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We thank Freudenstein et al.1 for their thoughtful remarks on our 
study2 and for the opportunity to clarify our published results. We 
share the authors’ concern about the premature use of the uncov-
ered types in personality assessment, but must emphasize that the 
empirical findings of the computational analysis reported in our 
study remain valid. Indeed, Freudenstein et al. “concur that [their] 
analyses reveal four meaningful types”, highlighting the methods’ 
“notable improvement to previous approaches”. We supplement the 

opinion of Freudenstein et al. on the interpretation of our results 
along four main directions.

First, we fully and wholeheartedly agree with the statement of 
Freudenstein et al. urging practitioners to avoid the use of typolo-
gies in applied settings. Indeed, while we suggested that personality 
types are “potentially useful in applied contexts”, we also made clear 
that our study is just a step toward a better understanding of person-
ality in view of the numerous open challenges.
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Fig. 1 | Unintuitive properties of the five-dimensional space of personality traits. a, The number of respondents within a hypersphere of radius r with the 
coordinates of a randomly selected respondent at the centre. The curve shows the mean and the 5th and 95th percentile confidence interval over 1,000 
realizations. The solid grey line shows the saturation level of the total number of respondents. The dotted black line shows the radius r ≈ 0.2 for which one 
finds the nearest neighbour on average. b, The ratio between the number of respondents within a hypersphere radius of r of the ‘Reserved’ type and the 
number expected in a randomized dataset. The shaded areas denote the 5th and 95th percentile confidence interval from 100 random realizations. The 
dotted lines indicate d = 0.4 and d = 0.8, respectively. c, The fraction of respondents within a hypersphere of radius of r of any of the four types (‘any type’) 
and the fraction of those within only one type (‘unique’/‘any type’). The dotted lines indicate the location of d = 0.4 and d = 0.8, respectively. d, Given an 
observed score ẑ

I
, the fraction of respondents with observed scores bzi

I
 for which we reject the hypothesis that the true score zi = z at the 5% significance 

level (that is, P zi � zj j>0:78ð Þ
I

, assuming a reliability of r = 0.8) (red curve). The empirical density of the observed scores P ẑð Þ
I

 is shown in light grey. The 
data are from the neuroticism domain of the Johnson-300 dataset.
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Second, we disagree with the statement of Freudenstein et  al. 
that “personality models should be exhaustive” and believe that the 
underlying premise is conceptually flawed. In fact, exhaustiveness 
does neither imply that the model is supported empirically nor that 
it is useful. For example, previous typologies for classifying indi-
viduals such as the four ancient temperaments may be exhaustive, 
but their empirical status is weak3. Every model has a limited range 
of validity and not all predictions of a model may be verifiable due 
to detectability thresholds. We also want to emphasize that nowhere 
in the original study do we state that the goal is to assign every indi-
vidual to a type. Instead, we show compelling empirical evidence for 
the existence of several robust clusters with higher-than-expected 
density. Moreover, and of greater consequence, selectively impos-
ing a criterion of exhaustiveness on typologies introduces a double 
standard in the evaluation of personality models that overlooks the 
uncertainty and limitations of trait-based approaches.

Third, we agree with the observation of Freudenstein et al. that 
only 42% of respondents were associated with one and only one of 
the four personality types. This confirms the difficulty in identi-
fying the typological structure in the space of personality, in great 
part due to the associated measurement error of the underlying per-
sonality traits. To gain intuition on the challenges overcome by our 
analyses, we investigate the distribution of scores in a five-dimen-
sional space of personality traits. Even with the size of the samples 
considered (>100,000), resolution is limited. Indeed, the average 
Euclidean distance to the nearest neighbour of a randomly selected 
respondent is about 0.2 (Fig. 1a). Therefore, when comparing the 
actual and expected number of respondents within a hypersphere of 
radius r of any cluster, for small radii, there simply are not enough 
data points to obtain any meaningful calculations. For intermediate 
radii, however, the enrichment is as high as 75% (Fig. 1b). The data 
in the figure suggest that a more appropriate radius for type assign-
ment should be in the range 0.4 ≤ d ≤ 0.8. For example, choosing 
d = 0.8, the fraction of respondents assigned to any cluster is 5%, 
with almost all of those (98%) assigned uniquely to one of the types 
(Fig. 1c). Increasing the radius will lead to a larger coverage at the 
expense of greater overlap across clusters. As one considers these 
values, it is helpful to reiterate the typical uncertainty expected from 
trait-based measurements. Given an observed normalized single-
dimension trait score ẑ

I
 for a test with reliability r (typically not 

larger than 0.8), we know that there is a 95% chance that the true 
score is in the range z ¼ r ´ ẑ ± 1:96

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r 1� rð Þ

p

I
 (ref. 4). Thus, when 

attempting to measure individual differences, the true score of 
a respondent with an observed score ẑ ¼ 0

I
 is statistically signifi-

cantly different from only 40% of the respondents in the dataset 
(Fig. 1d). Only for the more extreme scores ẑj j>2

I
 (for which there 

are far fewer available data) does this fraction surpass 80%. Clearly,  
one must also be careful when using trait-based approaches in 
applied settings.

Fourth, Freudenstein et al. question the robustness of our results 
due to the larger number of “meaningful” clusters appearing in their 
analysis of the additional datasets. We emphasize that the authors’ 
findings exactly replicate the results reported in our original study. 
In fact, we explicitly showed how this phenomenon results from 
larger uncertainty due to the decrease in the number of items 
administered in some of the datasets. Indeed, we observed that the 
reduction in the number of items in the reference dataset led to a  

similar increase in the number of meaningful clusters (Supplementary  
Figs. 11 and 12 in ref. 2). As a result, our original study reports the 
existence of at least four distinct personality types, namely those 
that could be reproduced across all datasets.

To construct rigorous type assignment procedures, we will need 
to build a much deeper understanding of the nature of the uncer-
tainty in the estimation of the values of the individual traits for an 
individual respondent. More generally, we want to reaffirm that we 
do not see the existence of personality types as a negation of the 
fundamental importance of personality traits5. In fact, our findings 
suggest that there is a typological structure within the paradigm of 
personality traits. It remains an open challenge for future studies 
to unify this dichotomy in the search for a consensual paradigm  
for personality.

Data availability
Data are available from https://osf.io/tbmh5/.

Code availability
Code is available in a GitHub repository at https://github.com/
amarallab/personality-types.
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