
 
 
 
 

Heriot-Watt University 
Research Gateway 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

Characterising developmental disorders: Towards better group
comparisons in developmental research

Citation for published version:
Rajendran, G, McKenna, PE & Corley, M 2022, 'Characterising developmental disorders: Towards better
group comparisons in developmental research', Methods in Psychology, vol. 7, 100101.
https://doi.org/10.1016/j.metip.2022.100101

Digital Object Identifier (DOI):
10.1016/j.metip.2022.100101

Link:
Link to publication record in Heriot-Watt Research Portal

Document Version:
Publisher's PDF, also known as Version of record

Published In:
Methods in Psychology

Publisher Rights Statement:
© 2022 Published by Elsevier Ltd.

General rights
Copyright for the publications made accessible via Heriot-Watt Research Portal is retained by the author(s) and /
or other copyright owners and it is a condition of accessing these publications that users recognise and abide by
the legal requirements associated with these rights.

Take down policy
Heriot-Watt University has made every reasonable effort to ensure that the content in Heriot-Watt Research
Portal complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact open.access@hw.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

Download date: 23. May. 2023

https://doi.org/10.1016/j.metip.2022.100101
https://doi.org/10.1016/j.metip.2022.100101
https://researchportal.hw.ac.uk/en/publications/8b6a36d6-0121-4525-b97b-b1d356542c76


Methods in Psychology 7 (2022) 100101

Available online 29 September 2022
2590-2601/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Characterising developmental disorders: Towards better group comparisons 
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A B S T R A C T   

Investigating a developmental disorder (DD) must consider three questions: 1) Who are you measuring? 2) How 
are you measuring? and 3) What are you measuring? The decisions made – from selecting an appropriate 
comparison group and deciding what to match on, to the very measurements and statistics we use – directly 
inform the characterisations of a DD. We discuss the implications of these decisions through a critique of ap-
proaches: Including coping with heterogeneity, group matching and the importance of studying processes as well 
as outcomes. Our aim is to help researchers navigate this field of research and make informed decisions.   

1. Background 

The definitions of developmental disorders (DDs) have come under 
intense scrutiny in recent years. The Fifth Edition of the Diagnostic and 
Statistical Manual of Mental Disorders of the America Psychiatric As-
sociation (DSM-V, APA, 2013) includes definitions of core deficits which 
have been described as “at best, a dictionary, creating a set of labels” by 
funding agencies such as the National Institute of Mental Health (NIMH, 
Insel, 2013). In the UK, the British Psychological Society’s Division of 
Clinical Psychology has disavowed the medical model of disorders such 
as ADHD (British Psychological Society, 2013). So, even after decades of 
empirical research into DDs we are still trying to reach a consensus as to 
their nature. 

The emphasis on empirical investigation of the differences between 
those considered to have a developmental disorder (DD) and their 
typically developing peers dates from the 1960s (e.g. Hermelin & 
O’Connor, 1967). Among the successes of this approach has been a 
better understanding of the behavioural phenotypes associated with 
different DDs, for instance in terms of memory, language and percep-
tion. While acknowledging new insights, it is also important to recognise 
that the empirical approach is confounded by the theory of the DD that 
you are investigating – and, so, may only offer a narrow interpretation of 
DD individuals’ abilities. For example, in research into autism spectrum 
conditions (henceforth, autism), supporters of perceptual theories argue 
that ‘social-first’ models (e.g. the theory of mind deficit model), “… 
appear to us too narrow to encompass the entire range of positive 

symptoms or the enhanced performance of savant and non-savant au-
tistics” (Mottron et al., 2006, p. 29). Even theoretically sound, 
well-crafted, and empirically robust experiments can fail to capture the 
essence of atypicality. 

Here, we address this issue and explain why difficulties in charac-
terising a developmental condition are inherent when making an 
empirical comparison between groups. We consider both experimental 
and statistical control for inter-group differences. We point out that even 
if pitfalls can be avoided, the decision of what to control for and why to 
control for it is theoretically grounded – and that without this 
acknowledgement researchers may fall foul of circularity, by eventually 
finding exactly what they were looking for. 

2. Paper rationale 

Every child develops differently. Children typically begin to say their 
first word around the time of their first birthday. However, some chil-
dren utter their first word at 10 months and others at 15 months (Saxton, 
2010). The ages at which children first walk, read, or perform any one of 
a myriad of other everyday physical and cognitive feats, and the speeds 
at which their new skills develop, vary equally widely. Despite this 
heterogeneity, some children’s development is clearly outside the norm. 
Whereas it is relatively easy to establish that a child with autism or with 
Williams Syndrome is ‘different’, the very heterogeneity of development 
makes it difficult to determine in exactly what way they are different, or 
to infer the underlying cognitive skills that are affected. 
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This paper is not about how to determine whether an individual child 
has a DD; rather, it asks how – given a diagnosis – we can effectively use 
research methods to generate a better understanding of the ways that 
groups of children differ from the norm. We start with the generally 
accepted causal pathway to developing a developmental disorder, i.e., 
that it entails biological and/or environmental disruption during 
defined periods in development, with an outcome that has long-term 
functional consequences (Leonardo and Hen, 2008). However, experi-
ments investigating the ways in which atypical pathways are different 
from normative pathways require the researcher to avoid several po-
tential pitfalls; even in the best case, an experiment requires a theory 
about the ways in which a developmental pathway can differ. Moreover, 
it important to appreciate that DD experiments are not true experiments 
because participants cannot be randomly assigned to treatment groups – 
and this has implications in, for example, trying to covary out any dif-
ferences (see section 4.2, Factoring out differences). 

So, while a clinician may instinctively recognise that a child presents 
atypical behaviour or cognition, it is up to the DD researcher to capture 
this atypicality with carefully designed experiments. Once these exper-
iments have been conducted, the insights and conclusions that follow 
should be representative of the data and – importantly – be interpreted 
with caution. To clarify, our message is not that most extant DD research 
has been poorly executed. It is that research in this domain is a minefield 
that requires careful navigation, and that there is no ‘perfect’ solution. 

In the following section, ‘Who are you measuring?’ we discuss the 
challenges of experimental control; chiefly, those related to group 
matching. 

3. Who are you measuring? An issue of experimental control 

3.1. Issues of recruitment and heterogeneity 

Baron-Cohen et al. (1985) proposed that autism could be explained 
as a deficit in theory of mind (ToM: “the active process of inferring a 
particular mental state in a particular context”, Perez-Osorio et al., 
2021, p.317). Therefore, a defining aspect of using such a developmental 
deficit model for a DD is that it is comparative: i.e., it is only under-
standable with reference to a non-deficit ‘norm’. So, identifying the 
appropriate groups for comparison1 and determining the aspects of 
development that can be compared is a problem with far-reaching 
consequences but with no unique solutions. Key questions that are 
often addressed using comparator groups include those of uniqueness (i. 
e. is a deficit associated with a specific disorder and that disorder alone), 
universality (does a deficit apply to all individuals who have been iden-
tified as having a specific DD), and domain-specificity (whether deficits in 
particular tasks are tied to specific modalities). 

In reaching conclusions, researchers must find solutions to two 
problems intrinsic to DD research. The first is that individuals recruited 
for a DD study tend to be heterogeneous and this problem is exacerbated 
because people with a DD are relatively rare. This means that recruit-
ment is resource-intensive and often opportunistic. The second is that 
the characteristics of a DD may not be fixed, but may vary over time (e.g. 
Järvinen-Pasley et al., 2008). Both issues have consequences for the 
selection and matching of control groups, affecting what is meant by 
‘typical’ development. For example, typical development might be 
characterised as an average across diverse developmental trajectories 
(Pennington et al., 2007). We discuss several solutions to control group 
selection below. 

3.2. Group matching challenges 

Group matching is important for the issue of uniqueness, also known 

as the ‘discriminant validity problem’. Here, researchers need to be 
confident that the phenomenon under investigation relates to the 
particular disorder under inquiry and not to other populations. Also, 
several practical factors drive the creation of experimental designs when 
investigating DDs. One of the most important considerations is the dif-
ficulty of recruiting special populations. 

Developmental Disorders vary greatly in their prevalence: for 
example, Williams syndrome (a genetic condition resulting from dele-
tion of approximately 26 genes on the long arm of chromosome 7) is 
thought to occur relatively rarely (1 in 7500 to 20,000 people: see 
Martens et al., 2008, for a review) compared to autism (1 in 100: Baird 
et al., 2006; see Elsabbagh et al., 2012 for world-wide variations). This 
means that clinical groups recruited to DD research are often opportu-
nity samples and are, therefore, composed of a wide age-range of par-
ticipants even when the focus is not on age-related differences per se. 
This mixture of age-ranges (and other individual characteristics like IQ) 
within the focal group is not ideal but is often the reality of both the 
disorder and the finite resources a researcher has in terms of recruit-
ment. In this context, it is important to ensure that the data obtained 
from DD individuals is maximally able to provide insight into the dis-
order under investigation. 

Even when high numbers of participants can be recruited, the profile 
of DD can be very ‘uneven’. For example, Dawson et al. (2007) 
demonstrated that participants with autism performed well at a spatial 
intelligence (Block Design) task relative to other measures of intelli-
gence. Here, matching2 TD controls to DD participants is difficult, 
because it is unclear which aspects of the DD performance profiles 
represent an ‘underlying competence’. So, a key question might be 
whether matching is best done using a Wechsler Test of Intelligence (e.g. 
WASI-II, Wechsler, 2011), or Raven’s Progressive Matrices (Raven et al., 
1998). This issue is neither unique to autism nor to IQ measures: For 
example, individuals with Williams syndrome are often less proficient at 
tasks involving visual–spatial cognition, but tend to be relatively good at 
face processing (e.g. Järvinen-Pasley et al., 2008). 

There are also substantial inter-individual differences in DD; for 
example, autism is a spectrum condition (Wing and Gould, 1979; Rob-
inson et al., 2016), where individuals can be with or without an addi-
tional structural language impairment (Norbury, 2005; see below for 
broader discussion). Even in single gene developmental disorders, there 
can be substantial variation; for example, the intellectual disability in 
individuals with Fragile X syndrome (caused by the silencing of a single 
gene on the X chromosome: Cornish et al., 2008) also lies on a spectrum. 
In research, heterogeneity is an ever-present challenge for comparison 
group matching (Georgiades et al., 2013) – and the heterogeneity of the 
focal clinical group often means that the researcher has to go to great 
lengths to find a ‘twin’ match for each focal group member. 

At first glance, looking for individual matches to comprise the 
comparison group (i.e. finding a series of suitable ‘twins’) might seem 
uncontroversial. However, there is no sensible definition of what a ‘twin’ 
is. This is because the notion of a ‘twin’ requires an a priori theory of the 
nature of the DD under investigation; that specific cognitive variables 
are definitional features of the DD in question, for example through the 
diagnostic criteria in DSM-V (APA, 2013) or The International Statistical 
Classification of Diseases and Related Health Problems (World Health 
Organization, 2019). Moreover, not all matches are equal: In choosing a 
comparison group one is unlikely to be matching the ‘twin’ based on 
height. More likely they will be matched on characteristics such as IQ, 
verbal ability, gender, or calendar age. 

Even if we accept the possibility of matching on ‘non-definitional’ 
characteristics, care should be taken about the concept of ‘matching’. 

1 E.g. Down’s syndrome and Typically Developing (TD) group in Baron--
Cohen et al. (1985). 

2 Historically, profile matching (such as through an IQ measure or other 
proxies for IQ, e.g. verbal mental age) has been conducted because an IQ of less 
than 70 implies an intellectual disability and, so, researchers have tried not to 
confound performance on a task with IQ (e.g. Hermelin & O’Connor, 1967). 
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The purpose of any statistical analyses here is to confirm, rather than 
disconfirm, the null hypothesis. For this reason, the criterion for 
claiming a match should not be lack of significance at α = .05, because 
the probability of a Type II error (rejecting the null hypothesis when it is 
false) can be unacceptably high at marginally non-significant values of p. 
Instead, it has been suggested that a p-value of > .50 indicates that the 
group distributions are sufficiently overlapping for the groups to be 
considered properly matched on a given variable (Frick, 1995; Mervis 
and Klein-Tasman, 2004). 

3.3. Methodological approaches to group matching 

The various sub-divisions of DDs in DSM exemplify the complexity of 
the current diagnostic systems. Currently, these systems may be of 
greater benefit to clinicians than researchers. This is because the diag-
nostic systems are purely descriptive, and geared to individual cases, 
whereas it is up to the researcher to determine what kind of DD group 
they are working with (language impaired, low intellectual functioning 
etc.) – and to operationalise them accordingly. For example, a researcher 
may define a language impaired group as evidenced by current scores of 
at least − 1.25 SD on the Recalling Sentences sub-test of the Clinical 
Evaluation of Language Fundamentals (CELF-4UK: Semel et al., 2004), 
or a high intellectual functioning group as indexed by a full-scale IQ of 
70 or greater. From these criteria, it is up to the researcher to match 
comparison group(s) accordingly. It is also worth noting here that 
clinical diagnostic tools themselves may not be objective, given that they 
were created with someone’s conceptualisation of what the disorder is. 
Ironically, the four cases that Asperger described in his seminal paper 
may not have even met the DSM-IV criteria for Asperger syndrome 
(Miller and Ozonoff, 1997). 

As an illustration of the complexities of group matching, we cite the 
work of Norbury (e.g. Norbury, 2005). Norbury argues that individuals 
with autism may differ depending on whether they have a coexisting 
language disorder or not. Her solution is a methodological one (rather 
than statistical) of recruiting a typical group, and three clinical groups: 
those with autism plus language impairment, those with autism without 
language impairment, and those without autism but with a language 
impairment. We argue that Norbury’s approach is a better solution 
despite being a more resource-intensive one, ‘partialling out language 
impairment’ at the group matching stage (i.e. language impairment is 
accounted for without using ANCOVA – see below for a more in-depth 
argument about the potential problems with ANCOVA when used in 
this way). 

However, the consequence of multiple-matching is that there may be 
a limited set of tasks available to all sub-populations (in the example of 
autism, tasks may not be equally accessible to language impaired and 
non-language impaired groups). This means that a researcher may miss 
out on much of the characterisation of these groups (language impaired, 
non-language impaired, low intellectual functioning, high intellectual 
functioning etc.). 

As an example of careful task choice, a longitudinal study tracked 
how the development of language interacted with the development of 
theory of mind (ToM) for three unique groups of children (autism, deaf 
children from hearing families [DoH], and TD) between pre-school and 
adolescence (Peterson and Wellman, 2019). The researchers acknowl-
edged that a fair group comparison required careful selection of 
assessment tools that would not put any group at a disadvantage. For the 
autism and TD groups language was assessed using the Peabody Picture 
Vocabulary Test Third Edition (PPVT-III; Dunn and Dunn, 1997). 
However, DoH children did not complete the PPVT because some test 
items had two meanings which would require them to spell out in sign 
language their answer to disambiguate double meanings. Therefore, 
DoH children’s responses would require greater effort in relative to the 
other groups, potentially underestimating their language ability. 
Instead, the DoH group completed the 22-item syntax subscale of the 
Clinical Evaluation of Language Fundamental – Preschool (CELF-P; Wiig 

et al., 1992), in which all items had a single meaning. Using these two 
standardised tests, Peterson and Wellman (2019) subsequently found no 
group differences in baseline language ability and, so, could investigate 
ToM with relative confidence that language ability would not explain a 
significant portion of ToM variance. Hierarchical regression revealed 
that the best predictor of ToM at adolescence was pre-school ToM score, 
showing that ToM developed with age in all three groups, despite their 
different developmental profiles. 

Where suitable tasks can be identified, it has been recommended that 
the DD group and controls are also matched on a ‘non-definitional’ 
feature of the task, such as response time to neutral practice trials 
(Jarrold and Brock, 2004). Doing this ensures that the conclusions 
drawn from the data are unlikely to contain artefacts from participants’ 
misunderstandings of the task’s instructions, or from execution re-
quirements (e.g. older participants may be slower to react during com-
puterised tests because they might be less familiar with some newer 
technologies). 

3.4. Final word on group matching 

In summary, we are in favour of group-matching, but believe care 
must be taken on 1) the measures used for matching, because assump-
tions about what might be “invariant” between groups are driven by 
theory; 2) the choice of control groups, acknowledging the heteroge-
neity of many DD diagnoses; 3) the choice of tasks, ensuring that tasks 
are accessible to all participants and that differences in performance are 
not driven by uncontrolled differences between participants. 

4. How are you measuring? An issue of analysis 

4.1. Using standardised scores 

One way of taking a more explicitly age-focused developmental 
approach is to compare the performance of individuals with a DD to TD 
population norms, using standardised tests. However, this approach has 
its own drawbacks. Consider IQ, which in DD research is calculated in 
the usual way, by using raw scores to create standard scores. However, 
these standard scores are derived from TD age-related population norms. 
So, if the IQ for someone with Down’s syndrome is calculated using 
WAIS-II (Wechsler, 2011), their score will be based upon normative data 
from a TD rather than a Down’s syndrome population. 

Despite these limitations, this method of comparing against stand-
ardised scores can be a useful one – especially when trying to delineate a 
profile associated with a particular DD. Taking a profile approach might 
be one way of looking for differences between disorders that show 
similar characteristics. An example of the profiling approach, using a 
standardised assessment tool, is work by Alloway et al. (2009). Alloway 
et al. delineated the Working Memory3 profiles of several DD using a 
standardised test, namely the Automated Working Memory Assessment 
(Alloway, 2007). Their samples included children with Specific Lan-
guage Impairment, Developmental Coordination Disorder (DCD), 
Attention-Deficit/Hyperactivity Disorder, and Asperger syndrome. 
These different DD profiles for verbal/visuospatial and 
working/short-term memory were compared and contrasted, showing 
that each DD was characterised by a distinctive Working Memory pro-
file; a profile that could explain aspects of their unique behavioural 
phenotype. 

In contrast, Dawson et al. (2007) showed that children with autism 
showed relatively elevated performance on the Block Design sub-test of 
the Wechsler Intelligence Scale for Children (WISC-III; Wechsler, 1991), 
in comparison to other subtests. However, the real strength of Dawson 

3 Rather than being represented by a single number, a working memory 
profile provides four measures: verbal working memory, visuo-spatial working 
memory, verbal short-term memory and visuo-spatial short-term memory. 
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et al.’s study was that the children were also tested with Raven’s Pro-
gressive Matrices (Raven et al., 1998). Dawson et al. found that children 
with autism had Raven’s Matrix scores that were on average 30 (and in 
some cases 70) percentile points higher than their scores on the WISC. 
The typically developing comparison children showed no such 
discrepancy. Dawson et al., therefore, argued that individuals with 
autism might not be disproportionately impaired on tests of fluid in-
telligence (like Raven’s Matrices) and that ‘autistic intelligence’ was 
typically underestimated if one used just the WISC. 

Using standardised tests as a profiling tool is, therefore, one avenue 
for taking a developmental perspective – through using age-derived 
norms. However, this method is not without its limitations. Generally, 
the scores come from a static representation of the endpoint of a process, 
or an ongoing representation of processing. So, in the case of intelligence 
tests, a participant’s score tells us neither about a child’s underlying 
understanding, nor their processing style. So, to find a someone’s un-
derlying competence, you would need to look the process by which they 
complete the task. For example, the relative success of individuals with 
autism on the Block Design4 might be due to their cognitive style 
(Happé, 1999) rather than their intelligence. When the 2-D pictures of 
the blocks were pre-segmented, the comparison group’s performance 
improved to a point where the group with autism were no longer su-
perior. Shah and Frith (1993) suggested that participants with autism 
perceptually segmented the designs, such that presenting the designs 
pre-segmented provided no further benefit. A similar example comes 
from individuals with William syndrome and their relative elevated 
performance on standardised tests of face recognition (Järvinen-Pasley 
et al., 2008). Their performance on this endpoint does not reveal if they 
process faces in similar or different ways to typically developing in-
dividuals (see Section 5 for a more in-depth discussion about Williams 
syndrome and face processing). 

Another criticism of using standardised tests is that a child’s devel-
opment is not tracked across time. So, this method cannot take into 
account that development might progress in a different way, for example 
via a differently-shaped trajectory than TD norms. As well as these 
conceptual points, there is also the issue of resources; i.e. creating 
standard scores is resource-intensive and usually done for psychometric 
test creation rather than experiments. One method that does gives age 
important credence, and one that can be used for experimental tasks, is 
that of using Developmental Trajectories (see Section 5). What follows is 
a discussion of a tool commonly used for matching, ANCOVA. 

4.2. Factoring out differences 

A frequently used statistical technique for adjusting for a priori group 
differences is through an ANCOVA analysis (see, e.g., Rutherford, 2001). 
Often, the language used to report ANCOVA hints at ‘controlling for’ 
variables such as IQ which may not have been successfully matched 
between groups. The problem with using ANCOVA in this way is that DD 
research is not truly experimental, because participants cannot be 
randomly allocated to treatment groups. Instead, research in this area is 
quasi-experimental and this has consequences for trying to ‘equalise 
variables’ which cannot inherently be equalised (Miller and Chapman, 
2001). Miller and Chapman cite Cohen and Cohen (1983), who provide 
an extreme example that highlights the illogic of trying to ‘control for’ 
intrinsic properties: “Consider the fact that the difference in mean height 
between the mountains of the Himalayan and Catskill ranges, adjusting 
for differences in atmospheric pressure, is zero!” (p. 425); the argument 
is that the mountain ranges cannot in any true sense be ‘equated’ by 
using atmospheric pressure as a covariate (see Vickers and Altman 
(2001) for a more typical and arguably less contentious use of ANCOVA, 

in treatment/intervention studies in which baseline scores are co-varied 
when comparing post-intervention scores). 

In their autism study, Rogers et al. (2008) do acknowledge the near 
impossibility of matching multiple groups on multiple variables and 
argue that co-varying verbal mental age was appropriate because it was 
the most conservative approach. More specifically, their findings were 
so robust that using ANCOVA did not remove the presence of group 
differences. That is, ‘controlling for’ language ability also risked 
removing some of the variance associated with dependent variable, but – 
in their case – the reduction was not enough produce a null result. 
However, for other studies an ANCOVA approach might risk producing a 
null result for reasons of a Type II error (rejecting the null hypothesis 
when it is false). Also, although Rogers et al. (2008) found a significant 
main effect, the use of ANCOVA could have removed enough shared 
variance to result in a Type II error and, so, explain the null finding for 
their interaction analysis. 

4.3. Final word on using standardised measures and ANCOVA 

In Summary, we advocate that 1) standardised measures like IQ can 
be used in DD research to help characterise particular samples of a given 
population and 2) a priori matching is a far better strategy for controlling 
group differences in ‘baseline’ variables than is using ANCOVA methods 
post hoc. 

5. What are you measuring? Finding the right metrics 

After formulating the design of a study, and deciding how to match 
groups, the next step is to ensure that the dependent variables are sen-
sitive and informative to the research objectives. Hypotheses focussed 
on potential deficits (absences), or delays (milestones reached later in 
time) predict quantifiable differences in outcome measures between DD 
and TD groups. Alternatively, searching for deviance places the emphasis 
on the cognitive process that the DD group uses, which may be quali-
tatively different from that used by the TD group. So, the con-
ceptualisation of what ‘difference’ entails will shape the design and 
outcome measures of an experiment. 

A cautionary tale about measurement comes from Williams Syn-
drome. Face processing in this condition seems relatively spared 
compared with visuo-spatial ability (Järvinen-Pasley et al., 2008; Mar-
tens et al., 2008; Tager-Flusberg et al., 2003). However, this may be 
misleading, because face processing is often measured using stand-
ardised tests, such as the Benton Face recognition task (Benton et al., 
1983) – and thereby seen through the lens of typically developing 
age-rated norms. However, when you look at the actual manner in which 
faces are processed (holistically or feature by feature), individuals with 
William syndrome may be recognising faces in a qualitatively different 
way from typically developing individuals (Annaz et al., 2009; Karmi-
loff-Smith, 2012; Leonard et al., 2011). For example, Riby et al. (2008) 
found that individuals with Williams syndrome showed greater accuracy 
than a comparison group in matching unfamiliar faces from internal 
features (cut outs of the faces including the eyes, nose and mouth) than 
external features (what was left after the internal features had been cut 
out: i.e. hair, eyes, chin). Note also that each participant with Williams 
syndrome was individually matched to three typically developing par-
ticipants on one of three measures: verbal ability, nonverbal ability and 
calendar age. 

As mentioned earlier, standardised scores offer limited insight to an 
individual’s subjective processing, because scores come from very end of 
the cognitive process: e.g. comparing memory for faces using the Benton 
Face recognition task. But because there is an underlying process, there 
are intermediary points at which a measurement could be taken (e.g. eye 
tracking would indicate what percentage of the time looking at faces is 
actually spent looking specifically at the eyes). Norbury (2014) argues 
for the use of eye-tracking in understanding the process of language 
production. For example, using the ‘visual world’ paradigm (Tanenhaus 

4 This test forms part of the Wechsler Intelligence Tests in which participants 
must copy – under time pressure – a design presented to them using cubes with 
differently patterned faces. 
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et al., 1995), Norbury and colleagues investigated the link between vi-
sual attention and language processing (e.g. Brock et al., 2008; Norbury 
et al., 2009). Brock et al. (2008) used the fact that eye-movements are 
sensitive to both semantic and phonological cues (e.g. on hearing the 
phrase ‘‘eat the cake”, participants tend to look towards a picture of a 
cake even before the onset of the word “cake”; on hearing “beetle”, they 
look more at a beaker than at a phonologically unrelated object like 
“carriage”). Utilising these phenomena, Brock et al. (2008) found that 
task performance was predicted by children’s language ability, but not 
by an autism diagnosis. 

5.1. Developmental trajectories 

In terms of measurement, arguably the most important measure in 
understanding DD is change over time. After all, DDs may be revealed in 
millisecond-by-millisecond behaviour during experiments, but it may be 
equally important to take observations over months and years. 

The Developmental Trajectory (DT) approach (Cornish et al., 2007; 
Karmiloff-Smith, 2009; Thomas et al., 2009) makes development the 
central issue, compared with the ‘standardising’ approach (see above) 
by making time the central consideration. In charting DD performance 
using standardised tests, performance of the person with DD can be 
derived from comparison with an age equivalent (e.g. Mental Age [MA]) 
control. However, the DT approach is more sophisticated because by 
testing participants from a range of ages one can derive a trajectory for 
one group of participants for a particular experimental task. Because the 
researcher simply needs an age range of participants to derive a tra-
jectory, this method is suitable for either cross-sectional designs, lon-
gitudinal data, or a combination of cross-sectional and longitudinal. 
However, there are caveats with this method because the DT approach 
tends to use linear methods, when the relations may in fact be 
non-linear. Nevertheless, the DT approach does allow for useful 
comparisons. 

Once a DT of the comparison group has been derived, the researcher 
can then choose to make one of three types of comparisons between the 
DD group and the comparison group’s trajectory: 1) a theory neutral 
comparison, 2) to construct and compare trajectories for the DD group 
and the comparison group, 3) to construct trajectories using different 
‘time’ axes (e.g. measures based on Mental Age, rather than Calendar 
Age). 

For the theory neutral comparison a question can be asked about 
where a single individual in the DD group can be placed on the com-
parison group trajectory. This first approach is, thus, in essence, stand-
ardising the task against chronological age and asking, “where does this 
person with DD fit in relation to TD age norms?” 

For the second type of comparison, the entire DD group is compared 
with the control group trajectory, and so clear links can be made be-
tween performance on the experimental task and age. In this method, 
the trajectories of experimental and control groups can be compared to 
determine if there is a delay in onset, or a slowed rate of development 
(see Thomas et al., 2009, for the various slopes associated with different 
types of trajectories). The issue here is that someone still must make a 
decision about where to ‘anchor’ the trajectories relative to each other. 
So, an a priori decision – based upon a prior theory – has already had to 
be made about the ‘expected’ outcome. 

For the third type of comparison – concerning developmental aspects 
– a separate trajectory can be created against different age-related 
measures. So, in the case of autism with comorbid intellectual 
disability, the participant’s mental age (MA) is likely to be lower than 
their calendar age (CA). In this case, a comparison of this type would be 
useful because then the trajectory for a given task against MA could be 
compared against the equivalent TD trajectory. This is beneficial 
because the researcher can see whether task performance is in conso-
nance with the standardised measure used. 

Task selection is critical because you need to have a theory about the 
tasks that should be affected by MA but not by the DD under 

investigation (see section 4.1 for further discussion). Plotting task per-
formance against each participant’s MA should ‘normalise’ the DD tra-
jectory so that it ‘lies on top’ of the TD trajectory. If this third kind of 
comparison is not made, the researcher is making an assumption that the 
standardised measure is a good measure for matching the participants, 
which it may not be. This style of DT comparison is a way of confirming, 
rather than assuming, that this is the case. 

A useful aspect of the DT approach is data visualisation. That is, 
plotting performance against CA and/or MA allows the researcher to 
visualise the relative performances of the DD and TD groups over time. 
Plots like this also allow the researcher to visually examine the within- 
group and between-group variability, as well as to question whether 
the relationship between task performance and age has a linear rela-
tionship, or another kind of relationship. Work on phonological pro-
cessing and reading in dyslexia by Kuppen and Goswami (2016) neatly 
demonstrates the power of plotting DT. By visualising task performance 
against CA between experimental groups these authors were able to 
identify, for example, which of the assessed skills were delayed (as 
shown by a similar gradients and poorer performance) or atypical (as 
shown by a group’s flatter gradient and poorer performance). This 
allowed Kuppen and Goswami (2016) to discriminate unique abilities 
between children with dyslexia and age-matched low IQ poor readers 
(LIQPR), showing that phonological awareness – as measured by an 
onset oddity task – was delayed in LIQPR, but atypical in dyslexia (see 
Fig. 1). 

An important limitation of the DT approach is that the experimental 
task needs to be suitable for a range of ages (and potentially for studies 
including both children and adults), with neither floor nor ceiling effects 
for the age range under investigation. This means that some tasks will 
not be suitable for this method, especially those tasks that have a very 
narrow age range window of performance (e.g. the DT approach would 
be inappropriate for first-order tests of false belief, because such tests are 
usually passed around the fourth birthday – Wellman et al., 2001). 

Finally, it is important to note that the DT approach – and for that 
matter other methods/analyses – need not be done on their own. So, the 
DT method can be done in addition to a matching method. The DT 
method arguably is most useful when investigating potential develop-
mental delays. That is, because the DT method involves tracking change 
over time, it is a very useful not only for detecting delays (in reaching 
developmental milestones), but also in saying what the exact nature of 
those delays might be. 

Fig. 1. 51 Performance on onset oddity task against between: 1A) Children with 
Dyslexia (x and dotted line) vs CA matched TD (o and continuous line); 1B) Low 
IQ Poor Readers (x and dotted line) vs CA matched TD (o and continuous line). 
Plotted trajectories incorporate all data points while linear equations reflect 
relationship starting from youngest disorder age (Kuppen and Goswami, 2016). 
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5.2. Final word on finding the right metrics 

In summary, we suggest that 1) researchers investigate the process 
(the how) that someone with a DD might use to complete a task and not 
draw conclusions solely on the task outcome (the how good) and that 2) 
DT methods can be used to help researchers decide what they should be 
measuring from the outset – thereby helping them make meaningful 
comparisons to non-DD groups; DT plots can present these comparisons 
in a visually intuitive way. 

6. Conclusions 

The question of what it takes to characterise a DD interleaves three 
questions: 1) Who you are measuring? 2) How are you measuring? and 
3) What are you measuring? 

6.1. Who are you measuring? 

For DDs that are neurogenetic (e.g. Down’s syndrome, Williams 
syndrome, Fragile-X syndrome etc.) it seems easier to make the case that 
you have a population that has been objectively defined. For DDs that 
are behaviourally diagnosed, however, the criteria for diagnosis are in 
themselves a theory of the disorder in question. So, there can be no 
theory-neutral behavioural diagnosis, either in terms of a diagnostic 
system or a specific diagnostic tool. Further, DDs that are behaviourally 
defined and that are strongly associated with a treatment (e.g. ADHD) 
might even be at risk of being defined by their treatment (Methylphe-
nidate in the case of ADHD) than by a theory. So, the very choice of how 
to define your DD population has implications for what conclusion you 
can draw. 

6.2. How are you measuring? 

There is no easy answer about whom to choose as comparison par-
ticipants – and this choice is often a balance between an ideal and the 
reality of having finite resources. Nevertheless, from the very outset, the 
choices you make about the composition of the comparison group stem 
from your theoretical or a priori conceptualisation of the DD in question. 
For example, if autism is considered a disorder in which a particular 
aspect of language is impaired (e.g. specific language impairment), then 
a [specific] language impaired comparison group is usually chosen and 
the various groups are matched on appropriate language-based mea-
sures. If individuals with Williams syndrome are considered to be 
disordered in their ability to process faces – and that this is not as a 
consequence of their lower than average intellectual ability (see Martens 
et al., 2008, for a review) – then a mental age-matched comparison 
group and a calendar age-matched comparison group might be chosen 
(e.g. Deruelle et al., 1999; Gagliardi et al., 2003) to tease out the po-
tential effect of intellectual disability on face recognition. As such, we 
advocate the use of experimental design – through strategic recruitment 
of ability groups (e.g. autism, autism with language impairment, lan-
guage impairment, and TD controls) – rather than statistics (like 
ANCOVA) to investigate characteristics of a DD. 

6.3. What you are measuring? 

Time is arguably the most important measurement in understanding 
DDs. However, trying to understand development over time in a DD has 
its pitfalls. For example, in using a developmental trajectory approach a 
comparison group still has to be matched on a priori theoretical as-
sumptions about the nature of the disorder. 

A potentially better way to understand DDs is to think of measure-
ment over the duration of a cognitive process. So, standardised measures 

such as IQ (WASI-II, Wechsler, 2011) and memory for faces (Benton 
et al., 1983) measure the end points of the process – i.e. these tests assign 
a numerical value to a particular ability or skill. Conceivably, mea-
surement can take place at any point in the process. For example, 
capturing the process by using, for example, eye tracking might indicate 
any deviancy in how a task is performed. So, some individuals might 
process faces in a feature-based way, while others do it holistically – yet 
both score the same in a test of face recognition. So, here a clear 
distinction needs to be made between process and outcome. 

6.4. Summary 

In summary, we argue that there is no theory-free characterisation of 
a DD and that this definition becomes even harder when the DD does not 
have a clear genetic basis. So, for behaviourally-defined DDs, this has 
implications for diagnosis – in that diagnosis is itself just a theory. 
Hence, it is important to acknowledge that the recruitment of both focal 
and comparison participants pre-supposes a theory/assumption from 
the outset about how you characterise that DD. 

We also argue that it is important to distinguish process from 
outcome. So, there is more than one way of measuring performance for a 
given task, and that these may provide different answers. For example, 
using the outcome (e.g. IQ score, face recognition score) in isolation 
might be misleading because the way in which an outcome is achieved 
might be deviant from the norm for a particular DD. Hence, the mea-
surement tool must not only be fit for purpose, but it must also be made 
explicit whether the tool is measuring a process or an outcome. 

Further, we argue that comparison group matching needs to be 
carefully thought through. A balance needs to be sought between the 
resources required to find appropriately matched participants a priori 
and the pitfalls of trying to statistically control for differences post-hoc, 
and on matching criteria ‘p > .05’ is not the same as ‘these are the same’. 
In particular we suggest that ANCOVA should be avoided if at all 
possible and especially so in equating behavioural outcomes. 

In sum, DD research is challenging, but the issues discussed here are 
a way of making informed decisions about comparison group composi-
tion, matching criteria, choice of dependent measures, choice of ana-
lyses etc. So, that researchers can make pragmatic designs decisions as 
well as drawing measured conclusions. 
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