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Abstract
Higher education institutions are challenged to educate students for an uncertain 
future. Adaptive expertise (AE) is needed to thrive in an uncertain future: the abil-
ity to respond successfully to altered situations and changing circumstances. Work-
based learning (WBL) environments would allow students to develop AE. However, 
knowledge about how WBL contributes to AE development in higher education is 
scarce. This paper reports on a realist review to understand and explain how, why 
and in what circumstances WBL leads to AE development. Three narratives illus-
trate how working in challenging conditions, interacting with others and stimulat-
ing a willingness to learn were associated with AE development through WBL as a 
result of shifts in perspective and thinking. Five work-based learning elements for 
AE development were identified: integrative challenging contexts, reflective prac-
tice, interacting with others, guidance and learner characteristics. Future research 
should focus on how working in challenging situations, interactions with oth-
ers and guidance interact to stimulate AE development in different types of WBL 
environments.
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Introduction

Rapid societal and technological developments ask professionals to respond suc-
cessfully to changing circumstances. They need to become adaptive experts that can 
cope with novel, unfamiliar situations, while at the same time maintaining high lev-
els of performance (Hatano & Inagaki, 1986; Schwartz & Bransford, 2005). Con-
sequently, higher education programmes are challenged to design education that 
supports adaptive expertise (AE) development and acquaint students with innova-
tive professional practices. Previous studies (Pelgrim et al., 2022; Kua et al., 2021#; 
Bohle Carbonell et al., 2014#) suggest that being confronted with challenging, ill-
structured, real-world problems in safe learning environments supports AE devel-
opment. In many higher education programmes, learning at an educational institu-
tion is combined with learning in the workplace (Kyndt et al., 2021), varying from 
internships to hybridisation models (Bouw et al., 2019). Work-based learning envi-
ronments offer opportunities for students to work on challenging, real-world prob-
lems and thus have the potential to foster adaptive expertise development. However, 
despite differences in how learning across work and educational contexts is organ-
ised (Perusso & Wagenaar, 2021), the question of how (adaptive) expertise develops 
as part of work-based learning (WBL) in higher education (HE), and how this is or 
should be supported remains open.

In an overview article, Ward et  al. (2018) presented six principles for promot-
ing AE: flexibility-focused feedback, concept-case coupling, tough case time 
compression, case-proficiency scaling, complexity preservation and active reflec-
tion. Although these principles are sound and promising, they must be translated 
into concrete learning practices. Further, it is still unclear how learner and context 
characteristics interact and contribute to AE development in work-based learning 
contexts and, thus, for whom and in what contexts certain practices are effective. 
Adaptive expertise has been studied in various contexts and among students and 
professionals with diverse backgrounds. The current review contributes to creating a 
foundation for theory development, integrating perspectives across different profes-
sional domains and uncovering areas that need more research.

Adaptive Expertise

Expertise is consistent peak performance and can be acquired through deliber-
ate practice (Ericsson et  al., 1993) in a particular domain. Experts perform tasks 
more effectively and efficiently than novices (Ericsson et al., 1993). They refine their 
professional skills by constantly elaborating on new professional cases (Boshuizen 
et al., 2020). However, experts might not always be aware of the limitations of the 
context-specificity of their knowledge (Bohle Carbonell et al., 2014#). High levels of 
automation and routine expertise may impede creativity and adaptability, leading to 
functional fixedness (Gube & Lajoie, 2020#; Kua et al., 2021#).

The term adaptive expertise was coined by Hatano and Inagaki in 1986 (Hatano 
& Inagaki, 1986). AE is recognizing when familiar skills and knowledge are 
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insufficient for a novel, complex, or uncertain situation and adapting accordingly by 
innovating or refining one’s approach (Hatano & Inagaki, 1986; Schwartz & Brans-
ford, 2005). Adaptive performance is the visible behaviour of adaptive expertise 
(Pelgrim et al., 2022) and, according to Pelgrim et al. (2022), is regularly consid-
ered as an interrelated concept and often used interchangeably with AE. AE involves 
balancing efficiency and innovation, learning from experience, and expanding one’s 
problem-solving repertoire (Hatano & Inagaki, 1986; Schwartz & Bransford, 2005). 
AE is a combination of several skills and traits (Bohle Carbonell et  al., 2014#). 
This means that AE consists of different constructs and, thus, is not unambiguous. 
Changing circumstances that can be new for the professional, the work field, or even 
society trigger adaptive performance in professionals with AE (Pelgrim et al., 2022). 
The novelty of the situation forces someone to reassess how and why they apply a 
particular skill (Bohle Carbonell & van Merrienboer, 2020#; Bohle Carbonell et al., 
2014#). In these situations, professionals with AE seek to learn from experience 
(Barnett & Koslowski, 2002; Chi, 2011), critically reflect on their actions, integrate 
diverse perspectives, and navigate uncertainty by experimenting with new methods 
and solutions (Bohle Carbonell & van Merrienboer, 2020#; Kua et al., 2021#; Ward 
et al., 2018). Confrontation with open-ended, challenging or ill-structured problems 
in an educational or workplace setting seems to be associated with AE development 
(Pelgrim et al., 2022).

Adaptive Expertise Development and Work‑Based Learning

WBL environments allow students to develop AE by acquainting them with chal-
lenging, ill-structured real-world problems. Work-based learning in higher educa-
tion is an intricate interplay between the educational programme and practice, and 
should therefore be designed in unison. However, how work-based learning (WBL) 
is designed varies greatly, from alignment models in which students switch from 
one context to the other (e.g., dual education programmes); to incorporation models 
whereby school is brought to the workplace or vice versa, and hybridization models 
whereby both contexts are merged into one new learning site (Bouw et al., 2019). 
According to Tynjälä (2008), “integration of formal and informal learning is an 
essential prerequisite for developing the kinds of expertise needed in response to the 
changes taking place in working life.” (p. 130). Incorporating professional practice 
into educational programmes steers students’ learning activities, eliciting new forms 
of professional development. However, there is a lack of empirical studies showing 
how students can be supported in developing AE through WBL in higher education 
programmes (Kua et al., 2021#; Pelgrim et al., 2022).

Realist Review Rationale

Previous reviews (Bohle Carbonell et al., 2014#; Kua et al., 2021#; Pelgrim et al., 2022) 
primarily focussed on conceptualising AE and identifying AE-related aspects, omitting 
causal explanations of how and why AE was developed. Further, these earlier reviews 
did not specifically focus on the relationship between WBL and AE development. 
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Therefore, a realist review could offer a deeper understanding of what happens during 
WBL in relation to AE development, as realist reviews are especially suited to synthe-
sizing complex processes (Wong et  al., 2013). It helps us to understand and explain 
how, why, and in what circumstances and contexts complex interventions lead to 
intended, unintended, desired and undesired outcomes. To understand how outcomes 
(O) come about, we need to understand the underlying mechanism (M) that connects 
the context (C) with the outcomes (Pawson et al., 2005). These CMO configurations 
lie at the heart of the realist approach. In this paper, we conceptualise WBL in its dif-
ferent modes as a complex intervention to stimulate AE. Therefore, the scope of the 
current study is broad, and we interpreted WBL interventions in various contexts, such 
as formal learning activities, as contextual factors. Mechanisms are the underpinning 
generative force that leads to outcomes (Dalkin et  al., 2015; Jagosh et  al., 2011). In 
line with Dalkin et  al. (2015) and Barry et  al. (2019), we define mechanisms as the 
learners’ underlying responses, processes, or manners of reasoning that operate in par-
ticular contexts. These mechanisms are usually hidden and not the designable elements 
of WBL environments (Dalkin et  al., 2015). Mechanism-resources refer to what the 
WBL environment triggers among learners. Mechanism-responses refer to the learn-
ers’ responses, all of which suggest a change in learners’ minds or actions (Jagosh et al., 
2011; Thijssen et al., 2022). We define contextual factors at the individual level (e.g., 
work experience or prior knowledge) and the environmental level (e.g., workplace char-
acteristics, WBL environment or formal learning activities). The contextual factors are 
related to pre-existing structures, cultural norms or geographic locations (Jagosh et al., 
2015). Outcomes are either intended or unexpected outcomes of WBL in relation to AE 
development as a result of the learners’ responses.

Research Aim and Question

The current study seeks to understand how WBL in higher education contributes 
to AE development. Our primary research question is: How, for whom, why and 
under what circumstances does work-based learning contribute to the development 
of adaptive expertise?

In this paper, we describe causal explanations using CMO configurations in one or 
more middle-range theories to answer our research question. These middle-range theo-
ries are more abstract explanations for specific contexts, explaining how categories of 
factors and activities work in types of contexts, than granular explanations for specific 
settings, and are used to guide programme theory development (Shearn et al., 2017).

Methods

Study Design

We followed the key steps in a realist review proposed by Rycroft-Malone et  al. 
(2012). We used the RAMESES publication standards for realist syntheses (Wong 
et al., 2013) for reporting this study.
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In line with the iterative realist approach, we (the authors) discussed the 
results from each step in the current review with three groups: 1) our research 
team (the authors), 2) our advisory panel (members selected from our network 
of WBL experts), and 3) the research consortium (representing stakeholders 
from eleven higher education institutions in the Netherlands). These iterations 
aimed to progressively focus the breadth and depth of the review, explore differ-
ent perspectives, and delve deeper into the possible causal explanations within 
and across different studies. See Fig.  1 below for an overview of our realist 
review approach.

Stage 1: Clarify the Scope of the Review

To clarify the scope of the review and design an analytical framework, the 
research team selected, reviewed and discussed several publications about 
(adaptive) expertise development and WBL (Cangialosi et  al., 2020; Cutrer 
et  al., 2018; Harteis & Goller, 2014; Markauskaite & Goodyear, 2017; Sessa 
et al., 2011; Steenhof, 2020; Trede & Jackson, 2019). Additionally, MG and ME 
wrote a short theoretical background paper on AE development in relation to 
WBL to stimulate group discussions within the research team and with the advi-
sory panel. These discussions resulted in the further refinement of the review’s 
scope and led to refining the research question: how does work-based learning 
in higher education, either in the workplace or in an authentic, simulated work-
place with the student in a professional role, contribute to developing adaptive 
expertise?

We decided to include in our search all learners involved in WBL during their 
training in HE programmes (see our inclusion criteria for a detailed description). In 
line with the purpose of a realist review, the variations in settings and learners will 
contribute to gaining insights into working mechanisms in developing AE through 
WBL.

Development of an Initial Framework

The next step was finding and articulating the initial programme theories (e.g., 
Wong et  al., 2010). Given the complexity of AE and the variety of WBL pro-
grammes, we followed a similar approach to those of Mertens et al. (2018) and 
Walshe and Luker (2010) and developed a broad initial analytical framework 
instead of one programme theory. We conducted a literature screening and gath-
ered information about conceptualisations of AE and descriptions of WBL con-
texts from a survey sent to other stakeholders in our national network consisting 
of practitioners and researchers involved in AE development projects. We dis-
cussed the outcomes with our advisory panel to explore how WBL could contrib-
ute to AE development in HE.
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Furthermore, we selected five key review publications available at the time of this 
study1on (adaptive) expertise development to build our initial framework: 1) Kua 
et al. (2021#), 2) Bohle Carbonell and Van Merriënboer (2020#), 3) Bohle Carbonell 
et al. (2014#), 4) Gube and Lajoie (2020#) and 5) Wallin et al. (2019#). We extracted 
elements related to AE and AE development from the reviews but did not specify 
the causal relations between those elements.

Our resulting initial framework consisted of five elements and associated sub-ele-
ments: 1) meaningful variation and complexity preservation, 2) reflective practice, 
3) collaborating, 4) guidance, and 5) learner characteristics. See the first column of 
Table 1 for the elements and their sub-elements.

Stage 2: Evidence Collection Steps

Search Strategy

We conducted our search on AE and WBL in the following databases: the Web of 
Science Citation Indexes (Core Collection), Scopus and Education Resources Infor-
mation Center (ERIC). The initial search took place in March 2021. We searched for 
English and Dutch language papers only and limited our search from 1986 (marking 
the publication of the seminal paper by Hatano and Inagaki) to 2021. We conducted 
a second search on adaptive performance and WBL in the same databases in May 
2021 based on insights from the review of reviews by Pelgrim et al. (2022), which 
was performed at the same time as our study and part of the Adapt at Work project. 
With this second search, we aimed to include papers from the human resource man-
agement and human resource development domains missed in our first search by 
focusing solely on AE. In June 2022, we updated both searches and retrieved addi-
tional documents for analysis. See Appendix 1 for the two search strategies.

Inclusion and Exclusion Criteria

Eligible studies were those that included WBL of students enrolled in HE or 
postgraduates from HE programmes in relation to AE development or adaptive 
performance, including i) HE bachelor’s or master’s students, ii) profession-
als enrolled in a HE professional development programme and iii) professionals 
working together with HE students in the workplace. Studies included were those 
that 1) reported WBL, 2) reported outcomes related to AE or concepts related 
to AE and 3) were based on empirical data or described empirical data. In addi-
tion, studies were included that described a simulated workplace or working on 
simulated authentic tasks that allowed students to experience their professional 

1  To enhance readability, the authors’ names and the articles’ year of publication have been number-
coded (in brackets). In the tables, these numbers are provided together with names and years. In the refer-
ence list, the articles which are part of the initial framework are indicated by a hashtag (#) and the review 
studies by an asterisk (*).
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Table 1   Elements of the initial framework related to work-based learning and adaptive expertise devel-
opment

Elements of work-based learning 
for AE developmenta

Studies included in the initial 
framework [1–5]

Studies included in the search 
[6–15]

Meaningful variation and complexity preservation
  Context of work [1] Kua et al. (2021#) [6] Kawamura et al. (2020*)

[2] Bohle Carbonell and Van 
Merriënboer (2020#)

[7] Baldinger & Munson 
(2020*)

[3] Bohle Carbonell et al. 
(2014#)

[9] Langdon (2017*)

[4] Gube and Lajoie (2020#) [10] Van den Berg & Schulze 
(2014*)

[5] Wallin et al. (2019#) [12] Stutsky & Spence Lasch-
inger (1995*)

[14] Regan et al. (2022*)
[15] Grunefeld et al. (2022*)

  Connecting formal and informal 
learning

[1] Kua et al. (2021#) [7] Baldinger & Munson 
(2020*)

[2] Bohle Carbonell and Van 
Merriënboer (2020#)

[8] Gallo-Fox & Stegeman 
(2019*)

[9] Langdon (2017*)
[10] Van den Berg & Schulze 

(2014*)
[11] Drewery et al. (2016*)
[13] Hains-Wesson & Ji (2021*)
[14] Regan et al. (2022*)
[15] Grunefeld et al. (2022*)

Reflective practice
  Reflecting on experiences and 

errors
[1] Kua et al. (2021#) [6] Kawamura et al. (2020*)
[2] Bohle Carbonell and Van 

Merriënboer (2020#)
[8] Gallo-Fox & Stegeman 

(2019*)
[3] Bohle Carbonell et al. 

(2014#)
[10] Van den Berg & Schulze 

(2014*)
[4] Gube and Lajoie (2020#) [13] Hains-Wesson & Ji (2021*)
[5] Wallin et al. (2019#) [14] Regan et al. (2022*)

[15] Grunefeld et al. (2022*)
  Promoting reflective practice [1] Kua et al. (2021#) [9] Langdon (2017*)
  Refining and constructing mental 

models
[5] Wallin et al. (2019#) [6] Kawamura et al. (2020*)

[7] Baldinger & Munson 
(2020*)

[8] Gallo-Fox & Stegeman 
(2019*)

[9] Langdon (2017*)
[10] Van den Berg & Schulze 

(2014*)
[14] Regan et al. (2022*)
[15] Grunefeld et al. (2022*)
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Table 1   (continued)

Elements of work-based learning 
for AE developmenta

Studies included in the initial 
framework [1–5]

Studies included in the search 
[6–15]

Collaborating
  Organisation of collaboration [5] Wallin et al. (2019#) [6] Kawamura et al. (2020*)

[7] Baldinger & Munson 
(2020*)

[12] Stutsky & Spence Lasch-
inger (1995*)

[13] Hains-Wesson & Ji (2021*)
[14] Regan et al. (2022*)

  Learning from each other [1] Kua et al. (2021#) [6] Kawamura et al. (2020*)
[5] Wallin et al. (2019#) [7] Baldinger & Munson 

(2020*)
[8] Gallo-Fox & Stegeman 

(2019*)
[11] Drewery et al. (2016*)
[15] Grunefeld et al. (2022*)

  Perspective making and taking [5] Wallin et al. (2019#) [7] Baldinger & Munson 
(2020*)

Guidance
  Responsive guiding [1] Kua et al. (2021#) [6] Kawamura et al. (2020*)

[2] Bohle Carbonell and Van 
Merriënboer (2020#)

[7] Baldinger & Munson 
(2020*)

[3] Bohle Carbonell et al. 
(2014#)

[8] Gallo-Fox & Stegeman 
(2019*)

[4] Gube and Lajoie (2020#) [12] Stutsky & Spence Lasch-
inger (1995*)

[5] Wallin et al. (2019#)
  Guiding discovery learning [1] Kua et al. (2021#)

[4] Gube and Lajoie (2020#)
  Promoting contextualisation [1] Kua et al. (2021#)

[4] Gube and Lajoie (2020#)
[5] Wallin et al. (2019#)

  Supportive work climate [3] Bohle Carbonell et al. 
(2014#)

[14] Regan et al. (2022*)

[4] Gube and Lajoie (2020#) [15] Grunefeld et al. (2022*)
  Broadening beliefs about learning [3] Bohle Carbonell et al. 

(2014#)
[4] Gube and Lajoie (2020#)

  Stimulating creativity [4] Gube and Lajoie (2020#)
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role, professional autonomy and accountability. Studies were considered for 
inclusion if they met the inclusion criteria for setting, learn-work context, out-
comes and empirical data. All types of study designs were eligible for inclusion. 
We excluded document types that did not describe empirical data, such as review 
studies, opinion articles or descriptions of educational products (e.g., a leaflet or 
website). See Appendix 2 for a detailed specification of the inclusion and exclu-
sion criteria.

Title and Abstract Screening

A subset of 21 titles and abstracts from the initial search performed in May 2021, i.e., 
three studies from each 5-year period from 1986–2021, were used to test and refine the 
exclusion and inclusion criteria and calibrate the reviewers’ decisions. All research team 
members were trained and independently reviewed the titles and abstracts of the identified 

Table 1   (continued)

Elements of work-based learning 
for AE developmenta

Studies included in the initial 
framework [1–5]

Studies included in the search 
[6–15]

Learner characteristics
  Knowledge and skills [1] Kua et al. (2021#) [9] Langdon (2017*)

[2] Bohle Carbonell and Van 
Merriënboer (2020#)

[10] Van den Berg & Schulze 
(2014*)

[3] Bohle Carbonell et al. 
(2014#)

[11] Drewery et al. (2016*)

[4] Gube and Lajoie (2020#) [13] Hains-Wesson & Ji (2021*)
[14] Regan et al. (2022*)
[15] Grunefeld et al. (2022*)

  Attitude [2] Bohle Carbonell and Van 
Merriënboer (2020#)

[6] Kawamura et al. (2020*)

[4] Gube and Lajoie (2020#) [9] Langdon (2017*)
[10] Van den Berg & Schulze 

(2014*)
[11] Drewery et al. (2016*)
[13] Hains-Wesson & Ji (2021*)
[14] Regan et al. (2022*)

  Extent of past experiences [3] Bohle Carbonell et al. 
(2014#)

[7] Baldinger & Munson 
(2020*)

[8] Gallo-Fox & Stegeman 
(2019*)

[9] Langdon (2017*)
[10] Van den Berg & Schulze 

(2014*)
a The first column describes the elements and sub-elements of WBL for AE development. The second 
column describes which elements and sub-elements were extracted from the studies included in the ini-
tial framework. The third column describes for which elements we found empirical evidence in the stud-
ies included in the search
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studies to determine their eligibility for inclusion in the review. If a reviewer had doubts 
about including a document, a second reviewer was consulted and consensus was reached 
based on discussion if necessary. Sometimes, the two reviewers could not reach a con-
sensus, and a third reviewer was consulted. We used Endnote (https://​endno​te.​com/) as a 
reference manager and Rayyan (https://​www.​rayyan.​ai/) to screen and assess papers.

Quality Appraisal

After title and abstract screening, full-texts were screened and inclusion for further 
data extraction and analysis was determined based on the findings’ relevance for con-
tributing to theory development, testing and refinement. The documents included 
for further analysis were appraised for relevance and rigour, according to the criteria 
described by Pawson et al. (2003); see Appendix 3. In contrast with other review pro-
cedures, methodological rigour was not used as a criterion to exclude studies. Instead, 
two research team members discussed the relevance, i.e., whether a study contrib-
utes to theory development, and rigour, i.e., whether the method used is credible and 
trustworthy, of each included full-text and together made a ranking of the included 
documents. This ranking was used in building chains of inference (see Stage 3).

Stage 3: Data Extraction and Synthesis

Data Extraction

Two research team members prepared a data extraction protocol based on the ele-
ments identified in the initial framework and CMO configurations. The protocol was 
tested on two documents and further refined (see Appendix 4 for the codebook). 
Other team members were trained before the start of data extraction to discuss the 
procedure, practice with data extraction and calibrate reviewer decisions. These 
training sessions established an understanding of CMO, how to use the data extrac-
tion form, and the annotation and note-taking methods.

Pairs of reviewers were assigned to each full text and conducted the data 
extraction using ATLAS.ti and an Excel spreadsheet. We resolved discrepancies 
through review team discussions. Data were extracted as follows: the first and 
second coders independently coded text fragments related to the research ques-
tion, discussed the coding and established the final coding at a consensus meet-
ing. Next, the first coder summarised the information in the data extraction form 
containing general information about the document and extracted one or more 
CMOs where possible. We only retrieved partial CMO configurations from some 
studies, as the documents often did not make explicit links between context, 
mechanisms and outcomes. Also, the first coder made one or more CMO visu-
alisations. The second coder checked the interpretation of the information in the 
data extraction form and visualisations and proposed adjustments if necessary.

https://endnote.com/
https://www.rayyan.ai/
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Evidence Synthesis Steps

Data synthesis aims to develop and refine the initial framework for “what works” 
in AE development during WBL, for whom and why. We interpreted this step of 
the review process as a method driven by the previously formulated initial frame-
work, aimed at understanding causation, how mechanisms lead to outcomes, and 
how mechanisms are shaped by the social and institutional context (education, pub-
lic and private bodies) (cf. Wong et al., 2013). Following Wong et al., we looked for 
recurrent patterns of contexts and outcomes in the review data and the mechanisms 
that plausibly explain these outcomes. The reasoning process was structured around 
the following activities performed independently by the first two authors:

1.	 Constant comparison of identified context factors, mechanisms (resources and 
responses) and outcomes resulted in identifying common elements.

2.	 Build chains of inference, i.e., connections between identified elements, based on 
the separate CMOs for each document.

3.	 Constant comparison of identified elements and chains of inference from each 
document, starting with the document ranked highest for relevance and rigour.

These activities were part of an iterative, retroductive process. The results 
were refined based on 1) calibration sessions between the first two authors, 2) a 
discussion of preliminary results with the entire research team, and 3) a compar-
ison with elements from the initial framework. Through retroductive reasoning 
(Mukumbang, 2023) narratives were constructed to infer the hidden causal rela-
tionships and pathways and to refine the initial framework. The initial framework 
and search studies suggested several potential mechanisms, and we used inductive 
and deductive logic as well as insights or hunches to best explain the outcomes.

Stage 4: Validation of Findings

In the final stage of the review, we presented the results to the stakeholders from 
the research consortium during a meeting of the Adapt at Work research pro-
ject and to our advisory panel. Thus, we received input for synthesizing the data 
and, at the same time, introduced reasoning in causal chains as part of the realist 
approach. This resulted in refining our CMO configurations and narratives.

Results

We first describe the studies included in our review. Second, we use CMO configu-
rations from the individual studies to illustrate which contextual factors and mecha-
nisms are associated with our primary outcome, i.e., AE development. Also, we sep-
arately describe the different conceptualisations of AE development found. Third, 
we compare the CMO configurations from the included studies to the elements 
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identified in our initial framework to show which elements are supported by empiri-
cal evidence from our review studies. This allowed us to reinterpret the elements 
of the initial framework in CMO terms. Finally, we used an evidence-inspired, ret-
roductive approach to integrate the evidence into three narratives and describe the 
relationships between the contextual factors, mechanisms and outcomes we identi-
fied in our review studies to refine our initial framework.

Description of the Studies Included

The initial database searches in 2021 led to 2,816 published English language 
papers (search AE: 2,668; search AP: 148). After removing duplicates, the titles and 
abstracts of 2,051 (search AE: 1943; search AP: 108) papers were screened based on 
the inclusion and exclusion criteria. In June 2022, we updated the original searches, 
resulting in an additional 774 papers retrieved. After removing duplicates and 
screening titles and abstracts, the full texts of 8 papers of the 774 papers were identi-
fied in the updated search in 2022, of which 3 papers were included, resulting in 10 
papers for the final analysis. The flow chart in Fig. 2 illustrates the search results 
from searches AE (adaptive expertise) and AP (adaptive performance) as well as 
the updated search in June 2022. As the review progressed, we focussed on peer-
reviewed journal publications and excluded dissertations, grey literature and book 
chapters, among others.

Of the ten papers included for data extraction, analysis and synthesis, six were 
observational or interview studies, two were studies that analysed written narratives 
or essays, and two were survey studies. In three studies, multiple methods for data 
collection were used. All conceptualisations of AE of the included studies were in 
line with our definition of AE. See Table 2 for an overview of the included studies, 
their characteristics and theoretical conceptualisations of AE.

Operationalisations of Adaptive Expertise

The construct AE was operationalised in different ways in the included papers. In 
four papers, AE was only measured at a general level, as an overarching construct 
or composite measure (Gallo-Fox & Stegeman 2019*; Drewery et  al. 2016*; Stut-
sky & Spence Laschinger 1995*; Grunefeld et al. 2022*). In three papers, AE was 
measured at a general level and specific aspects of AE (development) were meas-
ured (Baldinger & Munson 2020*; Van den Berg & Schulze 2014*; Regan et  al. 
2022*). In three papers, only specific aspects of AE (development) were measured 
(Kawamura et al. 2020*; Langdon 2017*; Hains-Wesson & Ji 2021*). The studies we 
included did not cover the whole construct but mostly elements of it. Notably, in one 
study, AE development was implied by the researchers rather than observed (Gallo-
Fox & Stegeman 2019*) and in another AE development was linked to professional 
identity development (Van den Berg & Schulze 2014*).
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Adaptive Expertise as an Overarching Construct

In seven studies, AE was considered an overarching, single construct (Baldinger 
& Munson 2020*; Gallo-Fox & Stegeman 2019*; Van den Berg & Schulze 2014*; 
Regan et al. 2022*; Grunefeld et al. 2022*) or a composite score constructed from 
a set of questionnaire items (Drewery et  al. 2016*; Stutsky & Spence Laschinger 
1995*). For example, in the Baldinger and Munson study (Boshuizen et al. 2020), 
adapting current ways of working and transforming knowledge into ideas for new 
ways of working was indicative of AE. In the study by Drewery (Drewery et  al. 
2016*), AE was conceptualised as adaptive performance, i.e., “the extent to which 
an individual can deal with uncertain work situations” (p. 301).

In one study (Van den Berg & Schulze 2014*), AE development was linked to 
professional identity development and included shaping identities. Van den Berg 
and Schulze (Van den Berg & Schulze 2014*) explain that “Adaptive expertise ena-
bles teachers to apply knowledge to new problems and develop innovative ways of 
solving these problems. This, in turn, influences their identities as teachers who can 
adapt to educational reform.” (p. 72).

Fig. 2   Publication PRISMA flow diagram
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Aspects of Adaptive Expertise Development

Adaptive expertise development was observed at the individual level in most studies. 
Outcomes differed between studies and in six studies AE development was operation-
alised as consisting of multiple aspects (Kawamura et al. 2020*; Baldinger & Munson 
2020*; Langdon 2017*; Van den Berg & Schulze 2014*; Hains-Wesson & Ji 2021*; 
Regan et al. 2022*).

In three studies, AE development included integrating new and existing knowledge 
(Kawamura et al. 2020*; Langdon 2017*; Regan et al. 2022*). Kawamura et al. (2020*) 
described how residents’ medical knowledge is situated in a context and how residents 
integrated this contextual knowledge into their existing medical knowledge. Langdon 
(2017*) explained that a teacher mentor integrated theoretical and practical knowledge 
about mentoring beginning teachers. Regan et al. (2022*) explained how residents had 
more effective retrieval of foundational knowledge.

In three studies, AE development was described as adapting current ways of 
working (Baldinger & Munson 2020*; Langdon 2017*; Hains-Wesson & Ji 2021*). 
Baldinger and Munson (Boshuizen et al. 2020) illustrated that during group discussions 
among in-service teachers, strategies and rationales for tailoring a routine approach 
were suggested. Langdon (2017*) described how a teacher mentor incorporated new, 
emerging ideas about mentoring practice into her existing perceptions of mentoring 
practice. Hains-Wesson and Ji (2021) described that higher education students learned 
to be flexible, open and able to adapt to working in interdisciplinary teams and with 
industry partners. Baldinger and Munson (2020*) and Langdon (2017*) also described 
how knowledge was transformed into ideas about how to perform tasks in new ways 
and Kawamura et al. (2020*) showed that this transformation of knowledge resulted 
in new ways of working. In the Baldinger and Munson study (Baldinger & Munson 
2020*), learners observing in-service teachers who rehearsed classroom situations col-
lectively co-constructed new ideas around teaching. In contrast, in the Kawamura et al. 
study (2020*), learners changed the way they performed a particular task. Paediatric 
physicians-in-training learned to integrate routine efficiencies with flexible approaches 
and showed new ways to navigate difficult situations.

Developing lifelong learning skills (Langdon 2017*; Regan et al. 2022*) and per-
forming lifelong learning activities (Van den Berg & Schulze 2014*)were reported as 
part of AE development. In the Langdon study (Langdon 2017*), the teacher mentor 
developed a trifocal approach to mentoring by viewing herself as a learner, similar to 
the teachers she mentored and students. Regan et al. (2022*) found that residents devel-
oped personal learning skills. In the Van den Berg and Schulze study (Van den Berg & 
Schulze 2014*), performing lifelong learning activities (such as actively seeking feed-
back from others) was considered part of becoming an adaptive expert.

Comparison of the Initial Theoretical Framework with Results of the Review

The work-based learning elements for developing AE were described in co-existence 
and relation to each study. CMO configurations were constructed for each study (see 
Appendix 5) and are referred to when describing the elements of the initial framework 
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(see Table 1 for the initial framework). We identified similarities and differences when 
comparing the data extracted from the search studies with the initial framework.

Meaningful Variation and Complexity Preservation

All five studies (Kua et  al. 2021#; Bohle Carbonell and Van Merriënboer 2020#; 
Bohle Carbonell et al. 2014#; Gube and Lajoie 2020#; Wallin et al. 2019#) from the 
initial framework highlighted the importance of exposing students to varying situ-
ations while preserving complexity (Table 1). Adding variation, exposing students 
to unfamiliar and risk-full situations, and solving non-routine problems that allow 
students to make mistakes and stretch their competence stimulated AE develop-
ment. The search studies did not confirm nor refute that adding variation to work 
situations stimulates AE development. Intentionally confronting students with com-
plex problems (high-quality problems) was investigated twice in the search studies 
(Baldinger & Munson 2020*; Grunefeld et al. 2022*). Most search studies (Kawa-
mura et  al. 2020*; Baldinger & Munson 2020*; Langdon 2017*; Van den Berg & 
Schulze 2014*; Stutsky & Spence Laschinger 1995*; Regan et al. 2022*; Grunefeld 
et al. 2022*) did indicate, however, that an authentic work context contributed to AE 
development by participating in challenging work (Van den Berg & Schulze 2014*; 
Regan et  al. 2022*), working in complex situations (Baldinger & Munson 2020*) 
and participating in daily work as usual (Stutsky & Spence Laschinger 1995*).

In both initial framework and search studies, connecting formal and infor-
mal learning was related to AE development. Intermix training (Bohle Carbonell 
& Van Merriënboer 2020#) (work on learning tasks is intermixed with part-task 
practice, that is, practicing routines) and participating in scholarly activities (Kua 
et al. 2021#) were mentioned in the initial framework. Search studies included spe-
cific programmes, such as a co-op programme (Drewery et al. 2016*), a short-term 
mobility programme (Hains-Wesson & Ji 2021*), workshops for learning knowl-
edge and skills (Gallo-Fox & Stegeman 2019*; Langdon 2017*; Van den Berg & 
Schulze 2014*), an educational leadership programme (Grunefeld et  al. 2022*), a 
professional development fellowship programme (Baldinger & Munson 2020*) and 
an induction programme (Langdon 2017*), which were related to AE development. 
In the Regan et al. study (Regan et al. 2022*), healthcare professionals in training 
had review sessions with peers and teacher training sessions that contributed to AE 
development.

Reflective Practice

All the initial framework and search studies included information about how reflect-
ing on experiences and errors stimulated AE development. Search studies (Kawa-
mura et al. 2020*; Gallo-Fox & Stegeman 2019*; Van den Berg & Schulze 2014*; 
Hains-Wesson & Ji 2021*; Regan et al. 2022*; Grunefeld et al. 2022*) confirmed the 
findings of the initial framework, which stated that experiences and mistakes made 
while working should be reflected upon critically (Kua et al. 2021#; Bohle Carbonell 
and Van Merriënboer 2020#; Bohle Carbonell et al. 2014#; Gube and Lajoie 2020#; 
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Wallin et  al. 2019#). In one search study (Kawamura et  al. 2020*), experimenting 
with new approaches was linked to making missteps and reflecting on those mis-
steps. Another study from the search (Van den Berg & Schulze 2014*) showed how 
reflecting on one’s own past experiences resulted in reinterpreting those experiences 
and learning new lessons from them. In the initial framework, deliberate practice 
(goal-oriented training with feedback) was mentioned as a mechanism for develop-
ing AE (Kua et al. 2021#; Bohle Carbonell and Van Merriënboer 2020#; Wallin et al. 
2019#). In contrast, search studies did not mention deliberate practice at all, neither 
directly nor indirectly.

One initial framework and one search study suggested interventions to stimu-
late reflection for developing AE. In the initial framework, these interventions were 
reflective inquiry with reflective prompt protocols, reflective diaries, and self-assess-
ment coupled with timely and specific external feedback (Kua et  al. 2021#). The 
search study added interventions for reflective practice with the cyclical inquiry with 
the help of reflective diaries, self-reflective inquiry, analysing evidence, workshops 
aimed at conceptual understanding, changing ideas, and promoting a learning climate 
where reflection and questioning are the norm (Langdon 2017*).

Most noticeably, in addition to one of the studies in the initial framework (Wal-
lin et al. 2019#), the search studies showed new insights into how learners refine and 
reconstruct mental models during WBL, which was described as promoting epistemic 
processes to help identify flaws in mental models and help develop flexible imagining. 
Learners had to switch their perspectives during the work task (Kawamura et al. 2020*; 
Baldinger & Munson 2020*; Gallo-Fox & Stegeman 2019*; Langdon 2017*; Van den 
Berg & Schulze 2014*; Regan et al. 2022*; Grunefeld et al. 2022*). In the Kawamura 
et al. study (Kawamura et al. 2020*), this was explained as a “shift” in thinking (Kawa-
mura et al. 2020*): the situation required learners to switch their perspectives during 
the conversations with families and patients, which is a “shift” that characterises the 
flexible approaches of residents developing effective communication skills (Kawamura 
et al. 2020*). In the Regan et al. study (Regan et al. 2022*), residents exposed to specific 
case experiences developed and used mental schemata to organise foundational content 
necessary for clinical decision-making.

Collaborating

Studies from the initial framework and the search connected learning in interactions with 
others, specifically through collaborating, to developing AE. However, initial framework 
studies described conditions for collaborating while the search studies also presented 
how collaborating promoted AE learning processes. One study from the initial frame-
work (Kua et al. 2021#) stated that AE development started in practice during co-con-
struction and co-designing, specifically in the planning phase, where a surprise is identi-
fied as novel and which the learner can use as a learning opportunity. Conditions for 
developing AE were critical dialogue, discussions and conversations (Kua et al. 2021#; 
Wallin et al. 2019#) while retaining university and workplace perspectives (Wallin et al. 
2019#). This should happen in safe learning environments (Kua et al. 2021#) where pro-
fessionals are challenged to solve problems collectively (Wallin et al. 2019#).
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Search studies showed collaborations between learners and preceptors (Stutsky 
& Spence Laschinger 1995*; Regan et  al. 2022*), consultations with colleagues 
(Kawamura et al. 2020*) and interactions in rehearsal or peer groups (Baldinger & 
Munson 2020*; Hains-Wesson & Ji 2021*; Grunefeld et  al. 2022*). Collaborative 
affordances were equitable participation (Baldinger & Munson 2020*), collabora-
tive responsibility (Gallo-Fox & Stegeman 2019*), inviting another to share ideas 
(Gallo-Fox & Stegeman 2019*), moving in and out of different professional roles 
(Baldinger & Munson 2020*; Gallo-Fox & Stegeman 2019*), and social accept-
ance and integration in the workplace (Drewery et al. 2016*). Processes of learning 
from each other were seen in interactions (Baldinger & Munson 2020*; Gallo-Fox 
& Stegeman 2019*; Grunefeld et al. 2022*), through the preparation of work with 
others (Kawamura et al. 2020*), sharing ideas and changes (Baldinger & Munson 
2020*), and during collaborative problem-solving (Baldinger & Munson 2020*). 
The processes and affordances triggered understanding a problem from different 
perspectives (perspective making and taking), changing perspectives (Baldinger & 
Munson 2020*) and using important theory, methods and/or examples from other 
participants (Grunefeld et al. 2022*).

Guidance

Overall, it is worth noting that guidance was a more prominent element for develop-
ing AE in the initial framework compared to the search studies. The studies in the 
initial framework described guidance coming from various persons, such as a mentor 
(Kua et al. 2021#; Wallin et al. 2019#), a supervisor (Bohle Carbonell et al. 2014#), 
and/or peers (Bohle Carbonell et  al. 2014#), and described more elaborately how 
they responded to a learner’s learning experience by, for example, providing feed-
back in response to an experience (Bohle Carbonell and Van Merriënboer 2020#), 
promoting inquiry-based learning through hypothesis testing and problem-solving 
guidance (Kua et al. 2021#), providing opportunities for choice and discovery (Gube 
and Lajoie 2020#), supporting students when they fail and showing them ways to 
learn from their mistakes (Gube and Lajoie 2020#), and encouraging students to take 
sensible risks and act independently (Gube and Lajoie 2020#). The initial frame-
work also promoted supporting contextualization by helping learners to transform 
theoretical knowledge into practice (Wallin et al. 2019#), facilitating the integration 
of conceptual ideas with existing knowledge (Kua et al. 2021#), connecting formal 
and informal learning (Wallin et al. 2019#), and playing with concepts to infer pat-
terns through inductive learning (active learning) (Gube and Lajoie 2020#). In addi-
tion, a safe learning climate through supportive superiors and peers was encouraged 
(Bohle Carbonell et al. 2014#; Gube and Lajoie 2020#) and students’ creativity was 
stimulated by providing opportunities for students to use their imagination while 
learning (Gube and Lajoie 2020#) and working with a more game-like or playful 
approach (Gube and Lajoie 2020#). To conclude, the initial framework indicated 
that guiding AE development requires the professional/supervisor to broaden their 
beliefs regarding learning and to have an eye for transformational teaching (Gube 
and Lajoie 2020#), demonstrate a belief that teachers should go beyond imparting 
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simplistic and factual knowledge (Gube and Lajoie 2020#), refrain from premature 
assessment of students’ ideas (Gube and Lajoie 2020#) and encourage guiding pro-
fessionals/supervisors to take on new tasks outside of their current job descriptions 
(Bohle Carbonell et al. 2014#).

In the studies from the search, we found that mentoring and guiding debriefings 
were conducive to developing AE during WBL and that a guiding professional/
supervisor functions as a resource and model for learners (Kawamura et al. 2020*; 
Stutsky & Spence Laschinger 1995*; Regan et al. 2022*) or as a facilitator who stim-
ulates reflective discussions (Baldinger & Munson 2020*). In addition, two studies 
showed how a supportive work climate stimulated AE development (Regan et  al. 
2022*; Grunefeld et al. 2022*). In the Grunefeld et al. study (Grunefeld et al. 2022*), 
it appeared that working with a supervisor who supported innovative projects was 
especially important. In the Regan et al. study (Regan et al. 2022*) entrustment by 
a senior team member empowered residents’ profound awareness of responsibility.

Learner Characteristics

The initial framework suggested that pre-existing domain knowledge (Bohle Car-
bonell et al. 2014#) and metacognitive capabilities were relevant for developing AE, 
such as the ability to adopt innovative approaches towards atypical or novel cases 
(Kua et al. 2021#), analogical problem solving and abstract reasoning (Bohle Car-
bonell et  al. 2014#), relating and synthesizing knowledge, connecting, collaborat-
ing, communicating clearly, reflecting, having cognitive flexibility (Gube and Lajoie 
2020#) and regulation processes (Bohle Carbonell et al. 2014#). Metacognitive capa-
bilities such as problem-solving, self-efficacy, cognitive flexibility, integrating the-
ory and innovation were also mentioned in search studies (Langdon 2017*; Van den 
Berg & Schulze 2014*; Drewery et al. 2016*; Hains-Wesson & Ji 2021*; Regan et al. 
2022*; Grunefeld et al. 2022*).

In addition, it seems that specific learner attitudes were important for AE devel-
opment. In the initial framework, this was described by high intrinsic motivation 
(Gube and Lajoie 2020#), humility (Gube and Lajoie 2020#), embracing complex-
ity (Gube and Lajoie 2020#), openness to multiple perspectives (Gube and Lajoie 
2020#) and excitement about novelty (Gube and Lajoie 2020#). In the search stud-
ies, this was described as an open and responsive attitude (Kawamura et al. 2020*), 
showing commitment (Langdon 2017*), being innovative (Van den Berg & Schulze 
2014*), feeling challenged (Hains-Wesson & Ji 2021*), taking ownership (Regan 
et al. 2022*) and having confidence (Langdon 2017*; Drewery et al. 2016*). In both 
the initial framework (Bohle Carbonell and Van Merriënboer 2020#; Gube and 
Lajoie 2020#) and search studies (Langdon 2017*; Van den Berg & Schulze 2014*; 
Drewery et al. 2016*), positive attitudes and mindsets towards learning were related 
to AE development. The Van den Berg and Schulze study (Van den Berg & Schulze 
2014*) made this specific by expressing learning intentions and engaging in lifelong 
learning activities.
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Lastly, the initial framework stated that having past work experiences helps 
learners to deal with unpredictable situations (Bohle Carbonell et al. 2014#) for AE 
development, which was confirmed by search studies (Baldinger & Munson 2020*; 
Gallo-Fox & Stegeman 2019*; Langdon 2017*; Van den Berg & Schulze 2014*). 
One study from the search related being competent (Langdon 2017*) to AE develop-
ment, while the Drewery et al. study (Drewery et al. 2016*) found that no previous 
relevant work experience or excellent academic score is necessary for developing 
AE during WBL.

Narrative Synthesis

Following an evidence-inspired, retroductive approach, we integrated evidence from 
the search studies with our insights into narratives. In these narratives, we infer the pos-
sible relationships between the pieces of evidence. The narratives illustrate how the ele-
ments identified in the initial framework and the factors identified in the search studies 
stimulate AE development. A shift in thinking was identified as a recurring mechanism 
in most of the search studies. The three narratives are described below and visualised in 
Figs. 3, 4 and 5. When we refer to specific CMOs, these can be found in Appendix 5.

Narrative 1: Working in Challenging Conditions

This narrative was based on six studies (Kawamura et al. 2020*; Baldinger & Munson 
2020*; Langdon 2017*; Van den Berg & Schulze 2014*; Regan et  al. 2022*; Grune-
feld et al. 2022*) and describes how challenging situations or working conditions could 
result in AE development. Challenging situations could be encountered while perform-
ing “work as usual” in the workplace (Kawamura et al. 2020*; Langdon 2017*; Van den 
Berg & Schulze 2014*; Regan et al. 2022*; Grunefeld et al. 2022*), or by deliberately 
switching roles and perspectives while performing authentic tasks in a simulated work-
place (Baldinger & Munson 2020*). For example, the two studies by Kawamura et al. 
(2020*) and Regan (Regan et al. 2022*) investigated excellent trainees in a similar con-
text, i.e., on-the-job training of residents in hospitals. These studies showed how trainees 
learned from taking care of patients, but also that different mechanisms were associated 
with learning from these experiences. In the Kawamura et al. study (2020*) the challeng-
ing conditions were part of the usual work, such as difficult conversations with patients 
and caretakers (CMO1, CMO2), whereas in the Regan et al. study (Regan et al. 2022*) 
the unstructured learning environment posed significant challenges (CMO2, CMO5). In 
the Regan et al. (2022*) study, a strong sense of responsibility combined with memora-
ble clinical examples resulted in more effective retrieval of foundational knowledge and 
more learning from these experiences (CMO1). In the Kawamura et al. (2020*) study, 
these challenging conversations were an opportunity to try out new approaches where 
they could experiment and refine their approaches resulting in new ways of navigating in 
difficult situations (CMO2).
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Fig. 3   Narrative 1: Working in challenging conditions

Fig. 4   Narrative 2: Interacting with others
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Narrative 2: Interacting with Others

Seven studies (Kawamura et  al. 2020*; Baldinger & Munson 2020*; Gallo-Fox & 
Stegeman 2019*; Drewery et al. 2016*; Stutsky & Spence Laschinger 1995*; Hains-
Wesson & Ji 2021*; Regan et  al. 2022*) described how interactions with others 
stimulated AE development in terms of adapting current ways of working, devel-
oping new ideas about practice and developing AE competencies in general. These 
studies show that interaction was stimulated by the organisation of collaboration or 
was often interwoven with the interventions implemented in these contexts. Collab-
oration was evident in all these interventions: teachers in training codesigning their 
lessons in dyads with their supervisor (Gallo-Fox & Stegeman 2019*), preparing 
specific situations together with a more senior colleague or supervisor ((Kawamura 
et al. 2020*) CMO1), or with peers ((Baldinger & Munson 2020*; Regan et al. 2022*) 
CMO3), solving problems collaboratively (Baldinger & Munson 2020*), working 
interdisciplinary ((Hains-Wesson & Ji 2021*) CMO1, CMO2), or being coached by a 
preceptor during work (Stutsky & Spence Laschinger 1995*).

Two studies dealing with learning through interaction during daily work (Kawa-
mura et  al. 2020*; Stutsky & Spence Laschinger 1995*) and during peer-to-peer 
moments (Baldinger & Munson 2020*; Hains-Wesson & Ji 2021*) illustrate how 
interacting with others can contribute to the development of AE. The Kawamura 
et al. (2020*) and the Stutsky & Spence Laschinger (1995*) studies show that stu-
dents and practitioners learn by observing staff ((Kawamura et al. 2020*) CMO3). 
The staff and observation experiences provide them with inspiration or new ways 

Fig. 5   Narrative 3: Stimulating the willingness to learn
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of working which helps them to develop adaptive expertise competencies. In the 
Baldinger & Munson (2020*) study, in-service teachers were stimulated to switch 
between different roles and take the perspective of the other person while practic-
ing classroom situations in a simulated workplace, which resulted in mechanisms 
of meaning-making, forward reasoning and shifting perspectives. This led to new 
key ideas and strategies for teaching. In the Hains-Wesson & Ji (2021*) study it was 
mentioned that working together on an industry-linked project with peers from other 
disciplines made students feel challenged and the need to dig deep and understand 
the difficult complex situation which led to them being flexible, open and adaptable 
to working with others (CMO1).

Narrative 3: Stimulating the Willingness to Learn and Lifelong Learning

Seven studies (Kawamura et al. 2020*; Langdon 2017*; Van den Berg & Schulze 2014*; 
Drewery et al. 2016*; Hains-Wesson & Ji 2021*; Regan et al. 2022*; Grunefeld et al. 
2022*) described the role of the willingness to learn or to engage in (lifelong) learning 
activities as a mechanism-resource for AE development. A willingness to learn and/or 
engage in (lifelong) learning activities interacted with the context, e.g., how work and 
WBL were characterised. These contextual characteristics and mechanism-resources 
subsequently influenced mechanism-responses from learners: they were making mis-
takes and learning from them ((Kawamura et al. 2020*) CMO2), learned to deal with 
uncertainty and complexity ((Hains-Wesson & Ji 2021*) CMO2), became empowered 
by a profound awareness of responsibility while taking care of patients (Regan et al. 
2022*), reflected on their role perceptions, assumptions and actions ((Langdon 2017*; 
Van den Berg & Schulze 2014*; Grunefeld et al. 2022*) CMO1), or thought differently 
about their role in the workplace or a team (Drewery et al. 2016*).

Associated contextual characteristics were that learners were confronted with chal-
lenging situations in five of the seven studies, i.e., navigating difficult conversations 
with patients and caretakers [6 CMO1, CMO2], navigating an unstructured learning 
environment while transitioning from school to training on-the-job ((Regan et  al. 
2022*) CMO5), coping with a constantly changing, resource-limited school environ-
ment (Van den Berg & Schulze 2014*), leading complex change projects ((Grunefeld 
et  al. 2022*) CMO1) or adjusting to a new workplace with limited or no guidance 
((Regan et al. 2022*) CMO2), all while performing work as usual. In the Regan et al. 
(2022*) study, coping with an unstructured learning environment (CMO5) challenged 
learners to direct their learning and at the same time entrustment they received from 
senior colleagues (CMO3) was associated with taking ownership in decision-mak-
ing (CMO3) which led to empowerment of a profound awareness of responsibility 
(CMO3). These mechanisms were associated with personal learning (CMO3) and 
learning to adapt (CMO5). Similarly, in the Drewery et al. (2016*) study, students in 
a co-op programme worked in organisations with limited time and resources to train 
these students and the students’ willingness to learn, self-efficacy and lifelong learn-
ing skills positively influenced their adaptive performance in such a setting.

In these different contexts, several interventions were implemented to support 
learners, e.g., by stimulating reflection or preparing challenging situations together. 
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The level of relevant (work) experience of the learners varied between the studies, 
ranging from undergraduate (Drewery et  al. 2016*; Stutsky & Spence Laschinger 
1995*; Hains-Wesson & Ji 2021*) to over 15 years of experience on the job (Lang-
don 2017*). This suggests that learners at any level of experience either needed the 
willingness to learn as a context factor (learner characteristics) to adapt to a chal-
lenging and changing environment or that learners’ willingness to learn enriched 
their perceptions of their professional role and performance.

Discussion

This realist review showed that work-based learning contributes to adaptive exper-
tise development by exposing individuals to challenging, integrative workplace con-
ditions that require them to integrate and transform knowledge, adapt current ways 
of working, and develop new approaches. A shift in perspective and thinking was 
identified as a recurring mechanism-response, which can be prompted by working 
in challenging, integrative environments and by interactions with others, such as fel-
low students, mentors, and team members. Furthermore, the willingness to engage 
in lifelong learning stimulates AE development, as ongoing reflection and openness 
to new perspectives sustain professional growth. We focused our review on a broad 
range of professional domains and a broad range of learners in the higher education 
context because there is an urgent need for higher education institutions to prepare 
students for an uncertain future (Barnett, 2004; Mylopoulos et al., 2018). We iden-
tified context factors related to job demands, learner characteristics, collaborating 
with others and mechanism-resources related to responsive guidance, learner char-
acteristics, reflective practice and interacting with others.

The review results reflect our initial framework’s five work-based learning ele-
ments (Table  1): meaningful variation and complexity preservation, reflective 
practice, collaborating, guidance and learner characteristics. We propose a slightly 
different emphasis for two elements based on our results. We propose integrative 
challenging contexts instead of meaningful variation and complexity preservation 
because in the search studies we saw that AE was mainly developed in challeng-
ing work conditions where formal and informal learning moments are alternated 
or interwoven, which is inherently meaningful and complex. We also suggest using 
interacting with others during WBL instead of collaborating because we noticed 
that mechanisms for AE development mainly involved working together at the inter-
action level with peers, colleagues, supervisors and teachers in actual work-based 
settings. This results in five work-based learning elements for AE development: inte-
grative challenging contexts, reflective practice, interacting with others, guidance 
and learner characteristics.

The results also show how the work-based learning elements appeared in co-exist-
ence and in relation to each other. This became especially clear when comparing the 
CMOs across the studies. Below, we discuss how the three narratives forming our 
middle-range theories expand and refine the literature on AE development. Specifi-
cally, we discuss how empirical findings from our review support the elements of 
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AE development from the literature and enrich the literature with implications for 
AE development in WBL environments.

First, working on challenging and authentic problems in a complex work con-
text contributes to the development of AE. Based on our review, we propose that 
arranging for a (simulated) work context, in which students work on challenging 
and authentic problems and weave in formal and informal learning activities, stim-
ulates mechanism-responses associated with AE-development. The importance of 
challenging and authentic problems to stimulate AE is also stressed by Ward et al. 
(2018) and Mylopoulos et al. (2018). Furthermore, according to Mylopoulos et al. 
(2018) this also involves risk-taking on behalf of the learner. This aligns with our 
finding that AE development is associated with contexts where learners are encour-
aged to make mistakes and experiment with alternative actions. The study by Bar-
nett and Koslowski (2002) also supports the idea that variability in the type of prob-
lems is related to AE development. They posited that experience with working on a 
wider variety of problems resulted in a different reasoning style and a more theoreti-
cal understanding of the domain. Our review showed that students who are encour-
aged by others to reflect on their experiences in cycles through self-inquiry learn to 
revalue their competencies to address the problem, make a conceptual change and 
apply forward reasoning. This (guided) reflection process results in developing new 
ways of working for oneself and/or for the workplace. Ward (2018) also proposed 
active reflection as an effective principle for training AE. In daily practice, this 
reflective problem-solving process can be supported by observing a peer (colleague) 
deal with similar problems and/or by embedding workshops systematically in the 
reflection cycle with the help of a supervisor, coach or teacher, and explicit reflec-
tion moments, e.g., taking the form of assignments, diaries, etc.

Second, interactions with others in a challenging and complex work context con-
tribute to AE development among higher education students. Barnett and Koslows-
ki’s (2002) study also showed that differences in role and social context might 
explain differences in AE. They hypothesised that working in a team means that 
feedback from others is available, there is a need for justification of actions towards 
other team members and brainstorming of ideas is common, all of which are impor-
tant for building AE (Hatano, 1982). According to Otte et  al. (2018) team reflec-
tion is important for team functioning and expertise. For team reflection to occur, 
they argue that available performance feedback, a psychologically safe environment 
and empowering leadership are necessary. Our findings showed that exchanging 
experiences and ideas, viewing and evaluating problems from different perspec-
tives, and switching roles can result in re-interpreting experiences, joint negotiation 
of meaning and developing new ways of working. Based on our review, we pro-
pose that these processes of AE development can be supported by having students 
work closely with a (more experienced) colleague but also by initiating interactions 
among peers, such as debriefings, or by integrating formal learning moments in 
daily work with explicit attention to joint responsibility, respect for everyone’s input, 
group dynamics, and learning to work, plan and set goals together.

Finally, students’ learning skills also contribute to AE development in a higher 
education context. These are metacognitive skills, e.g., coping with new or unex-
pected problems, cognitive flexibility, innovation and attitude aspects, e.g., a 
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positive attitude and mindset towards learning and lifelong learning intentions. In 
their review of reviews, Pelgrim et al. (2022) noted an abundance of individual char-
acteristics reported in the literature associated with AE. They conclude that there is 
currently no consensus on which characteristics should already be present in a stu-
dent, such as the internal motivation to master a subject, enjoying solving challeng-
ing problems, or the belief in one’s abilities, or that a challenging and complex work 
context can also foster them. Based on our results, we conclude that these contexts 
can also inspire students’ motivation or agency and students’ learning skills can be 
examined through (guided) reflective inquiry.

The included studies provide remarkably little information on how guidance can 
be used to support AE development. Especially in WBL, teachers, workplace super-
visors and other stakeholders work closely with students. There is limited empirical 
evidence from the studies included in our review on how they fulfil their roles and 
how they collaborate with each other and with the students to stimulate AE devel-
opment. A review study by Ceelen et al. (2021) on pedagogic practices to support 
students’ workplace learning stresses the importance of demonstrating activities, 
stimulating participation and trusting students to perform activities independently. 
This was also observed in two studies included in our review where senior col-
leagues either demonstrated activities (Kawamura et  al., 2020*) or trusted train-
ees to perform activities independently (Regan et al., 2022*). Wiese et al.’s review 
study (2018) argues that effective guidance is a two-way process by supervisor and 
student, which requires leadership from both. Our study results also emphasise the 
importance of responsive guidance, and based on our initial framework we would 
argue that supervisors can support AE development by encouraging students to 
share their ideas and learn from their mistakes, providing a safe learning climate, 
and having students work on challenging tasks just outside their comfort zone.

Although our studies included a broad range of learners with varying experience 
levels, most learners were in the later stages of their education or already working as 
professionals. This suggests that these learners are familiar with working more or less 
independently and developed routine problem-solving approaches, e.g., as seen in the 
study of Van den Berg and Schulze (2014*). The role of conceptual knowledge as 
part of AE development, as emphasised by Bohle Carbonell et al. (2014#) and Hatano 
and Inagaki (1986), was not examined for these particular learners in the studies 
included in our review. Thus, it remains unclear how the balancing between efficiency 
and innovation develops and when learners should be exposed to these challenging, 
integrative environments, when they would benefit most from interacting with other 
disciplines and perspectives and when to offer learners specific guidance.

Furthermore, the work-based settings in our review studies vary considerably. We 
adopted a broad perspective on WBL and also included studies with a simulated work-
place (Baldinger & Munson, 2020*) and studies where professional development pro-
grammes with workshops, lectures or inquiry cycles are integrated into the work setting 
(Langdon, 2017*; Van den Berg & Schulze, 2014*). Most of the settings in the included 
studies are based on alignment, in which students switch from one context to the other, 
or incorporation, whereby school is brought to the workplace or vice versa (Bouw et al., 
2019). Our search did not find any studies with settings that are based on hybridization, 
i.e., in which both contexts are merged into one new learning site (Bouw et al., 2019). 
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Hybrid learning environments require different didactics and pedagogy from those used 
in workplace learning (Khaled et al., 2021). Our results show how work-based learning 
elements are related and this can be used to design hybrid learning environments in 
higher education that stimulate meaningful learning experiences.

In this realist review, we used CMO configurations to explore and describe the 
relationships between context factors, mechanisms and outcomes. Adding more 
explanatory factors, and thereby expanding our CMO configurations to CIMO 
(including interventions (I)), ICAMO (also including the actor) or SCMO (including 
the strategy) could potentially lead to more detailed insights in what specific aspect 
(Context, Intervention, Actor, Strategy) activates the mechanisms (see De Weger 
et al., 2020). However, this is only of added value if these components are very well 
defined and distinguished, which is hard to achieve when dependent on secondary 
information, as in a realist review. Moreover, WBL often does not depend on a sin-
gle intervention or actor but is a complex orchestration of those. Therefore, this real-
ist review aimed to form methodologically sound realist causal explanations using 
CMO configurations (De Weger et al., 2020).

Future Directions

Our review shows the importance of working in challenging conditions for develop-
ing AE. However, it is still debated how challenging or ill-structured these condi-
tions need to be and relates to the concept of change described by Pelgrim et  al. 
(2022). Should these challenging conditions reflect changes in task environment that 
are new for specific learners or should they reflect changes that are new to the entire 
world? Knowledge about this is needed for designing WBL environments aligned 
with learners’ needs at different stages of their education.

Furthermore, both hybrid learning environments and learning environments 
aimed at AE development require a rethinking of how we design curricula. Task 
and learner characteristics, as well as the changing role of supervisors and guidance, 
necessitate further studies examining how these new WBL environments influence 
students’ learning in these complex contexts.

In addition, our review shows that learners develop AE through interactions with 
others. Future research is needed to gain more in-depth knowledge about how these 
interactions shape AE development and how we can facilitate these interactions. To 
what extent do team composition, boundary crossing or learner characteristics influ-
ence these interactions?

Strengths and Limitations

The strength of a realist review is that the complexity of an intervention, in our case 
WBL, and heterogeneous sources of information can be considered. Our review 
reflects this by including qualitative and quantitative studies from various domains 
and learn-work contexts. This way, our review provides a comprehensive and in-depth 
understanding of how WBL and AE development are related. Further, we used the 



Adaptive Expertise Development during Work‑Based Learning… Page 33 of 52     11 

RAMESES guidelines for carrying out and reporting a realist review (Wong et  al., 
2013) to guide the review and writing process.

However, our review also has limitations. A common thread among our studies was 
the focus on individual-level outcomes. All studies reported outcomes for individual 
learners, although we expected to find team- and organisational-level outcomes. AE 
is not a clear construct and consists of different aspects (Hissink et al., 2025), which is 
reflected in the different operationalisations of AE across studies. This made it difficult 
to specify which context factors and mechanisms contributed to a particular individual, 
team, or organisational outcome.

Furthermore, we viewed WBL as a complex intervention; however, in a number of 
studies, affordances were described within these learn-work contexts (e.g., discuss-
ing ideas with others, collaborative problem solving) that were specifically designed 
as interventions within a learn-work context in other studies (e.g., in workshops, on a 
co-teaching program). This resulted in considerable difficulty in unambiguously delin-
eating context factors from mechanism-resources while constructing the CMO configu-
rations. We frequently discussed this delineation within the research team and decided 
that the chain of reasoning was leading.

In addition, we only included peer-reviewed journal papers in English, resulting in 
a small number of papers for analysis. This might bias our results as important causal 
factors that could have informed theory development might be missed. However, we 
included a broad range of domains and learners and focused on empirical studies. The 
small number of empirical papers included in the analysis, despite a large number of 
titles and abstracts retrieved in the search, indicates that there clearly is a gap in the lit-
erature on how WBL contributes to AE development in a higher education context. The 
current review provides a starting point for future studies to further explore how WBL 
can contribute to AE development in higher education.

Conclusion

This study demonstrates how AE development among higher education students can 
be stimulated in learn-work contexts. It offers guidance for curriculum designers, 
teachers and students. Making a ‘shift’ in thinking was identified as a recurring mech-
anism associated with adapted ways of thinking and working, potentially distinguish-
ing adaptive expertise development from routine expertise development. This shift 
was prompted by challenging WBL environments and interacting with others. Our 
review shows a clear need for future research and an apparent need for more rigor-
ous and valid measurement of AE in WBL settings. This would accelerate empirical 
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investigation of the relationship between work-based learning elements and AE devel-
opment. Furthermore, students work intensively with one another and with teachers, 
supervisors, and other stakeholders in many learn-work contexts. Our review shows 
a clear need for more in-depth knowledge of how challenging and ill-structured work 
situations for the learner need to be, how guidance and support should take shape, 
and how working together with others can promote AE development.

Appendix 1

Search Strategies

Search strategy 1: adaptive expertise and work-based learning

Scopus ((TITLE-ABS-KEY((expert* OR learner OR professional OR student OR resident* 
OR intern* OR novice OR worker OR employee OR scholar) W/3 (adaptiv* 
OR adapta* OR flexib*)) AND PUBYEAR > 1985) AND (TITLE-ABS-KEY (learn* 
OR develop* OR train* OR educat*) W/3 ("workplace" OR "work-based" OR "work-
based" OR "practice-based*" OR "practicebased" OR "on-the-job" OR "professional" 
OR "challenge-based*" OR "project-based" OR "projectbased" OR "problem-
based" OR "practice-oriented*" OR "authentic" OR "life-long" OR "lifelong" OR 
"work-integrated" OR "work integrated" OR "work-related" OR "work related" OR 
"job-related") OR ("apprenticeship" OR "internship" OR "ongoing-education" OR 
"work-placement" OR "field-placement" OR "practice-placement" OR "clinical 
placement" OR "authentic tasks" OR "authentic context" OR "authentic environ-
ment" OR "authentic setting")))

ERIC ( (expert* OR learner OR professional OR student OR resident* OR intern* OR 
novice OR worker OR employee OR scholar) N3 (adaptiv* OR adapta* OR flexib*)) 
AND ( (learn* OR develop* OR train* OR educat*) N3 ("workplace" OR "work-
based" OR "workbased" OR "practice-based*" OR "practicebased" OR "on-the-job" 
OR "professional" OR "challenge-based*" OR "project-based" OR "projectbased" 
OR "problem-based" OR "practice-oriented*" OR "authentic" OR "life-long" OR 
"lifelong" OR "work-integrated" OR "work integrated" OR "work-related" OR "work 
related" OR "job-related") OR ("apprenticeship" OR "internship" OR "ongoing-
education" OR "work-placement" OR "field-placement" OR "practice-placement" 
OR "clinical placement" OR "authentic tasks" OR "authentic context" OR "authentic 
environment" OR "authentic setting")) [Boolean/Phrase; Limiters 1986–2020; do not 
apply equivalent subjects]

Web of Science TS = ((expert* OR learner OR professional OR student OR resident* OR intern* 
OR novice OR worker OR employee OR scholar) NEAR/3 (adaptiv* OR adapta* 
OR flexib*))

AND
TS = ((learn* OR develop* OR train* OR educat*) NEAR/3 ("workplace" OR "work-

based" OR "workbased" OR "practice-based*" OR "practicebased" OR "on-the-job" 
OR "professional" OR "challenge-based*" OR "project-based" OR "projectbased" 
OR "problem-based" OR "practice-oriented*" OR "authentic" OR "life-long" OR 
"lifelong" OR "work-integrated" OR "work integrated" OR "work-related" OR "work 
related" OR "job-related") OR ("apprenticeship" OR "internship" OR "ongoing-
education" OR "work-placement" OR "field-placement" OR "practice-placement" 
OR "clinical placement" OR "authentic tasks" OR "authentic context" OR "authentic 
environment" OR "authentic setting"))
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Search strategy 2: adaptive performance and work-based learning

Scopus ( ( TITLE-ABS-KEY ( learn* OR develop* OR train* OR educat*) W/3 ( "workplace" 
OR "work-based" OR "workbased" OR "practice-based*" OR "practicebased" OR 
"on-the-job" OR "professional" OR "challenge-based*" OR "project-based" OR 
"projectbased" OR "problem-based" OR "practice-oriented*" OR "authentic" OR 
"life-long" OR "lifelong" OR "work-integrated" OR "work integrated" OR "work-
related" OR "work related" OR "job-related") OR ( "apprenticeship" OR "internship" 
OR "ongoing-education" OR "work-placement" OR "field-placement" OR "practice-
placement" OR "clinical placement" OR "authentic tasks" OR "authentic context" 
OR "authentic environment" OR "authentic setting"))) AND ( TITLE-ABS-KEY ( 
( adaptiv* OR adapta* OR flexib*) W/3 ( performance)) AND PUBYEAR > 1985)

ERIC ( (learn* OR develop* OR train* OR educat*) N3 ("workplace" OR "work-based" OR 
"workbased" OR "practice-based*" OR "practicebased" OR "on-the-job" OR "profes-
sional" OR "challenge-based*" OR "project-based" OR "projectbased" OR "problem-
based" OR "practice-oriented*" OR "authentic" OR "life-long" OR "lifelong" OR 
"work-integrated" OR "work integrated" OR "work-related" OR "work related" OR 
"job-related") OR ("apprenticeship" OR "internship" OR "ongoing-education" OR 
"work-placement" OR "field-placement" OR "practice-placement" OR "clinical 
placement" OR "authentic tasks" OR "authentic context" OR "authentic environ-
ment" OR "authentic setting")) AND ((adaptiv* or adapta* or flexib*) N3 (perfor-
mance)) [Boolean/Phrase; Limiters 1986–2021; do not apply equivalent subjects]

Web of Science #1 TS = ((adaptiv* or adapta* or flexib*) NEAR/3 (performance))
#2 TS = ((learn* OR develop* OR train* OR educat*) NEAR/3 ("workplace" OR 

"work-based" OR "workbased" OR "practice-based*" OR "practicebased" OR 
"on-the-job" OR "professional" OR "challenge-based*" OR "project-based" OR 
"projectbased" OR "problem-based" OR "practice-oriented*" OR "authentic" OR 
"life-long" OR "lifelong" OR "work-integrated" OR "work integrated" OR "work-
related" OR "work related" OR "job-related") OR ("apprenticeship" OR "internship" 
OR "ongoing-education" OR "work-placement" OR "field-placement" OR "practice-
placement" OR "clinical placement" OR "authentic tasks" OR "authentic context" 
OR "authentic environment" OR "authentic setting"))

#1 AND #2

Appendix 2

Inclusion and Exclusion Criteria

Inclusion Criteria

1.	 Work-based learning is reported. This also includes incorporation of workplace 
characteristics (such as individuals, environment or task characteristics). Work-
based learning could include a higher education learning environment, provided 
that professionals from the workplace are actively involved.

2.	 The outcome is adaptive expertise or a related concept, including but not limited 
to: (cognitive) flexibility, growth mindset, flexecution, transformative learning/
teaching, creative thinking/behaviour, reflective learner/professional/practitioner, 
reflexivity, innovation/innovativeness, boundary crossing, agency, adaptability, 
adapt to change, adaptive performance, meta-cognitive skills, self-regulation/
self-regulative knowledge, navigating complexity, critical thinking, unlearning.
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3.	 Work-based learning takes place in a higher education context. This includes 
bachelor or master students from higher education programmes, professionals 
who are involved in work-based learning together with students from higher edu-
cation programmes (e.g., supervisors, team members), and learning by profession-
als who are following a higher education professional development programme 
in the workplace. It should be explicitly about the learning processes of either 
students or professionals in relation to AE development.

4.	 Documents are based on empirical data or empirical data is described.
5.	 Documents in which a simulated workplace or working on authentic tasks is 

described, AND the student is placed in or experiences the professional role.
6.	 Documents describe more than if something works, without a rationale, they 

also provide information about why something works. Assumptions (about the 
mechanisms of why something works) about AE development are studied.

7.	 Language is English or Dutch.
8.	 Peer-reviewed journal publications are included.

Exclusion Criteria

1.	 If any of the inclusion criteria 1 to 4 is not met, the document is excluded.
2.	 Other document types, such as case descriptions, opinion/perspective articles, 

products (such as: flyers, leaflets, brochures, instruction manuals, etc.).

Appendix 3

Full Text Appraisal of Relevance and Rigour

1.	 First, full texts are assessed using the in- and exclusion criteria for the screening 
of titles and abstracts.

2.	 Second, relevance is assessed using the following questions: does this document 
help in answering our research question? Is there enough information in the docu-
ment in terms of outcomes and descriptions of a) adaptive expertise (develop-
ment) and b) work-based learning?

3.	 Third, rigour is assessed using the following questions: are the (research) methods 
used credible and trustworthy? Are the (research) methods suitable for answer-
ing the research question in the document? Does the conclusion of the original 
authors have sufficient ‘weight’ to give a methodologically sound contribution to 
testing our initial programme theory?

We used a tool to assess rigour derived from Pawson and Barnes (2003):

•	 Transparency – is it open to scrutiny?
•	 Accuracy – is it well grounded?
•	 Purposivity – is it fit for purpose?
•	 Utility – is it fit for use?
•	 Propriety – is it legal and ethical?
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•	 Accessibility – is it intelligible?
•	 Specificity – does it meet source-specific standards?

Relevance and rigour are considered dimensions, i.e., more or less relevance and 
rigour, and there is a grey area. For example, a document can fulfil the inclusion cri-
teria, be relevant in answering our research question, and information is described in 
a transparent way, but not be useful or specific. The final assessment of whether the 
(research) methods are credible and trustworthy is in part a subjective judgement: 
“… standards do not replace judgement. They are part of an appraisal process, provid-
ing a reference point for judgements and a context against which to explain why and 
how judgements are made.” (Pawson & Barnes, 2003, p. 3).

Appendix 4

Codebook for Data Extraction in ATLAS.ti

Code name Explanation

Outcomes Outcomes refer to intended or unexpected interven-
tion outcomes. The result of how people react 
to the mechanisms. Outcomes must indicate AE 
(development) or related concepts

Context-infrastructure Context includes the pre-existing organizational 
structures, the cultural norms and history of the 
community, the nature and scope of pre-existing 
networks, and geographic location effects with a 
specific focus on what contextual factors shape the 
work-based learning of the case/study. What char-
acterises the (work-based) environment? What 
tools are used, e.g., real or simulated patients, 
software used?

Context-actors Individuals who partake in the programme, includ-
ing its characteristics and/or roles or positions 
(e.g., prior knowledge, self-confidence, job satis-
faction of facilitator, coach)

Context-artefacts What tools are used to support the learning and 
working of the participants?

Context-time When did learning take place? Temporal aspects, 
such as available time, timing, speeding up or 
slowing down task performance, in relation to the 
work tasks to be performed
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Code name Explanation

Context-cross-boundary teaming How do workplace and educational programme 
actors work together in designing the work-based 
learning environment? What interactions are 
described and how is collaboration organised?

Context—task complexity What type of task is reported? Is a complex, authen-
tic professional task described (e.g., providing 
care for the elderly) or a partial task (e.g., apply-
ing a bandage)?

Context—problem solving—unfamiliar problems Participants have to solve unfamiliar problems – 
problems just outside the scope of the domain 
of expertise of the participants, but that experts 
are able to solve based on acquired strategies 
to understand the problem and assess potential 
solutions

Context—problem solving—ill-structured prob-
lems

Participants have to solve ill-structured problems. 
Ill-structured problems can be characterised by 
an incomplete problem definition, an unknown 
strategy to solve the problem, the goal is not clear 
or there is not one optimal solution to the problem

Context—problem solving—wicked Participants have to solve wicked problems. Wicked 
problems are social or cultural dilemmas, or prob-
lems that are hard to explain or by nature impossi-
ble to solve. They are not more difficult problems, 
but problems at a different level of abstraction, 
e.g., hunger in the world or climate change

Context—intervention(s)—general Characteristics of work-based learning specifically/
intentionally designed or enacted to influence or 
stimulate (development of) AE or related concepts

Context—intervention—problem solving strate-
gies

What is done to help solve the problems

Context—intervention—reflection What is done to stimulate reflection by the partici-
pants

Context—intervention—error learning Participants can learn from making mistakes
Context—intervention—boundary crossing What is done for participants to learn from crossing 

school and work boundaries
Mechanism(s)—resource The mechanism that is triggered by the interven-

tion, in a certain context, by indicating why the 
intervention produces a certain outcome. It can 
be their ability (resources) to put the intervention 
into practice
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Code name Explanation

Mechanism(s)—response The mechanism that is triggered by the interven-
tion, in a certain context, by indicating why the 
intervention produces a certain outcome. It can be 
an explanation of the cognitive processes (reason-
ing) that actors use to choose their response to 
the intervention. The response is everything that 
suggests a change in people’s minds and actions

Appendix 5

Visualizations of the CMO Configurations for each Study

Fig. 6   Kawamura et al. (2020*) CMO1
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Fig. 7   Kawamura et al. (2020*) CMO2

Fig. 8   Kawamura et al. (2020*) CMO3
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Fig. 9   Baldinger & Munson (2020)*

Fig. 10   Gallo-Fox & Stegeman (2019*)
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Fig. 11   Langdon (2017*)

Fig. 12   Van den Berg & Schulze (2014*)
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Fig. 13   Drewery et al (2016*)

Fig. 14   Stutsky & Spence Laschinger (1995*)
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Fig. 15   Hains-Wesson & Ji, (2021*) CMO1

Fig. 16   Hains-Wesson & Ji, (2021*) CMO2
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Fig. 17   Regan et al., (2022*) CMO1

Fig. 18   Regan et al., (2022*) CMO2
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Fig. 19   Regan et al., (2022*) CMO3

Fig. 20   Regan et al., (2022*) CMO4
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Fig. 21   Regan et al., (2022*) CMO5

Fig. 22   Grunefeld et al., (2022*) CMO1
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Fig. 23   Grunefeld et al., (2022*) CMO2
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