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On the Developmental Trajectories of Relational Concepts
Among Children and Adolescents With Intellectual
Disability of Undifferentiated Etiology

Bruno Facon, David Magis, and Yannick Courbois

Abstract

The aim of this study was to examine the developmentalftrajectories 6f comprehension of
relational concepts among 557 participants with ‘intellectual “disability’ (ID) of
undifferentiated etiology (M age = 12.20 years, SD = 3.18) and 557 typically developing
(TD) participants (M age = 4.57 years, SD = 0.80). Logistic regression analyses, with
nonverbal cognitive level entered first in the equations, showed only negligible differences
with regard to the discriminative power of each of'the, 72 concepts sised as outcome
variables, and moderate differences in_difficulty™for only thice itemse/A " moderate mixed
effect (i.e., combining a group difference in difficulty and discriminative power) was
observed for a fourth item. It is coneluded that the deyelopmental trajectories of relational
concepts are similar for participants with or without ID. The implications and limitations
of the study are discussed.

intellectual disability, item analysis, relational véeabulary, differential item functioning,
developmental trajectory

Keywords:

The study of ifitellectual disability (ID) has
undergone a major change in thie last decade With
emphasis focused ingreasingly on the evolving
nature offphéfiotypes and, therefore, reaffirming
the importance of\development in the study of
peodple” with ID. Indeed, “until, recently, the
concept of phenotype has often thad a static
connotation, as if the peculiar characteristics of
each persongwith ID were stable over time and,
thus, would necessarily be observed at any and all
points of development. This “static” view of
psychologieal ‘profiling (Karmiloff-Smith, 2011;
Knowland & Thomas, 2011), encouraged by single
age-point matching studies (Thomas et al., 2009) is
now seriously challenged by the trajectory ap-
proach towards developmental disorders, whose
two main principles are (1) phenotypes evolve in
the course of development, and (2) no convincing
explanation for a given phenotype can be
provided without tracing the developmental
course of each of its components (Annaz et al.,
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2008; Dykens et al., 2000; Elsabbagh & Karmiloff-
Smith, 2012; Karmiloff-Smith, 1998, 2011; Know-
land & Thomas, 2011; Thomas et al., 2011). From
a methodological standpoint, the developmental
trajectory approach consists of building an alge-
braic function linking chronological age, develop-
mental age, or any other measure, with scores
obtained on standardized tests, experimental tasks,
or neurophysiological variables. The slopes and
intercepts characterizing participants of the target
and control groups are then statistically compared
to determine whether the developmental trajecto-
ries differ importantly (Thomas, 2016; Thomas et
al., 2009).

Most studies conducted within the develop-
mental trajectories framework can be described as
“molar” in the sense that their dependent
(outcome) variables are usually global scores
derived from psychometric tests. Yet, even the
most specific tests, that is, those designed to
measure narrow dimensions of psychological
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development, will always have a composite nature.
For example, despite their seemingly homoge-
neous content, receptive vocabulary tests such as
the Peabody Picture Vocabulary Test (PPVT;
Dunn & Dunn, 1997, 2007) evaluate a variety of
word types. One can distinguish, for example,
words belonging to different lexical or part-of-
speech categories such as nouns, verbs, and
adjectives (e.g., padlock, share, furious); root and
inflected words (e.g., mason, fragment vs. cluttered,
lubricated); concrete versus verbally defined words
(e.g., shrub, river vs. complaint, nutritive); and basic,
superordinate, and subordinate nouns (e.g., car vs.
vehicle vs. ambulance). Similarly, the Test for
Reception of Grammar (Bishop, 2003) evaluates
the comprehension of various kinds of linguistic
constructions (e.g., two- or three-element combi-
nations, negative sentences, reversible active sen-
tences, singular/plural noun inflections, reversible
passive sentences, embedded sentences). Given the
composite nature of tests, several latent factors
inevitably contribute to the variance of the@verall
test score. Thus, as emphasized by mady psycho-
metricians, most achievement and aptitude tests
are structurally multidimensional, with one or two
dominant target dimensions acting conjointly
with other dimensions (Ackerman' et\al, 2003;
Furlow et al., 2009; Reckase et al., 1988):

When global scoresfon apparently ‘unidimen-
sional tests are used(as dependent variables, the
precision of analyses is necessarily diminished.
Indeed, test scofes consist, at least for binary items
and before all transformation$ thatimight eventu-
ally be applied“to saw séores, of 2 sum corre-
sponding.to the totalumber of items correctly
answered. Thus, two participants or two groups of
participants ean obtain the same total raw score by
passing exactly the same itemsy In that case, the
quantitative jequivalence (same total raw score)
goes togethier with a qualitative equivalence (same
item, response profile). Yet things do not always
coineide so neatly and can significantly blur the
analysis, as for example if the participants obtain
the same total raw score but with totally different
response profiles. In a study of mathematical skills
using a standardized test battery, O’Hearn and
Landau (2007) showed that the mean difference
was not statistically significant between a group of
typically developing children (TD) and a group of
participants with Williams syndrome (WS) who
were individually matched for mental-age on a
nonverbal intelligence test. However, O’Hearn
and Landau’s follow-up analyses showed signifi-
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cant differences in favor of TD children for some
items, and significant differences favoring those
with WS for other items. Without the post-hoc
item analysis, the authors would have missed the
phenomenon. In fact, the composite nature of
psychometric tests tends, de facto, to decrease the
variance explained by the independent variable,
unless the strength of thedtelationship is of the
same order between the siidependent variable and
each of the latent dimlensions of the fest used as
the dependent varidble.

An interesting wayto overceme this problem
could be to move froma mélar to a molecular
level of analysissby, performing statistical analyses
on itepd’ responses rather than on the whole test
scorel For such an approach, the ‘many analytical
tools developed in the“item-analysis framework
cotld be of great help. These tools are designed to
examine whether items from psychometric tests
present, a differential funétioning (DIF) related,
among other things, to examinees’ gender, ethnic
origin, ‘socioeconomicdStatus, or linguistic back-
ground. They aim to improve the fairness of tests
by ensuring that each item evaluates the con-
struct(s) targeted by the test and not specific traits
related to membership in a particular group
(Camilli & Shepard, 1994; Holland & Wainer,
1993; Osterlind & Everson, 2009).

The item-analysis techniques could inform
fine-grained developmental trajectory analyses at
the item level, for example by comparing each
individual item’s characteristic curves for two (or
more) groups (e.g., TD vs. participants with ID)
who were previously matched on the relevant
developmental trait. An item’s characteristic curve
is the function linking the total score on a test (x-
axis) to the probability of passing one of its items
(y-axis). An item can be considered as functioning
similarly for two groups of examinees if their
characteristic curves for that item are closely
similar (Figure 1, panel A). In this case, the item’s
discriminative power is the same (the two groups’
curves have the same slope) as is its difficulty level
(the two curves have the same location along the
x-axis). If the characteristic curves do not closely
overlap, the item is said to present a DIF, which
can stem from a difference of difficulty (the
probability of a correct response for one group is
significantly greater than that of the other group at
any point on the x-axis, Figure 1, panel B) and/or
of discriminative power (difference of slope for the
two curves, Figure 1, panel C). The DIF is said to
be “uniform” in the first case and “nonuniform”
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Figure 1. Three hypothetical examples of item characteristic cun

differential functioning.

in the second. Of course, differences in difficulty
(uniform DIF) and discriminative power (nonuni-
form DIF) can appear simultaneously.

In the developmental trajectories framework, a
uniform DIF would mean that the rate

with similar slopes) but that one of the
shows a learming delay (i.e, delayed o
respect to the other (different location
teristic curves along the x-axis).
hand, a nonuniform DIF
of development of the tz
than the other (chara

ts with or without
be dlStll’lnghed

al., 2005). General vocabulary,
> vocabulary by some researchers
& John, 2008), comprises mainly
and adjectives referring to objects,
ates, or processes. The most well-
ind of vocabulary is the PPVT
(Dunn & Dunn; 1997, 2007). Conversely, rela-
tional vocabulary consists exclusively of abstract
words indicating spatial, temporal, dimensional,
quantitative, or class relationships between ob-
jects, persons or events, such as “behind,” “third,”
“inside,” “larger,” “before,” “in front of,” or
“never.” Sometimes called “basic concepts,” these
terms are more difficult to comprehend and

16

have less stable
h their referents

equence of acquisition of these words
participants with or without ID (e.g.,
5, & Courbois, 2012). A recent study
hat the developmental trajectories of

participants with ID of undifferentiated
, and TD children matched on nonverbal
igence level were wholly the same (Facon et
al., 2016). In that study, however, the outcome
variable was a composite measure including items
evaluating concepts of space, time, number, or
quantity. Thus, the study was limited by the
previously mentioned methodological shortcom-
ing. In particular, one cannot know from its
findings whether the trajectory of acquisition of
each concept taken separately is similar for
participants with or without ID. We here address
this issue by using multiple logistic regression
analysis (Swaminathan & Rogers, 1990). Specifi-
cally, we examined the mastery of 72 relational
concepts from the Boehm Test of Basic Concepts
(BOEHM; Boehm, 2009a, 2009b) among partic-
ipants with or without ID by successively entering,
in each of the 72 regression equations, their score
on a nonverbal intelligence test (Raven’s Colored
Progressive Matrices, [RAVEN]; Raven et al,
1998), their diagnostic status (with or without
ID) and the interaction term (nonverbal develop-
mental level X diagnostic status). The degree of
overlap of logistic curves will indicate whether the
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developmental trajectory of each concept is similar
or different across the two groups.

Method

Participants

There were two groups of participants tested as
part of a larger study on language development of
persons with ID supported by the French National
Research Agency and for which the Ethics
Committee of the Cognitive and Affective
Sciences Laboratory (SCALab, University of Lille)
had granted ethical approval. The first group
included 557 TD participants (M age = 4.57
years, SD = 0.80) recruited in 47 general
education kindergartens or elementary schools,
none of whom had ever been referred for a
psychological assessment at school. The second
group included 557 participants with ID (M age =
12.20 years, SD = 3.18) enrolled in 51 special
education schools for youngsters with ID_with
mild to severe levels of impairment. This group
was composed of people with ID of unknown
origin or people with ID of a wide variety of
known causes (i.e., genetic syndromes, fetal
alcohol syndrome, pre- or perinatal brain injuries,
infectious diseases, etc.). All participants,included
in the study came from Freneh-speaking families.

TD participants svere exactly matched ‘with
participants with AD " using their RAVEN<raw
scores. The aimgof this matching was to make the
distribution @f nonverbal coghitive levels exactly
the same regardless,of diaghostic status. Thusyif
differences in trajectori€s are observed between
TD _gparticipants and those with ID for the
mastering of relational ‘eoneepts, the shape of the
distributions |of | RAVEN seores could not be
invoked as a/potentially confounding factor (see,
Facon, Magis, & Belmont, 2011).

Descfiptive statistics for chronological age,
gendef, the RAVEN, and the BOEHM are given
in Tableyl. Each group’s distribution of chrono-
logical “ageshis shown in Figure 2. Because of the
matching ‘procedure, the difference between the
two groups” mean RAVEN scores was nonsignif-
icant (£3.4i.4 = 0.000, df = 1112, p = 1.00), as was
the Levene test for homogeneity of variance
(Fa,1112) = 0.000, p = 1.00). The means were also
very similar for the total score on the BOEHM (¢,
wited = —0.560, df = 1112, p = .576) and, although
the dispersion of scores on this test was wider for
the participants with ID, the Levene test for
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homogeneity of variance was not quite significant
at o =0.05 (F(I,IIIZ) = 3150, P = 076)

To check the quality of the matching on
nonverbal cognitive level, the percentage of
correct responses on each item of the RAVEN
was computed for the two groups. The correla-
tion between the two series of 36 percentages was
.98 (p < .000001). Participants with and without
ID are therefore matced on their whole test
score as well as eagh item score. Fhis almost
perfect correlation ‘means that the underlying
cognitive processes are presumably the same for
the two groups (see Facon & Nuchadee, 2010).
Factor analysis Ofpitem scoreshidentified two
factorsfof very similar nature for the, two groups:
Thefeorrelation of the'36 saturations=ID versus
IDAwas .89 (p < .000001) for the firstfactor and
77 (p < .000001) for the second.

The correlations between chronological age,
the \RAVEN, the BOEHM, and gender of
participants of each group appear in Table 2. For
TD participants;thescorrelations between chrono-
logical age, the RAVEN, and the BOEHM were
moderate to high, which was not surprising from a
developmental perspective. There was also a strong
correlation between RAVEN and BOEHM scores
for patticipants with ID, a fact that could also be
antigipated given the link between language and
cognition. However, even if they were significant
due to the large sample size, the correlations
between chronological age and scores on the
RAVEN and the BOEHM of participants with ID
are negligible (.097 and .104, respectively). These
low correlations result from the cross-sectional
character of the study design and the matching
procedure used to form the groups. In a
longitudinal study, chronological age of partici-
pants with ID would necessarily have been
correlated with their nonverbal cognitive level.
However, the very low correlation found here is
crucial for the present study. Indeed, if between-
groups differences of characteristic curves of
BOEHM test items were observed, they could
not be interpreted as a chronological age-related
effect. Likewise, the negligible relationship be-
tween chronological age and the RAVEN score
means that the severity of intellectual disability of
participants with ID is not correlated with the
RAVEN score. Finally, because correlations be-
tween gender and all other variables approach
zero, participants’ gender could not be invoked as
a causal factor when interpreting the results.
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Instruments
The Test des Concepts de Base (BOEHM; Boehm,
2009a, 2009b—the French version of the Boehm
Test of Basic Concepts) and Raven’s Colored into a dually adminis-
Progressive Matrices (RAVEN; Raven et al., 1998) tered to as done to avoid
were individually administered with no time limit he inevi effects that would
by master’s students in developmental psych other test. To reduce
om each conceptual pair
dergarten version was deleted, as was
h pair of items that were duplicated
o versions. The final test comprised
Iministered according to the order
ed in the original test manuals. This
: ersion of the test was used in a recent
evaluates only abstr i i . conducted with participants with and
temporal, i ., or class  without ID. In that study, reliability coefficients
relationship. T e_in two  approached .90 and the rank order difficulty of
French-language items was very similar across the two types of
participants (Facon, Magis, & Courbois, 2012).
The o-Cronbach coefficients computed on the
present study’s data also indicate a very high
reliability (Table 1).

The RAVEN, a well-known nonverbal intel-
ligence test for children, was administered to all

Testing sessions were conducted in g
situated near participants’ classrooms.
For each item of the BOEHM,
options are displayed on a page and t
pant must select the one '

Without yal Disability

RAVEN? BOEHM
M SD  Min — max Cronbach’s o« M SD  Min — max Cronbach’s o
Participants without ID 15.61 4.51 4 -30 721 50.24 12.59 17-172 938
Participants with ID 15.61 4.51 4 -30 719 50.67 13.19 14 -172 941

Note. Cronbach’s alpha coefficients for the RAVEN and the BOEHM are also given. N'= 557 for each group. RAVEN =
Raven Colored Progressive Matrices; BOEHM = Test des Concepts de Base [Boehm Test of Basic Concepts]; F = females;
M = males.

*Matching variable.
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Table 2
Correlation Coefficients Among Chronological Age, Test Scores, and Gender of Participants With and
Without Intellectual Disability

Participants without ID Participants with ID
CA RAVEN BOEHM Gender CA RAVEN BOEHM Gender

sk ok

CA? — 562 724 —.019 — .015
RAVEN® — 655" 010 —.078
BOEHM? — .009 —.049
Gender” — —
Note. CA = chronological age; RAVEN = Raven Colored Progressive Matrices; BOEH cepts de Base
[Boehm Test of Basic Concepts].

Pearson s product moment correlation.

Pomt biserial correlation.

*p < 000001; *p < .05,
participants to obtain an estimate of their observed
cognitive level. Each of the 36 items is presented : he status variable,
as a colored pattern with a missing portion and ici ith or without ID,
six options for filling in the missing element. This ed followed by the

test was chosen because of the simplicit
speed of its administration and scg c difference in response
: ss“groups corresponding to a
DIF In this case, the probability of a
sponse for one group will be greater than
e other group at all points on the x-axis
re 1, panel B). On the other hand, a
t interaction would indicate a between-
intelligence of typica : difference in slopes of logistic curves and,
children (Cotton ef al: . us, a difference in the acquisition rate of the
concept. In the item-analysis framework, an
interaction effect corresponds to a difference of
A logistic reg item discriminative power, which is a nonuniform
C DIF (see Figure 1, panel C).
VEN, the participant’s For each item, the increase of the squared
e RAVEN X status  multiple correlation coefficient (AR?) upon the
entered first in the  introduction of clinical status and the RAVEN X
erbal cognitive  status interaction in the regression equation was
ausal variable if 2 computed and statistically tested to obtain an
estimate of the effect size of each of these two
variables for each of the 72 items.
By DIF effect, one usually means the differ-
ence in the probabilities of answering an item
correctly by two or more groups of participants

response profiles to which it gi
participants with and without ID (
Nuchadee, & De Boeck, 2011; Fac
dee, 2010) Moreover, the RA

Ogical age Gender when the ability level is held constant. In many
M SD Min — max M F DIF studies, the ability level is an internal criterion
457 0.80 255 _ 6.44 280 277  (ie., the total score on the test from which the

12.20 318 469 — 2185 320 537  item is derived) that is used to control for the
ability level of participants (Osterlind & Everson,
2009). In the present study, choosing this option
would have led to using the BOEHM score
instead of the RAVEN in the regression equations.

B. Facon, D. Magis, and Y. Courbois 19
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Another option is to use an external criterion, which
is an ability measure of a different sort from that
of the items under study. In the present work, we
opted for using an external criterion (viz., the
RAVEN score) for two main reasons. The first is
that nonverbal cognitive tests are frequently used
to control for developmental level in studies on
language acquisition of children with ID. The
second was to avoid the criticism of circularity
that can be leveled at studies that use an internal
ability criterion (see, Camilli & Shepard, 1994).

R (R Development Core Team, 2017) was
used for fitting the logistic models and related
statistical tests and computations. Given the
number of comparisons, the type I error rate was
controlled using the False Discovery Rate (FDR)
described by Benjamini and Hochberg (1995)
because, compared to other adjustment methods
for multiple comparisons (e.g., the Bonferroni
correction), it allows control of the type I error rate
with a reduced impact on statistical power. In
other words, the FDR solution is less conservative
than Bonferroni’s and will therefore lipdit the
number of false negatives. For more details on the
mathematical foundations of the appreach, see
Benjamini and Hochberg (1995) and, for a very
accessible presentation, McDonald (2014).

Given the introduction of the RAVEN score
in the regression equations4® control for the effect
of nonverbal ability leyel on the probability. of
passing each BOEHM item, the prior matching of
groups may seemd unnecessary./However, we
judged it methodelogically relevantsbecause, the
one disadvantage of the logiStic regression DIE
detection_approach is“thatfbetween-group differ-
ences ifi means ‘or dispersions of ability levels
increase the type I etror rate'(Pen& Li, 2010; Sireci
&fRios, 2013). This is because'theydata density is
not the same fog'the two groups along the ability
continuum, thits making it problematic to esti-
mate the pafameters of the regression equation.

Aecording to Zumbo (1999), a sample size of
200 participants per group is adequate for DIF
studies using the logistic regression method.
However, simulation studies show that 500 to
600 participants ‘or more per group considerably
increase the statistical power of the analyses (e.g.,
Finch & French, 2007; Narayanan & Swamina-
than, 1996; Rogers & Swaminathan, 1993; Swa-
minathan & Rogers, 1990; Whitmore &
Schumacher, 1999). From this standpoint, the
present study can be considered as sufficiently
powered to detect DIF items. Of course, high

20
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statistical power increases the risk of flagging items
with statistically significant p-values but practically
trivial effect sizes. To avoid this problem, we used
the guidelines proposed by Jodoin and Gierl
(2001) in which the effect size can be considered as
negligible if AR? < .035, moderate if 035 < AR? <
.07, or large if AR? > .07. Indeedgthese guidelines
are generally judged as mofe adequate than
others—such as those propésed by Zumbo and
Thomas (1997)—in DIF studies conducted within
the logistic regression approach (French & Maller,
2007; Gomez-Benito et al.;:2009).

Results

The guoup effect, which indicates aygroup
differepce in item difficulty, was significant for
29 of the 72 items of the BOEHM (40%) using the
FDR correction for multiple comparisons. About
half of ‘these 29 items (52%) were more difficult
for the participants with IDga result which could
be anticipated given. thesflonsignificant difference
of meanaw scores‘of the two groups on this test
(Table 1).\ Without correction of p-values for
multiple eomparisons, 34 differences would have
been significant, but only 17 with Bonferroni’s
correction. However, beyond the number of p-
values, afid given the large sample size, it is mainly
the effect sizes that matters. From this standpoint,
the results are much less conclusive. Indeed, the
proportion of variance explained by diagnostic
status is almost always negligible. For the 72 tested
items, no large effects (AR >.07) and only three
moderate effects (.035 < AR? < .07) were

observed (Figure 3). The latter were:

o Item 11 (“Montre-moi les jouets qui sont a
Pexterienr de la boite” = “Show me the toys that
are outside the box” [TD < ID]);

o ltem 27 (“Montre-moi la fille qui est avant le
garcon dans la file” = Show me the girl who is in
Sront of the boy in line” [TD > ID]);

e Item 64 (“Regarde les enfants et la corde. Montre-
moi lenfant qui saute par-dessus la corde” =
“Look at the children and the rope. Show me the
child who s jumping over the rope” [TD > ID]).

To complete the information on the diffi-
culty of items and to allow for comparisons with
results of future studies, the percentages of
correct responses on each item along with their
rank order of difficulty were computed for each
group separately (the latter can be obtained from

Developmental Trajectories of Relational Concepts
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<.005 <.01 <.015 <.02 <.025 <.03 <.035 <.04 <.045 <.05 <.055 <.06 <.065

AR?

Figure 3. Distribution of AR® for the status
variable. According to Jodoin and Gierl (2001),
the effect size of a variable can be considered
negligible if AR* < .035, moderate if .035 < AR?
< .07, and large if AR* > .07.

the first author upon request). Not surprisingly,
the Spearman rank-order correlation coefficient
between the two series of 72 percentages wa
(» < .000001).

As stated previously, a significan
term indicates a nonuniform DIE
between-groups difference in the it
native power. The RAVEN X stat
was significant for only one 1tem Th
tive power of that item

(2001) to di

moderate effect

one may conclude
ower is not affected

ulty and in discriminative power) was
for item 39, whose effect size was
ve the Jodoin and Gierl threshold

o “Regarde les chiens qui jouent. Montre-moi le chien
qui passe a travers le cerceau” = *Look at the dogs
who are playing. Show me the dog that is going
through the hoop” ([difficulty: TD>ID; dis-
criminative power: TD < ID]).

The characteristic curves of the four items
flagged as showing DIF are presented in Figure 5.
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vese four effects, it is
ery low number. In

aracteristic curves that are practically
ishable across groups (see examples in

xtend the scope of the analysis and to
at the present results were not the
ence of the use of an external criterion
, a nonverbal intelligence test) to control the
developmental level of participants, the statistical
analysis just described was replicated using an
internal criterion (viz., the total score on the
BOEHM) as the matching variable. As the average
scores of participants with and without ID were
almost comparable on the BOEHM (f2.4i1ed =
—0.560, d4f = 1112, p =.576), logistic regression
analyses were conducted without changing the
composition of the groups. In these analyses, the
BOEHM test score, the clinical status of partici-
pants and the interaction term (BOEHM X status)
were successively entered into the equations.

The results of this second statistical analysis
almost completely corroborated those of the first.
Only five items were flagged as showing a
moderate DIF, three of which had already been
detected during the first analysis (items 11, 27,
and 64). The fourth (item 54) showed a uniform
DIF and the fifth (item 41) a mixed DIF effect
(i.e., combining negligible group differences in
difficulty and discriminative power). These two
items were:
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e four items flagged as showing DIF. Solid lines represent the reference

plained both by the clinical status of participants
and the interaction term from the first analysis
o me the t-shirt that’s medium size”  (with the RAVEN score used as the measure of
"D > ID; discriminative power:  developmental level) were compared with those
3 obtained in the second analysis (with the

e Item 54 (“Regarde le lapin, le chat, le cochon et le BOEHM score used as the measure of develop-
Cbie.”' Montre-moi Panimal quiest pres d.” mental level). Results showed that the two
lapin.” = “Look at the rabbit, the cat, the pig analyses were highly consistent. Indeed, the
and %‘bi dog. Show me the animal that’s near the paired points from the two AR? sets formed a
rabbit.” [TD > ID]). narrow ellipse (Figure 7) and their correlation was

To show the consistency of results from the  close to unity (r=0.95, p. < .00001). Finally, as
two analyses, the proportions of variance ex-  further proof of the consistency of the two
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participants with or without ID in the
lysis (see the four examples provided in

Discussion

One of the methodological difficulties encoun-
tered in the study of developmental trajectories
arises from the composite nature of measures
often used as outcome variables. In the present
study, we attempted to move from a molar to a
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logistic curves that are almost indistinguishable. Solid lines represent the
nts), dashed lines the focal group (participants with ID). TD = typically
lored Progressive Matrices.

molecular level of analysis by examining, within
the methodological framework of item analysis,
the developmental trajectories of each concept
included in the BOEHM test. Results of logistic
regression analyses were clear-cut. Only four items
were flagged as DIF when the two groups were
matched on the RAVEN score, and only five when
the BOEHM test score was used as the matching
variable. Therefore, it can be concluded that the
developmental trajectories of concepts evaluated
by the BOEHM are similar for the study’s
participants with or without ID. This conclusion
is valid for participants with or without ID who
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A R2 (Group + interaction Group x BOEHM)

000 005 ,010 ,015 ,020 ,025 ,030 ,035 ,040 ,045 ,050 055 ,060 065 070
A R2 (Group + interaction Group x RAVEN)

Figure 7. Bivariate distribution of AR* from the
two successive analyses. Solid line represents the
regression line, dashed lines the Jodoin and Gierl
(2001) threshold of moderate effect size. RAVEN
=Raven Colored Progressive Matrices; BOEHM =
Boehm Test of Basic Concepts.

are matched on developmental level. If the
matching had been done on chronological agej
all trajectories would have differed. Such matching
was not attempted in this study becausé of the
large between-groups chronological age differences
and, consequently, the almost total absence of
overlap of the two age distributions.

Despite a detailed inspection of thehthree
items flagged as DIF in theWo 'analyses (itemyl 1
loutside, TD < IDJ], 27 [a# front of; TD, > 1D]; and
64 [over, TD > ID]), we have not identified factors
that might explain this result. We hypothesize that
the divergent developmental trajéctoriespobserved
for these three itemshare thé consequences of
different educational’ expériences, but we are
unable 46 say which aspects of these experiences
might be'in play.

The absence |of differences between the two
groups of participants cannot be 1aterpreted as the
consequence of a statistical inability to separate
thel “signal?® from the “noise,” for example,
because of a lack of reliability of BOEHM’s test
items. [t\is true that a participant’s score on an
item is necessarily less reliable than that obtained
on a test containing 30, 40, or 50 items. However,
if BOEHM’s test items were not reliable, the
reliability coefficients computed for the overall
score would themselves be very low due to the
strong relationship between the measurement
error of individual items and the total-score
measurement error. Yet, Cronbach alpha coeffi-
cients are particularly satisfactory for the two
groups and, therefore, allow us to conclude that
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items from this test are themselves reliable.
Moreover, the common denominator of the
various statistical approaches for detecting DIF
between groups (e.g., Camilli & Shepard, 1994;
Magis et al., 2010; Osterlind, 1983; Osterlind &
Everson, 2009; Penfield & Camilli, 2007; Sireci et
al., 2005) is the use of large samiples of partici-
pants. The larger the samplé, the lower the
measurement error at the itesfi level and the higher
the reliability of the meas@re. Thus, in ace@rdance
with the law of large nimbers, the empirical mean
score of a group of participants ona given test
item converges towards its /7#e méan score as the
sample size increasessyThis is why, i the present
study, we (Constituted twoylarge samples, which
reduced/the measurement ewor on' each item
score. Finally, if there were astatistical inability to
separate the signal from the noise, the probability
of success on BOEHM’s items\would not increase
with the nenverbal cognitive level of participants.
It wouldtalse, be difficult to gxplain why many of
thentem’s logistic curves aré almost indistinguish-
able across groups regardless of which test is used
to controlfor developmental level (see Figures 6
and 8).

Another potential problem concerns the
young age of TD participants for whom testing
could be/an unusual and potentially destabilizing
situatioft. This lack of testing experience might not
have' allowed them to accommodate with the
requirements of tests such as Raven’s matrices. As
a result, their nonverbal cognitive level would not
have been properly assessed, which could explain
the negligible between-groups differences of de-
velopmental trajectories. That seems unlikely,
though, because the tests’ reliability coefficients
are rather satisfactory for each group. In addition,
the correlation between the proportion of correct
responses of participants with and without ID for
the 36 items of the RAVEN is close to unity (.98)
and the factorial structure of this test is very
comparable for both groups. Finally, there are
only very few between-groups differences of
difficulty and discriminative power for the
BOEHM test items regardless of the measure used
to match the groups.

One implication of these results is that tests of
relational vocabulary are appropriate for assessing
children with ID. Controlling for cognitive level,
the difficulty, and discriminative power parame-
ters of the BOEHM test items found in the ID
group’s performance are almost identical to those
observed among the TD children. Thus, these
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1tems 28, 33, 4

seen as disadvantaging one group or
his conclusion may well apply to other
elational concepts such as the Bracken
pt Scale (Bracken, 2006) or the Test of
ncepts (Edmonston & Litchfield-
Thane, 1988). It is possible, however, that the
conclusion will not hold for individuals from
some particular genetic syndromes.

Another implication concerns pedagogical
strategies to promote the acquisition of relational
concepts. Given the similarity of developmental
trajectories observed across the two groups, one
may consider that concept-learning programs
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and 63. Note that the x-axis is now the BOEHM score and
s as in Figure 6. Solid lines represent the reference group (TD participants),
(participants with ID). BOEHM = Boehm Test of Basic Concepts; TD =

devised for typical or at-risk children (Bereiter &
Engelmann, 1966; Boehm, 1976; Bracken, 1986;
Hansen, 2009) can be used without major
adaptations with children with ID. This does not
mean, however, that adaptations are not to be
considered, particularly for children from specific
etiological groups.

A third implication is that processes underly-
ing the acquisition of relational vocabulary are
robust in that they do not appear to be affected by
ID. Indeed, apart from the delay, here clearly
highlighted—the chronological age difference be-
tween the two groups is about 8 years, but the
average scores on the BOEHM test are nearly the
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same—the developmental pathway of almost all
investigated concepts seems non-specific. In this
respect, the present work confirms the results of
other research showing that the vocabulary
development of children with ID is far more a
matter of delay than difference (e.g., Berglund et
al.,, 2001; Facon et al., 2016; Facon, Magis, &
Courbois, 2012; Facon, Nuchadee, & Bollengier,
2012; Grela, 2002; Hart, 1996; Loveall et al., 2016;
Philipps et al., 2014; Polisenska & Kapalkova,
2014; Polisenskd et al., 2018).

This work requires further development
targeting other components of language such
as general (or concrete) lexicon, syntax, phonol-
ogy, or pragmatics. This further development
would extend the current results which cover
only a limited aspect of language development.
Indeed, it is possible that differences in difficul-
ty and/or discriminating power of items may be
observed for tests other than the BOEHM. In
this respect, it has been shown that when
participants with and without ID are matehéd
on their overall developmental age a¥ith a
composite intelligence scale, different/ profiles
of abilities can be observed. TD participants are
generally better on items or tasks [involving
verbal reasoning, speed of processing, and
abstraction. By contrast, participants ‘with ID
surpass them on target tasks or items involving
chronological age-related learning products, that
is, to the education@l experience accumulated
over the years (eig., Baughman/et al., 2016;
Blount, 1970; Cruiekshank &4Qualtereyl950;
Eaton & Burdz, 1984; Fazio ¢t al., 1993; Hore &
Tryon, 1989; Martinson & Strauss, 1941; Meyers
et al.,#1961; Santucci ‘& He¢lal, 1969; Spitz,
1982). Beyond ‘composite intelligence test pro-
files, this age-related experience effect has also
been shown for scores on gemeral receptive
vocabulary tests, which often exceed nonverbal
cognitive gheasures for individuals with ID,
particularly in late childhood and adolescence
(Chapman, 2006; Facon et al., 1994; Facon &
Facon-Bollengier, 1997, 1999; Facon et al.,
2002; Facon et al»1998; Miolo et al., 2005). In
an item analysts study, we might therefore
expect, for tests of specific components of
language development, to discover a significant
number of items showing differential function-
ing of moderate and even large effect size for
groups of participants with or without IDs
matched on nonverbal cognitive level. However,
this remains to be empirically demonstrated.
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Concerning generalization, it would be
appropriate to take account of the etiology of
participants with ID, which was not done in the
current study. Thus, it cannot be concluded that
the present results are universally valid for well-
defined syndromes such as Down, fragile X or
Williams (WS). Indeed, a growing»number of
studies of cognitive, behavioral, and emotional
phenotypical features of péople with ID have
shown that etiology hasfspecific effectsdon the
structure and functiohing, of the bfain and,
thereby, on the psychological phehotype (e.g.,
Jonas et al., 2014; Lightbody & Reiss, 2009).
Therefore, IDshould, not be“studied without
grouping participants by etiology (Fidler et al.,
2016). Iaitially focused om afew knownletiolog-
ical groups (e.g., Down, Williams or ‘fragile X
syndromes), the syndromic approach has been
extended to an increasing number of syndromes
such as 22ql11.2 deletion (Biswas & Furniss,
2016), 7q11x23 locus duplication (Somerville et
al.;92005), fetab,alcohol (Kingdon et al., 2016),
Prader-Willi (Griggs et al., 2015), Angelman
(Mertz ethal., 2014), Wolf-Hirschhorn (Fisch et
al., 2012) ot Smith-Magenis (Alaimo et al., 2015).
However, this approach is precluded for many
rare syndromes by the paucity of available
participants. What is gained by homogenizing
etiology 1S lost because of reduced statistical
pewer and analytic precision. Given the relation-
ship between sample size and statistical power
(e.g., Krzywinski & Altman, 2013), there is an
increase in Type II errors with small samples,
meaning an increase in falsely rejected alternative
hypotheses. Small samples thus raise doubts
about non-significant results, which may be
attributed to a lack of effect or equally to a lack
of power. Had the current study involved only,
say, 30 participants per group with similar results
(i.e., almost no significant between-group differ-
ences), the reader would justifiably attribute the
absence of effects to a lack of power. Therefore, it
is always necessary to privilege statistical power
even sometimes at the likely expense of etiolog-
ical purity. This power problem in ID research
arises from the fact that many ID-related genetic
syndromes occur in the range of 1/10,000 to 1/
50,000 of the population (McKusick-Nathans
Institute of Genetic Medicine, 2019). To achieve
adequate numbers of matched participants for an
item analysis study (say 450 per group, one of
which represents a live-birth rate of 1/10,000) one
would run multisite, even multicountry collabo-
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rative studies on existing test result databases.
With 500 million inhabitants in the European
Union, and a yearly birthrate of ~12 per 1000,
there would be ~600 babies born per year with
the target etiology. Only 60/year would be
needed to populate an 8-year study involving
450 total participants in the target etiology group.
Thus, insofar as the same tests are often used at
different sites by independent research teams
within a given country, the pooling of item
responses of participants with specific etiologies
could yield sample sizes sufficient for fine-
grained item analyses even for relatively rare
syndromes. In this respect, initiatives such as the
Psychological Science Accelerator might prove to
be promising (see Moshontz et al., 2018).

The need for further item-analysis studies
with better control of etiology is well illustrated
by research on spatial vocabulary of children with
WS. Several studies have shown that visual and
spatial difficulties of people with WS (e.g., Farran
& Jarrold, 2003; Mervis et al., 1999) result in
specific difficulties in the masteringgof spatial
concepts (Bellugi et al., 2000; Phillips et al.,
2004). However, other studies have shown that
beyond spatial concepts, a/l relational concepts
are affected among participants with\WS (e.g.,
Mervis & John, 2008). By combining item
performances of participants 'with WS on the
same test of relationdl eoncepts (e.g., The'Boehim
Test of Basic @oncepts [Boehm, 2000], ‘the
Bracken BasicgConcept Scale JBracken, 2006] or
the Test of Relational Coneeptsg[Edmenston &
Litchfield-Thane, 1988])dgathered by different
researchteams working on WS, sample sizes
would be sufficient to yield adequate statistical
power and thus\to determine whether or not the
developmental trajectories‘of telational concepts
of participants with WS are comparable to those
of TD children. This type of research could be
teplicated with other etiological groups and with
participants with autism spectrum disorders. The
present study shows that even without taking
accountiofithe etiology of ID, it appears that
intellectual’ deficiency does not lead to group-
specific developmental trajectories for relational
vocabulary. This is a first step towards more
advanced research with a greater focus on
etiology of ID.

A further limitation of the study is the lack of
data on parental education and socioeconomic
status (SES). As these are related to language
development among TD children (e.g., Fernald et
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al., 2013; Hart & Risley, 1995; Hoff, 2013) and
those with ID (Price et al., 2007; Warren et al.,
2010), these variables might stand as informative
covariates in future studies of developmental
trajectories of language components of persons
with ID. Fortunately for the present study, SES
and parental level of educationdwere indirectly
controlled by matching participants on the level of
nonverbal cognitive development and then on the
level of relational vogdbulary.

The cognitive “proeesses invelved in item
responses also remain to be inyestigated. Indeed,
the similarity of trajectories ©f concepts acquisi-
tion of partieipants,with or without ID does not
necessafily mean“that the processes, involved are
the game. What appears, unaltered) intact, or
similar in spite of ID could possibly be something
different resulting from a reorganization of the
whele cognitive/linguistie system (Karmiloff-
Smith et al., 2003; Richardson & Thomas, 2009).
This pessibility will be softed out only by targeted
laboratory studies.

In conelusion, the present findings do not
indicate different developmental trajectories of
relational concepts among participants with or
without ID. However, although they seem solid in
view Of the methodology used and the large
sample sizes, the scope of the study remains
limited to one specific aspect of language
development. Further studies are needed to flesh
out our knowledge of other components of
language (lexical, syntactic, or phonologic), wheth-
er in reception or in production. Moreover,
although the approach used in the present work
allows fine-grained analyses, solutions still need to
be found for conducting comparable research with
specific etiological groups.
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