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Abstract

A national Task Force of 25 Australian physiology educators used the Delphi protocol to develop seven physiology core concepts that
were agreed to nationally. The aim of the current study was to unpack the “physiological adaptation” core concept with the descriptor
“organisms adjust and adapt to acute and chronic changes in the internal and external environments across the lifespan.” This core
concept was unpacked by three Task Force members and a facilitator into four themes and nine subthemes that encompass the role
of stressors and disturbed homeostasis in adaptation and the capacity for, and the nature of, the physiological adaptation. Twenty-two
Task Force members then provided feedback and rated the themes and subthemes for level of importance and difficulty for students
to learn via an online survey using a five-point Likert scale. Seventeen respondents completed all survey questions. For all themes/sub-
themes, importance was typically rated 1 (Essential) or 2 (Important) (n = 17, means £SD ranged from 1.1+0.3 to 2.2+ 0.9), and difficulty
was typically rated 3 (Moderately Difficult) (n = 17, means ranged from 2.9+0.7 to 3.4+0.9). Subtle differences in the proportion of im-
portance scores (n = 17, Fisher’'s exact: P = 0.004, ANOVA: F;520=2.630, P = 0.003; n = 22, Fisher’s exact: P = 0.002, ANOVA:
Fi281=2.743, P < 0.001), but not difficulty scores, were observed between themes/subthemes, and free-text feedback was minor.
The results suggest successful unpacking of the physiological adaptation core concept. The themes and subthemes can inform the
design of learning outcomes, assessment, and teaching and learning activities that have commonality and consistency across curricula.

NEW & NOTEWORTHY An Australian Task Force of physiology educators identified physiological adaptation as a core concept
of physiology. It was subsequently unpacked into four themes and nine subthemes. These were rated, by the Task Force,
Essential or Important and Moderately Difficult for students to learn. The themes and subthemes can inform the design of learn-
ing outcomes, assessments, and teaching and learning activities that have commonality and consistency across curricula.

core concept; higher education; physiological adaptation; physiology

INTRODUCTION

The ultimate goal of teaching physiology is to support stu-
dent understanding of physiological processes and the inte-
gration and application of knowledge to different situations.
Concept-based learning is well suited to physiology learning
because it stimulates a higher level of synergistic thinking

*S. Estaphan, G. D. Wadley, and G. Todd contributed equally to this work.

that allows students to deepen their knowledge beyond
memorizing facts (1). This requires a validated list of essen-
tial concepts, presented in a logical sequence, that is perti-
nent to a discipline (2, 3).

In 2009, Michael et al. (4) defined 15 core concepts of physi-
ology that they recommended should be used to teach physiol-
ogy and aid student learning. In 2020, a group of Australian

tSee ACKNOWLEDGMENTS for a complete list of the Task Force members and their affiliations. 1)

Correspondence: K. Tangalakis (Kathy.tangalakis@vu.edu.au).

Check for
updates

Submitted 24 May 2023 / Revised 24 August 2023/ Accepted 24 August 2023

1043-4046/23 Copyright © 2023 the American Physiological Society. 831
Downloaded from journals.physiology.org/journal/advances at Victoria Univ Lib Direct USD (140.159.002.225) on June 20, 2024.


https://orcid.org/0000-0003-2369-4052
https://orcid.org/0000-0002-6617-4359
https://orcid.org/0000-0003-1697-8890
https://orcid.org/0000-0002-6522-537X
https://orcid.org/0000-0003-1398-3694
https://orcid.org/0000-0001-5735-326X
mailto:Kathy.tangalakis@vu.edu.au
https://crossmark.crossref.org/dialog/?doi=10.1152/advan.00083.2023&domain=pdf&date_stamp=2023-8-31
https://doi.org/10.1152/advan.00083.2023
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physiology educators mapped the learning objectives of under-
graduate physiology curricula at 17 Australian universities
with a physiology major/specialization and accessible online
information to the 15 core concepts of physiology compiled by
Michael et al. (4). The manual mapping and content analysis
showed that while some of the curricula’s learning objectives
were easily mapped to some of these core concepts like “struc-
ture and function,” others were hardly matched to any (5).
Furthermore, the “physiological adaptation” core concept was
covered in many of the Australian undergraduate curricula but
was overlooked in previous conceptual frameworks (4).

In 2021, a national Task Force of physiology educators was
formed via invitation, representing 25 of the 42 Australian
universities (36 public, 4 Australian private, and 2 interna-
tional private). The national Task Force aimed to develop a
list of core concepts of physiology using the Delphi protocol
to reach Australia-wide consensus. Following this process,
“physiological adaptation” with the descriptor “organisms
adjust and adapt to acute and chronic changes in the internal
and external environments across the lifespan” was endorsed
by Australia-wide physiology educators (n = 151) as one of
seven physiology core concepts (6). Each of the core concepts
was then unpacked by teams of the national Task Force.

Given the multidimensional perspectives and constructs
embraced within a core concept, like the physiological adap-
tation core concept, there was a need to unpack the core con-
cept descriptor statement into a logical conceptual framework
to facilitate a common understanding of its basic critical con-
stituents (7). Thus the aim of this study was to unpack the
physiological adaptation core concept into themes and sub-
themes and to validate these themes and subthemes. To
approach this task, it is important to declare our understand-
ing and definition of a “concept.” As described by Erickson et
al. (8) a concept is a “mental construct drawn from a topic or
a process that transfers to new situations or contexts.”
Furthermore, Erickson et al. (8) referred to concepts like nest-
ing Russian dolls, where “micro-concepts nest within macro-
concepts. The higher you go in the hierarchy the more
transferable the concept.” Macro-concepts aim to provide
“breadth,” whereas, micro-concepts provide discipline related
conceptual “depth” (9). In fact, these definitions and views
informed our approach to unpack the seventh physiological
core concept physiological adaptation where we intended to
keep the themes clear and broadly applicable and designed
the subthemes to embrace a deeper conceptual scope.

To validate the developed conceptual framework of the
physiological adaptation core concept, we hypothesized that
a group of experienced physiology educators, with diverse
discipline expertise and with prior involvement in the
Delphi process of the developed core concept, could rate the
unpacked themes and subthemes and that they would cover
all key aspects of physiological adaptation. The perceived
difficulty of each theme and subtheme was also explored to
inform future efforts in student learning support and curric-
ulum design in courses featuring physiological adaption.

MATERIALS AND METHODS

This project was approved by the Victoria University
Human Research Ethics Committee (HRE20-164) and Task
Force members signed an approved consent form.
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The method for unpacking the core concept was adapted
from that of Michael et al. (10) and followed the creation of
seven core concepts by a national Task Force of physiology
educators from 25 Australian universities (6). The Task Force
came with the following wording for the definition of the
physiological adaptation core concept “organisms adjust and
adapt to acute and chronic changes in the internal and exter-
nal environments across the lifespan” and this formed the
conceptual basis of the unpacking.

Formation and Composition of the Team

The lead investigator of the national Task Force of physiol-
ogy educators randomly allocated three Task Force members
to each of the seven core concepts for unpacking. All seven
core concepts were also allocated the same facilitator, who
was a physiology educator with over 25 years of physiology
teaching experience. Thus each core concept for unpacking
comprised a facilitator and three physiology educators from
the Task Force. The three Task Force members that unpacked
the physiological adaptation core concept were from separate
Australian universities (located over 650 km apart and in dif-
ferent states and territories). The members of the team had
expertise in medicine, neuroscience, and exercise and devel-
opmental physiology. These members had 7-20 years of ex-
perience teaching physiology and 12-80 peer-reviewed
publications in physiology journals.

Overall Time Frame

The flow diagram in Fig. 1 outlines the timeline for the
unpacking of the physiological adaptation core concept,
which occurred in four stages over a 12-month period using a
mixture of online communication such as zoom meetings,

Stage 1 - Unpacking into 4 themes and 9 sub-themes (n=4)

(March — June 2021; 3 x Zoom meetings)

l

Stage 2 — Peer review (n=6)

(August 2021; via circulation)

l

Stage 3 — Refinement following peer review (n=4)

(August — October 2021; 1 x Zoom meeting & via circulation)

l

Stage 4 — Rating by national Task Force members (n=24)

(January - March 2022; via online survey)

Figure 1. Key stages and timeline for unpacking the physiological adapta-
tion core concept.
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editing of documents via email/shared online folders, and
online survey.

Stage 1. Unpacking the Physiological Adaptation Core
Concept into Its Themes and Subthemes

The group consulted previous literature on unpacking
core concepts (11), and then publications from The American
Physiological Society and The Physiological Society were
examined for common definitions/terminology regarding
adaptation, physiological adaptation, adjustment, and stres-
sor. Led by the facilitator, the three physiology educators
used a consensus-based approach across three rounds of dis-
cussion and editing via Zoom meetings to unpack the physi-
ological adaptation core concept “organisms adjust and
adapt to acute and chronic changes in the internal and exter-
nal environments across the lifespan” into four themes and
nine subthemes arranged in a hierarchy, up to two levels
deep. The themes encompassed the role of stressors and dis-
turbed homeostasis in adaptation and the capacity for, and
the nature of, the physiological adaptation. The unpacking
process was informed by the team’s intention to keep the
conceptual themes clear and broadly applicable without
detailing a specific condition or example and for the hier-
archical order to aid the progression of student learning.

Stage 2: Peer Review of the Unpacked Physiological
Adaptation Core Concept

The unpacked physiological adaptation core concept was
then blind reviewed by another core concept unpacking
team of three physiology educators from the national Task
Force who individually provided critical feedback onto a sin-
gle shared document.

Stage 3: Refinement and Finalization following Peer
Review

The three physiology educators again used a consensus-
based approach in a Zoom meeting to review the critical
feedback and refine the unpacked physiological adaptation
core concept. The four themes and nine subthemes were
retained but the wording of definitions across several themes
was amended for consistency and clarity. Final edits were
then completed by circulation until the team reached an
agreement on the final document.

Stage 4: Rating of the Unpacked Physiological
Adaptation Core Concept by National Task Force
Members

The unpacked themes and subthemes were entered into a
Qualtrics survey, adapted from that of Michael et al. (10). A
link was sent out to 25 physiology educators who comprised
the Task Force that completed the Delphi protocol. Survey
respondents were asked to rate the themes and subthemes
on a five-point Likert scale for the level of importance for the
students to understand (1 = Essential, 2 = Important, 3 =
Moderately Important, 4 = Slightly Important, and 5 = Not
Important) and level of difficulty for students (1 = Very
Difficult, 2= Difficult, 3 = Moderately Difficult, 4 = Slightly
Difficult, and 5 = Not Difficult). Respondents were also asked
for additional open-ended comments for each of the four
themes and also for the core concept overall.

Advances in Physiology Education « doi:10.1152/advan.00083.2023 . http://advan.physiology.org

The characteristics of survey respondents were drawn
from a separate earlier survey of Task Force members (con-
ducted before the unpacking of the core concepts). The data
collected from the earlier survey included the respondents’
academic title and qualifications, current role and institu-
tion, experience in teaching human physiology, current
teaching workload, types of courses/degrees in which they
have taught human physiology, the modes of delivery (lec-
tures, workshops, etc.), the undergraduate or postgraduate
year level(s) they have taught into, their role(s) in design
of curriculum and assessment, and whether the respond-
ent identifies as a physiologist or as an expert in another
discipline.

Statistical Analyses

Group data are reported as means * SD, median, and inter-
quartile range. Group data for ratings of importance and dif-
ficulty were analyzed with separate Fisher’s exact tests with
the Monte Carlo method. When the proportion of impor-
tance scores or difficulty scores differed significantly by
themes/subthemes, a one-way ANOVA with Dunnett’s post
hoc comparison was performed (against the most important
or difficult theme/subtheme). The relationship between im-
portance and difficulty was explored in the complete data
set with polychoric correlation matrix (unified Bayes modal
estimation with a weak prior, bootstrap with 95% confidence
interval, matrix smoothed if necessary) (12). Statistical analy-
sis was performed in SPSS version 28.0 (SPSS Inc., Chicago,
IL). Statistical significance was set at P < 0.05.

RESULTS

Unpacked Themes and Subthemes

The physiological adaptation core concept was unpacked
into four themes and nine subthemes, and these are pre-
sented in Table 1.

Theme and Subtheme Ratings of Importance and
Difficulty

Twenty-two of the 25 Task Force members commenced
the survey. Four of the 22 Task Force members failed to pro-
vide an answer for one or more of the survey questions on
importance and difficulty, and an additional Task Force
member did not disclose their identity and thus the partici-
pant characteristics for this individual are unknown. Thus
the sample size for the incomplete data set is n = 22, and the
sample size for the complete data set is n = 17. The partici-
pant characteristics for the complete data set (n = 17) are pre-
sented in Table 2. The complete data set (n = 17) consisted of
survey respondents from 17 universities (16 public, 1
Australian private), and all of these survey respondents
reported currently teaching human physiology in a degree
program and having experience in the design of human
physiology curriculum and assessment.

Figure 2 shows raw ratings of the importance and diffi-
culty of each core concept and subtheme for the complete
data set (n = 17). Most survey respondents rated the themes
and subthemes as Essential or Important, and the most com-
mon rating for level of difficulty for students was Moderately
Difficult. Table 3 contains group data for this complete data
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Table 1. “Physiological adaptation” themes and
subthemes

Theme/
Subtheme Description
1 Changes in the internal or external environment of an

organism can disturb homeostasis and disturbed
homeostasis can lead to acute and/or chronic adjust-
ments at the molecular, cellular, tissue, organ, organ
system, and/or organism level

11 Disturbances in homeostasis induce a state of stress and
the nature of the stressor(s) (e.g., type, intensity, onset,
duration, and frequency of exposure) determines the
type and extent of the physiological adjustment

12 Several simultaneous stressors may interact” and influ-
ence the overall physiological adjustment
13 Adjustments at the molecular, cellular, tissue, organ,

organ system, and/or organism level can lead to adap-
tation that may improve the organisms’ suitability to
their environment

14 Adaptation persists beyond the exposure to the stressor
15 Adaptation may or may not be reversible
2 For a given stressor, the capacity for physiological®

adaptation can differ between individuals and
across the life span

& The capacity for physiological” adaptation is on a contin-
uum and can be trained through repeated or chronic
exposure®

4 Adaptation or failure to adapt can result in a detrimental
outcome
4.1 The mechanisms that lead to adaptation may initially be
beneficial for a specific body function but may nega-
tively impact other physiological processes/functions

4.2 Failure to initiate adcrptationb or adequately adapt may
lead to damage or disease

4.3 The detrimental outcome may or may not be reversible
and could result in death

4.4 The repair and/or regeneration capacity of the organism

at the molecular, cellular, tissue, organ, and/or organ
system level determines the degree of reversibility of
detrimental outcomes arising from failure to adapt®

Ttalic text identifies revisions made in response to feedback pro-
vided by survey respondents. “Revised word; “added word/s; “de-
leted words.

set (n = 17) for ratings of the importance and difficulty of
each theme and subtheme. Table 3 suggests that the most
important theme/subtheme was deemed to be theme 1 and
the most difficult theme/subthemes were deemed to be
theme 3 and subthemes 4.1 and 4.4.

Handling missing categorical data points in a small sam-
ple is complicated, and each strategy has its own inherent
forms of bias. Thus the statistical analysis was performed on
both the complete (n = 17) and incomplete (n = 22) datasets,
and the results of each analysis are reported. The proportion
of importance scores differed significantly between themes/
subthemes (n = 17, Fisher’s exact: P = 0.004; n = 22, Fisher’s
exact: P = 0.002). The difference between themes/sub-
themes was confirmed with a one-way ANOVA (n = 17,
Fi520=2.630, P = 0.003; n = 22, Fj5,81=2.743, P < 0.001).
Planned post-hoc comparisons revealed that there was no
significant difference between the most important theme/
subtheme (theme 1) and theme 4 and subthemes 1.1, 1.3, and
4.2. However, the most important theme/subtheme (theme
1) was deemed to be significantly more important than
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themes 2 (n =17, P=0.017; n =22, P=0.004) and 3 (n =17,
P < 0.001; n =22, P < 0.001) and subthemes 1.2 (n =17, P =
0.017; n =22, P=0.013),1.4 (n =17, P= 0.008; n = 22, P =
0.003),1.5(n =17, P =0.017; n = 22, P = 0.016), 4.1 (n = 17,
P=0.017; n =22, P=0.004), 4.3 (n =17, P = 0.004; n = 22,
P=0.002),and 4.4 (n =17, P < 0.001; n = 22, P < 0.001). The
proportion of difficulty did not significantly differ between
the themes/subthemes (n = 17, Fisher’s exact: P = 0.999; n =
22, Fisher’s exact: P = 0.970). There was no correlation
between the rating of importance and difficulty in the
complete (n = 17) data set (polychoric correlation matrix
r=-0.021).

Survey respondents provided feedback on each theme
(and related subthemes) via open-ended responses to the
question “Any comments or suggested changes (additions,
deletions, corrections)?” The number of survey respondents
(out of n = 22) who provided comments was 5, 1, 5, and 3 for
themes 1, 2, 3, and 4 (and their related subthemes), respec-
tively. The feedback provided by survey respondents was
incorporated into the final version of the themes and sub-
themes (see Table 1).

DISCUSSION

Physiological adaptation is a higher level physiological
concept that requires student understanding and integration
of concepts relating to the cell membrane, cell communica-
tion, movement of substances, structure and function, ho-
meostasis, and integration (i.e., core concepts 1-6). The
physiological adaptation core concept encompasses a wide

Table 2. Characteristics of survey respondents for the
complete dataset

Characteristics Sample (n = 17)

Current position 2 lecturer, 5 senior lecturer, 8 asso-
ciate professor, 2 professor

Teaching component of 49% (SD 17)
current workload

Total human physiology

teaching experience

17.1years (SD 7.5; range: 7-31 years)
across 2.4 institutions (SD 1.1;
range: 1-5 institutions)

Science (n = 8), biomedical science
(n = 13), health sciences (n = 10),
medical sciences (n = 7), medi-
cine (n = 6), exercise and sports
science (n = 10), human move-
ment (n = 4), nursing (n = 7), para-
medics (n = 5), others (n = 11)*

First-year undergraduate (n = 14),
second-year undergraduate (n =
14), third-year undergraduate (n =
13), professional postgraduate
(n = 4), postgraduate coursework
(h=4)

17 lectures, 16 practicals, 13 work-
shops, 14 tutorials

Degree/s taught over last 5
years

Year levels taught over last 5
years

Modes of delivery over last 5
years

Teaching component of current workload and total teaching ex-
perience are means + SD. *Other degree/s: occupational therapy,
podiatry, optometry, dentistry and oral health, speech pathology,
pharmacy, psychology, psychological/behavioral sciences, midwif-
ery, master of exercise physiology, osteopathy, human nutrition,
nutritional sciences, medical research, laboratory medicine, bio-
medical engineering, human biology, forensic science.
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range of subject matter, such as exercise training (13) and ex-
posure to environmental stressors [e.g., heat and high altitude
(14)]. Physiological adaptation can also contribute to the path-
ophysiological mechanisms of different pathological condi-
tions [e.g., cardiac hypertrophy in patients with chronic
hypertension (15)]. An important defining feature that sets
physiological adaptation apart from the other core concepts
[such as homeostasis (16)] is the time scale involved.
Prolonged exposure, or regular periods of intermittent expo-
sure, to a stressor can result in changes that would not other-
wise have happened in the context of acute exposure. For
example, while acute cold exposure results in cutaneous vaso-
constrictor and shivering thermogenesis responses, prolonged
or repeated short exposures result in attenuation of these
thermo-effector responses (habituation). Alterations in the va-
soconstrictor or shivering response threshold or slope are char-
acteristic indicators of adaptive responses to cold, where
hypermetabolic and/or insulative changes are preserved to
protect against life-threatening cold stress (17). Furthermore,
physiological adaptations remain beyond restored homeosta-
sis and withdrawal of the stressor. A good example is shown
through the persistence of the beneficial effects of heat

Advances in Physiology Education « doi:10.1152/advan.00083.2023 . http://advan.physiology.org

acclimatization, such as reduced cardiovascular strain, and
core temperature, in different studies, for different dura-
tions, after the last heat exposure (18).

The unpacking of the physiological adaptation core con-
cept (core concept 7) was performed under the assumption
that students would have already undertaken prior learning
in the other concepts. The unpacking of the physiology ad-
aptation core concept led to the creation of four themes and
nine subthemes that encompass the role of stressors and dis-
turbed homeostasis in adaptation and the capacity for, and
the nature of, the physiological adaptation.

Our team attempted to group and organize the themes in
a logical order to provide direction for the courses in which
concepts are likely to be taught. The themes and subthemes
explained that changes in the internal or external environ-
ment of an organism disturb homeostasis and that disturbed
homeostasis induces a state of stress that can lead to subse-
quent acute or chronic adjustments within the body. Several
themes and subthemes then focused on the characteristics
of the stressor and how these affect the nature of the adapta-
tion. Then, the concept of changes in the capacity of physio-
logical adaptation across the lifespan among individuals and
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Table 3. Group data for the complete dataset for rating
of importance and difficultly for each theme and
subtheme

Theme/ Importance Difficulty
Subtheme Mean SD Median IQR Mean SD Median IQR
1 1.1 0.3 1 0 3.2 0.8 3 1
1.1 1.5 0.7 1 1 3.2 0.8 3 1
12 1.9 0.7 2 1 31 0.9 3 1
13 1.6 0.8 1 1 3.2 0.8 3 1
14 1.9 0.7 2 0.25 34 0.9 3 1
[*5) 1.9 0.5 2 0 34 0.8 3 1
2 1.9 0.7 2 1 31 0.9 3 125
& 2.2 0.9 2 1.25 2.9 0.7 3 0.25
4 17 0.8 2 1 34 0.9 3 1
4.1 1.9 0.8 2 1 2.9 0.7 3 0
4.2 1.6 0.5 2 1 34 0.8 3 1
4.3 2.0 0.8 2 0.25 33 0.8 3 1
4.4 21 0.9 2 1.25 2.9 0.8 3 0.25

For the importance domain, the rating of Essential, Important,
Moderately Important, Slightly Important, and Not Important
were assigned the values of 1, 2, 3, 4, and 5, respectively. For
the difficultly domain, the rating of Very Difficult, Difficult,
Moderately Difficult, Slightly Difficult, and Not Difficult were
assigned the values of 1, 2, 3, 4, and 5, respectively. IQR, inter-
quartile range; n = 17.

with training was addressed. Finally, the potential detrimen-
tal outcomes of adaptation were outlined. The themes and
subthemes then underwent an internal validation process to
1) determine if the themes and subthemes were appropriate
and whether any themes/subthemes were missing, 2) assess
the importance and difficulty of the proposed themes and
subthemes, and 3) seek feedback on the wording and clarity.

The survey results suggest that the themes and subthemes
contained all necessary components that represent physio-
logical adaptation. All themes and subthemes were deemed
to be Essential or Important and the open-ended questions
in the survey did not suggest any major changes to the word-
ing of the themes or subthemes, or the removal or addition
of themes or subthemes. There were some statistically signif-
icant differences between certain themes and subthemes yet
all were within the range of Essential or Important (see
Table 3). These outcomes, and our preference for a logical
and ordered approach to progression of student learning,
led to the existing themes and subthemes, and their order,
being retained.

Factors that likely contributed to the successful unpack-
ing were the diverse backgrounds of the three Task Force
members. The three Task Force members have expertise in
medicine, neuroscience, and exercise and developmental
physiology and have several years of experience teaching
physiology (7-20 years) and conducting physiological
research (12-80 publications). The unpacking process also
broadly aligned with methodological approaches previ-
ously used in physiology (10) and other disciplines [e.g.,
pharmacology (19) and nursing (2)]. The themes and sub-
themes were also internally validated by a larger group of
physiology educators with a diverse and extensive range of
background discipline expertise and teaching experience.

The perceived difficulty of each theme and subtheme was
also explored to inform future efforts in student learning sup-
port and curriculum design in courses featuring physiological
adaptation. The themes and subthemes were deemed to be
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Moderately Difficult. Thus the delivery of concurrent student
learning support activities and learning scaffolding is recom-
mended. The level of difficulty is not unexpected because
understanding physiological adaptation requires prior knowl-
edge, and a higher level of integration, of other core concepts.
For example, one needs to first understand how body tem-
perature is regulated and maintained (homeostasis core
concept), and the structure, function, and integration of
the integumentary system, nervous system, and cardiovas-
cular system (structure and function, and integration core
concepts), before exploring the body’s response to pro-
longed exposure to hot or cold environments (physiologi-
cal adaptation core concept).

The study had three minor limitations. First, the terms
Important and Essential were not defined, and we instead
relied on the survey respondent’s ability to differentiate
between these two universal terms. Second, instructions
and/or training for rating the themes and subthemes were
not provided. Previous studies on unpacking physiology
core concepts also did not define these two terms or provide
training (10). It is also important to note that this evaluation
of concept difficulty represents an educator’s point of view
and that the student’s view on difficulty of the physiology
adaptation themes and subthemes is important and war-
rants exploration (20). Finally, a larger and independent
evaluation of the importance, difficulty, order, and grouping
of the themes and subthemes is required to confirm validity.

To conclude, the ultimate goal of this study is to provide
educators with a list of key themes and subthemes to inform
and guide teaching activities relating to physiological adap-
tation. We have completed the initial steps, but further work
is required, particularly regarding external validation by the
broader network of physiology educators. It is important to
note that the developed conceptual framework should be
treated as a guide, rather than a prescription to support
teaching and learning of this core concept (10). In addition,
because concepts are “universal, timeless, and abstract” (8),
we believe that our efforts into unpacking the physiological
adaptation core concept, and internally validating its con-
ceptual framework, could provide a guide to support teach-
ing and learning of this core concept they can create
commonality and consistency across curricula.
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