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Interoception is the processing of internal bodily states by the nervous system. One of 16 

its most studied dimensions is interoceptive accuracy (IAcc), the objective capacity to detect 17 

internal bodily signals. Although the Heartbeat Counting Task (HBCT; Schandry, 1981) is 18 

the most frequently used measure of this construct, the interoception community has 19 

increasingly acknowledged its lack of construct validity to measure IAcc, following a large 20 

body of evidence. However, Schulz and colleagues (2021) recently made a completely 21 

opposite conclusion in a paper entitled “On the construct validity of interoceptive accuracy 22 

based on heartbeat counting: Cardiovascular determinants of absolute and tilt-induced change 23 

scores”. They indeed concluded that their “findings support the convergent and discriminant 24 

validity” of the HBCT.  25 

In this comment, we argue that we disagree with their conclusion based on three 26 

arguments: (1) their definition of IAcc makes the HBCT a valid measure of this construct 27 

because it accepts any contributor of the correspondence between actual and reported 28 

heartbeats; this, however, does not correspond to the commonly used definition; (2) contrary 29 

to their claim, we believe the correlation size (i.e., r = .42) between IAccHBCT scores and 30 

Heartbeat Discrimination Task (HBDT; Whitehead et al., 1977) scores is likely over-31 

estimated and does not reach the minimum threshold required to support convergent validity; 32 

(3) their statistical analyses that test the contribution of time estimation in HBCT 33 

performance are not valid, which does not allow to conclude that the task discriminant 34 

validity is supported.  35 

A. Conceptual issue: Measuring "interoceptive accuracy" in light of theoretical 36 

views 37 

Schulz et al. (2021) define interoceptive accuracy as “the correspondence between 38 

actual and perceived bodily signals”. We see value in this definition as it allows us to match 39 



3 
 

construct and measurement. However, researchers should be aware that the said 40 

correspondence (i.e., task performance) may be driven by a host of mechanisms, some of 41 

which are irrelevant to “the process of accurately detecting and tracking internal bodily 42 

sensations” (i.e., the commonly used definition of interoceptive accuracy; Garfinkel et al., 43 

2015, p. 66). In other words, the definition proposed by Schulz and colleagues is at risk of 44 

conflating mechanisms that are relevant but also irrelevant to interoceptive accuracy as 45 

currently understood by most researchers. 46 

The distinction between relevant and irrelevant contributors is sometimes easy. For 47 

instance, there is a consensus that if a participant achieves good performance by monitoring a 48 

smartwatch or by taking their pulse, their performance does not indicate high interoceptive 49 

abilities. Researchers are therefore controlling these potential contributors by asking 50 

participants not to take their pulse or use a smartwatch. Perhaps less clear, however, is the 51 

theoretical status of estimation processes (such as relying on cardiac knowledge) as 52 

contributors to task performance. If we assume that these estimation processes are 53 

undesirable (i.e., do not index how participants detect their bodily signals), then new 54 

instructions can be designed to reduce their influence (see Desmedt et al., 2018). In their 55 

paper, Schulz and colleagues specify that bodily signals should be perceived and thus state 56 

that the absence of correlation between IAccHBCT scores1 and time estimation (i.e., a guessing 57 

strategy) would support the HBCT discriminant validity. 58 

Finally, the influence of cardiac signal properties on performance is even more 59 

ambiguous. This is in contrast to exteroception research, where signal properties are 60 

standardized across participants to avoid invalid conclusions about individual perceptual 61 

 
1 We do not subscribe to the use of the terms “IAccHBCT” or “IAccHBDT” scores, as it suggests that these 
scores validly index IAcc. We, however, use these terms in the present comment to be consistent with 
the original paper. 
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abilities (Corneille et al., 2020). For example, in a visual chart test, the size of the letters and 62 

the distance between them and the participant are similar from person to person. In 63 

interoception research, signal properties are often not standardized across participants. In 64 

heartbeat detection tasks, a stronger heartbeat signal - due to stable individual differences, but 65 

also due to context-dependent states - may lead to better performance because this signal 66 

would be easier to detect. Thus, task scores may capture not only detection ability but also a 67 

physical condition (e.g., body fat, which may interfere with the heart signal) or a physical 68 

state (e.g., physiological activation, which is associated with stronger heart contractions). 69 

Again, it is important to determine whether individual differences in signal properties can 70 

contribute to task performance and, if not, to find ways to limit their influence. The 71 

theoretical status of these properties remains ambiguous in Schulz et al. (2021). On the one 72 

hand, the authors state in the introduction that "…the contribution of […] cardiac signal 73 

properties support the convergent validity of the HBCT…" (p.2). On the other hand, in their 74 

conclusion, they seem to suggest that the lack of correlation observed between cardiac signal 75 

properties and IAccHBCT scores supports the discriminant validity of the task (p.8). We call 76 

for clarification of whether or not interoceptive accuracy can be confounded with cardiac 77 

signal properties. If these properties are irrelevant to the construct, experimental (e.g., by 78 

manipulating physiological states) or statistical controls should be implemented to 79 

standardize them across participants. 80 

More generally, we believe that it is important that interoception researchers state and 81 

control for whichever contributors they see as undesirable to task performance, in light of the 82 

theoretical views they endorse. We also encourage them to rely on different terminologies 83 

depending on their theoretical standpoint. For instance, researchers interested in the role of 84 

prior semantic knowledge or expectations, especially those working under a predictive coding 85 
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framework, may want to refer to "interoceptive beliefs" rather than "interoceptive accuracy" 86 

(Legrand et al., 2021). 87 

B. Coherence issue: Convergence between tasks (or lack thereof) 88 

         Another major issue in Schulz et al. (2021) is the interpretation of the association (i.e., 89 

r = 0.42) between IAccHBDT and IAccHBCT scores as an indication of the convergent validity 90 

of these tasks. In our view, 18% of shared variance between two tasks meant to measure the 91 

exact same construct indicates low convergence. Even more worrisome, we believe the 92 

association reported by the authors is largely overestimated. A recent meta-analysis 93 

(Hickman et al., 2020) found a weak association between IAccHBDT and IAccHBCT scores (r = 94 

0.21, IC 95% [0.13; 0.29]). Only 2 out of the 22 included studies found an effect size equal or 95 

superior to the one found by Schulz et al. (2021). One could argue that this difference in 96 

effect size is explained by procedural differences in HBCT administration (e.g., instructions, 97 

time intervals, heart rate measurement devices). However, when performing a meta-analysis 98 

on eight effect sizes extracted from previous studies of Schulz and colleagues, we also found 99 

a weak association (r = 0.24, IC 95% [0.13; 0.35]; Forkmann et al., 2016; Michal et al., 2014; 100 

Schulz et al., 2013, 2020, 2021; Wittkamp et al., 2018). The high effect size found in Schulz 101 

et al. (2021) could thus represent an overestimation of the true effect size partly due to a 102 

limited sample size (N = 49) giving rise to unstable estimates. Indeed, in personality (and 103 

social) psychology, correlations usually stabilize with sample sizes of N > 200 (Schönbrodt & 104 

Perugini, 2013). If we rely on Hickman et al.’s (2020) meta-analysis or on the meta-analysis 105 

of Schulz and colleagues’ studies, we can conclude that only 4 to 6% of shared variance exist 106 

between IAccHBCT and IAccHBDT scores, which suggests that these tasks do not measure the 107 

same construct. 108 
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Moreover, a carry-over effect from the HBDT to the HBCT, due to a fixed-order 109 

design, may also have contributed to inflating the reported association between IAccHBDT and 110 

IAccHBCT scores. During the HBDT, participants listen to their heart rate. This feedback 111 

might increase their knowledge about their heart rate and subsequently increase their 112 

likelihood to correctly guess their heart rate when performing the subsequent HBCT. This 113 

could explain the high average HBCT performance in their sample (M = 0.77) despite the use 114 

of stricter instructions (i.e., asking participants to only report the felt heartbeats). Indeed, 115 

studies using modified instructions generally report lower average performance (M < 0.50; 116 

Desmedt et al., 2018; Ehlers et al., 1995; Ferentzi et al., 2021; Van Den Houte et al., 2021). 117 

However, again, one could argue that differences observed in mean IAccHBCT scores are due 118 

to differences in the HBCT procedure or in sample characteristics. Finally, the HBDT with 119 

two intervals has important limitations and more optimal versions have been proposed (e.g., 120 

the method of constant stimuli with 6 intervals; Brener & Ring, 2016). This reduced validity 121 

further compromises the interpretation of the association observed between IAccHBCT and 122 

IAccHBDT scores. 123 

In summary, we propose that the association between the two most frequently used 124 

measures of "interoception accuracy" is, at best, weak. 125 

C. Biases issue: The contribution of estimation processes 126 

Participants may achieve good performance on the HBCT by counting seconds, 127 

without relying on felt heartbeats, which is problematic for a task meant to measure the 128 

capacity to detect cardiac signals.2 It is therefore important to control for the influence of time 129 

estimation. To do so, it is common practice to test the association between IAccHBCT scores 130 

 
2 In particular, participants could (1) simply count seconds, (2) count the seconds by adapting the 
pace based on their knowledge about their heart rate, and (3) count the seconds and subsequently 
estimate the number of heartbeats through mental arithmetic. 
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and time estimation accuracy (i.e., the absolute proportional difference between reported and 131 

actual seconds; Dunn et al., 2010), as it was done by Schulz et al. (2021). In their study, the 132 

authors did not find a significant association between these variables (β = .19, t = 1.35, p = 133 

.184). Therefore, they concluded that the discriminant validity of the task is supported. 134 

However, this raises several comments. 135 

First, the authors used the modified HBCT instructions (vs. the original ones), asking 136 

participants to avoid using guessing strategies. We have previously shown that modified 137 

instructions greatly reduce the influence of guessing strategies on IAccHBCT scores (Desmedt 138 

et al., 2020). Given that most HBCT studies did not use modified instructions, the issue might 139 

apply to those. Second, as explained by Desmedt et al. (2020), the simple correlation between 140 

the number of counted heartbeats per minute in the HBCT and the number of counted 141 

seconds per minute in the time estimation task is a more valid test of the contribution of time 142 

estimation strategies in the HBCT. We, therefore, encourage more compelling tests in future 143 

studies. Third, the sample size was very limited in Schulz et al. (2021), which weakens the 144 

strength of the demonstration. Finally, estimation processes are not limited to time 145 

estimation. Participants could indeed be able to estimate their heart rate because they (1) have 146 

already heard or seen their or others’ heart rate (e.g., by putting one’s ear on another’s chest 147 

or by watching a heart rate monitor) and (2) have felt their heartbeats in the past (e.g., while 148 

doing a physical activity) or even during a part of the task. Therefore, the validity of a task 149 

cannot be ascertained by testing one source of biasing estimation only. For this reason, 150 

previous studies have considered other potentially biasing variables, and centrally the 151 

semantic knowledge about (one’s) heart rate (Murphy et al., 2018), which has not been done 152 

by Schulz et al. (2021). 153 

  154 
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