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How developmental dissociations can inform  
cognitive theories

A Vallesi*

Abstract
Introduction
The history of cognitive psychology 
is filled with examples of how theo-
ries of cognitive architecture can be 
informed by neuropsychological dis-
sociations. This brief review shows 
that developmental dissociations, 
which occur when different effects 
appear diachronically in cognitive 
development, are also a valuable 
source of theoretical insights for cog-
nitive psychology. However, similar 
to neuropsychological dissociations, 
developmental dissociations should 
also be treated cautiously, due to var-
ious methodological caveats (e.g. re-
source artefacts) that need to be tak-
en into account when used to make 
inferences on normal cognitive pro-
cesses. Even in the presence of these 
possible confounds, developmental 
dissociations may inspire new theo-
ries that should then be corroborated 
with additional, converging evidence. 
In one of the studies discussed in the 
review, for instance, it was suggested 
that different temporal preparation 
effects might depend on different 
cognitive systems, given that they 
followed different ontogenetic tra-
jectories. This working hypothesis, 
which was initially inspired by a de-
velopmental dissociation, was then 
substantiated by means of various 
dissociative approaches in healthy 
adults and patients.
Conclusion
Dissociations in developmental tra-
jectories may have a powerful heuris-
tic value in generating novel testable 

hypotheses and providing informa-
tion about cognitive functioning, not 
only in developmental stages but 
also in adulthood.

Introduction
Developmental dissociations occur 
when different behavioural effects 
produced in one or more tasks are 
shown to appear diachronically in 
cognitive development, as revealed 
either longitudinally by testing the 
same group of individuals at differ-
ent ages or, less ideally, cross-sec-
tionally across different age groups. 
Many other authors have previously 
used the term ‘developmental disso-
ciation’ both in clinical1,2 and in non-
clinical contexts3,4.

Although it would be more likely to 
observe developmental dissociations 
in the context of disabilities, the pre-
sent work focuses on the potential 
heuristic value of developmental dis-
sociations as observed in non-clinical 
populations. The rationale underly-
ing their use in cognitive neurosci-
ence is analogous to that underlying 
dissociations in neuropsychology5: 
when two effects have different de-
velopmental trajectories, it is reason-
able to hypothesise that they do not 
depend on the same system.

Discussion
The author has referenced some 
of his own studies in this review. 
These referenced studies have been 
conducted in accordance with the 
Declaration of Helsinki (1964) and 
the protocols of these studies have 
been approved by the relevant eth-
ics committees related to the institu-
tion in which they were performed. 
All human participants, in these ref-
erenced studies, gave informed con-
sent, or assent, together with their 

legal  representative’s  consent in case 
of children, to participate in these 
 studies.

Let us give an example of a simple 
developmental dissociation. New-
borns rely on vowels to encode word 
forms, as suggested by differential 
activation in functional near-infrared 
spectroscopy6, while children older 
than 1 year and adults prefer to use 
consonants for the same purpose7. 
These data demonstrate that children 
of different ages rely on different types 
of information, and possibly mecha-
nisms, for encoding speech items.

The logic underlying develop-
mental dissociations, however, is 
weakened by the same caveats that 
apply to neuropsychological dissoci-
ations obtained in lesion patients or 
healthy individuals undergoing tem-
porary disruptive stimulation such 
as transcranial magnetic stimulation 
(TMS) or transcranial direct current 
 stimulation.

We will start with the most im-
portant caveat concerning resource 
artefacts5. Suppose that two behav-
ioural effects A and B start to emerge 
at different ages, with the effect A ap-
pearing some years before the effect 
B. It can be inferred that the process 
underlying the effect A requires neu-
rocognitive mechanisms that mature 
earlier than that underlying the ef-
fect B. However, it is in fact possible 
to interpret this single developmen-
tal dissociation as due to a resource 
artefact: the process underlying the 
two effects may be the same, but 
these effects need different levels of 
general processing resources. The 
processing resources available to 
young children may suffice for the ef-
fect A to appear, but they may be inad-
equate for the effect B, which would 
appear when maturation will make 
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holds. As a first example, I would like 
to present some data concerning the 
variable foreperiod (FP)  phenomena. 
When the preparatory period (FP) 
between a warning and a target 
stimulus is randomly but equiprob-
ably administered from a range of 
possible FPs, two basic phenomena 
occurs: response times are longer as 
the current FP increases (FP effects) 
and as the preceding FP increases 
(sequential effects).

In a developmental study of prepa-
ration over time16, the specific mod-
els to be tested were a trace condi-
tioning single-process account17 and 
strategic dual-process accounts18 of 
the FP and the sequential effects. It 
should be noted that neither of these 
accounts predicts that the FP effect 
and the sequential effects differ sub-
stantially on the required resources.

On the conditioning view, the re-
sources necessary for the two effects 
should be identical, just because the 
two effects are supposedly due to the 
same conditioning mechanism: re-
peating a FP reinforces the prepara-
tory level associated to it, whereas 
overcoming a FP with a longer one 
during a trial extinguishes its associ-
ated preparatory level (see Los and 
van den Heuvel17 for details).

On the classical strategic view18, 
people expect a repetition of FPs 
from one trial to the next one and, if 
this repetition does not occur, they 
can strategically re-prepare (or main-
tain preparation over time) when an 
expected short FP is overcome by a 
longer one. Note that since these stra-
tegic views assume that the two pro-
cesses underlying the FP phenomena 
(FP repetition expectation and main-
tenance/re-preparation) are both 
strategic, there is no evident reason 
why these two processes should dra-
matically differ in the amount of the 
resources required.

Two opposite predictions about 
the developmental time course of 
the two effects could be derived 
from these two accounts. A parallel 
development of the two effects was 

and adults showed a double dissocia-
tion. In children,  performance on a 
 cognitive flexibility task (i.e. switch-
ing between rules) was more im-
paired than performance on a work-
ing memory task (with increasing 
working memory load). For adults, 
the working memory task was rela-
tively more difficult than the cogni-
tive flexibility task. In that case, it 
was not possible to interpret the im-
pairment of children in the cognitive 
flexibility task as due to the fact that 
it was generally more difficult than 
the working memory task. This hy-
pothesis is indeed disconfirmed by 
the fact that adults found the work-
ing memory task relatively more dif-
ficult than the cognitive flexibility 
task. On the other hand, it is possible 
to assume that the cognitive flexibil-
ity task was more impaired in young-
est children tested in that study be-
cause the frontoparietal network 
and related processes critical for this 
task9,10 were not yet fully developed 
in that age group.

Another important interpreta-
tional caution derives from the ob-
servation that double dissociations 
per se do not warrant the existence 
of different modules5,11. Computa-
tional modelling has extensively 
demonstrated that it is possible to 
obtain double dissociations in both 
mature (adult) and developmental 
(children) systems by simply lesion-
ing different portions of a single in-
tegrated mechanism12–15. Therefore, 
the observation of a developmental 
dissociation, even if in the form of a 
more ‘elegant’ double dissociation, 
should be taken as tentative and 
needs to be corroborated by more 
convincing evidence of the existence 
of different modules originating from 
some other methods.

Nevertheless, even when a pattern 
of age-related double dissociation is 
not found or, if found, does not war-
rant the existence of different mod-
ules, the heuristic value of develop-
mental dissociations in testing and 
generating specific hypotheses still 

more resources, such as  enhanced 
basic perceptual and motor pro-
cesses or strategies, available4. In the 
above example6, a resource artefact 
account is very likely to explain the 
data. The immature perceptual sys-
tem of newborns would more easily 
encode (and remember) vowels than 
consonants, given that the former 
produce a greater amount of energy 
than the latter (vowels being louder 
and lasting longer than consonants), 
while to rely on the more informative 
but less salient consonants to encode 
words would require a more mature 
auditory system.

This caution should be taken in 
serious consideration when infer-
ences are drawn from a developmen-
tal  dissociation. One way to partially 
overcome this problem is to check 
whether there is a double dissocia-
tion with data obtained from older 
children or adults. A double dissocia-
tion would occur when (i) a behav-
ioural effect A is present in younger 
children and another effect B is ab-
sent or present at a smaller extent 
and (ii) the effect A is relatively less 
pronounced than the effect B in older 
subjects (contrary to what happens 
in younger children). In the presence 
of a double dissociation, account-
ing for the developmental pattern in 
terms of an artefact of resources is 
likely to be inappropriate, since this 
would not fit with the presence of 
the more demanding effect B in the 
absence of the less demanding effect 
A in the older sample. One could still 
suppose that the process underlying 
the effect B acts by attenuating that 
underlying the effect A. However, this 
testable assumption still implies that 
the two effects are due to two distinct 
albeit interacting mechanisms.

Although an age-dependent dou-
ble dissociation is unlikely to occur, it 
has occasionally been found. David-
son et al.8 found exactly this pattern. 
In their study, different executive 
function tasks were administered to 
children from 4 to 13 years of age and 
to young adults. Younger  children 
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same critical regions are devoted 
to the processing of spatial, tempo-
ral and quantity information43. This 
 evidence inspired a model, A Theory 
of Magnitude (ATOM)44 according to 
which space, time and numbers are 
all represented by a common mag-
nitude system. This model in its first 
version implies a symmetric inter-
ference when information coming 
from one domain is conflicting with 
information belonging to the other. 
However, a recent study found that 
even kindergarten children have 
asymmetric interference from space 
to time, but not vice versa, an effect 
that does not change with age (i.e., 
absence of developmental disso-
ciation), suggesting that the spatial 
prevalence over time is robust to 
maturation45 and pushing towards a 
refinement of the ATOM model.

Another potentially confounding 
factor to consider in developmental 
dissociations is practice or frequency 
of exposure. In language acquisition, 
for instance, frequency may play a 
role as to when a particular syntac-
tic construction is acquired. The fre-
quency of errors in producing irregu-
lar past tenses in English is positively 
correlated, among other factors, with 
word frequency46. Another example 
in this respect comes from a study 
by Carlesimo et al.47. This study fo-
cused on verbal repetition priming, 
which was operationalised as a re-
sponse time advantage in completing 
fragments to form words that have 
been previously encountered and 
implicitly encoded than in complet-
ing fragments using new words. Two 
contrasting theories account for this 
effect by supposing that it originates 
either (i) from re-activation of previ-
ously established long-term memory 
representations in the input lexicon 
or (ii) from the formation of new epi-
sodic memory traces when the word 
is first encountered in the experi-
mental context.

Children represent an ideal ex-
perimental model to test these two 
theories. They acquire the auditory 

consciousness in these young chil-
dren: rule  knowledge (present) 
and rule implementation (absent). 
A single consciousness system was 
hypothesised by early information-
processing models26,27. However, the 
developmental data discussed above 
suggest that there may be several 
levels of consciousness progressively 
accessible at different developmental 
stages28.

Although initially proposed to ex-
plain developmental data, this model 
could potentially hold in adulthood 
as well. One example is anosognosia, 
the incapacity to recognise one’s own 
deficit in performing a task although 
the task rules are perfectly known. 
This cognitive syndrome occurs after 
damage to certain brain regions, such 
as the right parietal lesions underly-
ing neglect or pre-motor damage 
underlying hemi-paresis. A similar 
 dissociation between knowledge and 
behaviour is frequent with frontal 
lobe lesions29,30. The same dissocia-
tions also occur in healthy adults in 
conditions with effortful process-
ing and increasing task rules31. It 
has been observed that, albeit adult 
individuals are able to correctly de-
scribe different task components, 
they do not actually implement one 
component when performing a com-
plex task, a phenomenon called ‘goal 
 neglect’32.

Many other studies have reported 
potential differences in the devel-
opmental trajectory of various ex-
ecutive functions33–37, thus indirectly 
favouring models that suggest a frac-
tionation of executive functions38–40 
over those that propose a more uni-
tary view41.

Not only could the presence of a 
developmental dissociation but also 
its absence sometimes be revealing. 
As an example, there are sugges-
tions that space and time process-
ing develop together, which derive 
from studies investigating analogous 
magnitude processing in animals 
and children42, and from neuropsy-
chological findings showing that the 

 expected by the conditioning view 
given that it claims that they rely ex-
actly on the same mechanism. The 
strategic view would predict no in-
teraction during early developmen-
tal stages, or if one mechanism (FP 
repetition expectancy) occurs with-
out the other (re-preparation/main-
tenance), a crossover interaction 
between current and preceding FPs 
(i.e. faster Response Times for short–
short and long–long FP sequences 
than for long–short and short–long 
ones).

Neither of these patterns was ob-
served, since parallel sequential ef-
fects were found in 4-year-old chil-
dren in the absence of a current FP 
effect: response times were longer 
for both short and long current FPs 
when the preceding FP was long than 
when it was short. Therefore, the de-
velopmental dissociation approach 
was useful to disconfirm two hypoth-
eses and to put forward a new test-
able double-process hypothesis: the 
FP effect is due to more controlled, 
prefrontally dependent mechanisms, 
while more automatic, premotor-
based mechanisms produce sequen-
tial effects. This model was then cor-
roborated by means of other more 
traditional dissociative methodolo-
gies, such as dual-task interference19 
or neuropsychological20, TMS21 and 
functional magnetic resonance imag-
ing dissociations22.

As another example, the author 
presents a developmental study on 
a dimensional change card-sorting 
test23. Children of different ages were 
asked to sort a series of bivalent test 
cards according to one of two dimen-
sions (e.g. colour or shape). After a 
certain amount of practice, they were 
required to sort cards according to 
the other dimension. Three-year-old 
children did not switch to the other 
dimension and perseverated on the 
first one4,24,25. When explicitly asked 
about the post-switch rules, chil-
dren demonstrated that they had 
understood them. Thus, a dissocia-
tion occurred between two  levels of 
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working hypotheses and advancing 
neuroscientific knowledge.

Abbreviations list
ATOM, A Theory of Magnitude; FP, 
foreperiod; TMS, transcranial mag-
netic stimulation; RTs, Response 
Times.
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