methods validation
procedure for the FINCODA Barometer. They were derived from the literature
and were practically validated in a workshop with professionals and practi-
tioners (Butter and van Beest 2015, 2017). Participants were asked to judge
themselves through the eyes of a competent beholder. All items started with
the phrase ‘Someone with a view on my skills, will say that | am someone who.. ..
"and were scored on a 5-point Likert scale ranging from (1) strongly disagree to
(5) strongly agree.
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Proactivity. (8 items, a=0.79) measures students’ tendency to search for ways
to improve, to learn and see opportunities. Example items are: ‘can improve
themselves’ and ‘regularly asks others for feedback on what they are involved
with.’

Risk tolerance. (3 items, a=0.82) measures students’ propensity to take risks.
Example items are: ‘takes risks in order to be innovative’ and ‘likes to take
a challenge, even if it's a risk for the company/organisation.” To improve relia-
bility (i.e. from a=0.70 to a=0.82), four of the original seven items were
removed.

Work efficacy. The combined scale Freedom/Autonomy (4 items, a=0.71) was
used to measure students’ Work Efficacy. People who feel the freedom to take
on new tasks or do their work in a different way are more likely to demonstrate
innovative behaviour. People who have a feeling of autonomy are more likely to
pursue non-traditional paths. These feelings often stem from the mental space
that people experience when they feel competent in doing their tasks and work
(Butter and van Beest 2015, 2017). Example items are: ‘someone who thinks they
are good at their work’ and ‘someone who feels freedom to pick up new things
as part of their job responsibilities.’

Boundary-crossing behavioural scale

Perceived Boundary-crossing Behaviour was measured by the Boundary-
crossing Rubric (11 items, a = 0.76; Gulikers and Oonk 2016, 2019), designed
as an instrument for designing, stimulating, and/or assessing student learning.
This instrument had its development rooted in boundary-crossing theory and
aligns with a CHAT perspective (Engestrom 1987). Observations of authentic
learning environments engaging students in complex, transdisciplinary issues,
and conversations with teachers actively involved in learning further informed
its design. In several iterations, it was tested and validated through workshops
involving teachers with diverse experiences in authentic, multi-stakeholder
projects. This process aimed to ensure its universal applicability in authentic
multi-stakeholder learning processes, regardless of the specific content issue
being addressed (Gulikers and Oonk 2016).

In this rubric, the four boundary-crossing learning mechanics of Akkerman
and Bakker (2011) are operationalised in terms of four levels of observable
student behaviour in relation to student-stakeholder interaction when addres-
sing problems in regional learning environments (Gulikers and Oonk 2019).
Example items are: ‘Integration of different perspectives, interests, or expertise
in a final product’ (transformation) and ‘Stimulating others to learn’ (reflection).
While this approach of measuring learning mechanisms may differ from the
traditional CHAT perspective (Engestrom 1987), in which usually qualitative
approaches are followed, it aligns with our specific research questions and the
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need for a nuanced examination of the relation between students’ attributes
and their perceived boundary crossing behaviour.

Relevant work experience

Relevant Work Experience was measured by asking for the ‘years of Relevant
Work Experience for your current Bachelor programme’. Answer options ranged
from: 0 to 5 years or more. A response of 0 years was interpreted as No Relevant
Work Experience and responses of 1 through 5 years or more were interpreted
as Yes Relevant Work Experience in the analyses.

Data preparation

The answer option ‘cannot judge’ in the FINCODA Barometer scales (Creativity,
Critical Thinking, Initiative) was considered a missing value. Missing value
analysis in SPSS was performed to identify patterns. Missing values for one
Critical-Thinking item exceeded 10% of cases, so the item was removed
(Young, Weckman, and Holland 2011). After removal of all (eight) cases missing
more than one value per scale, Little’s MCAR test was applied, with outcomes
(Creativity: p = 0.076; Critical Thinking: p = 0.204; Initiative: p=0.268) suggesting
that using imputation to address the missing data was appropriate (Little 1988).
The iterative expectation-maximisation (EM) algorithm procedure that produces
maximum likelihood estimates (Young, Weckman, and Holland 2011) was used
to impute the missing data.

Furthermore, prior to running the analyses, four univariate outliers (i.e. values
more than 3 SD below or above the mean) were removed; no multivariate
outliers (i.e. individuals with high Mahalanobis distance values) were found
(Leys et al. 2019). This resulted in a total sample of 264 participants.

Analyses

To identify student profiles based on the attributes making up the competence
for dealing with problems with wicked tendencies, we evaluated to what extent
participants (N = 264) scored similarly or differently on the attribute scales, by
conducting a cluster analysis. For this analysis we used the Z-scores of the
unweighted average scores (Gore 2000) on the six attribute scales.
Hierarchical and follow-up k-means cluster analysis was conducted using SPSS
28.0.1.0.

Hierarchical cluster analysis was conducted to identify the number of poten-
tial clusters in the data, using Ward’s linkage and squared Euclidean distance
measure. Additionally, the Calinski-Harabasz index value, also called the var-
iance-ration criterion (VRC), was calculated to evaluate the optimal number of
clusters for the data. Since the VRC usually decreases with more clusters, the
relative loss of variance explained by using fewer clusters (w) was also
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calculated. The optimal number of clusters is the solution with the highest VRC
and the lowest w (Calinski and Harabasz 1974).

Subsequently k-means cluster analysis was conducted to identify student
profiles based on their attributes regarding addressing problems with wicked
tendencies. To ensure a stable cluster solution, multiple k-means analyses were
performed with variations in the ordering of objects. A univariate analysis of
variance (one-way ANOVA) was used to explore significant differences in stu-
dents’ attributes between the clusters. Another one-way ANOVA was performed
with the behavioural scale. Finally, chi-square tests were performed for Relevant
Work Experience.

Findings
Composition of the clusters

The first research question asked what student profiles can be identified based on
students’ attributes regarding addressing problems with wicked tendencies in
multi-stakeholder settings. Inspection of the dendrogram and the agglomeration
schedule for the hierarchical cluster analysis indicated the suitability of a three-
or four-cluster solution. The VRCs of a three- or four-cluster solution were
relatively similar (VRC3 = 593.263; VRC, = 532.422). The w was lower for the four-
cluster solution (w5 = 202.503, w4 = —24.705), suggesting that four is the optimal
number of clusters for our dataset. Subsequently, multiple k-means cluster
analyses with three and four clusters were performed. While the k-means
algorithm did not converge towards an optimal solution for a three-cluster
solution, the analyses showed a stable four-cluster solution (convergence was
achieved in five iterations). Hence, we proceeded with the four-cluster solution
as the final cluster solution (see Figure 2). There were 73 students (27.7%) in
Cluster 1, 85 students (32.2%) in Cluster 2, 77 students (29.2%) in Cluster 3, and
29 (11.0%) in Cluster 4.

Differences between the clusters

To confirm significant differences in students’ attributes among the clusters, we
conducted a one-way ANOVA, using each participant’s cluster assignment as
the grouping variable. The one-way ANOVA showed significant differences
between the clusters on all variables. A Bonferroni post-hoc analysis was con-
ducted to determine pairwise significant differences. No significant differences
were found between cluster 3 and cluster 4 regarding Risk Tolerance. All other
pairwise differences were significant (see Table 2). Based on these results, we
distinguished four meaningful student profiles.

The first part of the second research question asked how students in the
different profiles differ in their perceived Boundary-crossing Behaviour.
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Figure 2. Bar chart representing the final clusters.

Table 2. Z scores for the attribute scales for the four extracted clusters, together with F values.

Cluster 1 Cluster 2 Cluster 3 Cluster 4

Scale n =73 (27.7%) n =85 (32.2%) n =77 (29.2%) n =29 (11.0%) (df) F

Work Efficacy —-0.79150 0.43031 —0.23647 1.35899 (3) 71.99%**
Proactivity —0.81192 0.40010 —0.14138 1.24648 (3) 60.70%**
Risk Tolerance —-0.81761 —0.07867 0.54356° 0.84545? (3) 47.26%**
Creativity —1.05480 —0.15282 0.61411 1.47253 (3) 172.72%**
Critical Thinking —0.97054 —0.09437 0.51166 1.36111 (3) 103.92%**
Initiative —0.94194 —0.23907 0.65886 1.32243 (3) 122.00%**

Superscripts indicate results of between-cluster pairwise comparisons across the row. All values differ significantly
from each other at the p < 0.05 level, except the values marked by the same superscript. Bonferroni adjustment
was applied.

**¥p < 0.001.

Therefore, another one-way ANOVA was performed with the behavioural
scale, which showed significant differences between the clusters. The
Bonferroni post-hoc analysis showed pairwise significant differences for
Boundary-crossing Behaviour between all clusters, except between cluster
2 and 3 (see Table 3).

The second part of the second research question asked how the student
profiles differ regarding Relevant Work Experience. The results of the Chi-square
tests for Relevant Work Experience showed significant differences between
clusters 1 and 3, and between clusters 2 and 3 (see Table 4).
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Table 3. Means and standard deviations for attributes and behavioural scale, per cluster.

Cluster 1 Cluster 2 Cluster 3 Cluster 4
n =73 (27.7%) n =85 (32.2%) n =77 (29.2%) n =29 (11.0%)
Scale M SD M SD M SD M sSD
Attribute scales
Work Efficacy 3.27 0.396 3.89 0.328 3.55 0.416 4.37 0.393
Proactivity 3.25 0.375 3.80 0.351 3.56 0.358 419 0.304
Risk Tolerance 2.95 0.615 3.45 0.551 3.872 0.511 4.07% 0.402
Creativity 3.15 0.255 3.56 0.236 3.90 0.208 428 0.419
Critical Thinking 3.26 0.335 3.70 0.364 4.00 0.289 443 0.399
Initiative 3.06 0.365 343 0.288 3.90 0.320 4.25 0.458

Behavioural scale
Boundary-crossing Behaviour ~ 2.56 0.359 2.84° 0.325 2.86° 0.331 3.06 0.390

Superscripts indicate results of between-cluster pairwise comparisons across the row. All values differ significantly
from each other at the p < 0.05 level, except the values marked by the same superscript. Bonferroni adjustment
was applied.

Table 4. Chi-square table for relevant work experience per cluster.

Cluster 1 Cluster 2 Cluster 3 Cluster 4
n=73277%) n=85(322%) n=77(29.2%) n=29(11.0%) Total
Relevant Work No 592 66° 44° 20* ° 189
Experience (80.8%) (77.6%) (57.1%) (69.0%) (71.6%)
X2 =12593,df =3, Yes 14° 19° 33° 9% b 75
P =0.006 (19.2%) (22.4%) (42.9%) (31.0%) (28.4%)
Total 73 85 77 29 264
100.0% 100.0% 100.0% 100.0% 100.0%

Superscripts indicate results of between-cluster pairwise comparisons across the row. All values differ significantly
from each other at the p < 0.05 level, except the values marked by the same superscript. Bonferroni adjustment
was applied.

Student profiles

The results of our cluster analysis revealed four different profiles based on
students’ attributes (Creativity, Critical Thinking, Initiative, Proactivity, Risk
Tolerance, and Work Efficacy) regarding dealing with problems with wicked
tendencies in multi-stakeholder settings. Furthermore, we found meaningful
relations with their Boundary-crossing Behaviour and Relevant Work Experience.

Profile 1 is characterised by low scores on all six attributes, as well as on
students’ Boundary-crossing Behaviour, and has the lowest share of stu-
dents with Relevant Work Experience. Profile 2 is characterised by above-
average degrees of Work Efficacy and Proactivity, but slightly below-average
scores on the other attributes. Conversely, profile 3 has slightly below-
average scores on Work Efficacy and Proactivity, but above-average degrees
of the other four attributes. Profile 3 holds the largest share of students
with Relevant Work Experience (43%), which is significantly higher than in
profiles 1 (19%) and 2 (22%). Profiles 2 and 3 do not differ regarding their
(slightly above-average) cluster scores on Boundary-crossing Behaviour,
which are significantly higher than the cluster score of the students in
profile 1, and significantly lower than the cluster score of the students in
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profile 4. Profile 4 is characterised by high scores on all six attributes,
though the cluster score on Risk Tolerance is not significantly higher than
in profile 3. The cluster score on Boundary-crossing Behaviour is also high.
The share of students with Relevant Work Experience in profile 4 is not
significantly different than in profile 3 (31%, versus 43% in profile 3). For
a full overview of the Z-scores for the overall scales and their items for the
four profiles, see Appendix A (Attributes) and Appendix B (Boundary-
crossing Behaviour).

Conclusions and discussion
Student profiles

The results of our cluster analysis revealed four profiles based on students’
attributes that comprise the competence for dealing with wickedness. We
found that low attribute levels (Profile 1) were associated with low perceived
Boundary-crossing Behaviour, and high attribute levels (Profile 4) with high
perceived Boundary-crossing Behaviour. These findings substantiate the notion
that personal attributes play a significant role in how students engage with new
(boundary-crossing) learning opportunities (Deakin Crick and Goldspink 2014)
when facing problems with wicked tendencies. Furthermore, the fact that
profiles 2 and 3, having distinct attribute patterns and significant differences
in Relevant Work Experience, exhibited a similar cluster score on Boundary-
Crossing Behaviour, implies that the reasons for the slightly above-average
degree of perceived Boundary-crossing Behaviour may be different for these
groups.

Several issues warrant careful scrutiny. First, the patterns for the Work Efficacy
and Proactivity scores in profiles 2 and 3 deviate from the patterns for the other
scales. The Work Efficacy scale is based on the conjecture that people who feel
competent at doing their work and tasks tend more to pick up new things, or do
things differently (Butter and van Beest 2015, 2017). This openness to new
experiences is a valuable resource for learning (Deakin Crick and Goldspink
2014). The Proactivity scale measures the tendency to identify opportunities
and ways to improve and to develop oneself, by learning with and from others,
such as by seeking feedback. Both tendencies can be associated with a learning
orientation (Arenas, Tabernero, and Briones 2006; Deakin Crick and Goldspink
2014; Murphy and Alexander 2000). A learning (goal) orientation pertains to
a desire to developing competence through effortful learning (Murphy and
Alexander 2000) and understanding or mastering new aspects (Hero, Lindfors,
and Taatila 2017). Hence, we conjecture that students in profile 2 and 4 might
have a stronger learning orientation than the students in profile 1 and 3, who
scored low on both attributes.
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Second, the Creativity, Critical Thinking, and Initiative scores, all showing
a pattern of increase from profile 1 to profile 4, measure elements associated
with students’ tendency to actively contribute to the (joint) purpose and tasks
related to the problem-solving process. Examples are: ‘present novel ideas’,
‘generate original solutions’, ‘show inventiveness in using resources’
(Creativity); ‘challenge the status quo’, ‘develop ... new ways of problem sol-
ving' (Critical Thinking); ‘convince people to support an innovative idea’, and
‘foster improvements’ (Initiative). These tendencies point to a problem-solving
orientation. We thus conjecture that the students in profiles 3 and 4 have
a higher problem-solving orientation than the students in profiles 1 and 2,
who scored low on these attributes.

Third, Risk Tolerance shows a pattern of increase from profile 1 to profiles 3
and 4 (no significant difference between profiles 3 and 4). Relevant Work
Experience shows a similar ascending pattern (significant differences between
profiles 1 and 3, and between 2 and 3). Thus, to some extent, Risk Tolerance and
Relevant Work Experience are related (Bhandari et al. 2021). These findings align
with prior research. Karakowsky and Elangovan (2001) found that higher levels
of individual Risk Tolerance can be associated with the confidence gained
through repetitive exposure to feasible amounts of risk and uncertainty in
Relevant Work Experience. Furthermore, Arenas, Tabernero, and Briones
(2006) found that as people acquire new skills and become familiar with new
contexts over time, the initial impact of the confrontation with wickedness and
risks on their (work) performance diminishes. This then enables them to develop
more positive orientations towards risk (and failure). In this study, we refer to
this positive orientation towards risk as risk orientation. We conjecture that the
students in profiles 3 and 4 have a higher risk orientation than the students in
profile 1 and 2, who scored low(er) on Risk Tolerance and were less likely to have
Relevant Work Experience.

Based on our findings and conjectures, we characterise the student profiles in
terms of learning orientation (Work Efficacy, Proactivity), problem-solving orien-
tation (Creativity, Critical Thinking, Initiative), risk orientation (Risk Tolerance,
assumed prior exposure to wickedness through Relevant Work Experience), and
perceived Boundary-Crossing Behaviour. See Table 5.

The attributes the inexperienced students in Profile 1 possess point neither to
a learning orientation, nor to a problem-solving orientation. Having had little

Table 5. Characterisation of the student profiles based on students’ orientations and boundary-
crossing behaviour.

Profile 1 Profile 2 Profile 3 Profile 4
Learning Orientation Low Above average/High Slightly below average  High
Problem-Solving Orientation ~ Low Slightly below average  Above average/High High
Risk Orientation Low Below average High High

Boundary-Crossing Behaviour  Low Slightly above average  Slightly above average  High
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exposure to wickedness in prior work experiences, they are likely to be avoiders
of risk and failure and are therefore not boundary crossers.

Students in Profile 2 possess the attributes that are important for learning,
but not the attributes associated with a problem-solving orientation. As they are
inexperienced, they also feel uncomfortable when taking risks and interacting
with stakeholders at the boundary zone.

The students in Profile 3 possess attributes that point to a problem-solving
orientation. Because of their work experience, they are not afraid to take risks.
However, with a relatively low orientation to learning with and from others, the
learning potential of the boundaries they experience remains partly
unexploited.

Students in Profile 4 possess the attributes associated with a problem-solving
orientation important for addressing wickedness, as well as the attributes that
point to a learning orientation. They are not afraid of taking risks or experiencing
failure and are good boundary crossers.

Possible implications of the student profiles for teacher strategies

To foster engagement and positive risk orientation and to prevent avoidance
behaviour (Veltman, Van Keulen, and Voogt 2022), we conjecture that for
students in profile 1 (and profile 2) it is important to ensure that initial experi-
ences with uncertainty and risk-taking are conducted in a safe environment.
This can be achieved by adopting an appreciative and empathetic approach to
handling and responding to failure at the group level (Arenas, Tabernero, and
Briones 2006). Moreover, optimising the potential for learning from those
experiences, such as by formative and process-oriented approaches and by
minimising the consequences of failure, can provide additional support. We
propose that the students in profile 3 and profile 4, who have higher risk
tolerance, can be exposed to higher levels of uncertainty.

Furthermore, a high degree of wickedness can be paralysing for students in
profile 1 and profile 2, whose problem-solving orientation is low (profile 1) or
slightly below average (profile 2). It could generate too much (destructive)
tension and could lead to avoidance (Veltman, Van Keulen, and Voogt 2022).
Conversely, it may be crucial for students in profile 3 and profile 4, with a high(er)
problem-solving orientation, to be adequately challenged (Veltman, Van
Keulen, and Voogt 2019). Therefore, we conjecture that offering flexibility and
the integration of personal learning goals, whilst still pursuing the same learn-
ing outcomes in HPE, could prove beneficial in this context.

For the students in profiles 1 and profile 3, whose learning orientation is low
(profile 1) or slightly below average (profile 3), it might be important to empha-
sise how and with whom the problems are addressed and to elicit what can be
learned from their experiences during the problem-solving process (Veltman,
Van Keulen, and Voogt 2019).
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In general, we recommend that both teachers and students become more
aware of students’ attributes and orientations towards learning, problem-
solving, and risk. Furthermore, we recommend encouraging students to deal
constructively with variability in attributes, orientations, and prior experiences
among their peers and others involved in the problem-solving process (Arenas,
Tabernero, and Briones 2006), and to seek benefit from this diversity (Guile and
Unwin 2020).

Critical reflections and recommendations for future work

The results of this study must be interpreted with caution. There are a few
limitations to consider. First, whilst the intentional integration of the question-
naire within the students’ authentic problem-solving endeavours strengthens
the authenticity and relevance of our findings, the study captured a snapshot. In
this sense our approach deviates from the proposed methodological implica-
tions of activity theory perspective, which imply longer research time frames,
attention to the broad patterns of activities, and the use of various data collec-
tion techniques (Nardi 1996). However, our approach aligns with our research
questions, emphasising the need for a nuanced examination of students’ com-
petences within the dynamic context of problems with wicked tendencies.
Furthermore, the ecological validity of the study is enhanced by the fact that
the educational setting, a first-year social work module at a university of applied
sciences, has been studied in our preceding qualitative studies, thus doing
justice to the proposed methodological implications by Nardi (1996). This con-
tinuity in the ecological setting across studies supports the generalisation of
findings and contributes to the ecological validity of the research. Additionally,
a fourth methodological implication of activity theory, as proposed by Nardi
(1996), is the commitment to obtain an understanding from the users (i.e. the
students’) point of view. This is precisely what we have attempted with this
study.

Second, recognising the limitations of self-assessment is vital. Students may
not consistently offer accurate self-evaluations due to influences like social
desirability and perception biases (Mulder 2014).

Third, boundary-crossing behaviour was measured with the boundary-
crossing rubric (Gulikers and Oonk 2019), which was not originally designed
as a research instrument. Contrary to our expectations, our results did not show
patterns at the level of the four learning mechanisms (Akkerman and Bakker
2011). Moreover, we measured students’ perceived boundary-crossing beha-
viour, rather than their actual behaviour. For future research, we suggest using
additional qualitative methods, such as observations, to measure students’
actual boundary-crossing behaviour more comprehensively in relation to
these profiles.
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Fourth, we conjecture that the students in our sample with different
attribute profiles also have different orientational profiles (Arenas,
Tabernero, and Briones 2006; Murphy and Alexander 2000), but did not
measure this directly. Therefore, future research might expand upon the
present study by including orientations towards learning, problem-solving,
and risk as additional cluster variables and by exploring their relations with
students’ attributes, Relevant Work Experience, and perceived Boundary-
Crossing Behaviour.

Fifth, although the students in our sample varied in age and work experience,
they were all enrolled in the first year of their bachelor’s programme. Including
participants in senior years in future studies could help determine if the identi-
fied student profiles are effective to characterise a broader group in which more
have had Relevant Work Experience or other prior exposure to manifestations of
wickedness.

A sixth critical reflection concerns the nature and relevance of students’ prior
work experience. It is unknown how and to what extent students experienced
wickedness and learnt to deal with it. Nor do we know how these experiences
affected students’ work efficacy and risk tolerance, and how the collective
orientations towards risk in their work environments were influential.
Orientations at the group level can either foster or adversely affect students’
Work Efficacy (Arenas, Tabernero, and Briones 2006).

Our study provides insight into the attributional variability among students
that affects how they perceive and navigate the complexity, uncertainty, and
value divergence of problems with wicked tendencies that transcend disciplin-
ary and organisational boundaries. These findings might help raise teachers’
awareness of these attributes and orientations that underlie students’ observa-
ble boundary-crossing behaviour. In addition, they might help teachers tailor
their support and learning tasks to different groups of students to promote each
student’s development in the context of wickedness by fostering their positive
orientations towards learning, problem-solving, and risk. For future research, we
recommend testing and refining these conjectures for teacher strategies with
qualitative approaches.
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Appendix B Z Scores of the Boundary-Crossing Behaviour Scale and
Respective Items for the Four Extracted Clusters (N = 264)

Cluster 4
Cluster 1 Cluster 2 Cluster 3 n=29
Scale n=73(27.7%) n=285(32.2%) n=177(29.2%) (11.0%)
Boundary-Crossing Behaviour —-0.6167748 0.1207237° 0.1830129% 0.7127950
BC1: Knowing your own expertise and  —0.354902491  0.066648552° 0.179469055%  0.221504747%
boundaries
BC2: Mapping stakeholders —0.40478608° —0.030539137*°  0.286290278"  0.348305483"
BC3: Approaching stakeholders —0.273591843°  —0.03320515"  0.084153575%  0.562579896°
BC4: Targeted collaboration —0.231463456"  0.1648924°°  —0.097634821*° 0.35858136"

BC5: Putting yourself in someone else’s —0.147725899°  0.004201009°  —0.010202451% 0.386637708°
shoes

BC6: Learning from the other —0.258480534°  0.107008009°  0.045860575"  0.215245996°
BC7: Encouraging others to learn —0.338818477°  0.02919784%° 0.195361643°  0.248589166°
BC8: Intention to develop —0.343133591*  0.13801993° 0.020589144%  0.404541174°
a sustainable, new practice

BC9: Vision on new practices —-0.410775419  0.000201016°  0.222123004°  0.443656823°
BC10: Integration of interests and —0.474440992  0.13966563% 0.065036039"  0.61223582°

perspectives into a new practice
BC11: Incentives towards a follow-up ~ —0.449417593  0.102358671° 0.128009064°  0.491389633%
Superscripts indicate results of per-item between-cluster pairwise comparisons. All values differ significantly from
each other at the p < 0.05 level, except the values marked by the same superscript. For example, value? is

significantly different from value® and values with no superscript in the same row. Bonferroni adjustment was
applied.
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