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Psychometric assessment: Measuring candidates

Psychometric testing

General Aptitude and specific cognitive skills

Personality, i.e., behavioral tendencies



A critical assessment of assessment practices

Are measurements meaningful ?

Relationship test - concept

Relationship concept - outcome

Outcome related to mental traits

Inference on mind from behavior

Can we skip the noisy readout ?



Structural MR imaging: Measuring the brain



Groups indistinguishable 
(AUC = .58)

Successful trainees scored significantly 
higher on the XBT aptitude test

(bars show mean and standard error)

successfuldiscontinued

More honest plot 
(same data)

successfuldiscontinued

When something is true on average, it may still be untrue for many

The limits of classical (associative) statistics



Most relevant questions focus on 

statements about new cases

Out-of-sample prediction

Classical statistics vs. machine-learning

Multivariate patterns can greatly 

increase predictive power

-> Machine-learning / AI



37 y, ♂︎, good
52 y, ♀︎, bad
65 y, ♀, fair

44 y, ♂︎, good
71 y, ♂︎, good

28 y, ♀, fair
Train Model

28 y, ♀

good

Machine-learning of MRI– phenotype relationships



Chronological age
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88% correct

Quantitative judgment of the model

Predicting individual information from MRI scans



Does BrainAge indicate cognitive status?

Brain age as a marker of cognitive status

Chronological age
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Functional MR imaging: Network dynamics



Language Working memory

Social cognition

algorithm weights the between-subject variance by the number of

examined subjects per study, accommodating the notion that

larger sample sizesshould provide more reliable approximations of

the ‘true’ activation effect and should therefore be modelled by

‘tighted’ Gaussian distributions [28].

The probabilities of all activation foci in a given experiment
were combined for each voxel, resulting in a modelled activation

map (MA map). Taking the union across these MA maps yields

voxel-wise ALE scores describing the convergence of results at

each particular location. Since neurophysiologically, neuronal

effects should predominantly be localized within the grey matter,

all analyseswere restricted to those voxelswhere a probability of at

least 10% for grey matter could be assumed based on the

International Consortium of Brain Mapping (ICBM) tissue

probability maps. To distinguish ‘true’ convergence between

studies from random convergence, i.e., noise, ALE scores were

compared to an empirical null-distribution reflecting a random

spatial association between experiments. Hereby, a random-effects

inference is invoked, focusing on inference on the above-chance

convergence between studies, not clustering of foci within a

particular study. Computationally, deriving this null-hypothesis

involved sampling a voxel at random from each of the MA maps

and taking the union of these values in the same manner as done

for the (spatially contingent) voxels in the true analysis. The p-

value of a ‘true’ ALE wasthen given by the proportion of equal or

higher values obtained under the null-distribution. The resulting

non-parametric p-values for each meta-analysis were thresholded

at a cluster-level family wise error (FWE) corrected threshold of

p, 0.05 and transformed into Z-scores for display.

Conjunction analyses between the separate meta-analyses were

carried out by calculating a voxel-wise minimum statistic [31].

Computationally, this isequivalent to determining the intersection

between the thresholded meta-analyses results (cf. [32]). Results

were thussignificant in individual analyses at a corrected p, 0.05.

The resulting areas were anatomically labelled by reference to

probabilistic cytoarchitectonic maps of the human brain [33,34].

In order to formally test whether the core ‘introspection

network’ - represented by the results of our triple conjunction

analysis (SOC > EMO > DMN) – showsanatomical overlap with

the findings from the study by Fleming and colleagues [16], which
investigated the relationship of grey matter differences and

introspective abilities, a minimum conjunction analysis was

computed as the intersection of the thresholded statistical

parametric maps.

Results

Individual meta-analyses
‘Social-cogni t ive networ k’ (SOC). Consistent activation

across the social-cognitive tasks was found in left dorso-medial

prefrontal cortex (DMPFC), the left precuneus, bilateral middle

temporal gyrus, anterior temporal cortex (ATC) and the temporo-

parietal junction (TPJ) area aswell asthe left superior frontal gyrus

(Figure 1, Table 1).

‘Emotional pr ocessing networ k’ (EM O). Consistent

activation across the emotional processing tasks was found in the

amygdala (AMY) bilaterally, the ventral (VS) and dorsal striatum

(DS) bilaterally, middle and superior temporal gyrus and insular

cortex, anterior cingulate cortex (ACC), posterior cingulate cortex

(PCC) and the precuneus, area V5 and fusiform gyrus (FG)

(Figure 2, Table 2).

‘Default mode networ k’ (DM N). Consistent task-induced

deactivation was found in PCC extending into the precuneus,

ACC, ventro- and dorso-medial prefrontal cortex, bilateral

supramarginal gyrus, bilateral TPJ, left superior and right

middle temporal gyrus, left middle occipital gyrus and left

middle frontal gyrus (Figure 3, Table 3).

Conjunction analyses
Brain regions, which showed consistent activation across both

the emotional and social-cognitive tasks (SOC > EMO), comprise

DMPFC, precuneus, middle and anterior superior temporal gyrus

and VS (Figure 4, Table 4).

Brain regions, which showed consistent involvement both in the

social- cognitive tasksand those studiesthat investigated the DMN

(SOC > DMN), comprise DMPFC, precuneus and the TPJ

bilaterally (Figure 5, Table 5).

Using a triple conjunction analysis, we formally tested for brain

regions, which show consistent involvement across all different

types of studies, i.e. social-cognitive, emotional processing and

resting state experiments (SOC > EMO > DMN). Results of this

analysis demonstrate the involvement of DMPFC and the

precuneus across these three domains (Figure 6, Table 6).

To assess whether these are the same regions as the ones

reported to underlie introspective abilities (Fleming et al. 2010), we

calculated a minimum conjunction analysis across the thresholded

maps from the triple conjunction analysis and results from the

Figure 1. Significant results of the ALE meta-analysis for social
cognit ion tasks (SOC). All results are displayed on the left and right
lateral surface view, the anterior/posterior and dorsal/ventral view of
the Montreal Neurological Institute (MNI) single subject template. ATC:
anterior temporal cortex, DMPFC: dorso-medial prefrontal cortex, MTG:
middle temporal gyrus, PCC: posterior cingulate cortex, PREC:
precuneus, TPJ: temporo-parietal junction.
doi:10.1371/journal.pone.0030920.g001

Introspective Minds

PLoS ONE | www.plosone.org 3 February 2012 | Volume 7 | Issue 2 | e30920

algorithm weights the between-subject variance by the number of

examined subjects per study, accommodating the notion that

larger sample sizesshould provide more reliable approximations of

the ‘true’ activation effect and should therefore be modelled by

‘tighted’ Gaussian distributions [28].

The probabilities of all activation foci in a given experiment

were combined for each voxel, resulting in a modelled activation
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probability maps. To distinguish ‘true’ convergence between
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inference is invoked, focusing on inference on the above-chance
convergence between studies, not clustering of foci within a

particular study. Computationally, deriving this null-hypothesis

involved sampling a voxel at random from each of the MA maps

and taking the union of these values in the same manner as done

for the (spatially contingent) voxels in the true analysis. The p-

value of a ‘true’ ALE wasthen given by the proportion of equal or
higher values obtained under the null-distribution. The resulting

non-parametric p-values for each meta-analysis were thresholded
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p, 0.05 and transformed into Z-scores for display.

Conjunction analyses between the separate meta-analyses were
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The resulting areas were anatomically labelled by reference to

probabilistic cytoarchitectonic maps of the human brain [33,34].
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the findings from the study by Fleming and colleagues [16], which

investigated the relationship of grey matter differences and

introspective abilities, a minimum conjunction analysis was

computed as the intersection of the thresholded statistical

parametric maps.
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‘Social-cogni t ive networ k’ (SOC). Consistent activation

across the social-cognitive tasks was found in left dorso-medial

prefrontal cortex (DMPFC), the left precuneus, bilateral middle

temporal gyrus, anterior temporal cortex (ATC) and the temporo-

parietal junction (TPJ) area aswell asthe left superior frontal gyrus

(Figure 1, Table 1).

‘Emotional pr ocessing networ k’ (EM O). Consistent

activation across the emotional processing tasks was found in the

amygdala (AMY) bilaterally, the ventral (VS) and dorsal striatum

(DS) bilaterally, middle and superior temporal gyrus and insular

cortex, anterior cingulate cortex (ACC), posterior cingulate cortex

(PCC) and the precuneus, area V5 and fusiform gyrus (FG)

(Figure 2, Table 2).

‘Default mode networ k’ (DM N). Consistent task-induced

deactivation was found in PCC extending into the precuneus,

ACC, ventro- and dorso-medial prefrontal cortex, bilateral

supramarginal gyrus, bilateral TPJ, left superior and right

middle temporal gyrus, left middle occipital gyrus and left
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the emotional and social-cognitive tasks (SOC > EMO), comprise
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Brain regions, which showed consistent involvement both in the
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(SOC > DMN), comprise DMPFC, precuneus and the TPJ
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regions, which show consistent involvement across all different
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analysis demonstrate the involvement of DMPFC and the
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Figure 1. Significant results of the ALE meta-analysis for social
cognit ion tasks (SOC). All results are displayed on the left and right
lateral surface view, the anterior/posterior and dorsal/ventral view of
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Functional MR imaging: Network dynamics

Movement



Phänotyp

Konnektivität

Predicting individual traits from network dynamics
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Emotional instability (questionarire) Emotion processing network

Predicting individual traits from network dynamics



Social-affective network: Amft et al., 2014Cognitive action control: Cieslik et al., 2015

Working memory for actionsr = 0.51 r = 0.13

Predicting individual traits from network dynamics



The future of work – individual assessment by AI ? 

Disruptive potential

• Direct assessment of mental traits

• Objective and unbiased inference

• Not reliant on theoretical constructs

Broad perspectives 

• Medical focus funding-driven

• Target vector can be anything

• Inference on future outcomes
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