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Abstract
Background Health professionals and health professions educators (HPEs) worldwide were confronted by the 
COVID-19 pandemic, which disrupted standard practice and forced HPEs to develop creative, alternative modes 
of training and education. The ability of people to work successfully and efficiently in non-standard situations can 
be called adaptive expertise in which people quickly overcome changes in work requirements using their expert 
knowledge in novel ways. The objectives of the current study were to investigate how the adaptive expertise of a 
group of HPEs influenced perceived work performance in a non-standard situation and to see whether there were 
relationships between the level of adaptive expertise and academic ranking and work experience of HPEs.

Methods A descriptive, cross-sectional, single-site study was conducted using a self-reported study tool about 
adaptive expertise developed by Carbonell et al. (2016), and three questions were asked about participants’ 
perceptions of work performance, amount of work done, and teaching quality. The sample consisted of HPEs from the 
University of Twente, Netherlands.

Results Among 123 eligible participants, 40 individuals completed the survey. Kaiser-Meyer-Olkin and Bartlett’s Test 
of Sphericity indicated the adequacy of the sample size (KMO = 0.633, P < 0.0001). Participants were lecturers, senior 
lecturers, assistant professors, associate professors and full professors. The average adaptive expertise score of the 
sample was 4.18 ± 0.57 on a scale from 1 (low) to 5 (high). The domain and innovative skills are the principal distinct 
dimensions of adaptive expertise among HPEs. Professors showed higher adaptive expertise scores than the other 
ranks. Statistically significant correlations were found between scores of adaptive expertise and perceived work 
performance (r = 0.41, p < 0.05 and academic ranking (r = 0.42, p < 0.05). Adaptive expertise scores were not associated 
with work experience or HPEs’ age.

Conclusions Our finding of a lack of relationships between self-reported level of adaptive expertise and experience 
and age but significant relationships with work performance and academic ranking of HPEs suggests that adaptive 
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Practical implications

  • Improving adaptive expertise skills among 
university teachers is essential to increase their 
work performance and prevent the interruption of 
academic programs during constrained situations.

  • Adaptive expertise is not automatically acquired with 
seniority and experience but needs to be developed 
deliberately.

  • Institutions should pay attention to conducting staff 
development programs irrespective of the age and 
seniority of the university teacher, and the training 
should encompass a variety of contexts, intensities, 
and learning activities that have substantiative 
variability from one another and meaningful insight 
focusing on in-depth reflection.

Background
Clinical practice continually faces evolving challenges. 
Taking care of the health of human communities is com-
plex and often variable [1]. Clinical research regularly 
results in the need to adjust previously standard ways of 
practice and often produces new knowledge that must be 
mastered [1]. Furthermore, the responsibility of health-
care professionals extends beyond routine clinical prac-
tice; it encompasses the management of complex and 
often unpredictable human health issues [2]. In other 
words, the healthcare workforce needs to be prepared 
for a constantly changing work environment, and future-
proof health professionals need to be trained [3].

The COVID-19 pandemic profoundly disrupted stan-
dard practices globally across all sectors and fields, 
including education at every level. With the COVID-
19 pandemic, almost all the universities and schools 
in affected countries had to shift to alternative modes 
of teaching and learning, which are quite challenging 
for many teachers in the universities and schools [4]. 
Although advanced technology is used in many univer-
sities currently, still most teaching is based on the tradi-
tional model unless the program is delivered in distance 
learning or an online mode [5]. When face-to-face teach-
ing sessions are abruptly shifted to an online mode, they 
need additional preparations, technological skills, and 
creativity, which could be quite challenging for most 
teachers. It is more challenging if teachers lack an aware-
ness of how they can exploit their routines from adaptive 
perspectives [6]. Therefore, readiness and acceptance of 

the challenge by university teachers play a crucial role in 
the success of the continuation of uninterrupted sound 
teaching programs irrespective of unstable situations 
they have to face. While some people quickly overcome 
changes in work requirements by inventing new proce-
dures and using their expert knowledge in novel ways, 
others do not possess this ability and find themselves 
thrown back, performing as novices [7, 8].

Adaptive versus routine expertise
Hatano & Inagaki [7] coined the term adaptive expertise 
and distinguished it from routine expertise. Experts are 
masters in their respective domains through deliberate 
practice or expert guidance [7]. Expertise reflects increas-
ing competence as the person moves from the early cog-
nitive stage to well-practised autonomous skill execution 
through practice [9]. Adaptive expertise enables profes-
sionals to respond to novel situations more effectively 
and innovatively than routine experts [10]. Hatano and 
Inagaki conceptualized routine expertise and adaptive 
expertise as two poles of one dimension, whereby routine 
expertise is the execution of high-quality procedures to 
act efficiently and accurately. In contrast, adaptive exper-
tise encompasses the capability to devise novel solutions 
to professional challenges, as well as the ability to develop 
innovative problem-solving methodologies, particularly 
in unprecedented situations [7]. Individuals with adaptive 
expertise can face novel and challenging situations with 
success, irrespective of the unfamiliarity of the circum-
stance [11].

The key difference between adaptive and routine 
experts was their ability to work productively when 
confronted with novel situations [7]. Routine expertise 
enables experts to exhibit speed and accuracy in solv-
ing problems that fall into previously experienced, well-
established patterns [12]. Therefore, routine experts 
are successful in standard situations but struggle with 
novel problems in which the task, method, or desired 
results are not known in advance [10]. In contrast, 
adaptive experts respond to novel or unexpected situa-
tions more effectively, efficiently, and innovatively than 
routine experts [10]. This is the concept of the optimal 
adaptability corridor where individuals are high on both 
dimensions of innovation and efficiency [10]. Therefore, 
adaptive experts adapt and overcome uncertainty by dis-
playing high performance levels.

Adaptive expertise is a multi-faceted construct 
encompassing a range of dimensions as defined by 

expertise is not auto-generated or acquired with seniority and experience but is a ‘mastery’ that should be developed 
deliberately.
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different authors [6, 7]. Widely, adaptive expertise has 
been described and measured using several dimen-
sions [4, 7, 13, 14]. Domain-specific skills, metacognitive 
skills, and innovative skills are three of the main dimen-
sions that have been used widely among researchers [6, 
7, 13, 14]. Domain-specific skills are a critical dimension 
of adaptive expertise, encompassing declarative knowl-
edge (knowing that), procedural knowledge (knowing 
how), and conditional knowledge (knowing when and 
where) [15]. Unlike novices, experts display a distinctive 
knowledge representation in terms of extent, organiza-
tion, abstraction, and consolidation, which significantly 
influences their problem-solving capabilities [10, 11, 16]. 
While both adaptive and routine experts possess a simi-
lar breadth of knowledge, they differ in their knowledge 
representations in terms of extent, organization, abstrac-
tion, consolidation, and information retrieval. Therefore, 
problem-solving approaches may vary between the two 
groups [10, 11, 16]. Adaptive experts’ knowledge repre-
sentation is characterized by organization, abstraction, 
and consolidation and is independent of situational con-
texts (de-contextualization) [11]. Consequently, contex-
tual knowledge has less influence on adaptive expertise 
than structured and abstract knowledge. This enables 
adaptive experts to apply known solutions to new situa-
tions more easily. Essentially, adaptive expertise facilitates 
the organization of knowledge in a way that enhances 
its applicability across various scenarios [11]. Moreover, 
adaptive experts exhibit greater cognitive flexibility and 
superior problem-solving skills than their routine coun-
terparts [17], underpinned by their ability to engage in 
analogical reasoning using their organized knowledge 
base [18].

Metacognition, simply put, refers to ‘thinking about 
thinking,’ or our capacity to understand what we know 
and what we do not know [19]. Costa and Kallick [19] 
further emphasize that better metacognitive skills enable 
individuals to assess their knowledge and identify gaps, 
which is crucial for strategic learning and application of 
knowledge in unfamiliar contexts. People with high adap-
tive expertise demonstrate a strong ability to self-assess 
their expertise, knowledge, learning, and problem-solv-
ing abilities [20, 21]. Despite their apparent importance, 
the role of metacognitive skills in adaptive expertise is 
still debated. Carbonell et al. [13] argue that while meta-
cognitive skills are valuable, they may not be definitive in 
distinguishing adaptive expertise from routine expertise, 
based on a study conducted among multiple professional 
categories and different geographical backgrounds [13].

The innovation dimension of adaptive expertise typi-
cally involves transcending established routines and 
often requires individuals to reconsider fundamen-
tal ideas, practices, and values to facilitate change [10, 
17]. Schwartz et al. [10] describe adaptive expertise as a 

balance between efficiency and innovation, where effi-
ciency relates to an individual’s ability to fluently apply 
domain knowledge and skills in familiar situations. In 
contrast, innovation involves devising solutions for new 
scenarios where no precedents exist. This process neces-
sitates recognizing how previously acquired knowledge 
can be adapted to novel circumstances, indicating that 
the knowledge used in the innovation process is both 
nuanced and complex [22]. Furthermore, innovation may 
lead to the enhancement of existing ideas or the discov-
ery of entirely new approaches to problem-solving.

Chi [18] has described that adaptive experts acquire a 
deep conceptual understanding of the skill within their 
domain by intentionally seeking challenges, reflecting 
on their performance, and thus engaging in continuous 
learning. Adaptive expertise is a set of skills or disposi-
tions, influenced by cognitive, motivational, and per-
sonality factors, that enables individuals to devise and 
implement new solutions effectively through a deep 
conceptual understanding of the problem’s nature and 
context [7, 21]. Therefore, adaptive experts are more 
motivated to achieve a deep understanding of domain-
related knowledge and skills. Further, they are keen 
on why and under which condition a specific domain-
relevant skill must be applied, or new methods need to 
be devised [13]. Also, adaptive experts show a hierar-
chical knowledge representation [16] and an abstract 
representation of the problem at a deeper or more theo-
retical level [19]. Thus, adaptive expertise involves deeper 
knowledge processing, suggesting a more causally inter-
connected knowledge base. Therefore, adaptive experts 
can apply knowledge flexibly and strategically to meet 
their goals and succeed when facing novel situations in 
unexpected circumstances. Furthermore, they can mod-
ify ways of working to address specific needs and con-
straints of a task [7]. Thereby, they can create innovative 
solutions suited to the situation to find effective answers 
for unprecedented problems.

Adaptive expertise in teaching
Previous studies showed that schoolteachers with greater 
adaptive expertise can create more workable ideas and 
implement innovative teaching approaches than teach-
ers with lower levels of adaptive expertise [6]. Mannikko 
and Husu [6] reported that primary school teachers with 
a high level of adaptive expertise were able to benefit 
from their routines and develop them further to concen-
trate on the situation and its demands. Additionally, they 
reported that highly adaptive teachers attempted to build 
more analytical and creative adaptations, indicating the 
importance of adaptive expertise among teachers.

University teachers are academics with responsi-
bilities for teaching, research and development. They, 
therefore, should be knowledgeable and up-to-date by 
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continuously acquiring new knowledge and skills in 
their domain. Like schoolteachers, we expect university 
teachers to have different levels of adaptive expertise, 
with some being routine experts while others might be 
more inclined to innovate their teaching practices. Van 
Dijk et al. [23] argue that for adequate academic profes-
sional development of university teachers, there should 
be a link between the disciplinary knowledge that uni-
versity teachers possess and develop on the one hand and 
adaptive expertise development on the other. Ultimately, 
adaptive expertise is expressed through visible perfor-
mance [23].

University teachers, who balance teaching, research, 
and administrative duties, exhibit various forms of work 
performance. Research shows that work performance is 
dynamic, fluctuating within individuals over time [24, 
25]. Additionally, workplace factors can influence perfor-
mance [26]. Teachers with adaptive expertise will likely 
leverage their problem-solving skills to navigate chal-
lenges effectively, suggesting their work performance 
remains stable despite changing circumstances or work 
demands.

University teachers with higher academic rankings 
often have more extensive exposure to complex problems 
and a richer array of experiences in navigating academic 
challenges. This exposure can enhance the hierarchical 
and abstract knowledge representation, as well as the 
ability to engage in innovative problem-solving, traits 
associated with adaptive expertise [19]. Additionally, 
extensive work experience may contribute to a deeper, 
more causally interconnected knowledge base. Further-
more, university teachers with higher academic rankings 
are also more likely to have had more opportunities for 
practice and training, which are crucial for skill devel-
opment [19]. As individuals progress in their academic 
careers, they acquire extensive domain-specific knowl-
edge and skills through (deliberate) practice and expe-
rience. In academia, increasing experience, research 
innovations, and various other academic involvements 
often correlate with higher academic rankings, reflect-
ing greater competence and mastery in one’s field [27, 
28]. The dynamic nature of academic work requires fac-
ulty members to manage responsibilities ranging from 
pedagogy to research. Factors such as a positive mindset, 
deeper understanding, innovative skills, and the ability 
to apply and devise new methods as required by spe-
cific conditions contribute to the development of adap-
tive expertise [7, 29]. Given that higher academic ranks 
are often achieved through years of experience and con-
tinuous learning, it is plausible to speculate that there is 
a relationship between adaptive expertise and academic 
ranking.

Adapting university teaching during the COVID-19 
pandemic
Health Professional Educators (HPEs), like many other 
professionals, had to adapt to unprecedented work-
ing conditions during the COVID-19 pandemic rapidly. 
These extraordinary challenges that were faced dur-
ing the Covid-19 pandemic, placed an added burden on 
HPEs who were at the frontline of patient care provision. 
Amid the pandemic, HPEs had to develop creative, alter-
native modes for training and education in the shortest 
amount of time possible. Our study aimed to understand 
how HPEs navigate and adapt to unprecedented cir-
cumstances, ensuring success amidst change. While the 
pandemic certainly intensified stress levels for HPEs, 
investigating adaptive expertise during this period offers 
valuable insights into how educators cope with difficulty 
and perform their duties. Carbonell, et al., highlighted 
the need for non-standard but realistic tasks is the best 
to evaluate adaptive expertise [13]. These tasks mimic 
real-world challenges that are unpredictable and require 
innovative problem-solving. They reveal how individuals 
can adapt and develop new solutions when confronted 
with novel and complex challenges, a critical ability dur-
ing unprecedented events like the COVID-19 pandemic. 
In this context, this study provides a unique opportunity 
to explore HPEs’ adaptive expertise. Additionally, since 
our study is situated within the context of the COVID-
19 pandemic, the broader trends of technical innovations 
and evolving job demands in HPEs are indeed relevant 
and contribute to the ongoing discourse on educator 
adaptation.

HPE’s in the current study were required to working 
from home. Working from home not only affected how 
work was organized but also affected job satisfaction and 
work performance [30]. Many studies have focused on the 
impact of online learning on health professional students’ 
performance, well-being and perceived teaching quality. 
Few studies [31, 32] also examined the effect of work-
ing from home during the COVID-19 pandemic from 
the university teachers’ perspective. This study aimed to 
investigate how the adaptive expertise of a group of HPEs 
influences perceived work performance in the altered 
academic environment and to explore the relationships 
between adaptive expertise and the academic ranking of 
university HPEs and their work experience.

Methods
Study design
A descriptive, cross-sectional, single-site study was car-
ried out as this work investigated the subjective assess-
ment (self-reported) of the adaptive expertise of a 
previously uncharted population. Quantitative data was 
collected from the demographic information and ques-
tionnaire responses of the participants using an online 
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survey. The demographic information included age, sex, 
present and past work experiences, the field of expertise, 
and present academic rank. A tool developed by Car-
bonell et al. [13] was used to measure the participants’ 
adaptive expertise. Three questions with a visual ana-
logue scale were used to measure perceived work perfor-
mance during the pandemic.

Study sample
Like in many other universities, HPEs at the University 
of Twente (UT) had to shift all the teaching and learning 
activities into a fully online mode as the UT was closed 
from mid-March 2020. This is the time during which 
when enrolment in new courses starts in the second 
semester of the academic calendar of the UT. The data 
were collected from June to July 2020 when HPEs worked 
from home and engaged in online teaching.

The HPEs at the Technical Medicine, Biomedical Engi-
neering, and Health Sciences educational programmes 
of the University of Twente are university teachers com-
prising lecturers, senior lecturers and assistant, associate, 
and full professors. According to the registry, there were 
123 university teachers involved in the Health Profes-
sions Education study programs of UT. All 123 teachers 
were invited to participate in the study.

Study tool
After a literature survey, the latest available tool for mea-
suring adaptive expertise developed by Carbonell et al. 
[13] was used for data collection. This self-reported study 
tool developed by Carbonell et al. [13] has been used to 
subjectively measure adaptive expertise in several popu-
lations [14, 33, 34]. The tool is a questionnaire containing 
17 items and Likert scale responses ranging from 1 (never 
or only rarely true of me) to 5 (always or almost always 
true of me). Although both English and Dutch versions 
of the questionnaire are available, the English version was 
used in this study as both Dutch and non-Dutch univer-
sity teachers work at the UT. Some items were modified 
slightly to suit the academic environment and the HPEs 
without changing the core meaning. The revised sur-
vey was pilot-tested using a few staff members [6] of the 
Technical Medicine Department, and some items were 
modified slightly to improve clarity and understanding.

Three questions about work performance, amount of 
work done, and teaching quality were added to measure 
perceived work performance during the pandemic. A 
scale ranging from 1 (Extremely poor) to 10 (Extremely 
good) was used to identify the perceived level of satisfac-
tion with the work performed.

Study procedure
Ethical approval was obtained from the Ethical Review 
Committee of the Faculty of Behavioural Management 

and Social Science (BMS) of the UT. All participants were 
informed about the study via email. Informed consent 
was requested from the participants in accordance with 
the guidelines of the Ethical Review Committee of BMS 
faculty before proceeding to the survey link (question-
naire) on Qualtrics XM (USA). The participants’ identi-
ties were anonymised, and data were exported to an excel 
file (Microsoft Office Excel) and handled confidentially.

Data analysis
Respondents without teaching involvement during the 
pandemic or with incomplete data were excluded from 
the analyses. Only the lecturers, senior lecturers, and pro-
fessors were considered for the analysis of the relation-
ship between adaptive expertise and academic ranking, 
and research staff was not considered. The latent vari-
ables were adaptive expertise and perceived work perfor-
mance, while observable variables were the responses to 
the questionnaire items. The dependent variables were 
the scores of adaptive expertise and perceived work 
performance, whereas the independent variables were 
age (continuous variable), gender, work experience, and 
academic rank (categorical variables). Descriptive sta-
tistics was employed to inspect the distributions of the 
variables.

For adaptive expertise, the responses of 17 items were 
scored (1 to 5). Negative items were reverse-scored. The 
mean values were calculated to create a composite score 
of adaptive expertise (cumulative adaptive score) for each 
participant across the sample.

The Excel file exported from Qualtrics XM software 
was imported into SPSS, and data was labeled by assign-
ing appropriate codes. The Kaiser-Meyer-Olkin measure 
of Sampling Adequacy and Bartlett’s Test of Sphericity 
were performed before conducting statistical analysis 
to ensure the sample size was adequate. The latent vari-
able adaptive expertise was measured using Exploratory 
Factor Analysis (EFA) and Confirmatory Factor Analysis 
(CFA).

The tool of 17 items used in the present study has been 
tested and validated for some professions [15, 16] but 
not for university teachers. Statisticians recommend that 
once a tool has been developed using Exploratory Factor 
Analysis (EFA) or other techniques, Confirmatory Factor 
Analysis (CFA) should be carried out to decide whether 
the tool (inventory) has the same structure across a cer-
tain population [35]. CFA enables the determination of 
how different the structure and function of a measure-
ment tool are across groups [36]. In other words, CFA 
is conducted to assess whether the factor structure pro-
duced by the EFA fits the data [35].
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Instrument validation
To select the best-fit model, CFA was performed twice 
using the R statistics package. In the first CFA, data from 
the items identified by Carbonell et al.  [13] were used. 
Secondly, independent factor extraction was performed 
using EFA followed by CFA. For factor extraction, Prin-
cipal Components Analysis (PCA) was selected, and 
components were rotated by applying a direct Oblimin 
method. The minimum factor loading was considered 
as 0.4, and items were sorted by their size. Finally, the 
best-fit model was selected using fit indices. A compos-
ite score of adaptive expertise (cumulative adaptive score) 
for each participant was calculated using statistically sig-
nificant items selected for the best model and calculating 
their mean values. These composite scores were used for 
comparisons and correlation statistics.

Assessing relationships
Spearman Rank Correlation was used to check all the 
correlations as it does not carry any assumptions about 
the distribution of the data and is the appropriate corre-
lation analysis tool for variables measured on an ordinal 
or ranking scale [37].

Perceived work performance was measured using a rat-
ing scale (1 to 10) given for the three statements about 
work performance, the amount of work done, and teach-
ing quality. The mean score of the three questions was 
taken to measure perceived work performance. Respon-
dents with no teaching involvement during the pandemic 
or incomplete data were excluded from the calculations.

Work experience was categorized according to the 
number of years of employment (less than a year, 1 to 
5 years, 6 to 10 years, 11 to 15 years, and more than 15 
years). Age was recorded in numbers. Academic ranks 
(positions) were ranked based on the ranking system 
generally used in universities. However, the researcher 
category was excluded when analyzing the relationship 
between academic rankings and the scores for adaptive 
expertise due to a low representation of them in the sam-
ple and inadequate details of their academic background. 
Therefore, the ranking order used in the analysis was: 

lecturer, senior lecturer, assistant professor, associate 
professor, and full professor.

A normality test was also performed before running the 
EFA and CFA. Cronbach’s alpha values were calculated 
for all factors (dimensions) to check for internal consis-
tency. Descriptive statistics were employed to inspect the 
profile of the sample. P < 0.05 was considered statistically 
significant in all calculations.

Results
Among 123 eligible participants, 58 individuals con-
sented to participate in the study via an online question-
naire, giving a 47.15% response rate. However, only 40 
individuals completed the survey, and the final response 
rate was 32.52%. Kaiser-Meyer-Olkin and Bartlett’s Test 
of Sphericity indicated the adequacy of the number of the 
present sample for valid statistical analysis (KMO = 0.633, 
P < 0.0001) [38].

Demographic information of the sample
The sample consisted of 20 females and 19 males, and one 
participant did not disclose their gender identity. Partici-
pants’ age ranged from 27 to 64 (mean age was 46 ± 11.8 
years). HPEs of various academic ranks were included 
in the sample, from the starting grade of lecturer to full 
professor. Most participants were lecturers, followed by 
assistant professors, full professors, senior lecturers, and 
associate professors, while two members did not reveal 
their academic ranking (Table 1). The mean years of work 
experience of each academic rank are shown in Table 1. 
Four main fields of teaching expertise identified among 
40 participants were medical sciences (14), social sci-
ences (7), technical (8) and professional skills (11).

Adaptive expertise among health professions educators
Tables 2 and 3 both present the results of the Exploratory 
Factor Analysis (EFA) and Confirmatory Factor Analysis 
(CFA); Table 2 included analyses for all 17 items, whereas 
Table 3 focused on those items that were statistically sig-
nificant. Accordingly, all the items in the domain dimen-
sion showed a higher significance while some items of the 

Table 1 Demographic composition of the sample
Age Work Experience (present rank) Gender

Academic Ranking No. Mean ±SD Median Mean ±SD Male Female Not Revealed
Lecturer 10 43±12.61 3 2.9±1.2 2 8
Senior lecturer 5 53.2± 11.03 4 4±1.22 2 3
Senior researcher 1 55 1 1
PhD student 2 28.5±2.12 2 2 -  2
Post -Doc 1 30 2 1  -
Assistant professor 9 45±10.6 2 2.89±1.36 5 4
Associate professor 3 44.33±6.43 4 3.33±2.08 2 1
Full professor 7 56.43±3.87 5 4.71±049 5 1 1
Not revealed 2 33.5±9.19 1.5 1.5±071 1 1
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metacognitive and innovative domains were shown to be 
insignificant.

When statistically not significant items were excluded 
in CFA, only the items of the domain and innovative 
dimensions contributed to the adaptive expertise of the 
present sample. A comparison of fit indices of the two 

models indicated that the model comprised of significant 
items had the best fit (Table  4). Schmitt [39] reported 
that a good model fit has the following indices: RMSEA 
(Root Mean Square Error of Approximation) and SRMR 
(Standardized Root Mean Square Residual) should be 
below 0.08 and CFI (Confirmatory Factor Index) and TLI 

Table 2 CFA analysis showing the significance levels and factor loading for all 17 items
Estimate P Factor 

loading
Items of Domain skill
1. I realized that I need to learn continuously to become and stay an expert in my field 0.749 0.000 0.774***
2. I realized that knowledge in my discipline keeps on developing 0.280 0.003 0.443**
3. I gained a better understanding of concepts in my discipline 0.544 0.000 0.788***
5. I concerned myself with the latest development in the domain of my discipline 0.629 0.000 0.648***
7. I was able to develop and integrate new knowledge with what I learned in the past 0.471 0.000 0.797***
Items of Metacognitive skill
4. I was able to indicate the cause of any obstacles which emerged 0.126 0.153 0.254
10. I sought out feedback 0.074 0.606 0.089
13. I was able to assess when my knowledge is insufficient to perform a specific task or solve a particular problem 0.528 0.004 0.900**
14. I was able to assess what skills I do not possess to perform a certain/specific task or solve a particular problem 0.422 0.008 0.686**
Items of Innovative skill
6. I showed that I am willing to keep on learning new aspects related to my discipline 0.649 0.000 0.731***
8. I focused on new challenges in my academic environment 0.422 0.000 0.559***
9. I approached new tasks/projects in similar ways as I worked in the past -0.130 0.273 -0.134
11. I was able to keep on performing at a high level when confronted with unfamiliar situations or tasks 0.241 0.014 0.327*
12. I was able to apply my knowledge flexibly to the different tasks in my academic environment 0.086 0.218 0.151
15. I applied my knowledge in new and unfamiliar situations in areas related to my discipline with a degree of 
success

-0.063 0.325 -0.120

16. I was able to adapt my work habits to the needs of the situation 0.052 0.490 0.083
17. When I was confronted with obstacles or difficult situations, I gave up -0.044 0.634 -0.057
Note. Significance level * p < 0.05. ** p < 0.01. *** p < 0.001

Table 3 CFA analysis showing factor loading when insignificant items were excluded from the model
Estimate Std.Err Z - value P(> I z I ) Std. Iv Std. all (Factor loading)

Domain =~
Item 1 0.740 0.130 5.686 0.000 0.740 0.766***
Item 2 0.271 0.096 2.805 0.005 0.271 0.428**
Item 3 0.554 0.091 6.076 0.000 0.554 0.802***
Item 5 0.619 0.139 4.452 0.000 0.619 0.637***
Item 7 0.474 0.078 6.077 0.000 0.474 0.802***
Metacognitive =~
Item 13 0.496 0.401 1.238 0.216 0.496 0.845
Item 14 0.451 0.368 1.227 0.220 0.451 0.734
Innovative =~
Item 6 0.650 0.126 5.171 0.000 0.650 0.732***
Item 8 0.445 0.109 4.073 0.000 0.445 0.590***
Item 11 0.256 0.101 2.540 0.011 0.256 0.346*
Note. Significance level * p < 0.05. ** p < 0.01. *** p < 0.001

Table 4 Comparison of Model Fit Indices
Models CFI TLI AIC BIC RMSEA SRMR
1 0.782 0.744 1347.561 1410.050 0.098 0.154
2 0.970 0.957 758.208 797.052 0.062 0.085
Note. Model 1 considered all 17 items with no removal of any items; Model 2 considered only significant items. As model 2 shows, the highest CFI and TLI values and 
lowest in the AIC, BIC, RMSEA and SRMR. Accordingly model 2 was selected as the best fit.
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(Tucker Lewis Index) index should be above 0.9. Accord-
ingly adaptive scores were calculated using only the sta-
tistically significant items.

Table 5 illustrates the mean score values for the adap-
tive expertise along with the domain and innovative skills 
dimensions. The average score of adaptive expertise of 
the sample was 4.18 ± 0.57. It is noted that the professors 
scored higher on self-reported adaptive expertise than 
lecturers and senior lecturers (Table  5). Reliability anal-
ysis is necessary to assess the consistency of a measure. 
Internal consistency measurements (Cronbach alpha val-
ues) of domain and innovative skill dimensions and adap-
tive expertise are shown in Table 6.

Relationships of adaptive expertise score with age, 
experience, work performance, and academic ranking
Lecturers, senior lecturers and three categories of pro-
fessors were considered for the correlation analyses. 

Spearman’s Rank correlation indicated statistically sig-
nificant positive associations between adaptive expertise 
and perceived work performance (r = 0.41, p < 0.05) and 
academic ranking (ρ = 0.42, p < 0.05 (Table  7). However, 
an increase in adaptive expertise scores was not associ-
ated with increased work experience or the age of HPEs 
(Table 7). Besides, age did not show any relationship with 
academic ranking. However, a strong positive relation-
ship was observed between age and experience (ρ = 0.79, 
p < 0.001).

Discussion
It is beneficial to compare the findings of our current 
study with those of Carbonell et al., [13] since both stud-
ies used the same tool. The present study, along with the 
research conducted by Carbonell et al., [13, 40] affirms 
that the dual dimensions of the domain and innovative 
skills constitute essential components of adaptive exper-
tise, without the inclusion of metacognitive skills as a dis-
tinct dimension. They [13, 41] further posited that while 
domain skills evaluate an individual’s capacity for adap-
tation, innovative skills are crucial for the modification 
of existing knowledge and skills in response to emerg-
ing challenges. Notably, the majority of items under the 
domain skill dimension display significant agreement 
across both studies, affirming their relevance and validity 
in measuring adaptive expertise. This consistency under-
scores the robustness of domain skills as a foundational 
component of adaptive expertise. However, within the 
dimension of innovative skills, although both studies ini-
tially proposed eight items to depict this dimension, our 
findings and those of Carbonell et al. [13] differ slightly in 
the items that were statistically significant. In our current 
study, only three items were statistically significant com-
pared to five in the Carbonell et al. study [13]. This dis-
crepancy suggests variability that may be attributable to 
differences in sample populations or sizes and indicates a 
need for further refinement of these items.

Table 5 Mean Scores of Adaptive Expertise and its Dimensions Among Different Academic Ranks
Domain Innovative Total (Adaptive 

Expertise)
Academic rank N M (SD) M (SD) M (SD)
Lecturer 10 3.82 0.77 3.75 0.35 3.74 0.75
Senior lecturer 5 4.16 0.80 3.93 0.22 4.07 0.62
Senior researcher 1 4.20  - 4.00  - 4.25  -
PhD student 2 4.60 0 4.00 0 4.50 0
Post -Doc 1 4.60  - 4.25  - 4.62  -
Assistant professor 9 4.44 0.33 3.96 0.34 4.36 0.33
Associate professor 3 4.53 0.50 3.75 0.22 4.46 0.52
Full professor 7 4.48 0.51 3.89 0.54 4.36 0.53
Not revealed 2 4.30 0.14 3.87 0 4.31 0.09
Total sample 40 4.26 0.60 3.87 0.34 4.18 0.57

Table 6 Internal Consistency of Three Different Constructs
Name of Construct Cronbach Apha
Adaptive Expertise 0.72
Domain skill dimension 0.81
Innovative skill dimension 0.57
Perceived work performance 0.63

Table 7 Spearman’s Rank Correlations Results Indicating 
Relationships of Adaptive Expertise Score
Variables N r p
Perceived work performance & adaptive expertise 32 0.406* 0.021
Perceived work performance & domain skill 32 0.371* 0.014
Perceived work performance & innovative skill 32 0.363* 0.041
Academic ranking & adaptive expertise score 34 0.423* 0.013
Academic ranking & Domain skill 34 0.427* 0.012
Academic ranking & Innovative skill 34 0.348* 0.044
Experience (PP) & adaptive expertise score 40 -0.166 0.305
Experience (PP) & domain skill score 40 -0.116 0.475
Experience (PP) & Innovative skill score 40 -0.23 0.148
Age & adaptive expertise 40 0.124 0.522
Note. Significance level * p < 0.05
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Adaptive expertise and perceived work performance
The present result of a significantly positive and moder-
ate relationship between adaptive expertise and perceived 
work performance suggest that the HPEs with higher lev-
els of adaptive expertise faced the altered academic envi-
ronment with greater success during the pandemic. The 
COVID-19 pandemic created situational constraints as 
it altered the familiar work environment into an unex-
pected situation that caused job stress [41]. Further, Ven-
katesh [41] reported that increased job stress could lead 
to lower job satisfaction, which could turn to lower job 
performance. However, the present finding of a positive 
relationship between adaptive expertise and perceived 
work performance suggests that although the hindrance 
stressors impede task performance, this does not have to 
be true for HPEs with good adaptive ability. Our study 
showed that HPEs with good adaptive ability seem more 
accustomed to altered academic environment during the 
pandemic using their problem-solving skills and capacity 
to move beyond conventional pedagogy. This adaptabil-
ity may be attributed to the fact that adaptive expertise, 
characterized by efficiency and innovation in applying 
knowledge to new challenges, enables experts to navigate 
unfamiliar circumstances through enhanced problem-
solving and experimentation when previous experience 
is not applicable [7]. Therefore, strategies to improve 
adaptive expertise among university teachers should 
be prioritized during staff development programmes at 
institutional levels. However, further explorations and 
research are necessary on the mechanisms of planning 
and development of such programs.

Adaptive expertise and experience
A significant relationship between age and experience 
noted in the present study implies a natural phenom-
enon that occurs in any population of the workforce as 
the experiences increase with age. A study conducted 
among Indonesian university teachers showed that expe-
rience significantly positively affects work performance 
as experience shapes performance [42]. Generally, it is 
reasonable to expect that ageing and work experiences 
can increase the amount of knowledge and, thus, exper-
tise. Some have indicated that this should be true for 
routine expertise in the context of expert-novice differ-
ences, considering the domain-specific experience, as 
experience causes autonomous skill execution through 
practice [9, 43]. Therefore, increased work performance 
could be expected with augmented experience and age-
ing because experience blends knowledge and practice. 
However, our study did not find a relationship between 
work performance and age and experience. Further, there 
were no associations between adaptive expertise and 
HPEs’ experience and age (Table 7). We speculate that it 
may be related to the circumstance that the present study 

investigated. Hatano & Inagaki [7] reported that adap-
tive expertise is particularly revealed in non-standard or 
unfamiliar situations like a pandemic. As the work per-
formance was explored in the context of an unexpectedly 
altered academic environment during the pandemic, it 
seems that experience and age (maturity) are inadequate 
to be successful on such occasions. Further, it might even 
hinder being innovative.

Adaptive expertise is characterised by efficiency and 
innovation in applying knowledge to new situations and 
challenges in contrast to routine expertise [44]. Schwartz 
et al. [10] conceptualise that both adaptive and routine 
expertise comprise the same extent of domain knowledge 
and the ability to perform flawlessly in familiar situations. 
Adaptive experts engage in a more active process of 
knowledge-based problem-solving through experimen-
tation when previous experience is unavailable, like in 
unaccustomed conditions [7]. Therefore, adaptive experts 
are much more likely to change their core competencies 
and expand and restructure their expertise, whereas the 
core competencies of routine experts develop through-
out their lives with growing efficiency [17]. Also, adaptive 
experts are distinguished only in non-standard situations 
[7]. Therefore, our findings of the positive association 
between adaptive expertise score and the perceived work 
performance of university HPEs during the pandemic 
and the absence of any relations of adaptive expertise 
with experience and age are congruent with those views 
that adaptive experts are more successful than routine 
experts in a dynamically changing environment.

Consensus on how work experience influences adap-
tive expertise is a question. Ericsson [43] and Grunefeld 
[45] reviewed several research studies and indicated 
that a significant correlation was not always observed 
between the amount of professional experience or pro-
fessional training and work performance. Furthermore, 
they reported a significant negative correlation between 
length of experience and objective performance, stating 
that performing tasks of highly experienced persons are 
not always superior to that of students using examples 
from the fields of computer programming and phys-
ics [43]. In addition, a study that explored the level of 
adaptive expertise among preschool teachers found that 
teachers with more teaching experience seemed less 
adaptive as they showed a fixed orientation to teaching 
[6]. Further, they explained that the teaching orientations 
could be associated with levels of adaptation of teachers 
and their personal practical theories. For example, teach-
ers with more adaptability are open to new ways and 
perceived from practical observations. In contrast, less 
adaptive teachers can employ past workable experiences 
in new situations [6].

Expertise is not developed without experience. How-
ever, the development of adaptive expertise is related 
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to the extent to which an individual’s experience has 
encompassed a variety of contexts, intensities and forms, 
learning activities that have substantiative variability 
from one another [11, 29, 43, 46]. Further, they suggested 
that experience with working on a variety of problems 
allows individuals to achieve high levels of abstraction in 
their knowledge representation, allowing them to apply 
their knowledge flexibly and deal with novel problems 
referring to a study conducted among business consul-
tants and restaurant workers [47]. In other words, the 
experience could be helpful to training adaptive exper-
tise when the events encourage reflection on experiences 
and errors, inviting critical dialogue which connects to 
the in-depth understanding of the knowledge and flex-
ible knowledge application so that novel solutions are 
prompted.

In addition, Carbonell et al. [11] recorded that experi-
ence helps to develop adaptive expertise if the experience 
is involved in problem-solving after an extensive review. 
Further, they explained that the experience with mean-
ingful insight focusing on in-depth reflection should be 
important in developing adaptive expertise. Therefore, 
our finding of a lack of relationship between adaptive 
expertise score and the experience of university HPEs, 
together with evidence from the literature, suggests that 
adaptive expertise is not autogenerated or acquired with 
seniority and experience automatically, but it is a mastery 
that should be developed deliberately. This highlights the 
importance of conducting continuous professional devel-
opment programs to improve adaptive expertise among 
the staff, focusing on developing intuitions based on in-
depth reflection irrespective of their age and experience.

Adaptive expertise and academic rank
Academic ranking is a faculty appointment system based 
on hierarchy [27]. It is necessary to reward academics 
through promotion and tenure. Although most universi-
ties have their own promotion policy, research indicates 
that the academic reward systems of most institutions 
are fundamentally designed to evaluate the professional 
activities of lecturers using several parameters such as 
peer-reviewed publications and their impact factor and 
citations, national or international reputation, research 
grants, awards and collaborations, patents, and teaching 
innovations [27, 48]. Similarly, HPEs of the University 
of Twente consider all these parameters in the academic 
reward system, while extraordinary talents can complete 
the track in a shorter period if they meet the require-
ments. In this context, it is plausible to think that high-
achieving university HPEs ascend the academic career 
ladder faster than others.

A study conducted among employees of research and 
development (R&D) in six industries in South Korea 
has proposed that adaptive expertise enhances career 

adaptability, which helps employees achieve high career 
success [33]. Furthermore, it reported that personnel 
with high adaptive expertise are well equipped with self-
regulation to carefully detect anomalies in their tasks and 
environment reflect the existing skills and make deci-
sions in a dynamically changing environment [33]. There-
fore, adaptive experts seek to adopt new perspectives and 
take risks to generate innovative solutions within the job 
domain rather than adhering to prior experiences and 
automated decision-making [33].

Adaptive behaviours to achieve career goals are a per-
sonal capacity to deal with unpredictable tasks [49]. High 
personal competence in self-regulation and environment 
exploration is closely associated with the achievement 
of career success [49]. Self-regulation strategies enable 
personnel to use available career opportunities, plan for 
the future, and deal with necessary intrapersonal, inter-
personal, and environmental factors to accomplish career 
goals [50]. Lee [33] claimed that career adaptability is a 
critical path through which adaptive expertise leads to 
satisfactory career outcomes for innovators.

In this context, it can be argued that other dynamics, 
such as certain personality-related factors (e.g. self-regu-
latory mechanisms) of university teachers, can influence 
the level of adaptive expertise based on the present result 
of that the existence of a statistically significant relation-
ship between adaptive expertise score and academic 
ranking of HPEs. Although the relation of personality 
factors to adaptive expertise is still unclear [11] some 
believe personality-related factors could be a dimension 
of it [51]. Doing an extensive review of concepts of adap-
tive expertise, several researchers [11, 51, 52] recorded 
that there were other elements in connection with adap-
tive expertise in addition to its known dimensions of 
domain-specific skills, innovation, and metacognition. 
Some of these additional constructs (elements) were 
described for the “Big Five model of personality traits” 
which includes (1) agreeableness, (2) conscientiousness, 
(3) extraversion, (6) emotional stability/neuroticism, and 
openness to experience [53]. However, Pulakos et al. [51] 
reported that three personality elements appeared to be 
most fruitful for predicting adaptive performance: open-
ness to experience, emotional stability, and achievement 
motivation. Furthermore, they stated that achievement 
motivation and interest in learning new tasks and tech-
nologies were more significant in predicting adaptive 
performance. Hence it could be believed that personal-
ity traits drive the intrinsic characteristics to be adaptive. 
Initiating the process of adaptation, finding the best way 
of problem-solving and staying engaged till the end of the 
process are driven by personal characteristics or traits 
[54]. These traits may not be identical in every individual 
or profession.
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Several studies have shown that certain parameters like 
research output (bibliometric measures) [27, 28] job sat-
isfaction and academic productivity [55] vary in relation 
to academic ranking. For example, a positive relationship 
was recorded between academic ranking and the output 
of scientific publications using different indexes such 
as SINTA (National online database system in Indone-
sia) and h-index [27, 28]. To our understanding, there is 
no information about adaptive expertise and academic 
ranking among university teachers. Therefore, the pres-
ent results of the positive relationship between adaptive 
expertise score and academic ranking of HPEs provide 
important information to the literature and consider-
ations of it for improvement of the performance of uni-
versity teachers. Although the present study could not 
identify specific personnel traits, our results encourage 
further empirical analysis in diverse national contexts 
to understand national cultural influences and identify 
characteristics of university teachers which contribute to 
being adaptive experts. Furthermore, important findings 
might be discovered by tracking their development in the 
career path and their thinking (reasoning process) about 
workaround when routines change and the need to gen-
erate new ideas and innovations.

Limitations
Caution is required when making generalisations from 
the present results due to a few limitations. Although 
the KMO value indicated an adequate sample size for 
statistical analysis, inadequate representations from dif-
ferent categories of HPEs and single-site studies limit 
the generalizability of the findings. Although statistically 
significant correlations were observed between adap-
tive expertise and both perceived work performance 
and academic ranks, these correlations ranged from 
weak to moderate. Regarding the methodology used in 
our study, another limitation arises from relying solely 
on questionnaire-based data collection. This reliance on 
self-reported data may not fully capture the nuances of 
how HPEs adapt their methodologies under varied cir-
cumstances. Although valuable, our current approach 
limits our understanding to quantitative assessments and 
might overlook the richer, qualitative insights that could 
be gleaned from direct interactions, such as interviews 
or focus group discussions. Therefore, to enhance the 
robustness and depth of future research, we recommend 
conducting a more comprehensive study that incorpo-
rates a broader sample from different faculties and uni-
versities. Additionally, integrating qualitative methods, 
such as interviews or focus group discussions, would pro-
vide a more detailed understanding of the adaptive strat-
egies employed by HPEs. The present study calculated 
the perceived work performance using three questions, 
which cannot be considered a strong measurement of 

perceived work performance. Furthermore, it is only the 
perceived performance by the respondents, and real work 
output could not be established by other means because 
of the restrictions imposed by the COVID-19 pandemic.

Recommendations
Our study showed a relationship between adaptive exper-
tise, academic rank and work performance for university 
HPEs. Therefore, it advises universities to develop pro-
fessional programmes designed to educate and promote 
adaptive expertise among university teachers to increase 
their work performance and succeed in any disruptive 
work environment.

Ward et al. [54] stated that expertise could best be lev-
eraged by examining performance in challenging, low-
frequency, non-routine cases where adaptive skill or the 
ability to deal with the non-routine is paramount. Fur-
ther, they suggested training models to advocate using 
learning opportunities on challenging and non-rou-
tine cases based on the expert’s lived experiences. They 
are problem-focused, collaborative, and led by skilled 
facilitators [54]. Recently, Grunefeld [47] surmised that 
enhancing adaptive expertise should provide participants 
with: (1) the opportunity to acquire knowledge and skills 
relevant to the domain [13] (2) the opportunity to gain 
experience in dealing with change and novel tasks [13, 
31], and (3) multiple opportunities for deliberate practice 
in the domain [45] reviewing the literature. Therefore, 
the curriculum and content delivery of staff develop-
ment programs should emphasise these aspects in the 
development of adaptive expertise together with other 
pedagogical skills. However, there are unresolved issues 
in applying these models to tangible training objectives, 
course planning, designs and assessments, and CPD pro-
grams and await future work.

Conclusions
Adaptive expertise is crucial in any sector in an era of 
social, political, and technological changes and unex-
pected pandemics. Therefore, adaptive expertise in edu-
cation platforms has gained particular interest. This study 
contends that the significant enhancements observed 
in perceived work performance among HPEs can be 
directly attributed to the activation of adaptive expertise, 
evidenced by a significant correlation (r - 0.41). Thus, 
our finding of a lack of relationships between adaptive 
expertise score and experience and age but significant 
relationships with work performance and academic rank-
ing of university HPEs suggest adaptive expertise is not 
auto-generated or acquired with seniority and experience 
automatically, but it is a mastery that should be devel-
oped deliberately irrespective of the age and experience.

In this context, educational institutes should consider 
increasing awareness of adaptive expertise and improving 
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adaptive skills among educators (teachers) for success-
fully implementing curricula designed for developing 
adaptive expertise among students. The present study 
could fill a knowledge gap by discussing the adaptive 
skills of academic staff in relation to age, experience, aca-
demic ranking, and work performance during a restricted 
time like the COVID-19 pandemic and provide essential 
suggestions for staff development programs.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12909-024-05838-9.

Supplementary Material 1

Acknowledgements
We would like to express our gratitude and appreciation to the academic staff 
members of the Faculty of Technical Medicine, Biomedical Engineering and 
Health Sciences of the University of Twente for their participation in the study.
This research was conducted as a partial fulfilment of the requirements of a 
Master’s Degree in Education Science and Technology and the Dissertation is 
in the repository of the University of Twente.

Author contributions
CJ conducted the study, analysed and interpreted the data and wrote the 
manuscript. MG conceived the study and was in charge of overall direction 
and planning and data collection. LN performed the analysis. All authors 
discussed the results and provided critical feedback and contributed to shape 
the manuscript. All authors read and approved the final manuscript.

Funding
No.

Data availability
One supplementary file is available. Raw data can be obtained by requesting 
from the corresponding author.

Declarations

Ethics approval and consent to participate
Ethical approval was obtained from the Ethical Review Committee of the 
Faculty of Behavioural Management Science (BMS) of the University of Twente, 
Netherlands. All methods were carried out in accordance with the Declaration 
of Helsinki. During data collection, all participants were provided with written 
information about the study via email, and informed consent was obtained. 
Anonymity of participants was preserved.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Abbreviations
CPD Continuous Professional Development.
HPEs Health Profession Educators.
KMO Kaiser-Meyer-Olkin.
UT University of Twente.

Author details
1Faculty of Dental Sciences, University of Peradeniya, Peradeniya, Sri 
Lanka
2Faculty of Science and Technology, Department of Technical Medicine, 
University of Twente, Enschede, The Netherlands
3Department of Statistics & Computer Science, Faculty of Science, 
University of Peradeniya, Peradeniya, Sri Lanka

Received: 16 April 2023 / Accepted: 30 July 2024

References
1. Cupido N, Ross S, Lawrence K, Bethune C, Fowler N, Hess B, van der Goes T, 

Schultz K. Making sense of adaptive expertise for frontline clinical educators: 
a scoping review of definitions and strategies. Adv Health Sci Educ Theory 
Pract. 2022;27:1213–43. https://doi.org/10.1007/s10459-022-10176-w.

2. Chaukos D, Genus S, Mylopoulos M. Uncertainty in the clinic: the impor-
tance of adaptive expertise for dealing with complexity. Acad Psychiatry. 
2023;47:680–83. https://doi.org/10.1007/s40596-023-01849-8.

3. Boon M, van Baalen S, Groenier M. Interdisciplinary expertise in medi-
cal practice: challenges of using and producing knowledge in complex 
problem-solving. Med Teach. 2019;41:668–77. https://doi.org/10.1080/01421
59X.2018.1544417.

4. Ghasemy M, Elwood JA. Job satisfaction, academic motivation, and organiza-
tional citizenship behaviour among lecturers during the COVID-19 pandemic: 
a cross-national comparative study in Japan and Malaysia. Asia Pac Educ Rev. 
2022;23:1–5. https://doi.org/10.1007/s12564-022-09757-6.

5. Gamage KA, Gamage A, Dehideniya SCP. Online and hybrid teaching and 
learning: enhance effective student engagement and experience. Educ Sci. 
2022;12:651. https://doi.org/10.3390/educsci12100651.

6. Männikkö I, Husu J. Examining teachers’ adaptive expertise through 
personal practical theories. Teach Teach Educ. 2019;77:126–37. https://doi.
org/10.1016/j.tate.2018.09.016.

7. Hatano G, Inagaki K. Two courses of expertise. In: Stevenson H, Azuma H, 
Hakuta K, editors. Child Development and Education in Japan. New York: WH 
Freeman; 1986. pp. 27–36.

8. Holyoak KJ. Symbolic connectionism: toward third-generation theories of 
expertise. In: Ericsson KA, Smith J, editors. Toward a general theory of exper-
tise: prospects and limits. Cambridge, England: Cambridge University Press; 
1991. pp. 301–35.

9. Matthews G, Wohleber R, Lin J. Stress, skilled performance, and expertise: 
overload and beyond. Oxf Handb. 2019. https://doi.org/10.1093/oxfor
dhb/9780198795872.013.22.

10. Schwartz DL, Bransford JD, Sears D. Efciency and innovation in transfer. In: 
Mestre JP, editor. Transfer of learning from a modern multidisciplinary per-
spective. Greenwich, CT: Information Age Publishing; 2005. pp. 1–51.

11. Carbonell KB, Stalmeijer RE, Könings KD, Segers M, van Merriënboer JJ. How 
experts deal with novel situations: a review of adaptive expertise. Educ Res 
Rev. 2014;12:14–29. https://doi.org/10.1016/j.edurev.2014.03.001.

12. Bowers N, Merritt E, Rimm-Kaufman S. Exploring teacher adaptive expertise 
in the context of elementary school science reforms. J Sci Teach Educ. 
2020;31:34–55. https://doi.org/10.1080/1046560X.2019.1651613.

13. Carbonell KB, Könings KD, Segers M, van Merriënboer JJ. Measuring adaptive 
expertise: development and validation of an instrument. Eur J Work Organ 
Psychol. 2016;25:167–80. https://doi.org/10.1080/1359432X.2015.1036858.

14. Mees A, Sinfield D, Collins D, Collins L. Adaptive expertise—a characteristic of 
expertise in outdoor instructors? Phys Educ Sport Pedagogy. 2020;25:423–38. 
https://doi.org/10.1080/17408989.2020.1727870.

15. Alexander PA. Domain knowledge: evolving themes and emerging concerns. 
Educ Psychol. 1992;27:33–51. https://doi.org/10.1207/s15326985ep2701_4.

16. Chi MT, Ohlsson S. Complex declarative learning. Cambridge University Press; 
2005.

17. van Tartwijk J, Zwart R, Wubbels T. Developing teachers’ competences with 
the focus on adaptive expertise in teaching. In: Clandinin JD, Jukka H, editors. 
The SAGE handbook of research on teacher education. Sage UK; 2017. pp. 
820–35.

18. Chi MT. Theoretical perspectives, methodological approaches, and trends 
in the study of expertise. In: Li Y, Kaiser G, editors. Expertise in Mathematics 
instruction expertise in mathematics instruction: an international perspec-
tive. Boston: Springer; 2011. pp. 17–39.

19. Costa AL, Kallick B. Learning and leading with habits of mind: 16 essential 
characteristics for success. Alexandria: ASCD; 2008.

20. Bell BS, Kozlowski SWJ. Active learning: effects of core training design ele-
ments on self-regulatory processes, learning, and adaptability. J Appl Psychol. 
2008;93:296–316. https://doi.org/10.1037/0021-9010.93.2.296.

21. Crawford VM, Schlager M, Toyama Y, Riel M, Vahey P. Characterizing Adap-
tive Expertise in Science Teaching: Report on a laboratory study of teacher 

https://doi.org/10.1186/s12909-024-05838-9
https://doi.org/10.1186/s12909-024-05838-9
https://doi.org/10.1007/s10459-022-10176-w
https://doi.org/10.1007/s40596-023-01849-8
https://doi.org/10.1080/0142159X.2018.1544417
https://doi.org/10.1080/0142159X.2018.1544417
https://doi.org/10.1007/s12564-022-09757-6
https://doi.org/10.3390/educsci12100651
https://doi.org/10.1016/j.tate.2018.09.016
https://doi.org/10.1016/j.tate.2018.09.016
https://doi.org/10.1093/oxfordhb/9780198795872.013.22
https://doi.org/10.1093/oxfordhb/9780198795872.013.22
https://doi.org/10.1016/j.edurev.2014.03.001
https://doi.org/10.1080/1046560X.2019.1651613
https://doi.org/10.1080/1359432X.2015.1036858
https://doi.org/10.1080/17408989.2020.1727870
https://doi.org/10.1207/s15326985ep2701_4
https://doi.org/10.1037/0021-9010.93.2.296


Page 13 of 13Jayawardena et al. BMC Medical Education          (2024) 24:862 

reasoning. Paper presented at the Annual Conference of the American 
Educational Research Association, Montreal, Canada. 2005.

22. McKenna A. Adaptive expertise and knowledge fluency in Design and 
Innovation. In: Johri A, Olds B, editors. Cambridge Handbook of Engineer-
ing Education Research. Cambridge: Cambridge University Press; 2014. pp. 
227–42. https://doi.org/10.1017/CBO9781139013451.016.

23. van Dijk EE, Geertsema J, van der Schaaf MF, et al. Connecting academics’ 
disciplinary knowledge to their professional development as university 
teachers: a conceptual analysis of teacher expertise and teacher knowledge. 
High Educ. 2023;86:969–84. https://doi.org/10.1007/s10734-022-00953-2.

24. Kim SE, Lee JW. Impact of competing accountability requirements on per-
ceived work performance. Am Rev Public Adm. 2010;40:100–18. https://doi.
org/10.1177/0275074008329469.

25. Sonnentag S, Volmer J, Spychala A. (2008). Job performance. The Sage 
handbook of organizational behavior, 1, 427–447. Retrieved from http://
sk.sagepub.com/reference/hdbk_orgbehavior1/n24.xml

26. Bhat SA, Beri A. Development and validation of teachers perceived job 
performance scale (TPJP) in higher education. Man India. 2016;96:935–44.

27. Susarla SM, Lopez J, Swanson EW, Miller D, O’Brien-Coon D, Zins JE, Serletti 
JM, Yaremchuk MJ, Manson PN, Gordon CR. Are quantitative measures of 
academic productivity correlated with academic rank in plastic surgery? 
A national study. Plast Reconstr Surg. 2015; 136:613 – 21.doi: 0.1097/
PRS.0000000000001531.

28. Gunawan CI. An analysis of lecturers’ demographic factors affecting research 
performance in Indonesia. Int J Res Bus Soc Sci. 2020;9:326–32. https://doi.
org/10.20525/ijrbs.v9i5.759.

29. Kua J, Lim WS, Teo W, Edwards RA. A scoping review of adaptive expertise 
in education. Med Teach. 2021;43:347–55. https://doi.org/10.1080/01421
59X.2020.1851020.

30. Sutarto AP, Wardaningsih S, Putri WH. Factors and challenges influenc-
ing work-related outcomes of the enforced work from home during the 
COVID‐19 pandemic: preliminary evidence from Indonesia. Global Bus 
Organizational Excellence. 2022;41:14–28. https://doi.org/10.1002/joe.22157.

31. Casacchia M, Cifone MG, Giusti L, Fabiani L, Gatto R, Lancia L, Cinque B, 
Petrucci C, Giannoni M, Ippoliti R, Frattaroli AR. Distance education during 
COVID 19: an Italian survey on the university teachers’ perspectives and their 
emotional conditions. BMC Med Educ. 2021;21:1–7. https://doi.org/10.1186/
s12909-021-02780-y.

32. Schlenz MA, Schmidt A, Wöstmann B, Krämer N, Schulz-Weidner N. Students’ 
and lecturers’ perspective on the implementation of online learning in dental 
education due to SARS-CoV-2 (COVID-19): a cross-sectional study. BMC Med 
Educ. 2020;20:1–7. https://doi.org/10.1186/s12909-020-02266-3.

33. Lee KJ. Adaptive expertise, career adaptability, and career success of R&D 
personnel. Technol Anal Strateg Manag. 2022. https://doi.org/10.1080/09537
325.2022.2053517.

34. Nikolova L. (2013). Adaptive Expertise and Diversified Learning Experience. 
(master’s thesis) Maastricht University School of Business and Economics.

35. Osborne JW. Best Practices in Exploratory Factor Analysis. Scotts Valley, CA: 
CreateSpace Independent Publishing; 2014. ISBN-13: 978-1500594343, ISBN-
10: 1500594342. Retrieved from https://www.researchgate.net/profile/Jason_
Osborne2/publication/299519231_Exploratory_factor_analysis_with_SAS/
links/574d9c4b08ae82d2c6bde21c/Exploratory-factor-analysis-with-SAS.pdf

36. McGovern JC, Lowe PA. Measurement Invariance. In: Frey BB, editor. The SAGE 
Encyclopedia of Educational Research, Measurement, and Evaluation. 2018. 
pp. 1035-37. https://doi.org/10.4135/9781506326139

37. Schober P, Boer C, Schwarte LA. Correlation coefficients: appropriate use and 
interpretation. Anesth Analg. 2018;126:1763–68. https://doi.org/10.1213/
ANE.0000000000002864.

38. Field A. Discovering statistics using IBM SPSS statistics. London: Sage; 2013.

39. Schmitt TA. Current methodological considerations in exploratory and confir-
matory factor analysis. J Psychoeducational Assess. 2011;29:304–21. https://
doi.org/10.1177/0734282911406653.

40. Carbonell KB, van Merrienboer JJ. (2019). Adaptive Expertise. In 
The Oxford Handbook of Expertise. https://doi.org/10.1093/oxfor
dhb/9780198795872.013.12

41. Venkatesh V. Impacts of COVID-19: a research agenda to support people 
in their fight. Int J Inf Manag. 2020;55:102197. https://doi.org/10.1016/j.
ijinfomgt.2020.102197.

42. Wahyudi R, Poernomo D, Puspitaningtyas Z. Effect of information technol-
ogy, satisfaction and motivation on teacher performance. Int J Soc Sci Hum 
Invent. 2018;5:4370–8. https://doi.org/10.18535/ijsshi/v5i1.19.

43. Ericsson KA. Adaptive expertise and cognitive readiness: a perspective from 
the expert-performance approach. In: O’Neil H, Perez R, Baker E, editors. 
Teaching and measuring cognitive readiness. Boston: Springer USA; 2013. pp. 
179–97.

44. Hutton R, Ward P, Gore J, Turner P, Hoffman R, Leggatt A, Conway G. Develop-
ing adaptive expertise: A synthesis of literature and implications for training. 
In13th International Conference on Naturalistic Decision Making. Bath UK; 
2017. pp. 81–86.

45. Grunefeld H, Prins FJ, van Tartwijk J, Wubbels T. Development of educational 
leaders’ adaptive expertise in a professional development programme. Int J 
Acad Dev. 2022;27:58–70. https://doi.org/10.1080/1360144X.2021.1898966.

46. Branzetti J, Gisondi MA, Hopson LR, Regan L. Adaptive expertise: the optimal 
outcome of emergency medicine training. AEM Educ Train. 2022;6. https://
doi.org/10.1002/aet2.1073148.

47. Barnett SM, Koslowski B. Adaptive expertise: effects of type of experience 
and the level of theoretical understanding it generates. Think Reason. 
2002;8:237–67. https://doi.org/10.1080/13546780244000088.

48. Rice DB, Raffoul H, Ioannidis JP, Moher D. Academic criteria for promotion and 
tenure in biomedical sciences faculties: cross sectional analysis of interna-
tional sample of universities. BMJ. 2020. https://doi.org/10.1136/bmj.m2081.

49. Zacher H. Career adaptability predicts subjective career success above 
and beyond personality traits and core self-evaluations. J Vocat Behav. 
2014;84:21–30. https://doi.org/10.1016/j.jvb.2013.10.002.

50. Creed PA, Fallon T, Hood M. The relationship between career adaptability, 
person and situation variables, and career concerns in young adults. J Vocat 
Behav. 2009;74:219–29. https://doi.org/10.1016/j.jvb.2008.12.004.

51. Pulakos ED, Arad S, Donovan MA, Plamondon KE. Adaptability in the work-
place: development of a taxonomy of adaptive performance. J Appl Psychol. 
2000;85:612. https://doi.org/10.1037/0021-9010.85.4.612.

52. Ward P, Gore J, Hutton R, Conway GE, Hoffman RR. Adaptive skill as the condi-
tio sine qua none of expertise. J Appl Res Mem Cogn. 2018;7:35–50. https://
doi.org/10.1016/j.jarmac.2018.01.009.

53. Goldberg LR. An alternative description of personality: the big-
five factor structure. J Pers Soc Psychol. 1990;59:1216. https://doi.
org/10.1037/0022-3514.59.6.1216.

54. Saleh S, Ashari ZM, Kosnin AM. Personality traits and intrinsic motivation 
on academic performance. Int J Eng Technol. 2018;7:317–22. https://doi.
org/10.14419/ijet.v7i3.1.13674.

55. Bashir M, Jianqiao L, Zhao J, Ghazanfar F, Khan MM. The role of demographic 
factors in the relationship between high performance work system and job 
satisfaction: a multidimensional approach. Int J Bus Soc Sci. 2011;2:207–18.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1017/CBO9781139013451.016
https://doi.org/10.1007/s10734-022-00953-2
https://doi.org/10.1177/0275074008329469
https://doi.org/10.1177/0275074008329469
http://sk.sagepub.com/reference/hdbk_orgbehavior1/n24.xml
http://sk.sagepub.com/reference/hdbk_orgbehavior1/n24.xml
https://doi.org/10.20525/ijrbs.v9i5.759
https://doi.org/10.20525/ijrbs.v9i5.759
https://doi.org/10.1080/0142159X.2020.1851020
https://doi.org/10.1080/0142159X.2020.1851020
https://doi.org/10.1002/joe.22157
https://doi.org/10.1186/s12909-021-02780-y
https://doi.org/10.1186/s12909-021-02780-y
https://doi.org/10.1186/s12909-020-02266-3
https://doi.org/10.1080/09537325.2022.2053517
https://doi.org/10.1080/09537325.2022.2053517
https://www.researchgate.net/profile/Jason_Osborne2/publication/299519231_Exploratory_factor_analysis_with_SAS/links/574d9c4b08ae82d2c6bde21c/Exploratory-factor-analysis-with-SAS.pdf
https://www.researchgate.net/profile/Jason_Osborne2/publication/299519231_Exploratory_factor_analysis_with_SAS/links/574d9c4b08ae82d2c6bde21c/Exploratory-factor-analysis-with-SAS.pdf
https://www.researchgate.net/profile/Jason_Osborne2/publication/299519231_Exploratory_factor_analysis_with_SAS/links/574d9c4b08ae82d2c6bde21c/Exploratory-factor-analysis-with-SAS.pdf
https://doi.org/10.4135/9781506326139
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.1177/0734282911406653
https://doi.org/10.1177/0734282911406653
https://doi.org/10.1093/oxfordhb/9780198795872.013.12
https://doi.org/10.1093/oxfordhb/9780198795872.013.12
https://doi.org/10.1016/j.ijinfomgt.2020.102197
https://doi.org/10.1016/j.ijinfomgt.2020.102197
https://doi.org/10.18535/ijsshi/v5i1.19
https://doi.org/10.1080/1360144X.2021.1898966
https://doi.org/10.1002/aet2.1073148
https://doi.org/10.1002/aet2.1073148
https://doi.org/10.1080/13546780244000088
https://doi.org/10.1136/bmj.m2081
https://doi.org/10.1016/j.jvb.2013.10.002
https://doi.org/10.1016/j.jvb.2008.12.004
https://doi.org/10.1037/0021-9010.85.4.612
https://doi.org/10.1016/j.jarmac.2018.01.009
https://doi.org/10.1016/j.jarmac.2018.01.009
https://doi.org/10.1037/0022-3514.59.6.1216
https://doi.org/10.1037/0022-3514.59.6.1216
https://doi.org/10.14419/ijet.v7i3.1.13674
https://doi.org/10.14419/ijet.v7i3.1.13674

	Relationship of adaptive expertise of health professions educators with age, experience, academic rank, and their work performance during an altered academic environment
	Abstract
	Background
	Adaptive versus routine expertise
	Adaptive expertise in teaching
	Adapting university teaching during the COVID-19 pandemic

	Methods
	Study design
	Study sample
	Study tool
	Study procedure
	Data analysis
	Instrument validation
	Assessing relationships

	Results
	Demographic information of the sample
	Adaptive expertise among health professions educators
	Relationships of adaptive expertise score with age, experience, work performance, and academic ranking

	Discussion
	Adaptive expertise and perceived work performance
	Adaptive expertise and experience
	Adaptive expertise and academic rank
	Limitations
	Recommendations

	Conclusions
	References


