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Complex problem solving (CPS) is a key competency in
a strongly interconnected and fast moving world. Prob-
lem solvers need to deal with dynamic systems and novel
situations, where experience alone is often not enough.
Training so far, however, has been primarily focusing on
practicing CPS with limited results. We introduce the
concept of self-regulated learning (SRL) to explain how
individuals learn during CPS. Additionally, SRL offers mo-
tivational and metacognitive strategies that could support
the CPS process to develop problem solvers’ competen-
cies, and ultimately accelerate their expertise.
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The Organization for Economic Co-Operation and
Development (OECD) has included (complex)

problem solving into their Program for International
Student Assessment (PISA) and the International As-
sessment of Adult Competencies (PIAAC) as an im-
portant requirement to approach a rapidly changing
world (OECD 2013, 2014). Additionally, accelerating
technological advancements provide the opportunities
to automate simple and well-defined problems shift-
ing the remaining focus increasingly towards complex
problems (Funke, Fischer & Holt, 2018). Thus, the
relevance of CPS is going to increase further and fur-
ther. Complex problems contain 1) a complex struc-
ture, 2) interconnectedness of elements, 3) a non-
transparent information base, 4) a dynamic system,
which is changing over time, and 5) competing goals
(Dörner, 1975; Funke et al., 2018). Approaching these
complex problems, requires CPS competency involving
a bundle of knowledge (e.g., business management),
skills (e.g., social skills), and abilities (e.g., deductive
reasoning) (Fischer & Neubert 2015).

Depending on the complexity of the situation and
novelty of the task it is important to learn beyond
pre-existing knowledge and skills to prevent method-
ism (Dörner, 1996; Fust et al., 2018). Expert problem
solvers apply iterative approaches and adjust strate-
gies according to new information (Mishra, 2017).
More research is needed, however, into how problem
solvers learn and develop their expertise (Kretzschmar
& Süß, 2015). Attempts of research to successfully fos-
ter CPS competency have not achieved the expected
results yet (Greiff et al., 2013; Kluge, 2008; Kret-
zschmar & Süß, 2015). This is due to a predominant
focus on task-specific scenarios in training, which of-

ten fail to equip solvers with transferable and adapt-
able skills necessary for new challenges (Kluge, 2008;
Donovan et al., 2015). Training approaches have em-
phasized exposing solvers to a variety of problem situ-
ations without systematically teaching methods to ap-
proach these problems dynamically and flexibly. Effec-
tive methodologies require integrating strategies such
as metacognitive reflection, iterative decision-making,
and adaptive reasoning. Zimmerman and Campillo
(2003) further suggest that the conceptualization of
CPS may still be too narrow, as it has historically pri-
oritized cognitive factors over motivational and emo-
tional components. Recent advancements, however,
propose a more integrative perspective (Funke et al.,
2018; Fischer & Neubert, 2015).

Building on Bandura’s (1986, 2015) social cogni-
tive theory, we introduce the concept of self-regulated
learning (SRL) to support the CPS process, improve
CPS competency, and develop CPS expertise (Zim-
merman, 2001; Winkler et al., 2023). Expertise de-
notes the final target in the development of domain
specific knowledge, skills, or competencies (Funke, Fis-
cher & Holt, 2018). SRL is about regulating one’s
emotions, motivation, and cognition while dealing with
challenges including planning, monitoring, and evalu-
ating one’s learning process to achieve goals effectively
(Zimmerman & Schunk, 2011). Prevailing perspec-
tives of cognitive success factors of CPS are comple-
mented by important metacognitive and motivational
components. SRL is a supporting concept to CPS
by making these motivational and metacognitive pro-
cesses transparent and therefore manageable for the
problem solver. Hence, we want to conceptually iden-
tify how SRL strategies can support problem solvers
in developing CPS expertise.

We contribute to CPS research by introducing SRL
to accelerate expertise and bundle existing argumen-
tations for non-cognitive sources of CPS performance
(e.g., Fischer & Neubert, 2015; Funke et al., 2018) in
one holistic concept. Concrete SRL strategies are pro-
vided that can support and improve the CPS process.
In addition, helpful implications are delivered of how
SRL can be taught in complex problem situations re-
quiring dynamic decision making (DDM).
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Figure 1. The iterative CPS process based on Fischer et al. (2012)

This article is structured as follows. First, we re-
view CPS literature and existing training approaches.
Second, the SRL cycle is introduced, consisting of
forethought, performance, and self-reflection phase.
Third, we illustrate how certain SRL strategies can
support CPS and develop associated propositions. Fi-
nally, we conclude with a discussion, summarize im-
plications for education, and offer the contributions.

The process of complex problem solving

CPS is an iterative cognitive and emotional process
(Spering et al., 2005; Barth & Funke, 2010), strongly
dependent on motivation (Hermes & Stelling, 2016).
It consists of two phases: (1) knowledge acquisition,
and (2) goal-oriented knowledge application (Leutner,
Wirth, Klieme, & Funke, 2005).

Knowledge acquisition is about information gen-
eration and goal setting, information reduction and
strategic planning, and problem model building. First,
information must be generated due to the novelty
and intransparency of the task, as initial assumptions
about the problem structure are often incomplete and
false (Dörner, 1989). Hence, solvers must systemat-
ically interact with the complex problem to acquire
knowledge (cf. Funke, 2001). The root-cause and the
main goal of the problem solving process are often not
clear or given. Rule induction (Simon & Lea, 1974),
generating and testing hypotheses (Klahr & Dunbar,
1988), and causal learning (Buehner & Cheng, 2005)
can help to identify the relevant components of the
problem and identify subgoals being important to ad-
dress the main goal.

Second, the information generated must be reduced
due to its complexity (Klauer, 1993). To be effective
in the upcoming DDM situation, solvers must be selec-
tive in the use of the provided information by focusing
on relevant problem features while ignoring irrelevant
ones (Gonzalez & Lebiere, 2005). Excluding less rele-
vant elements allows for more efficient planning and
forecasting (Fischer et al., 2012). Therefore, when
an entrepreneur wants to launch a new product, he
should focus on the latest consumer preferences of the
target groups, emerging market trends, and competi-
tive positioning strategies and ignore irrelevant infor-
mation like outdated market reports. By segmenting
and breaking down complex information into smaller,
more manageable chunks, individuals can better pro-

cess, store, and retrieve the information (Halford et
al., 1998).

Third, to develop a viable parsimonious model,
hence, a simplified model of the problem, it is ben-
eficial to use inductive, deductive, and abductive rea-
soning (Fischer et al., 2012; Güss, Ahmed, & Dörner,
2021). Inductive reasoning involves generalizing based
on specific observations, while deductive reasoning
starts with a general statement and examines the pos-
sibilities to reach a specific, logical conclusion. Abduc-
tive reasoning, on the other hand, generates hypothe-
ses to explain observations or phenomena, which are
particularly useful in complex, non-transparent sys-
tems.

In an entrepreneurial context, inductive reasoning
might involve observing trends in customer behavior
and formulating a business strategy based on these ob-
servations. Deductive reasoning would then test this
strategy by applying it to new market segments to see
if it holds true. Abductive reasoning would contribute
by hypothesizing the reasons behind unexpected shifts
in customer behavior, enabling proactive adjustments
to the strategy. Due to the interconnectedness of the
variables the problem model needs to be questioned
and adapted continuously. Ohlsson’s (1992) theory of
representational change explains how individuals can
modify their understanding of a problem to overcome
obstacles and discover novel solutions. If a startup
team, for instance, encounters a significant decline in
sales, they might change their approach by reassessing
their target market or modifying their product fea-
tures to better meet customer needs. Simon and Lea
(1974) expanded on Newell and Simon’s (1972) con-
cept of the problem space. This framework divides
the problem space into two main areas: the rule-space
and the instance-space. The rule-space includes all
the possible rules that could apply to the problem,
while the instance-space includes all the possible states
or situations the problem could present. For exam-
ple, in a chess game, the rule-space would encompass
the rules governing how each piece can move, and the
instance-space would include the various positions the
pieces can occupy on the board. Information from
the rule-space helps to navigate the instance-space and
vice versa, making the search for a solution more ef-
ficient and comprehensive. By employing inductive,
deductive, and abductive reasoning while being open
to changing one’s problem representation, individuals
can develop and refine models that address complex
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problems more effectively. These approaches allow for
a more dynamic and responsive understanding, which
is crucial for tackling the interconnected variables typ-
ical of many real-world issues.

Goal-oriented knowledge application contains DDM
and evaluation. Both are important to approach the
dynamics of complex problems (Fischer et al., 2012).
First, problem solvers must specify the often impre-
cise and overarching goals they want to accomplish.
If some of these goals turn out to be contradictory,
they must find suitable trade-offs or accept only par-
tially reaching their goals (Fischer et al., 2012). To
achieve their goals, problem solvers must decide on de-
cision making strategies and information to build on.
If one strategy does not contribute to goal achieve-
ment another strategy should be applied, and the
problem may be reformulated. In summary, there are
three strategies to rely on during knowledge applica-
tion (Schoppek, 2002; cf. Leutner et al., 2005). First,
if the right solution to a subtask is known automati-
cally, instance knowledge is applied. For example, an
entrepreneur might have a proven method for conduct-
ing market research that reliably predicts customer
preferences. When launching a new product, he can
apply this existing market research strategy without
needing to develop a new approach. Second, structural
knowledge is needed when the search for a solution
based on the viable parsimonious model is necessary.
For example, if a startup is struggling financially, the
entrepreneur might need to apply structural knowl-
edge by using financial modeling and analysis to fig-
ure out the best strategy for cutting costs and increas-
ing revenue. This might require making precise cash
flow forecasts and budget changes based on a deep un-
derstanding of the business’s financial structure, rev-
enues, and costs. Third, new information is gener-
ated through system interaction or search strategies
like seeking help from industry experts. Finally, due
to the interfering goals, solvers evaluate their problem
representation by monitoring their progress towards
a solution and by including feedback from the envi-
ronment. If the problem representation is not viable
for reaching the specified goals in time, solvers return
to knowledge acquisition and might adapt their goals
(Fischer et al., 2012).

A thorough understanding of the CPS process is cru-
cial to foster CPS competency. CPS competency en-
compasses the appropriate management of this CPS
process, whereby specific skills, abilities, and knowl-
edge are essential to achieve the desired problem solv-
ing performance (Fischer & Neubert, 2015).

Training of complex problem solving

Findings about how to enhance CPS competency
are still rare and without concrete conceptual frame-
works or instructional methodologies (Baggen, 2017;
cf. Greiff et al., 2013; Kluge 2008; Kretzschmar & Süß,
2015; Schoppek, 2004; Schoppek & Fischer, 2017). To
train and measure CPS competency, most studies use
microworlds or complex dynamic systems. Table 1

provides an overview of training approaches, their ob-
jectives, and their effects.

The reviewed training sessions focus on direct in-
struction, guided exploration, and learning from expe-
rience to increase CPS performance in one or more mi-
croworlds. Only Donovan et al. (2015) provided train-
ing on self-reflection going beyond a direct instruction
and Güss and Hermida (2024) demonstrated the effec-
tiveness of error management training addressing key
biases like the status-quo bias.

Greiff et al. (2013) and Schoppek and Fischer (2017)
focused on learning by experience in MicroDYN, a
multiple-item approach, identified an increase in use
of VOTAT, an exploration strategy meaning “vary one
thing at a time”. Schoppek and Fischer (2017) were
focusing on the performance transfer from MicroDYN
to Dynamics2, another microworld, and the other way
round. They identified the successful application of
the PULSE strategy, which is about setting all input
variables to zero and waiting for some time to observe
the dynamics of the system. Unfortunately, the tasks
to be solved in the MicroDYN are very similar (Greiff
at al., 2013). Dörner and Funke (2017) argue that
linear systems like MicroDYN fail to meet the require-
ments of complexity in most cases as all tasks can be
solved with one strategy like VOTAT or PULSE.

Kluge (2008), Kretzschmar and Süß(2015),
Schoppek (2004), and Donovan et al. (2015)
applied more complex microworlds consisting of
many interconnected variables. Kluge (2008) and
Kretzschmar and Süß(2015) were able to improve
knowledge acquisition but not knowledge application,
which is the actual process of solving the problem.
Schoppek (2004), however, successfully stimulated
knowledge application by focusing the instruction on
the dependency of the dependent variables. Donovan
et al. (2015) were able to promote CPS performance
with self-reflection. Similarly, Güss and Hermida
(2024) demonstrated that targeted error management
training can enhance CPS performance by addressing
common errors and biases. Their training focused on
frequently encountered decision-making errors and
enabled participants to adapt dynamically to evolving
task demands.

This creates the impression that the promotion of
CPS competency may need more than training based
on confronting solvers with complex problem situa-
tions.

Studies so far have primarily focused on instruction
and practice (see Table 3), although recent research
highlights alternative approaches, such as reflection
training (Donovan et al., 2015) and error management
training (Güss & Hermida, 2024), which go beyond
traditional instruction by fostering adaptability dur-
ing DDM. Thus, more approaches are needed which
address the dynamic nature of complex problem solv-
ing.

Complex problem solvers are often confronted with
situations where prior knowledge is not applicable,
and no instruction is provided. Additionally, previous
knowledge and schemas can even lead to bad decisions
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Table 1. Overview of CPS trainings

Author Training Goal/Objectives Effects

Schoppek (2004) Direct instruction, guided
exploration, and rehearsal
exercises

Improving CPS performance
in the microworld Dynamis2.

The focus of direct instruction and guided
exploration on dependencies of dependent
variables was superior to the focus on effects
of independent variables. Both had a positive
effect on performance. Rehearsal exercises
had an adverse effect.

Kluge (2008) Direct instruction (DI),
guided exploration search
(GES), a combination of
both (DI+GES)

Improving CPS performance
in the microworld ColorSim.

Direct instruction outperformed guided
information search in knowledge acquisition.
No training method improved knowledge
application.

Greiff et al. (2013) Learning from experience
in MicroDYN

Improving CPS performance
in the multiple item
approach MicroDYN.

Increase in use of VOTAT, an exploration
strategy meaning “vary one thing at a time”.

Donovan, Güss, and
Naslund (2015)

Short self-reflection
training on DDM,
supportive handout with
self-reflective questions

Improving DDM skills and
therefore performance in the
microworld CHOCO FINE.

DDM training and high self-reflection relate
to better performance in CHOCO FINE.

Kretzschmar and
Süß(2015)

Learning by experience in
different microworlds

Developing general problem
solving knowledge (GPSK)
to increase CPS performance
in unknown microworlds.

Treatment group only performed better in
knowledge acquisition but not in knowledge
application.

Schoppek and
Fischer (2017)

Training in MicroDYN
and Dynamics2

Positive performance
transfer from MicroDYN to
the microworld Dynamics2
and vice versa.

Positive effect of performance in MicroDYN
and on performance in Dynamics2 but not
vice versa. Not VOTAT but PULSE strategy
explained the transfer.

Güss and Hermida
(2024)

Training in Error
Management

Enhancing CPS performance
by addressing common
errors and biases, including
status-quo bias.

Improved performance in dynamic simulations
(ChocoFine, WinFire); reduced error rates;
mitigated cognitive biases.

as behavior is not adjusted despite the availability of
new information (Fust et al., 2018). Therefore, train-
ing should enable solvers to deal with such unknown
problem situations. Recent approaches, such as reflec-
tion training (Donovan et al., 2015) and error man-
agement training (Güss & Hermida, 2024), highlight
the importance of fostering adaptability and equipping
solvers to manage uncertainty by addressing cognitive
biases and encouraging critical self-assessment.

Successful solvers continuously evaluate whether
their assumptions about current situations are cor-
rect (Donovan et al., 2015; cf. Mishra 2017). They
develop and adapt strategies in accordance with new
information and environmental changes. To success-
fully deal with complex problems, people need to learn
beyond their pre-existing knowledge (cf. Fust et al.,
2018). Yet, the processes of how individuals develop
CPS competencies, and attain expertise in complex
problem solving are still poorly understood. SRL is a
methodology that enables solvers to take agency over
their learning in complex problem situations (cf. Zim-
merman, Schunk, & DiBenedetto, 2015) and to of-
fer insights of how CPS competency can be fostered.
Hence, we introduce the concept of SRL to enable in-
dividuals to improve their CPS process and develop
CPS competencies over time.

Self-regulated learning

The concept of SRL and its components are outlined
first, followed by an explanation of how SRL can sup-
port the CPS process and how it facilitates the accel-
eration of CPS expertise. SRL is the process where
learners take agency over their own learning process,
including the regulation of their emotions, motivation,
metacognition, and cognitive strategies while deal-
ing with complexity and advancing towards expertise
(Zimmerman, 1989; Winkler et al, 2023). Rather than
simply happening as an event, learning is an activ-
ity problem solvers follow proactively (Zimmerman,
2002). Zimmerman’s social cognitive model of SRL
consists of three cyclical phases: forethought, perfor-
mance, and self-reflection (Bandura, 1991; Boekarts,
1999; Puustinen & Pulkkinen, 2001; Zimmerman,
2002; Winkler et. al., 2023).

The forethought phase sets the stage for learning
and can be categorized into task analysis and self-
motivation beliefs. Key components of task analysis
are goal setting and strategic planning (Zimmerman,
2002; Zimmerman & Campillo, 2003; Winkler et al.,
2023). Goal setting is the specification of intended ac-
tions and outcomes (Locke & Latham, 1990, 2002).
Highly self-regulated individuals set proximal learning
goals that address more distant outcome goals (Ban-
dura, 1991). The second component of task analysis is
strategic planning. Learners select adequate strategies
to approach the challenge ahead. During planning,
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Figure 2. SRL model based on Zimmerman (2002)

self-regulated learners align their cognition, affect, and
actions towards goal attainment to prepare for the per-
formance phase (Pressley, Woloshyn et al., 1995; Win-
kler et al., 2023). Goal setting and strategic planning
are supported by self-motivational beliefs like intrinsic
interest, self-efficacy, and outcome expectations (Zim-
merman, 2006, 2011). Intrinsically interested learners
value a task for its own merits instead of its poten-
tial beneficial outcomes. Self-efficacy is the personal
belief in one’s capability to learn and perform a task
effectively (Bandura, 1997). To activate personal re-
sources, people need to be self-assured (Zimmerman &
Campillo, 2003). Outcome expectations are an addi-
tional form of motivation. Learners make themselves
aware of the expected benefits of their learning efforts
e.g., increased CPS competency (Bandura, 1997; Wig-
field & Eccles, 2000).

During the performance phase, self-regulated learn-
ers execute their planned learning activities (Zim-
merman, 2000, 2011). There are two sets of sub-
processes: self-control and metacognitive monitoring
(Winkler et al., 2023; Zimmerman, 2002). Strate-
gies that support self-control are self-instruction, im-
agery, attention focusing, task and volitional strategies
(cf. Zimmerman & Campillo, 2003). Self-instruction
refers to the ability to articulate or describe the steps
needed to address and solve a problem (Schunk &
Rice, 1985). Imagery is the creation of vivid men-
tal visualizations and helps maintain motivation dur-
ing learning and decision making (Ruvolo & Markus,
1992). In sports, psychologists have taught profession-
als to visualize successful executions of planned rou-
tines to stimulate their learning and performance ef-
forts (Garfield & Bennett, 1985; Loehr, 1991). Atten-
tion focusing improves concentration by ignoring dis-
tractions influencing goal achievement (Zimmerman,
2011). Task strategies help learners to reduce complex
tasks into their core elements and reorganize them in
a meaningful manner (Zimmerman, 2007). Volitional
strategies support avoiding frustrations about earlier
mistakes (Kuhl, 1985). The second set is metacog-
nitive monitoring. It is about observing one’s per-

formance and learning activities, the conditions one
is surrounded by, and the outcomes being generated
(Zimmerman & Paulsen, 1995). Especially the ap-
plication of metacognitive monitoring is connected to
proactive learning processes and clear goal structures
(Zimmerman, 2007).

The self-reflection phase consists of self-evaluation,
causal attribution, and self-reaction (Zimmerman,
2002; Winkler et al., 2023). Individuals evaluate their
achievements concerning learning and outcome goals
set during forethought phase. These self-evaluative
judgements are directly linked to causal attributions
(Zimmerman & Campillo, 2003). Causal attributions
are beliefs about the reasons for one’s errors or suc-
cesses. Individuals that attribute failure to uncontrol-
lable variables like low ability end up in discourage.
Self-regulated learners tend to relate failure to con-
trollable sources like poor strategy use (Zimmerman &
Kitsantas, 1999). Consequently, they can sustain mo-
tivation and learn more effectively (Ucbasaran, Shep-
herd, Lockett, & Lyon, 2013). Self-reaction involves
conclusions about the extent future actions need to be
adapted to achieve desired goals (Winkler et. al., 2023,
Zimmerman, 2002). This influences motivation, goal
setting, and the definition of task strategies in subse-
quent SRL cycles (Zimmerman, 2011). Self-reflection
is central to generating learning insights that gradually
build up expertise (Winkler et al., 2023).

Supporting complex problem solving with
self-regulated learning

Zimmerman and Campillo (2003) provide insights of
how SRL can improve problem-solving efforts and re-
sults. Studies have addressed how SRL strategies
impact problem solving, for example in mathematics
(Fuchs et al., 2003). Given the characteristics of SRL
with its focus on the learning process and adaptabil-
ity to the learning situations, SRL also gives insights
to support problem solvers in improving CPS compe-
tency. SRL offers personal agency over one’s learning
which involves how information acquisition and goal
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setting, information reduction and strategic planning,
problem model building and adaptation can be shaped
(Bandura, 1991; Schunk, 2001; Zimmerman, 2000).
Thus, it offers insights into how CPS competency can
be built up.

We formulate ten propositions on how SRL and its
components support the development of CPS com-
petency to accelerate CPS expertise and provide an
overview of the proposed influences in figure 3. We
base our arguments on how SRL affects the distinct
elements of the CPS process.

Proposition 1: SRL enables problem solvers to ac-
celerate CPS expertise.

Information acquisition and goal setting

The main goal concerning the problem situation, such
as making maximum profit, is often apparent. To
achieve this overarching goal, however, solvers must
develop subgoals (Donovan et al., 2015). To address
these, solvers systematically interact with the complex
problem to generate the necessary information (Fis-
cher et al., 2012).

SRL can support this process by facilitating the def-
inition of proximal learning goals (Locke & Latham,
2006; Seijts & Latham, 2005), which guide interaction
activities to generate knowledge.

Unlike outcome goals, which focus on the final prod-
uct, learning goals center on how to solve the task
itself (Schunk & Swartz, 1993). By setting learning
goals, problem solvers become more aware of their
knowledge deficits and can identify the specific infor-
mation required to address them. For example, while
the main goal is to maximize profit, learning goals
may include identifying the optimal pricing strategy
or analyzing additional market opportunities. Set-
ting proximal goals also increases persistence dur-
ing the problem solving process, intrinsic interest in
the tasks, and finally one’s self-efficacy (Bandura &
Schunk, 1981). Higher self-efficacy can empower prob-
lem solvers to tackle challenges with confidence. How-
ever, self-efficacy must be calibrated effectively. Over-
confidence, driven by excessive self-efficacy, can lead
solvers to overestimate their abilities, neglect relevant
knowledge gaps, and fail to engage in adequate in-
formation acquisition (cf. Baron et al., 2016). On
the other hand, highly self-regulated learners mitigate
overconfidence biases by dynamically calibrating their
self-efficacy through reflection and adjustment (Zim-
merman, 2008). Visualization of prior successes can
boost self-efficacy, while careful calibration ensures
that problem solvers remain aware of potential chal-
lenges and gaps in their understanding. It could help,
for example to ask experienced problem solvers of how
they tackled similar problems or to engage with crit-
ics who primarily focus on identifying potential risks.
This could result in the need to search for additional
information.

Additionally, stepwise approaches to goal setting,
like motto goals (Storch, 2009), can help solvers cre-
ate positive associations with personal goals and man-

age affective states effectively. Low negative affect has
been associated with high CPS performance (Rohe et
al., 2016), and proximal goals can trigger positive af-
fect that enhances engagement and persistence.

Hence, we propose the following:
Proposition 2: SRL enables problem solvers to set

proximal learning goals that guide information acqui-
sition.

Building on this, SRL further supports problem
solvers in calibrating their self-efficacy to balance con-
fidence and realism. By reducing or even avoid-
ing overconfidence and maintaining an accurate per-
ception of their abilities, solvers can repeatedly set
challenging yet achievable goals, even in dynamically
changing situations. Thus:

Proposition 3: SRL enables problem solvers to cal-
ibrate their self-efficacy to set challenging but achiev-
able goals.

Information reduction and strategic planning

When problem solvers have gathered enough infor-
mation for the moment, they need to decide which
knowledge to rely on to plan their consecutive ac-
tions. This process requires reducing the complex-
ity of the generated information by focusing on rel-
evant features and ignoring irrelevant ones (Gonzalez
& Lebiere, 2005). Designated CPS experts dissemble
problems into parts, organize the generated informa-
tion hierarchically, exclude less relevant elements, and
create higher order chunks to approach them system-
atically (Bruning, Schraw, & Ronning, 1995; Fischer
et al., 2012; Sweller, 2005). Self-regulated problem
solvers, in particular, align their cognition, affect, and
actions toward goal attainment during this phase to
enhance performance (Pressley, Woloshyn, et al., 1995;
Winkler et al., 2023). SRL enables problem solvers to
carefully evaluate and select strategies by determining
the utility value of each option and how it serves their
goals previously set (Wigfield & Eccles, 2000). Relat-
ing to the already mentioned learning goal of identify-
ing the right price, talking to a pricing expert might
have a greater utility for the problem solver than en-
gaging in plain desktop research. This alignment of
strategies with utility value enhances decision-making
efficiency and effectiveness.

Moreover, SRL supports the systematic and proac-
tive planning of the selected strategies, which not only
facilitates actionable steps but also gradually reduces
the perception of uncertainty (McCann & Vroom,
2015) and increases situational awareness (cf. Gar-
vey, 2022). Situational awareness, the ability to under-
stand critical factors in the environment and predict
their consequences within and to the system, is essen-
tial to navigate challenges effectively (Endsley, 1995).

By leveraging SRL, solvers can dynamically respond
to situations where additional information is needed
by re-engaging in information acquisition activities
(Rahim et al., 2019). In contrast, those who lack
SRL capabilities often rely on reactive and sponta-
neous learning insights, leaving them more suscepti-
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Figure 3. Overview of propositions

ble to feelings of uncertainty and overwhelm (Zimmer-
man, 2011). The ability to strategically plan, guided
by utility value, is thus a hallmark of effective CPS
processes.

Proposition 4: SRL enables problem solvers to iden-
tify effective CPS strategies by determining how their
utility value serves their strategic planning.

Based on the cyclical feedback from earlier efforts,
the selected strategies need to be adjusted continu-
ously, as there is no problem solving strategy that will
work for all tasks (Zimmerman & Campillo, 2003).
Hence, motivation to continuously adapt is essential.
Outcome expectations positively influence this moti-
vation by providing a clear vision of the benefits asso-
ciated with achieving the goal. They interrelate with
self-efficacy in that individuals with high self-efficacy
are more likely to form strong and positive outcome
expectations (Maddux, Norton, & Stoltenberg, 1986).
However, the two constructs differ: Self-efficacy per-
tains to the belief in one’s ability to successfully com-
plete a task, whereas outcome expectations focus on
the perceived benefits and rewards of completing that
task (Bandura, 1997). For example, a problem solver
whose main goal is maximizing profit might visualize
being regarded as a smart entrepreneur or consider
how the profit could provide opportunities for busi-
ness expansion. This interplay between self-efficacy
and outcome expectations reinforces motivation by not

only instilling confidence in one’s capabilities but also
by emphasizing the tangible benefits of success (Zim-
merman & Campillo, 2003). SRL supports this pro-
cess by helping solvers clarify and align their outcome
expectations with their goals, thereby sustaining mo-
tivation throughout the problem-solving process.

Proposition 5: SRL enables problem solvers to define
outcome expectations to promote motivation to solve
the problem

Building and adapting the problem model

During information reduction and strategic planning,
problem solvers should develop situational awareness
of the critical factors within the complex system (End-
sley, 1995). Based on these insights, they draft a
parsimonious model of the problem by using induc-
tive, deductive, and abductive reasoning (Fischer et
al. 2012). Inductive reasoning allows solvers to gen-
eralize patterns from observed data, while deductive
reasoning applies general rules to specific cases. Ab-
ductive reasoning, by contrast, enables solvers to gen-
erate hypotheses about the underlying causes of ob-
served phenomena, especially in situations where in-
formation is incomplete or ambiguous. Together, these
reasoning processes allow solvers to create and refine
internal representations of the problem to forecast sys-
tem dynamics. However, such models require continu-
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ous adaptation as new information emerges (Ohlsson,
1992; Resnick, 1985).

SRL supports this iterative process by promot-
ing a sense of personal agency (Zimmerman, 1989)
and leveraging self-control mechanisms like self-
instruction, imagery, attention focusing, task strate-
gies, and volitional strategies. These mechanisms help
problem solvers to focus on the identified core elements
of the problem while preserving their motivation (Zim-
merman & Campillo, 2003). Self-instruction improves
learning by verbalizing relationships between depen-
dent variables, aiding in understanding the system’s
structure (cf. Schoppek, 2004; Schunk & Rice, 1985).
Imagery involves creating vivid mental visualizations
to encode the problem structure to draft the model
(Pressley, 1977; Pressley & Levin, 1977). In our ex-
ample of how to maximize profit, a solver would vi-
sualize potential arguments and prepare to appropri-
ately respond to counterarguments for an upcoming
price negotiation. Volitional strategies help to avoid
ruminating about previous failures, allowing to main-
tain focus on the task at hand (Kuhl, 1985). Atten-
tion focusing enhances concentration by filtering out
distractions ensuring goal-directed behavior (Zimmer-
man, 2011).

By employing these strategies and reasoning pro-
cesses, problem solvers can identify patterns more ef-
fectively, enabling them to draft and adapt their prob-
lem model. For instance, CPS experts systematically
analyze and structure tasks, simplifying them for bet-
ter handling (Bruning et al., 1995). This structured
approach allows for the continuous reorganization of
core elements to reflect newly identified patterns and
insights (Zimmerman & Campillo, 2003).

Proposition 6: SRL enables problem solvers to exert
self-control to build and continuously adapt the parsi-
monious model of the problem.

Dynamic decision making

Based on the parsimonious model of the problem,
solvers aim to anticipate dynamic changes in the com-
plex system to determine their course of action ef-
fectively. DDM involves a series of interconnected
decisions that rely on past actions and are influ-
enced by the spontaneous changes in the system
(Brehmer, 1992; Fischer, Greiff & Funke, 2012; Gon-
zalez, Vanyukov & Martin, 2005). Given the time con-
straints and the multitude of variables involved, prob-
lem solvers must adopt efficient and rational strategies
to navigate the complexity of the situation (Fischer et
al., 2012). Self-reflective SRL strategies empower indi-
viduals to critically evaluate their existing knowledge,
the relevance of their decision-making heuristics, and
the dynamics of the system to determine the most ap-
propriate strategy to follow. When initial decisions fail
to lead to goal achievement, problem solvers can con-
sider alternative courses of action or reformulate the
problem to reach a successful resolution (Fischer et
al., 2012). This implies that problem solvers possess a
wide range of different strategies from which they can

choose the appropriate one(s). For instance, in a ne-
gotiation scenario, if problem solvers realize that their
initial assumptions are not applicable and the negoti-
ation partner is hesitant to accept the proposed price,
they may pivot by offering additional services or war-
ranties to enhance the negotiation process instead of
settling for a lower price.

Proposition 7: SRL enables problem solvers to re-
flect their knowledge, their heuristics, and the system
dynamics to better decide which problem solving strate-
gies to follow.

Metacognitive monitoring plays a crucial role in en-
abling problem solvers to observe and analyze their
DDM process, the contextual environment, and the
outcomes of their decisions (Zimmerman & Paulsen,
1995; Zimmerman, 2011). This practice provides
solvers with the necessary insights to evaluate the ef-
fectiveness of their strategies and learning activities.
Specifically, SRL supports metacognitive monitoring
by guiding to systematically assess their progress,
identify discrepancies between their goals and current
outcomes, and adjust their decision-making strategies
accordingly (Kitsantas & Zimmerman, 2002; Mayer,
1992).

For instance, by examining past experiences and
outcomes, problem solvers can identify areas requiring
adjustment. This process helps solvers integrate new
information with their existing knowledge base and
reflect on emotional responses to decision outcomes
(Sanders & McKeown, 2008; Campitelli & Labollita,
2010). By doing so, they can adapt their actions ef-
fectively to dynamic and evolving circumstances, con-
tributing to improved decision-making (Winkler et al.,
2023).

Metacognitive monitoring extends beyond passive
observation, acting as a proactive mechanism to re-
fine strategies and decision-making processes itera-
tively. This iterative learning process allows solvers to
enhance their cognitive processes, optimize decision-
making, and manage their time more effectively to
achieve desired outcomes (Chi, Glaser, & Rees, 1982).
For example, by being more aware of their past solu-
tion approaches, solvers can better leverage insights to
refine their strategies for future challenges (Haynie et
al., 2010; Zimmerman & Kitsantas, 1996).

SRL facilitates this process by embedding reflective
practices within the DDM cycle, ensuring solvers not
only monitor their problem solving performance but
also actively adjust their strategies in real-time to align
with the demands of the problem context. This dy-
namic alignment enables solvers to maintain adapt-
ability and effectiveness in the face of complexity.

Proposition 8: SRL enables problem solvers to
metacognitively monitor and adjust DDM.

Evaluation

Problem solvers need to challenge their parsimonious
model of the problem and evaluate their progress to-
wards an appropriate solution continuously (Fischer
et al., 2012). Outcome evaluations can be compared
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to error management. Problem solvers need to dif-
ferentiate between the effects of their actions and
the autonomous development of the complex system
(Schaub, 2007). Supporting SRL strategies are causal
attribution and self-reaction (Zimmerman, 2002; Win-
kler et al., 2023). Causal attribution increases the un-
derstanding of the effectiveness of one’s applied strate-
gies and the influence of system dynamics (Locke &
Latham, 2002; Osman, 2010). Problem solvers who
attribute failure to controllable variables like insuf-
ficient problem representation or poor strategy use
can redraft the problem model and increase motiva-
tion to adjust their behavior accordingly (Zimmer-
man & Kitsantas, 1999). Attributing failure to un-
controllable variables like low ability leads to negative
emotions and withdrawal from further solution efforts
(Ucbasaran et al., 2013). Hence, a self-regulated prob-
lem solver would attribute a failed price negotiation to
the wrong or insufficient preparation and not to rea-
sons corresponding to personality such as low extraver-
sion.

Proposition 9: SRL enables problem solvers to at-
tribute failure to controllable variables to learn and
adjust their future problem solving approaches accord-
ingly.

Self-reaction is the conclusion about if and how ac-
tions need to be adjusted to solve the problem (Zim-
merman, 2002). This reflective process not only in-
forms goal setting and planning in entrepreneurial en-
deavors, like adjusting marketing strategies based on
past marketing campaign performance in tech star-
tups, but also contributes to expertise development
over time (Winkler et al., 2023). Personal motivation
is not influenced by the goal achievement itself, but
the self-evaluative reaction to the solution approach
(Zimmerman & Campillo, 2003). By conditioning
self-satisfaction on goal achievement and persistently
adjusting strategies based on feedback, entrepreneurs
can enhance decision-making, sustain persistence, and
improve problem-solving efforts. For instance, when
launching a fitness app, entrepreneurs can adapt fea-
tures based on user engagement metrics to make sure
the app meets users' needs and preferences (Schunk,
1982; Haynie et al., 2012; Shepherd et al., 2007).

Proposition 10: SRL enables problem solvers to gen-
erate self-reactive insights on if and how their CPS ac-
tivities need to be adjusted in the future to gradually
develop expertise.

Discussion

CPS research so far has primarily focused on cogni-
tive processes like inductive and deductive reasoning
while acquiring and reducing information, building a
parsimonious problem model, making dynamic deci-
sions, and evaluating the problem solving process (Fis-
cher, 2012; Fischer & Neubert, 2015). SRL can sup-
port CPS with motivational self-beliefs, metacognitive
monitoring, and affective self-reactions (Zimmerman
& Campillo, 2003) to self-regulate cognition and mo-
tivation while solving complex problems and building

the ground for continuous learning. This is in line
with Fischer and Neubert (2015), who discuss com-
petencies containing knowledge, skills, abilities, and
other components (KSAO) being relevant for CPS to
explain why performance in one problem setting does
not necessarily lead to performance in another one.
A potential explanation is that CPS training so far
may not have defined problem solving broadly enough
(cf. Zimmerman & Campillo, 2003). A key stimulus
of CPS is declarative knowledge. Declarative knowl-
edge can be acquired by information generation efforts
and structured through information reduction (Fischer
et al., 2012). Skills allow the transfer from knowledge
into practice (cf. Anderson, 1987). Next to the declar-
ative knowledge it is important to know how to ap-
ply heuristics and strategies effectively (Dörner, 1986;
1996; Güss et al., 2015), whereas abilities are required
to solve complex problems efficiently (Süß, 1999). To
store and process much information at the same time,
problem solvers need working memory. Working mem-
ory capacity and the processes involved in gathering
system specific knowledge have great impact on CPS
performance (Danner et al., 2011; Süß, Oberauer, &
Kersting, 1993; Wittman & Süß, 1999). To detect sys-
tematic patterns, i.e., develop hypotheses about the
system structure (Brehmer, 2004; Wittmann & Hat-
trup, 2004), and to transfer knowledge to novel prob-
lems, high degrees of reasoning ability are required
(Süß, 1996; Wittmann & Hattrup, 2004). In addition
to knowledge, skills, and abilities Fischer and Neu-
bert (2015) formulate other factors related to CPS.
Frustration tolerance (Funke et al., 2018) and a pos-
itive attitude toward the problem (D’Zurilla & Nezu,
2006) support the solving process. Cognitive reflec-
tion (Toplak, West, & Stanovich, 2011) is important to
counteract cognitive biases and monitor consequences
of CPS activities (Donovan, Güss, & Naslund, 2015).
Also learning and achievement motivation might be
helpful (cf. Greiff & Neubert, 2014). Hence, research
already suggests going beyond cognitive abilities to
fully explain CPS performance. We build onto this de-
velopment by introducing SRL as a powerful concept
to foster CPS competency. Especially in novel prob-
lem situations containing high degrees of uncertainty,
focusing more on existing knowledge than on the con-
sequences of actions can potentially hinder learning
(Fust et al., 2018) and as a consequence, can lead to
wrong conclusions based on mental fixations (Garud,
Kumaraswamy, & Karnøe, 2010; Ucbasaran, West-
head, & Wright, 2011). We argue that metacognitive
and motivational SRL strategies support the cognitive
processes being addressed by CPS research.

Metacognition is responsible for monitoring, evalu-
ating, and regulating cognitive processes during CPS
(Mishra 2017). It helps to develop situational aware-
ness to identify which knowledge is needed to solve
the problem and to formulate deficits that can be
addressed (Baron & Henry, 2010; Endsley, 1995).
Metacognitive monitoring, similar to cognitive reflec-
tion, enables problem solvers to encounter cognitive bi-
ases, negatively influencing the interpretation of com-
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plex problem situations and adjust problem represen-
tations according to new information (Mishra, 2017).
Solvers who continuously challenge and adjust their
mental models of the problem situation automatically
engage in double loop learning to build up expertise
successively (Argyris & Schön, 1978). Causal attribu-
tion supports the evaluation of problem solving efforts
and builds the fundament to accelerate CPS expertise
by enabling solvers to focus on their contribution to
failure and success (cf. Ucbasaran, Shepherd, Lockett,
& Lyon, 2013).

Additionally, problem solvers must be motivated to
develop additional cognitive and metacognitive capa-
bilities to overcome obstacles when facing complexity
(Zimmerman & Campillo, 2003). During the problem
solving process motivation may vary. Therefore, indi-
viduals benefit from knowledge and experience about
the use of motivational strategies and about how to
regulate their own motivation. Hence, motivation
and metacognition are interrelated. Setting proximal
learning goals increases motivation by promoting per-
sistence during strategy application, intrinsic interest
in the tasks and self-efficacy concerning the solution
finding process (Bandura and Schunk, 1981). Strate-
gic planning reduces the perception of potential uncer-
tainties (McCann & Vroom, 2015). Self-control mech-
anisms like volitional strategies or attention focusing
preserve motivation during CPS (Hiller & Hambrick,
2005; Ucbasaran et al., 2011; Zimmerman, 2011). Self-
reaction is essential to stimulate motivation and learn-
ing for subsequent SRL cycles (Zimmerman, 2011).
Problem solvers need to actively engage in these learn-
ing processes during performance control phases to de-
velop expertise over time (Zimmerman, 2006).

In summary, SRL provides a holistic perspective
on the capabilities needed to enhance CPS compe-
tencies and develop expertise by integrating motiva-
tional and metacognitive processes. This is in line with
Dörner and Funke’s (2017, p. 6) latest definitions of
CPS: “complex problem solving is a collection of self-
regulated psychological processes and activities nec-
essary in dynamic environments to achieve ill-defined
goals that cannot be reached by routine actions [. . . ]”.

Implications for Education

SRL is rooted in Bandura’s (1977, 1986) social cogni-
tive theory, which relies on a cyclical process, recipro-
cal determinism, the assumption of proactive learners,
and different hierarchy levels. In contrast to CPS, sev-
eral studies have already proved the successful train-
ing of SRL, as SRL is not a stable mental capability,
but a cyclic process of forethought, performance, and
self-reflection (Cleary & Zimmerman, 2004; Schunk &
Ertmer, 2000; Schunk & Zimmerman, 1998). Hence,
training should provide learning environments where
participants reflect their learning process while solving
complex problems. Reciprocal determinism suggests
that human beings are proactive and reflective in na-
ture and influenced by their social environment (Pa-
jares, 2008). Thus, SRL training should incorporate

personal, behavioral, and environmental factors. To
enable proactivity of learners, direct instruction should
be reduced during SRL development and sequentially
substituted with educational scaffolds to structure the
problem solvers’ learning processes (Athanassiou, Mc-
Nett, & Harvey, 2003). Examples of scaffolds are
coaching, and reflection sessions facilitated by edu-
cators, deadlines, outcome-related expectations, and
peer-support (O’Donnell, Dansereau, & Hall, 2002).
To foster higher order thinking and learning, scaffold-
ing results in much better outcomes than traditional
approaches (Schmidt et al., 2009).

Zimmerman (2001) theorizes that SRL capabili-
ties develop across a four-level hierarchy, which con-
sists of observation, emulation, self-control, and self-
regulation. First, the observation level of problem
solving refers to the ability of observers to deduce the
underlying strategy from a role model’s performance
and verbally predict future moves before they are ex-
ecuted. Second, emulation level is attained when par-
ticipants are able to replicate the role model’s strat-
egy with the support of the trainer. Third, on a self-
control level, problem solvers can execute this strategy
independently. Fourth, self-regulation level is achieved
when individuals can transfer the role model’s strategy
to a novel complex problem on their own (cf. Zimmer-
man & Campillo, 2003).

For the trainer, teaching proximal learning goals be-
gins with explaining the concept and importance of
setting such goals to address novel problem situations.
By illustrating the rationale behind the concept, learn-
ers can grasp its relevance (Winkler et al., 2023). Sub-
sequently, sharing best practice examples of setting
learning goals in complex problem scenarios helps par-
ticipants with the observation of effective goal-setting
strategies. Trainers then assist learners in formulat-
ing their own learning goals for emulation and self-
regulation, emphasizing the role of external feedback
in enhancing self-reflection and self-awareness to align
with self-regulatory behavior (Zimmerman & Pike,
1972; Zimmerman & Rosenthal, 1974). Throughout
the training, the initial guidance provided by train-
ers should gradually decrease, allowing participants to
assume control of their learning processes and bolster
their SRL capabilities through independent practice
(Ericsson, Krampe, & Tesch-Romer, 1993). The ulti-
mate goal is to automate this behavior, paving the way
for the attainment of self-regulation as the final stage
(Zimmerman, 2001). At this stage, learners can adapt
their SRL strategies to evolving individual and contex-
tual circumstances. To advance towards achieving self-
regulation, problem solvers should engage in reflective
practices and challenge their individually set learning
goals within a group setting. Participating in moder-
ated group discussions enables learners to glean insight
from one another, fostering a collaborative learning en-
vironment that promotes growth and development.

Thus, a SRL training fostering CPS should be put in
a complex problem context, address personal, behav-
ioral, environmental factors, apply educational scaf-
folds, and build on the four hierarchy levels.
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Conclusion

The social cognitive view of SRL (Zimmerman, 2000,
2006) supports the process perspective on CPS (Fis-
cher et al., 2012) and contributes to CPS research in
several ways.

First, we expand CPS research by introducing SRL.
This concept supports the cognitive CPS elements
with metacognitive and motivational SRL strategies
to demonstrate how problem solvers may develop CPS
competency and accelerate their expertise (Winkler
et al., 2023; Zimmerman, 2001). Metacognition en-
ables problem solvers to regulate, monitor, and evalu-
ate their CPS activities to gradually develop exper-
tise (Ifenthaler, 2012). Understanding and execut-
ing motivational strategies helps to stay motivated in
CPS processes and to enhance resilience to better deal
with drawbacks when facing obstacles (Zimmerman &
Campillo, 2003).

Second, SRL is a powerful approach for problem
solvers addressing novel complex situations containing
dynamic changes and unexpected events where expe-
rience is not available or even disadvantageous (Eesley
& Roberts, 2012; Ucbasaran et al., 2009). Execut-
ing self-control by self-regulating behavior, cognition,
motivation, and affect supports dealing with changing
circumstances (Winkler et al., 2023). This adaptive
capacity is essential for entrepreneurs who often face
ambiguous and uncertain situations that require con-
tinuous learning and adjustments.

Third, we provide some concrete SRL strategies that
problem solvers can apply to improve their CPS pro-
cess, develop CPS competency, and accelerate CPS
expertise in the long run. To guide their information
acquisition, individuals should set proximal learning
goals as part of their motivational regulation. The
gathered knowledge is structured hierarchically to de-
tect interconnections and patterns in various situa-
tions. SRL enables to differentiate between previ-
ous experiences and the requirements of novel settings
(Winkler et al., 2023). While planning CPS strategies,
solvers should guide their affect and behavior towards
previously set goals (Pressley, 1995). They can iden-
tify effective problem solving strategies based on their
utility value. Furthermore, outcome expectations help
to promote and retain motivation during CPS. Regu-
larly assessing and monitoring problem solving activ-
ities leads to either aligning goals or adapting strate-
gies, which improves the way of learning. To continu-
ously improve the CPS process, setbacks should result
in an adjustment of one’s problem representation, not
an attribution to low ability, therefore, negative emo-
tions and a withdrawal from further solution efforts
(Ucbasaran et al., 2013).

Fourth, existing CPS training approaches can be
adjusted by acknowledging the four-level hierarchy of
SRL (Zimmerman, 2001) and scaffolding higher-order
thinking and learning (Athanassiou, McNett, & Har-
vey, 2003). There is evidence that the motivation and
problem-solving skills of learners who follow this four-
step approach are superior to those of learners who

skip these steps (Zimmerman & Kitsantas, 1997, 1999;
Kitsantas, Zimmerman, & Cleary, 2000). Integrat-
ing the problem solvers’ cognitive, motivational, and
metacognitive processes while dealing with complex-
ity into educational training enables the continuous
entrepreneurial development. Especially in uncertain
and dynamic environments it is ineffective and can be
costly to only rely on learning from experience and
trial-and-error learning (Fust et al., 2018).

Limitations and future research

The implementation of SRL strategies can lead to en-
hancement in goal setting, strategic planning, informa-
tion reduction, and DDM, ultimately accelerating the
development of CPS expertise (Winkler et al., 2023).

It is important, however, to acknowledge the limi-
tations of this theoretical framework. There is a lack
of empirical evidence supporting the direct impact of
SRL on the development of CPS competency. An addi-
tional empirical validation through longitudinal stud-
ies or experimental designs would be essential to estab-
lish causal relationships and measure the effectiveness
of integrating SRL strategies in CPS training. Ad-
ditionally, we have analyzed the relationship between
SRL and CPS from an entrepreneurial perspective. In-
vestigating the transferability of SRL to further con-
texts will contribute to the development of practical
guidelines for educators seeking to enhance CPS com-
petency.

In conclusion, while the theoretical framework pre-
sented in this paper highlights the potential benefits of
incorporating SRL to improve CPS competency, em-
pirical validation and further research are essential to
verify the propositions and provide actionable insights
for developing CPS expertise.
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