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Abstract
Objective The Multidimensional Assessment of Interoceptive Awareness, version 2 (MAIA-2) is a commonly 
utilized self-report instrument to assess individuals’ ability to perceive bodily sensations. The MAIA-2 has displayed 
variable psychometric properties across samples. Thus, we examine the psychometric properties of the MAIA-2 in a 
Southeastern United States college sample.

Participants Our studies consisted of 710 (study 1) and 66 (study 2) college students.

Methods Study 1 used a cross-sectional research design where we investigated the factor structure, and 
measurement invariance (e.g., measured similarly across genders). Study 2 examined the test-retest reliability across a 
three-week period.

Results The MAIA-2 displayed adequate to good internal consistencies and factor loadings, strict invariance, and 
questionable temporal stability.

Conclusion The MAIA-2 demonstrates adequate psychometric properties in this college sample that were similar to 
the original MAIA sample characteristics. Contextual and cultural factors may influence the subjective experience of 
interpreting bodily sensations.
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Introduction
University counseling centers (UCC) have hired more 
therapists and emphasized outreach programming to 
accommodate the increased demand for services and to 
meet the continued rise of mental health concerns for 
college students [1–3]. Mindfulness and body-based psy-
chotherapies, which have demonstrated positive results 
for depression, anxiety, and self-compassion [4–6], pro-
vide one such way UCCs meet this need. The effective-
ness of these interventions may be assessed through 
changes in interoceptive awareness [7, 8].

Interoceptive awareness is characterized by the self-
reported ability to consciously perceive and judge inter-
nal bodily sensations and is associated with various 
mental health conditions [9–13]. For example, college 
students’ interoceptive awareness was related to emo-
tional eating [14, 15], body appreciation, intuitive eating 
[16], and anxiety [17]. The Multidimensional Assess-
ment of Interoceptive Awareness Version 2 (MAIA-2) 
is a 37-item, eight-dimension measure of self-reported 
interoceptive awareness [13], is the second most used 
measure of interoceptive awareness [18], and has demon-
strated varying psychometric properties across different 
samples [12, 13, 18–29]. The MAIA-2’s constructs cap-
ture a person’s awareness, trust, and tendency to listen 
to bodily sensations, a tendency to avoid or be distressed 
with bodily discomfort, attention regulation toward 
bodily sensations, awareness of physiological sensations 
with emotional experiences, and ability to regulate via 
bodily sensation [12].

Mehling and colleagues’ original sample consisted of 
largely white female participants, over half completed 
graduate education, and all engaged in some form of 
somatic practice (e.g., yoga) [12]. The MAIA-2 sample 
included participants visiting the Science Museum of 
London, UK, who were 47% female and 60% native Eng-
lish speakers, but no information about fluency or accul-
turation for non-native speakers was collected [13]. The 
MAIA’s extensive use has led to validations in various 
populations. Researchers from six countries (Portugal 
[24], Japan [25, 26], Chile [27], Italy [23], Lithuania [22], 
and Columbia [28]) evaluated the psychometric prop-
erties of the MAIA in different college samples. These 
studies demonstrated factor structures that included the 
observation of eight [23, 27], seven [24], and six dimen-
sions [22, 25, 26], with questionable to acceptable model 
fit and internal consistency values (e.g., α ranging from 
0.40 [27] to 0.87 [24–26]). A full review of these valida-
tions is beyond the scope of this report and for further 
interest see Todd et al. [29] and the MAIA website [30].

There is a need to validate the MAIA-2 in a US college 
population, given that (1) college students’ mental health 
is an increasing concern [1–3], (2) difficulties with intero-
ceptive awareness are associated with various mental 

health conditions [14–17], (3) college student samples 
demonstrated different factor structures [23–28], (4) 
the MAIA-2 is commonly used [18], and (5) to answer 
the call for replication studies [31]. Therefore, we aim to 
examine the psychometric properties of the MAIA-2 in 
a United States college sample by examining the internal 
validity, factor structure, and test-retest reliability.

Main text
Study 1
Methods
Our university’s Institutional Review Board 
(STUDY00006902) reviewed and approved the proj-
ect measures and procedures. The study included 710 
undergraduate and graduate students from the Univer-
sity of Georgia. Participants were majority white (63.2%) 
and female (69.6%), with a mean age of 23.77 years 
(SD = 7.29). The participants provided their informed 
consent and then completed the MAIA-2, demographics, 
and other measures beyond the scope of this study. Com-
plete demographic information appears in supplemen-
tary material Table 1.

Data analysis
All analyses were performed with R (version 4.2.2) [32]. 
Descriptive data, distribution skewness, and kurtosis 
were obtained, and missing items were assessed using 
Little’s Missing at Random (MCAR) [33] and a maximum 
likelihood procedure in the MICE package [34]. The data 
were evaluated for internal consistency as measured 
by Cronbach’s alpha [35], and McDonald’s Omega [36], 
using the Coefficient alpha package [37], where > 0.70 is 
acceptable, > 0.8 is good, and 0.9 > is excellent [38].

We assessed the fit of the original eight-factor measure-
ment model [12, 13] using confirmatory factor analysis 
(CFA) with the maximum likelihood estimation with 
robust standard errors and a Satorra-Bentler scaled test 
statistic. Goodness-of-fit of the model was evaluated 
using the Comparative Fit Index (CFI) and Tucker Lewis 
Index (TLI) (good fit ≥  0.95), Root Mean Square Error 
of Approximation (RMSEA; good fit ≤ 0.05; adequate fit 
≤  0.08), and Standardized Root Mean Square Residual 
(SRMR; acceptable fit ≤  0.08) [39, 40]. Modification 
indices were examined to assess for improved model fit. 
All factor calculations were completed using the Lavaan 
package in R [41].

Thirteen participants identified as gender-diverse, with 
two missing gender identities. Due to this, the invari-
ance testing was conducted on binary gender identi-
ties (n = 695; males [n = 494]; females [n = 201]) to ensure 
adequate numbers in each group, while all other analy-
ses included the full sample. We examined multiple 
nested models in a forward approach, using (1) config-
ural invariance (i.e., assessing if factor structure is equal 
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across groups), (2) metric invariance (i.e., assessing if 
factor loadings are equal across groups), and (3) sca-
lar invariance (i.e., assessing if item intercepts are equal 
across groups) [40, 42, 43]. Invariance was assessed using 
the cutoff criteria of ΔCFI < 0.01 and ΔRMSEA < 0.15 [40, 
42, 43].

Results
The sample had a total of 17 (0.06%) missing items. Lit-
tle’s MCAR test suggested that the data were missing at 
random; thus, the 17 missing items were estimated using 
the MICE [34] package in R.

Internal consistency The results suggested good values 
for the internal consistencies of the subscale items for ND, 
NW, AR, SR, BL, and TR and adequate internal consis-
tency values for the NT and EA subscales (see Table 1). 
Students endorsed a tendency to use distraction as a cop-
ing strategy and trust their bodies, as indicated by the per-
centile ranges.

Confirmatory factor analysis The results show accept-
able measures of model fit using the RMSEA (0.60 
[0.057, 0.063]) and the SRMR (0.067) and questionable 
measures of fit indices for CFI (0.855), TLI (0.839), and 
x2 = 1812.799, df = 601, p < 0.001. Standardized factor load-
ings indicate a meaningful level of item contribution to 
each factor (0.51–0.92). Table  2 in the supplementary 
material includes all factor loadings for the MAIA-2 mea-
surement model.

We examined modification indices (MI) and included 
seven covariance terms across 14 items to improve the 
model fit. The results of the MAIA-2 with MI exhibited 
good measures of fit indices for RMSEA (0.046 [0.043, 
0.049]) and SRMR (0.063) and improved measures of fit 
indices for CFI (0.917), TLI (0.906), and x2 = 1304.558, 
df = 594, p < 0.001. The results suggest adequate standard-
ized factor loadings (0.41–0.93). Table 1 displays all fac-
tor loadings with MI included.

Measurement invariance Table 2 shows the changes in 
chi-square, CFI, and RMSEA as model constraints were 
added. The sample met the recommended ΔCFI < 0.01 
and ΔRMSEA < 0.15 and supported equal factor structure 
(configural), item loadings (metric), and intercepts (sca-
lar) across groups. Thus, the model fit for the MAIA-2 
demonstrated scalar invariance between men and women 
in our sample.

Discussion
The results from Study 1 suggested that the MAIA-2 has 
generally good psychometric properties, with some qual-
ifications. First, the items appeared internally consistent 
with how participants understood and responded, which 

has varied in college sample validation studies [23:29]. 
Unlike previous studies [12, 13, 29], the NW and ND 
items demonstrated consistent participant responses. 
Second, the items displayed adequate coverage of mul-
tiple dimensions of interoceptive awareness, with ques-
tionable- to good-fit for the measurement model and 
comparable with the original studies [12, 13]. Lastly, 
the results demonstrated invariance between men’s and 
women’s responses, which means that the factor analytic 
results do not differ according to the student’s gender.

Study 2
Materials
We examined the test-retest reliability of the MAIA-2 
using a three-week test-retest interval. The Univer-
sity of Georgia’s IRB approved the research (PROJ-
ECT00005184). The material consisted of a printed, 
hard-copy packet that contained the MAIA-2 and a 
demographic form. The participants were recruited 
through a university research pool, partially fulfilled the 
students’ academic research requirements, and were 
required to schedule both administration dates. Sixty-
six participants completed the research in groups rang-
ing from four to twenty people. At the first session, the 
participants were provided an overview of the study 
and written informed consent, which was signed before 
administering the measures. In the second session, par-
ticipants completed the same measures and were pro-
vided a written debriefing statement summarizing the 
purposes of the research.

Data analysis
We used R (version 4.2.2) to analyze the data [32]. Inter-
nal consistency was evaluated using Cronbach’s alpha 
[35], and McDonald’s Omega [36], using the Coefficient 
alpha package [37], where > 0.70 is acceptable, > 0.8 is 
good, and 0.9 > is excellent [38]. Reliability was assessed 
using Pearson’s correlation between times 1 and 2, where 
> 0.70 is considered adequate and > 0.80 is considered 
good. We conducted a paired t-test of the subscales over 
the three-week interval to further assess stability.

Results
The demographic makeup of the test-retest participants 
was predominantly white (69.23%) and female (86.0%), 
with a mean age of 21.05 (SD = 1.35). Participants’ scores 
on the subscales displayed adequate (NT subscale) to 
good internal consistency. The Pearson correlations of 
the participants’ scores were statistically significant. 
Subscales ND (r = 0.67) and NW (r = 0.66) exhibited 
questionable test-retest reliability. Only the NW dimen-
sion differed in a statistically meaningful way from 
time 1 (M = 2.12, SD = 0.78) to 2 (M = 2.30, SD = 0.76); 
t (65) = 2.25, p = 0.03. All other subscales demonstrate 
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Items Dimensions
Dimension
Items

Std. 
Est.

SE Z-value Mean 
(SD)

10th 
Percentile

90th 
Percentile

Cron-
bach’s 
Alpha

Mc-
Don-
ald’s 
Omega

Noticing 3.43 
(0.78)

2.50 4.50 0.72 0.72

1. When I am tense, I notice where the tension is located in my 
body

0.67 0.05 16.11***

2. I notice when I am uncomfortable in my body. 0.68 0.04 14.66***
3. I notice where in my body I am comfortable. 0.59 0.05 13.75***
4. I notice changes in my breathing, such as whether it slows down 
or speeds up

0.58 0.04 15.07***

Not Distracting 1.69 
(0.71)

0.83 2.50 0.71 0.83

5. I ignore physical tension or discomfort until they become more 
severe.

0.43 0.05 9.57***

6. I distract myself from sensations of discomfort. 0.63 0.04 14.82***
7. When I feel pain or discomfort, I try to power through it. 0.50 0.04 11.07***
8. I try to ignore pain. 0.58 0.04 13.06***
9. I push feelings of discomfort away by focusing on something 0.83 0.03 21.56***
10. When I feel unpleasant body sensations, I occupy myself with 
something else so I don’t have to feel them.

0.80 0.04 21.22***

Not Worrying 2.51 
(0.81)

1.40 3.60 0.81 0.80

11. When I feel physical pain, I become upset. 0.65 0.05 16.28***
12. I start to worry that something is wrong if I feel any discomfort. 0.67 0.04 17.56***
13. I can notice an unpleasant body sensation without worrying 
about it.

0.53 0.04 12.27***

14. I can stay calm and not worry when I have feelings of discom-
fort or pain.

0.63 0.04 16.05***

15. When I am in discomfort or pain, I can’t get it out of my mind. 0.66 0.05 15.95***
Attention Regulation 3.06 

(0.75)
2.14 4.00 0.86 0.86

16. I can pay attention to my breath without being distracted by 
things happening around me.

0.58 0.05 14.24***

17. I can maintain awareness of my inner bodily sensations even 
when there is a lot going on around me.

0.64 0.04 16.93***

18. When I am in conversation with someone, I can pay attention 
to my posture.

0.57 0.04 14.78***

19. I can return awareness to my body if I am distracted. 0.73 0.03 20.05***
20. I can refocus my attention from thinking to sensing my body. 0.73 0.04 19.71***
21. I can maintain awareness of my whole body even when a part 
of me is in pain or discomfort

0.62 0.04 15.00***

22. I am able to consciously focus on my body as a whole. 0.62 0.04 15.71***
Emotional Regulation 3.49 

(0.82)
2.40 4.60 0.79 0.79

23. I notice how my body changes when I am angry 0.51 0.05 12.75***
24. When something is wrong in my life, I can feel it in my body. 0.47 0.05 11.24***
25. I notice that my body feels different after a peaceful experience. 0.73 0.05 18.16***
26. I notice that my breathing becomes free and easy when I feel 
comfortable.

0.71 0.04 17.88***

27. I notice how my body changes when I feel happy / joyful. 0.80 0.04 23.39***
Self-Regulation 2.97 

(0.88)
1.75 4.00 0.82 0.82

28. When I feel overwhelmed, I can find a calm place inside. 0.65 0.05 16.96***
29. When I bring awareness to my body, I feel a sense of calm. 0.74 0.04 18.22***

Table 1 Results of the Confirmatory Factor Analysis and Subscales means, SD, and internal consistency
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adequate temporal stability. See Table 3 for all reported 
statistics.

Discussion
The results of study 2 indicated that respondents’ scores 
on the dimensions of the MAIA-2 had acceptable inter-
nal consistency characteristics and variable temporal sta-
bility. Specifically, the NW subscale data suggested that 

respondents consistently interpret and respond to items 
for this scale but report variation in their location (i.e., 
mean values). Moreover, the NW mean value showed a 
tendency to experience emotional distress by physical 
discomfort.

Table 2 Measurement invariance of the MAIA-2 for women (n = 494) and men (n = 201)
Invariance df χ2 Δχ2 Δdf CFI RMSEA ΔCFI ΔRMSEA
Configural 1188 1894.757 - - 0.914 0.046 - -
Metric 1217 1938.381 43.624 29 0.913 0.046 0.001 0.000
Scalar 1246 2026.297 87.916 29 0.907 0.047 0.006 0.000
Note Df = Degrees of freedom; χ2  = Chi-square; Δχ2 = Change in Chi-square; Δdf = change in degrees of freedom; CFI = Comparative Fit Index; RMSEA = Root Mean 
Square Error of Approximation; ΔCFI = Change in Comparative Fit Index; ΔRMSEA = Change in Root Mean Square Error of Approximation

Table 3 Time 1 and Time 2: internal consistency, test-retest Pearson Correlations, and T-tests
Scale Time 1

Alpha
Time1 
Omega

Time 2
Alpha

Time 2 
Omega

Test-retest 
correlation

Explained 
Variance

Time 1 
Mean(sd)

Time 2 
Mean(sd)

T-Test 
(65)

P-
val-
ue

NT 0.73 0.74 0.75 0.75 0.70*** 49.0% 3.48(0.72) 3.35(0.67) 2.00 0.05
ND 0.89 0.89 0.91 0.91 0.67*** 44.9% 1.94(0.85) 1.95(0.92) 0.11 0.91
NW 0.81 0.82 0.74 0.74 0.66*** 43.6% 2.12(0.78) 2.30(0.76) 2.25 0.03*
AR 0.82 0.82 0.89 0.89 0.73*** 54.3% 2.86(0.67) 2.80(0.83) 0.90 0.37
EA 0.84 0.83 0.91 0.91 0.79*** 62.4% 3.54(0.83) 3.45(0.92) 1.33 0.19
SR 0.87 0.88 0.88 0.89 0.73*** 63.3% 2.81(0.96) 2.76(1.01) 0.64 0.53
BL 0.89 0.90 0.90 0.90 0.75*** 56.3% 2.51(1.09) 2.49(1.12) 0.16 0.88
TR 0.83 0.86 0.93 0.93 0.73*** 53.3% 3.53(0.99) 3.54(1.01) 0.06 0.96
Notep-value < 0.05 = *, p-value < 0.01 = **, p-value = < 0.001

NT = Noticing; NA = Not Distracting; NW = Not Worrying; AR = Attention Regulation; EA = Emotional Awareness; SR = Self-Regulation; BL = Body Listening; TR = Trusting

Items Dimensions
30. I can use my breath to reduce tension. 0.65 0.04 16.13***
31. When I am caught up in thoughts, I can calm my mind by 
focusing on my body/breathing.

0.68 0.05 17.14***

Body Listening 2.68 
(1.01)

1.33 4.00 0.84 0.84

32. I listen for information from my body about my emotional state. 0.79 0.04 23.38***
33. When I am upset, I take time to explore how my body feels. 0.79 0.04 23.75***
34. I listen to my body to inform me about what to do. 0.74 0.04 20.04***
Trusting 3.53 

(0.95)
2.33 5.00 0.88 0.90

35. I am at home in my body. 0.86 0.04 24.02***
36. I feel my body is a safe place. 0.92 0.04 28.30***
37. I trust my body sensations. 0.67 0.04 16.61***
Modification Covariances
Items 5 and 6 0.32 0.04 6.31***
Items 7 and 8 0.48 0.03 7.98***
Items 13 and 14 0.41 0.05 6.20***
Items 16 and 17 0.40 0.05 6.58***
Items 19 and 20 0.38 0.03 5.94***
Items 21 and 22 0.31 0.05 4.28***
Items 30 and 31 0.58 0.05 8.19***
Notep-value < 0.05 = *, p-value < 0.001 = **, p-value < 0.001 = ***

Table 1 (continued) 
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General discussion
Our sample demonstrated (1) interpretability of the 
items, (2) good model fit with modifications and strict 
invariance between men and women, and (3) generally 
acceptable temporal stability. The two studies are infor-
mative because screening and assessment for attention, 
concentration, and related mind-body processing phe-
nomena frequently occur during peoples’ college years.

The CFA results show a good degree of fit and retention 
of all items on their original factors in this college sample, 
with some minor modifications in the items’ covariances 
and similar properties to Mehlings et al.’s results [12, 13]. 
Previous validation studies with college samples demon-
strate different factor structures and item retention, such 
as six factors with Japanese [25, 26] and Lithuanian [22] 
samples, while a Portuguese sample [24] resulted in seven 
dimensions.

Our sample appeared to share seemingly similar sam-
ple sociodemographics of the MAIA [12], and MAIA-2 
[13] (i.e., predominately English-speaking white female 
participants) and confirmed the factor structure of the 
measure, providing additional consideration that cultural 
and contextual factors may impact the subjective expe-
rience of interoceptive awareness. Cultural differences 
have been theorized as influential factors in the subjec-
tive nature of interpreting bodily signals [25, 26], thus 
potentially impacting the psychometrics of the MAIA-2.

Regarding reliability, the findings support consistent 
interpretation and responses to all dimensions of the 
MAIA-2. The results implied adequate temporal stability 
except for the NW and ND subscales, displaying similar 
results as a Dutch non-clinical sample [44]. The college 
respondents reported fluctuating tendencies to use dis-
traction to cope with emotional distress from physical 
discomfort. The NW dimension has displayed negative 
associations with pain catastrophizing [11, 12], state and 
trait anxiety [11, 12, 45], somatosensory amplification, 
and neuroticism [46]. The ND dimension was negatively 
correlated with difficulty identifying feelings [46], anxiety 
[11, 12, 17], and positively associated with mindfulness 
[11, 12]. This might imply that the NW and ND scales are 
more analogous to state characteristics that contextual 
factors (e.g., time of the semester) influence and would 
help explain the variability in its performance across 
time. Students’ tendency to worry and utilize distraction 
to regulate is consistent with increased rates of anxiety 
and other mental health concerns on college campuses 
[1, 2]. This sample also strongly endorsed a tendency to 
notice, attend to, assign emotions from, and trust their 
bodily signals. These findings warrant further investiga-
tions into the utilization of somatic therapies, such as 
somatic reappraisal and mindfulness via interoceptive 
attention [47].

Limitations
First, we did not evaluate the convergent or discrimi-
nate validity. Second, the data was limited to samples 
from a single US college, raising questions of external 
validity. Third, the study did not measure participants’ 
experiences with mind-body practices or mental health 
conditions; therefore, we could not assess if these prac-
tices or conditions influenced the college students’ 
scores. Beyond these limitations, the MAIA-2 appears to 
be a generally good measure of interoceptive awareness 
and one to which people can consistently respond over 
time.

Abbreviations
NT  Noticing
ND  Not-distracting
NW  Not-worrying
AR  Attention regulation
EA  Emotional awareness
SR  Self-regulation
BL  Body listening
TR  Trusting

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13104-024-06894-6.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
HEC designed the study, collected, analyzed, and interpreted the data, and 
wrote the manuscript. AES designed the study, collected, analyzed, and 
interpreted the data, and wrote the manuscript. HEC and AES approved the 
final manuscript.

Funding
This study was not supported by a research grant or other funding.

Data availability
Contact the corresponding author with questions or requests regarding the 
data in this project.

Declarations

Ethics approval and consent to participate
This study was reviewed and approved by the University of Georgia’s 
Office of Research and Institutional Review Board (STUDY00006902; 
PROJECT00005184). All methods were carried out in accordance with the 
University of Georgia’s Office of Research and Institutional Review Board’s 
relevant guidelines and regulations. All participants were explained the 
purpose of the study, assured of the protection of their privacy, and provided 
informed consent. All participants’ informed consent was obtained prior to the 
administration of the studies.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 21 August 2023 / Accepted: 7 August 2024

https://doi.org/10.1186/s13104-024-06894-6
https://doi.org/10.1186/s13104-024-06894-6


Page 7 of 8Chapman and Stewart BMC Research Notes          (2024) 17:236 

References
1. Limone P, Toto GA. Factors that predispose undergraduates to mental issues: 

A cumulative literature review for future research perspectives. Front Public 
Health. 2022;10:831349. doi:https://doi.org/10.3389/fpubh.2022.831349.

2. American Psychological Association (APA). Campus mental health, American 
Psychological Association., https://www.apa.org/monitor/2022/10/mental-
health-campus-care. Accessed June 28, 2022.

3. Wilkinson CB, Infantolino ZP, Wacha-Monyes A. Evidence-based practice as 
a potential solution to burnout in university counseling center clinicians. 
Psychol Serv. 2017;14(4):543–8. https://doi.org/10.1037/ser0000156.

4. Bamber MD, Schneider JK. College students’ perceptions of mindfulness-
based interventions: a narrative review of the qualitative research. Curr 
Psychol. 2022;4:667–80. https://doi.org/10.1007/s12144-00592-4.

5. Falsafi N. A randomized controlled trial of mindfulness versus yoga: effects on 
depression and/or anxiety in college students. J am Psychiatr Nurses Assoc. 
2016;22(6):483–97. https://doi.org/10.1177/1078390316663397.

6. McIndoo CC, File AA, Preddy T, Clark CG, Hopko DR. Mindfulness-based ther-
apy and behavioral activation: a randomized controlled trial with depressed 
college students. Behav Res Ther. 2016;77:118–29. https://doi.org/10.1016/j.
brat.2015.12.012.

7. Mehling WE, Gopisetty V, Daubenmier J, Price CJ, Hecht FM, Stewart A. Body 
awareness: construct and self-report measures. PLoS ONE. 2009;4(5):e56141–
18. https://doi.org/10.1371/journal.pone.0005614.

8. Bornemann B, Herbert BM, Mehling WE, Singer T. Differential changes in 
self-reported aspects of interoceptive awareness through 3 months of 
contemplative training. Front Psychol. 2015;5:1–13. https://doi.org/10.3389/
fpsyg.2014.01504.

9. Khalsa SS, Adolphs R, Cameron OG, Critchley HD, Davenport PW, Feinstein 
JS et al. Interoception and mental health: A roadmap. Biol Psychiatry. 
2018;3(5):501–513. doi.10.1016/j.bpsc.2017.12.004.

10. Garfinkel SN, Seth AK, Barrett AB, Suzuki K, Critchley HD. Knowing your 
own heart: distinguishing interoceptive accuracy from interoceptive 
awareness. Bio Psychol. 2015;104(2015):65–74. https://doi.org/10.1016/
biopsycho.2014.11.004.

11. Ferentzi E, Olaru G, Geiger M, Vig L, Köteles F, Wihelm O. Examining the factor 
structure and validity of the multidimensional assessment of interoceptive 
awareness. J Pers Assess. 2021;103(5):675–84. https://doi.org/10.1080/002238
91.2020.1813147.

12. Mehling WE, Price C, Daubenmier JJ, Acree M, Bartmess E, Stewart A. The 
multidimensional assessment of interoceptive awareness (MAIA). PLoS ONE. 
2012;4(5):e5614. https://doi.org/10.1371/journal.pone.0005614.

13. Mehling WE, Acree M, Stewart A, Silas J, Jones A. The Multidimensional 
Assessment of Interoceptive Awareness, version 2 (Maia-2). PLoS ONE. 
2018;13(12). https://doi.org/10.1371/journal.pone.0208034.

14. Bullock AJ, Goldbacher EM. Interoceptive awareness and emotional eating 
in college women: the role of appetite and emotional awareness. J AM Coll 
Health. 2021. https://doi.org/10.1080/07448481.2021.1970566.

15. Lovan P, Prado G, Lee T, Coccia CA. Snapshot of eating behaviors in under-
graduate college students living in South Florida. J AM Coll Health. 2022. 
https://doi.org/10.1080/07448481.2022.2119402.

16. Oswald A, Chapman J, Wilson C. Do interoceptive awareness and interocep-
tive responsiveness mediate the relationship between body appreciation 
and intuitive eating in young women? Appetite. 2017;109:66–72. https://doi.
org/10.1016/j.appet.2016.11.019.

17. Kabir RS. Interoceptive attention tendencies predict trait anxiety in under-
graduate students and hospital nurses participating in stress management 
programs. Bull Grad School Educ Hiroshima Univ Part III. 2019;68:111–20.

18. Vig L, Köteles F, Ferentzi E. Questionnaires of interocpetion do not assess the 
same construct. PLoS ONE. 2022;17(8):e0273299. https://doi.org/10.1371/
journal.prone.023299.

19. Reis D. Further insights into the German version of the multidimensional 
assessment of interoceptive awareness (maia): exploratory and bayes-
ian structural equation modeling approaches. Eur J Psychol Assess. 
2019;35(3):317–25. https://doi.org/10.1027/1015-5759/a000404

20. Gim W, Sim K, Cho O. Korean multidimensional assessment of interocep-
tive awareness (K-MAIA): development and validation. Korean J Stress Res. 
2016;24(3):177–92. https://doi.org/10.17547/kjsr.2016.3.177.

21. Lin FL, Hsu CC, Mehling W, Yeh ML. Translation and psychometric testing of 
the Chinese version of the multidimensional assessment of the interoceptive 
awareness. J Nurs Res 2017;\ 25(1):76–83. doi: 10/1097/jnr.0000000000000182.

22. Baranauskas M, Grabausaitė A, Griškova-Bulanova. Psychometric character-
istics of Lithuanian Version of Multidimensional assessment of interoceptive 
awareness (maiaLT). Neurologijos Seminarai. 2016;20(70):202–6.

23. Cali G, Ambronsini E, Picconi L, Mheling WE, Committeri G. Investigating 
the relationship between interoceptive accuracy, interoceptive aware-
ness, and emotional susceptibility. Front. Psychol. 2015;6(1202). doi.org/
fpsyh.2015.01202.

24. Machorrinho J, Veiga G, Fernandes J, Mehling W, Marmeleria J. Multidimen-
sional assessment of interoceptive awareness: psychometric properties 
of the Portuguese version. Percept Mot Skills. 2018;126(1):87–105. doi. 
10/1177/0031512518813231.

25. Fujino H. Further validation of the Japanese version of the multidimensional 
assessment of interoceptive awareness. BMC Res Notes. 2019;12(530). doi.
org/10/1186/s13104-019-4556-x

26. Shoji M, Mehling WE, Hautzinger M, Herbert B. Investigating multidimen-
sional interoceptive awareness in a Japanese population: Validation of 
the Japanese MAIA-J. Front Psychol 2018;9:1855. https://doi.org/10.3389/
fpsyg.2018.01855

27. Valenzulela-Moguillansky C, Reyes-Reyes A. Psychometric properties of 
the multidimensional assessment of interoceptive awareness (maia) in a 
Chilean population. Front Psychol. 2015;2015(6):120. https://doi.org/10.3389/
psyg.2015.00120.

28. Montoya-Hurtado O, Gómez-Jaramillo N, Bermúdez-Jaimes G, et al. Psy-
chometric properties of the Multidimensional Assessment of Interoceptive 
awareness (MAIA) questionnaire in Colombian University students. J Clin 
Med. 2023;12(8):2937. https://doi.org/10.3390/jcm12082937. Published 2023 
Apr 18.

29. Todd J, Barron D, Aspell JE, Toh EKL, Zahari HS, Khatib NAM, Swami V. 
Translation and validation of a Bahasa Malaysia (malay) version of the 
multidimensional assessment of interoceptive awareness (MAIA). PLoS ONE. 
2020;15(4):e0231048. 10.1371journal.pone.0231048.

30. Osher Center for Integrative Health. Multidimensional Assessment of Intero-
ceptive Awareness. Accessed June 13. 2024. https://osher.ucsf.edu/research/
maia

31. Open Science Collaboration. Estimating the reproducibility of psychological 
science. Science. 2015;349(aao4716). doi.org/aac4716.

32. R Core Team. R: a Language and environment for statistical processing [com-
puter software]. Version 4.2.2. Vienna: R Foundation for Statistical Computing; 
2013.

33. Little RJA. A test of missing completely at random for multivariate data with 
missing values. J Am Stat Assoc. 1988;83(404):1198–202. https://doi.org/10.10
80/01621459.1988.1047822.

34. Van Buuren S, Groothuis-Oudshoorn K. Multivariate imputation by chained 
equations in R. J Stat Softw. 2023;45(3):1–67. https://doi.org/10.18637/jss.
v045.i03.

35. Cronbach LJ. Coefficient alpha and the internal structure of tests. Psy-
chometrika. 1951;16(3):297–334. https://doi.org/10.1007/BF02310555.

36. Commun Methods Meas. 2020;14(1):1–24. doi:10.1080/19312458.2020.17186
29.

37. Zhang Z, Yuan KH. Robust coefficient alpha and omega and confi-
dence intervals with outlying observations and missing data: methods 
and software. Educ Psychol Meas. 2016;76(3):387–411. https://doi.
org/10.1177/0013164415594658.

38. Taber KS. The use of Cronbach’s alpha when developing and reporting 
research instruments in science education. Res Sci Educ. 2018;48:1273–96. 
https://doi.org/10.1007/s11165-016-9602-2.

39. Hu L, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: 
conventional criteria versus new alternative. Struct Equ Model. 1999;6(1):1–
55. https://doi.org/10.1080/10705519909540118.

40. Kline RB. Principles and practice of structural equation modeling. 3rd ed. New 
York, NY: Guildford; 2011.

41. Rosseel Y, Lavaan. An R package for structural equation modeling. J Stat 
Softw. 2012;48(2):1–36. http://www.jstatsoft.org/.

42. Putnick DL, Bornstein MH. Measurement invariance conventions and report-
ing: the state of the art and future directions for psychological research. Dev 
Rev. 2016;41:71–90. https://doi.org/10/1016/j.dr.2016.06.004

43. Sass DA. Testing measurement invariance and comparing latent factor 
means within confirmatory factor analysis framework. J Psychoeduc Assess. 
2011;29(4):347–63. https://doi.org/10.1177/0734282911406661.

https://doi.org/10.3389/fpubh.2022.831349
https://www.apa.org/monitor/2022/10/mental-health-campus-care
https://www.apa.org/monitor/2022/10/mental-health-campus-care
https://doi.org/10.1037/ser0000156
https://doi.org/10.1007/s12144-00592-4
https://doi.org/10.1177/1078390316663397
https://doi.org/10.1016/j.brat.2015.12.012
https://doi.org/10.1016/j.brat.2015.12.012
https://doi.org/10.1371/journal.pone.0005614
https://doi.org/10.3389/fpsyg.2014.01504
https://doi.org/10.3389/fpsyg.2014.01504
https://doi.org/10.1016/biopsycho.2014.11.004
https://doi.org/10.1016/biopsycho.2014.11.004
https://doi.org/10.1080/00223891.2020.1813147
https://doi.org/10.1080/00223891.2020.1813147
https://doi.org/10.1371/journal.pone.0005614
https://doi.org/10.1371/journal.pone.0208034
https://doi.org/10.1080/07448481.2021.1970566
https://doi.org/10.1080/07448481.2022.2119402
https://doi.org/10.1016/j.appet.2016.11.019
https://doi.org/10.1016/j.appet.2016.11.019
https://doi.org/10.1371/journal.prone.023299
https://doi.org/10.1371/journal.prone.023299
https://doi.org/10.17547/kjsr.2016.3.177
https://doi.org/10.3389/fpsyg.2018.01855
https://doi.org/10.3389/fpsyg.2018.01855
https://doi.org/10.3389/psyg.2015.00120
https://doi.org/10.3389/psyg.2015.00120
https://doi.org/10.3390/jcm12082937
https://osher.ucsf.edu/research/maia
https://osher.ucsf.edu/research/maia
https://doi.org/10.1080/01621459.1988.1047822
https://doi.org/10.1080/01621459.1988.1047822
https://doi.org/10.18637/jss.v045.i03
https://doi.org/10.18637/jss.v045.i03
https://doi.org/10.1007/BF02310555
https://doi.org/10.1177/0013164415594658
https://doi.org/10.1177/0013164415594658
https://doi.org/10.1007/s11165-016-9602-2
https://doi.org/10.1080/10705519909540118
http://www.jstatsoft.org/
https://doi.org/10.1177/0734282911406661


Page 8 of 8Chapman and Stewart BMC Research Notes          (2024) 17:236 

44. Scheffers M, Coenen J, Moeijes J, Bellemans T. The multidimensional assess-
ment of interoceptive awareness, version 2 (MAIA-2): psychometric proper-
ties in a Dutch non-clinical sample. BMC Psychol. 2024;12(53):1–8. https://doi.
org/10.1186/s40359-024-01553-8.

45. Slotta T, Witthöft M, Gerlach AL, Pohl A. The interplay of interoceptive accu-
racy, facets of interoceptive sensibility, and trait anxiety: a network analysis. 
Pers Individ Dif. 2018;182:111133. https://doi.org/10.1016/j.paid.2021.111133.

46. Gaggero G, Dellantonio S, Pastore L, Sng KHL, Esposito G. Shared and unique 
interoceptive deficits in high alexithymia and neurocticism. PLoS ONE. 
2022;17(8):e0273922. https://doi.org/10.1371/journal.prone.0273922.

47. Price CJ, Weng HY. Facilitating adaptive emotion processing and somatic 
reappraisal via sustained mindful interoceptive attention. Front Psychol. 
2021;12:578827. https://doi.org/10.3389/fpsyg.2021.58827.

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

Harrison E. Chapman is a postdoctoral researcher at the University of 
Georgia. His primary interests include neurodevelopmental disorders, emotion 
regulation, and creativity.

Alan E. Stewart is a professor at the University of Georgia and is a weather 
and climate psychologist. His primary areas of interest include weather and 
emotion regulation, climate change worry, perception of weather as events, 
and psychometrics and scale development.

https://doi.org/10.1186/s40359-024-01553-8
https://doi.org/10.1186/s40359-024-01553-8
https://doi.org/10.1016/j.paid.2021.111133
https://doi.org/10.1371/journal.prone.0273922
https://doi.org/10.3389/fpsyg.2021.58827

	Interoceptive awareness in a Southeastern US college sample: validation of the multidimensional assessment of interoceptive awareness – version 2
	Abstract
	Introduction
	Main text
	Study 1
	Methods
	Data analysis
	Results
	Internal consistency
	Confirmatory factor analysis
	Measurement invariance



	Discussion
	Study 2
	Materials



