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Abstract
Background: The Language Development Survey (LDS) and the MacArthur–
Bates Communicative Development Inventories (MB-CDI) are two parental
report forms that have been productive in providing data on early child language
during the past 30 years. The instruments have been used both in studies relating
to typical developing children and in screening for language difficulties.
Aim: To review the evidence for the LDS and the MB-CDI utility as screening
instruments.
Methods: A literature search in PubMed and PsychInfo identified 16 articles
based on LDS or MB-CDI that reported statistics pertinent to early screening for
language difficulties.
Main Contribution: It was found that most reviewed studies were explorative
in nature and tried out different versions of the screening test, including different
cut-off values, multiple reference tests, small sample sizes and rarely reported
confidence intervals. Spectrum, verification and review biases were common.
Moreover, no study could convincingly show that the actual diagnostic accuracy
was sufficient for clinical use.
Conclusions: There is insufficient evidence that the LDS or any version of the
MB-CDI is a valid tool for screening for language difficulties. Of course, this is
not to say that sufficient evidence will not be achieved in future studies, or that
the instruments do not work well for purposes other than screening.
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556 REVIEW OF THE LDS ANDMB-CDI AS SCREENING TOOLS

WHAT THIS PAPER ADDS
What is already known on this subject
∙ The LDS and the MB-CDI are two often-used instruments assessing various
aspects of early child language by parental reports. Both instruments have also
been used in screening for early language difficulties.

What this study adds
∙ This study reveals that most published studies in which the classification
accuracy of LDS and the MB-CDI has been investigated contain serious
methodological shortcomings limiting conclusions about their validity. Cur-
rently, there is no good evidence about the usefulness of the LDS and the
MB-CDI as general screening tools for language difficulties.

What are the potential or actual clinical implications of this work?
∙ The LDS and MB-CDI should not be used as screening tools for language
difficulties until better evidence of their effectiveness has been demonstrated.

INTRODUCTION

The Language Development Survey (LDS; Rescorla, 1989)
and the MacArthur–Bates Communicative Development
Inventories (MB-CDI; Dale et al., 1989; Fenson et al., 1993,
2007) have been successfully used in assessing early child
language by means of parental reports. These instruments
have been adapted to numerous languages and dialects
worldwide and have generated thousands of scientific pub-
lications. The LDSwas specifically developed for screening
purposes (Rescorla, 1989), while both research and screen-
ing were mentioned early as applications of the MB-CDI
(Dale et al., 1989). There has been considerable over-
lap between the clinical and research-based uses of both
instruments over the years, and their success in describ-
ing various aspects of language in children is undisputed.
However, the evidence for the two instruments’ success
in screening for language difficulties is mixed. Dale et al.
(2003) and Law and Roy (2008) concluded that while the
stability of children’s early language skills reported by
MB-CDI was significant at the group level, little evidence
had been reported for its potential to identify individual
children with language difficulties as required for clini-
cal use. Dollaghan (2013) corroborated this conclusion and
found that it extended to studies using the LDS. Surpris-
ingly, three reports building on the US Preventive Services
Task Force reached different conclusions between them-
selves. While Siu (2015) and Wallace et al. (2015) clearly
stated that the evidence for recommending parent reports
in screening for speech and language delay, including

those based on MB-CDI and LDS, is insufficient, the same
authors concluded in another publication from the same
year (Berkman et al., 2015: iv) that ‘Our review yields evi-
dence that two parent-rated screening instruments, the
MB-CDI and LDS, can accurately identify children for
diagnostic evaluations and interventions and likely can be
interpretedwith little difficulty in the primary care setting.’
Sim et al. (2019) supported the latter judgement in a review
of the predictive diagnostic accuracy of screening tools for
language and behaviour difficulties during the preschool
years in which LDS and MB-CDI were included.
The purpose of the present study was to critically review

the evidence for the instruments’ utility as screening
instruments. We have used the expression ‘language dif-
ficulties’ throughout this paper, although the reviewed
studies may have used other terms such as ‘developmental
language disorders’ (DLD), ‘language delay’, ‘late talkers’,
‘language impairment’, ‘expressive language delay’ and
‘speech and language delay’.
A literature review may take many forms (critical,

integrative, narrative, scoping, systematic) although the
terminology is not entirely consistent. The need for an
exhaustive literature search varies with type of review. In a
systematic literature review, which often is considered the
most preferred type (Page et al., 2021), the goal is to syn-
thesize existing results on a subject, often in the form of
meta-analyses. To this end, it is important to perform an
exhaustive literature search that identifies all studies on
the subject in order for the syntheses to be unbiased. (Of
course, there might be other sources to biases even if the
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ERIKSSON 557

literature search is exhaustive.) In a critical review, such as
the present one, the focus is to discuss conceptual issues
and scrutinize the research methods employed within a
field. The goal of a critical review is to increase the under-
standing of proper research methods and thereby improve
the quality of future research in the area. Although a care-
ful review including influential and representative articles
to the field is important to reach this end, there is no for-
mal requirement to present methods of search, analysis
and synthesis explicitly in a critical review (De Klerk &
Pretorius, 2019; Grant & Booth, 2009).
We start the review by summarizing general recommen-

dations for medical screening and to see how they apply to
the area of language difficulties.We continue by describing
the characteristics of screening instruments and how they
should be evaluated, followed by a review of 17 screening
studies (16 articles with one including two relevant stud-
ies) based on the LDS and MB-CDI. The review concludes
by discussing the evidence for the LDS or MB-CDI as valid
tests for screening for language difficulties.

General recommendations for screening,
screening instruments and their
application to the area of language
difficulties

Following the principles and practices suggested byWilson
and Jungner (1968) on behalf of the World Health Organi-
zation (WHO), screening refers to the early identification
of new cases at risk for disease or disorder, by rapid pro-
cedures including tests, examinations or questionnaires.
Consequently, screening is not intended to be diagnostic.
Instead, when the screening procedure is established, indi-
viduals with positive screening results should be referred
to a diagnostic examination.
The aim of early identification is to offer cure or therapy

at an early stage, which is believed to be the stage at which
treatment can be most efficiently administered (Wilson &
Jungner, 1968). Screening may take different forms. It is
common to distinguish between ‘mass screening’ of whole
populations and ‘selective screening’ of high-risk groups
(Shigematsu et al., 2002; Wilson & Jungner, 1968). The
term ‘surveillance’ is sometimes confused with screen-
ing but implies monitoring over time before a judgement
is made, whereas screening tends to be an instanta-
neous event resulting in an immediate at-risk/not at-risk
judgement (Wilson & Jungner, 1968).
The prevalence, severity of the condition and efficiency

of available treatments are all important factors in decid-
ing whether to screen. If the prevalence is low, the odds
of identifying new cases will also be low, and the cost of
detecting previously undetected cases will be high, in both

economic terms and terms of false identifications. On the
other hand, if the prevalence of the condition is high, a
better option may be a direct examination of the whole
population. Screening for minor problems is seldom war-
ranted, and the use of screening is limited if only very
expensive or inefficient therapies are available (Ades, 1990;
Wilson & Jungner, 1968).
Estimates of the prevalence of language difficulties in

unselected populations among preschool children vary
between 5% and 17% (Law et al., 2017). The great variation
depends, among other things, on the age of the child, the
definition of language difficulties and, if based on stan-
dardized test, what cut-off was applied (e.g., –1.0, –1.25,
–1.5 or –2.0 SD from themean). Various exclusionary crite-
ria may also have been used, for example, children with
genetic disorders, hearing loss or low IQ. Language dif-
ficulties affect the individual in many respects including
cognitive, social and educational (Conti-Ramsden & Bot-
ting, 2004; Conti-Ramsden & Durkin, 2016; McCormack
et al., 2011; Morgan et al., 2015; Snowling et al., 2006;
Whitehouse et al., 2009). Moreover, many studies have
reported promising results of therapy among young chil-
dren with language difficulties (Brown & Woods, 2016;
Broomfield & Dodd, 2011; Ebbels et al., 2019). Hence,
the basic prerequisites for general screening are rea-
sonably fulfilled for the area of language difficulties.
However, whether a screening programme can be imple-
mented in a particular community also depends on how
primary care is organized, the public adherence to gen-
eral health programmes and the engagement of parents.
Finally, the screening programme must be effective and
employ an appropriate screening instrument (Wilson &
Jungner, 1968). Next, we recapitulate standardmethods for
evaluating a screen.

Screening instruments and their
evaluation

Studies of clinical validation fall under the broader group
of studies of ‘diagnostic accuracy’ or ‘classification accu-
racy’ in the field of epidemiology. Both terms refer to the
study of correct classifications. In screening studies, diag-
nostic accuracy relates to the proportion correctly identi-
fied as healthy or unhealthy (Dollaghan, 2007) and should
not be confusedwith the study of accuracy ofmore specific
diagnoses resulting from a diagnostic examination.
Validation of a screening instrument (generally referred

to as the index test) should be performed by examin-
ing all children who have undergone screening with the
best available form of diagnostic examination referred to
as a reference test (or gold standard) (Dollaghan, 2007;
Stott et al., 2002; Trevethan, 2017). Many prefer using the
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558 REVIEW OF THE LDS ANDMB-CDI AS SCREENING TOOLS

term ‘reference test’ over ‘gold standard’ (Duggan, 1992)
to acknowledge that there might be disagreements on
the best available diagnostic praxis. The outcome of the
index test should be in the form of a dichotomous judge-
ment (at risk or screening positive versus not at risk or
screening negative). The index test may originally take
this form, although the result is commonly presented on
a graded scale, or as outcomes from a set of different tasks.
In the latter cases, an artificial dichotomy must be cre-
ated by determining an effective cut-off point between the
screening positives and screening negatives. A trade-off
between the benefit of identifying early cases and the cost
of over-identification should always be made. An alterna-
tive cut-off may be explored in initial studies. However, the
cut-off should be fixed at the start of later studies of diag-
nostic accuracy. If not, there will be a confounding with
chance. The outcome of the reference test could also be in
the form of a dichotomously positive (unhealthy)/negative
(healthy) judgement, or as a value on a graded scale. If the
outcome is a value on a scale, adherence to its clinical inter-
pretation of healthy values should be followed. If there is
no such recommendation, the reference test provides no
clinically useful information and another one should be
chosen. Cross-tabulation of the outcomes from the index
test and the reference test results in four categories: true
positives (TP), false positives (FP), false negatives (FN)
and true negatives (TN). The statistics central to diag-
nostic accuracy are composed of these four categories
(Box 1).
The required sample size for evaluation of a screen-

ing test depends on the prevalence, minimum accept-
able power and p-value for rejecting the null hypothe-
sis between screening positives and screening negatives.
Assuming very modest values for these parameters (sensi-
tivity>70%; prevalence of 10%; power>0.80, and p< 0.05)
yields a minimum sample size of 490 individuals (Bujang
& Adnan, 2016).
As noted above, the prevalence of the condition in the

target population is central to all screening and should
guide the decision of whether or not to screen. In a random
sample of sufficient size the base rate can be expected to be
the same as the prevalence in that population. However,
the prevalence might be much higher in special popula-
tions with many risk factors for language difficulties such
as children with behavioural or psychiatric difficulties
(Cohen et al., 1989), or children from social disadvantaged
areas (Law et al., 2017). Direct generalizations from high-
risk populations to typical populations should be avoided
because the base rate directly affects the positive predic-
tive value (PPV [overestimated]) and negative predictive
value (NPV [underestimated]) unless adjusted for. More-
over, sensitivity, specificity, and associated measures may
be indirectly affected by a high base rate through several

BOX 1 Definitions of central screening measures

Reference test
Index test Positive Negative Total
Positive TP FP TP + FP = SP
Negative FN TN FN + TN = SN
Total TP + FN FP + TN TP + FP + FN + TN

Note: FN, false negative; FP, false positive; SN, screening negative; SP,
screening positive; TN, true negative; TP, true positive.
Base rate is the proportion of the sample with a condition in need of treatment
defined as TP + FN/TP + FP + FN + TN. In a random sample, the base rate is
expected to equal the prevalence (which refer to the proportion affected in the
population).
Sensitivity (Se) is the probability of a screening instruments ability to identify
the patients with a condition in need of treatment defined as TP/TP + FN.
Specificity (Sp) is the probability of a screening instruments ability to detect
the patients with no condition in need of treatment defined as TN/FP + TN.
Positive predictive value (PPV) is the probability that an individual with a
positive screen has a condition in need of treatment defined as TP/TP + FP.
Negative predictive value (NPV) is the probability that an individual with a
negative screen has no condition in need of treatment defined as TN/FN +

TN.
Likelihood ratios (LRs) indicate howmany times it ismore likely test results are
in individuals with the condition compared with those without the condition.
They can be either positive or negative. LR of 1 indicates that the screen had no
effect at all, the probabilities of identifying healthy and unhealthy individuals
has not changed in the light of the screening outcome.
Positive LR (LR+) is the probability of a positive screen amongst the part of the
populationwith the condition over the probability of a positive screen amongst
the part of the population without the condition and is defined as TP/TP+ FN
over FP/FP +TN, which is the same as sensitivity/1 – specificity.
Negative LR (LR–) is the probability of a negative screen amongst the part of
the population with the condition over the probability of a negative screen
amongst the part of the population without the condition and is defined as
FN/TP+ FN over TN/FP+ TN, which is the same as 1 – sensitivity/specificity.
Source: Ades (1990), Jaeschke et al. (1994), Trevethan (2017) and Wikipedia
(n.d.).

well-knownbiases (Dollaghan, 2007; Rutjes, 2005;Whiting
et al., 2004).

Three screening biases

First, if a study employs different recruitment procedures
for low- and high-risk children, sometimes referred to as
a case-control design, the two groups may be subject to
different reference tests and perhaps also tested at dif-
ferent ages, making comparisons difficult. In addition,
different recruitment procedures are usually afflicted with
a restricted spectrum of the target condition. This phe-
nomenon is known as ‘spectrum bias’ (Lijmer et al., 1999;
Rutjes, 2005) and implies that the included children with
language difficulties are skewed toward a rather advanced
stage with few borderline cases. Likewise, the group with-
out language difficulties is skewed toward healthinesswith
few alternative diagnoses. As false-negative results are
often associated with mild symptoms, and false-positive
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ERIKSSON 559

TABLE 1 Illustration of verification bias

Reference test
Index test Positive Negative Total
Full sample
Positive 40 50 90
Negative 10 900 910
Total 50 950 1000
Sample with partial verification bias
Positive 40 50 90
Negative 5 450 455
Total 45 500 545

Note. For the full sample, Sensitivity = 80% (confidence interval (CI) (95%) =
66–90%), Specificity= 95% (CI (95%)= 93–96%), Positive Predictive Value= 44%
(CI (95%) = 37–52%) and Negative Predictive Value = 99% (CI (95%) = 98–99%).
For the samplewith partial verification bias inwhich only half of the screening
negatives are included, Sensitivity= 89% (CI (95%)= 76–96%), Specificity=90%
(CI (95%)= 87–92%), Positive Predictive Value= 44%% (CI (95%)= 37–52%) and
Negative Predictive Value = 99% (CI (95%) = 98–100%).

results might be associated with children with alternative
conditions, both sensitivity and specificity will be over-
estimated. Reviews have shown that case-control studies
overestimate the diagnostic accuracy by two to three times
(Rutjes et al., 2005), although this depends, among other
things, on the condition screened for and the reference test
employed. Language disorders are known to present them-
selves in various degrees of severity and have traditionally
been characterized as mild, moderate or severe (Leonard,
2009). Spectrum bias is therefore likely to have a signifi-
cant impact on classification accuracy studies of children
with language difficulties such as developmental lan-
guage disorders (DLD) but the research design can guard
against this. There is no standardmethod for correcting the
problems inherent in case-control studies when used to
validate a screening instrument.
A second bias that might occur in screening studies is

referred to as ‘verification bias’ (Begg & Greenes, 1983;
Eriksson et al., 2010; Lijmer et al., 1999; Rutjes, 2005; Zhou
& Castelluccio, 2004). Because proper examination of
many screening negative cases is often considered a waste
of both time and resources when the prevalence is low,
the reference test is sometimesmissing formany screening
negative cases. Consider the upper part of Table 1. It con-
tains the results from a hypothetical screening test and a
reference test from a study of 1000 individuals. The base
rate is 5%, sensitivity = 80% (CI (95%) = 66–90%), speci-
ficity = 95% (CI (95%) = 93–96%), PPV = 44% (CI (95%)
= 37–52%) and NPV = 99% (CI (95%) = 98–99%). This is
compared with the results displayed in the bottom half of
Table 1. Here, all 90 individuals with a positive result from
the screen were subjected to the reference test; however,
only half of the individuals with a negative screen were
included at random. Like in the upper part of Table 1, 40

individuals with a positive screenwere verified as true pos-
itives and 50 were found to be false positives. However,
unlike in the upper part, the number of false negatives is
now expected to be five rather than 10 and the number
of true negatives is expected to be 450 rather than 950.
This is called partial verification bias (Begg & Greenes,
1983) and will lead to an overestimation of the sensitivity
(here to 89%, CI (95%) = 76–96%) and an underestimation
of the specificity (90%, CI (95%) = 87–92%). The PPV and
NPV were unaffected. The bias increases with a decreas-
ing proportion of screening negatives examined by the
reference test. Differential verification bias occurs when
screening negatives and screening positives are examined
by different, often less costly, or more easily administered
reference tests. Evaluations of such studies are challeng-
ing (see Rutjes, 2005, for a suggestion). Several methods of
adjusting for partial verification bias have been suggested
(Begg & Greenes, 1983; Zhou & Castelluccio, 2004); how-
ever, these methods are only helpful after the problem has
been recognized.
A third form of bias that increases sensitivity and overall

accuracy might be at hand if the administrator or inter-
preter of the reference test has information on the results
from the screening test (‘diagnostic review bias’) or vice
versa (‘test review bias’) (Whiting et al., 2013). Independent
and blind administration of the screening test and the ref-
erence test contributes to the quality of screening studies
(Dollaghan, 2007).
The aim of the present study is to critically review the

evidence for the utility of LDS and MB-CDI as screening
instruments by considering the conceptual and method-
ological issues summarized above.

METHOD

The present review focuses on studies in which LDS or
MB-CDI have been used to identify children with lan-
guage difficulties. The instruments could have been used
in full versions, in short versions, as well as in adapted
versions to non-English languages, but not in combina-
tion with other instruments or professional observations,
as this would confound the individual contributions of
LDS andMB-CDI, respectively. However, one exception to
this was the much-cited study by Klee et al. (2000) that
used information from background questions included
in the instruments (parental concern and history of ear
infections).
A total of 129 articles were identified by searching

the PsychInfo and PubMed databases on 2 September
2020. The keywords ‘language development survey’ AND
‘screening’ and ‘communicative development inventory’
AND ‘screening’ were used. A secondary search was
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560 REVIEW OF THE LDS ANDMB-CDI AS SCREENING TOOLS

conducted on relevant work on MB-CDI and LDS that
were included in the systematic review by the US Pre-
ventive Service Task Force recommendation statement
(Berkman et al., 2015; Wallace, et al., 2015), the reviews
by Law and Roy (2008) and Sim et al. (2019). The search
of PsychInfo yielded 18 articles regarding LDS and that of
PubMed yielded 20, of which seven overlapped. Of the 31
unique articles on LDS identified, seven articles (compris-
ing eight studies) were retained. The search of PsychInfo
yielded 72 articles and that of PubMed yielded 19 arti-
cles regarding MB-CDI, of which 12 overlapped. Of the 79
articles identified, nine were retained. A total of 10 arti-
cles were identified in the secondary search of which nine
were duplicates. Excluded articles: (1) were not written in
English, (2) did not include original data, (3) only referred
to, but did not use, LDS or MB-CDI, (4) did not report
any measure on classification accuracy (sensitivity, speci-
ficity, PPV, NPV, LR+, LR– or closely related measures),
(5) used LDS or MB-CDI as outcome measures, (6) used
LDS or MB-CDI to identify a specific neurodevelopmental
disorder (mainly ASD) or hearing impairment, (7) inves-
tigated the adaptation of an instrument to a new group
often including a new language, (8) evaluated types of
intervention, (9) reported on relations only to non-clinical
measures, such as socio-economic status (SES) or family
factors or (10) reported on the communication skills of
a group with an already diagnosed condition related to
languages, such as hard of hearing or ASD. Often, there
was more than one ground for exclusion. The search was
renewed on 30 August 2021; however, no new article was
identified. Hence, the final review comprised 16 studies
(Figure 1).

RESULTS

The review concerned the evaluation of screening instru-
ments based on LDS or MB-CDI and the interpretation of
the results. Table 2 presents the study populations, index
tests, and reference tests with associated cut-offs for the
included studies by instrument and publication year.

Study populations

The children screened were generally between 18 and
30 months of age, although one study (Kim et al., 2014)
included children as young as 2 months, and another
(Guiberson & Rodriquez, 2010) included children aged up
to 62 months. For the LDS, English and French versions
were used; and for the MB-CDI, Spanish, Korean, Ger-
man, Finnish and Swedish versions were used besides the
English version.

Index tests

Both LDS and MB-CDI comprise a vocabulary checklist
arranged into semantic categories. The standard LDS is
designed for children aged 18–35 months and comprises
a checklist of 310 words in which the child’s parent is
asked to indicate which words their child can say. It also
includes a question of whether their child combines words
in a phrase. Two dimensions are commonly derived from
this instrument, an expressive vocabulary score and aword
combination score (no/yes). Both measures were used by
Rescorla (1989), Klee et al. (1998), Rescorla andAlley (2001,
Studies 1 + 2) and Mossabeb et al. (2012). In addition to
these twomeasures, Klee et al. (2000) used a question indi-
cating parental concern and another about the number of
ear infections the child had had. Clark et al. (2016) and
Beaulieu-Poulin et al. (2016) used only the measure for
expressive vocabulary.
The MB-CDIs comes in three base forms. The first base

form is directed to children up to 18 months (CDI-Words
and Gestures) and include a checklist of 63 gestures and
396 words measuring children’s early gestures, receptive
and expressive vocabulary. Westerlund et al. (2006) used
a Swedish short version of this form of assessing gestures,
receptive vocabulary, and expressive vocabulary. The sec-
ond base form (CDI-Words and Sentences) was designed for
children 16–30 months old and include a vocabulary list
of 680 words indexing expressive vocabulary. In addition,
various items on grammar are included. Some concern
word combinations, word endings or marking of tense
and ownership. One section called ‘language complexity’
consists of sentence pairs illustrating different forms of
advanced language often in the form of syntax features.
Another measure (M3L) consists of the mean sentence
lengths in words based on the three longest sentences
the parent could recall. Heilmann et al. (2005) used the
vocabulary list of this form to assess expressive vocabu-
lary. Sachse and Von Suchodoletz (2008) used a German
version of the same instrument assessing expressive vocab-
ulary, morphology and syntax. Guiberson and Rodríguez
(2010) used a short form of the Mexican-Spanish version
of CDI-Words and Sentences assessing expressive vocabu-
lary and mean sentence lengths (M3L). Vekkatuvari and
Stolt (2018) used a short Finnish version assessing expres-
sive vocabulary and word combinations. The third base
form (CDI-III) is designed for 3–4-year-old children. It
comprises a 100-word checklist, a question onword combi-
nations, 12 sentence pairs with different forms of advanced
grammar, and finally 12 questions reflecting semantic
knowledge, language comprehension and syntax referred
to as ‘language use’ (Fenson et al., 2007). Skarakis-Doyle
et al. (2009) used a combined score from all threemeasures
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F IGURE 1 Flow chart of the selection of studies

of CDI-III. Guiberson et al. (2011) used a newly developed
Mexican-Spanish version of CDI-III with the samenumber
of items as the original and used a combined score from
all three sections. Kim et al. (2014, 2016) used one Korean
short form of CDI-Words and Gesture assessing gestures,
receptive vocabulary and expressive vocabulary for chil-
dren up to 17 months. For older children, the gesture part
was substituted with a grammar part and hence assessed
receptive vocabulary, expressive vocabulary and grammar.
The number of children under 17 months was not reported

separately and the results from the two versions were
merged.
Column 5 in Table 2 shows the employed cut-offs for

the index test in the included studies. Two studies (Kim
et al., 2014, 2016) reported no cut-off at all. Four studies
(Klee et al., 1998; Mossabeb et al., 2012; Clark et al., 2016;
Vehkavuori & Stolt, 2018) used a prefixed cut-off for the
index test. The remaining 10 studies used several cut-offs
including use of discriminant or receiver operating char-
acteristic curve (ROC) analyses. Note that the two latter
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measures are always ad hoc, identifying the optimal cut-
offs for the particular study group. Rescorla (1989) used
three cut-offs for 24-month-old children, called Delays 1–
3, where Delay 1 corresponded to fewer than 30 words
and no word combinations, Delay 2 corresponded to fewer
than 30 words or no word combinations, and Delay 3
corresponded to fewer than 50 words or no word combina-
tions. These cut-offs and names were later used by other
researchers who used the LDS as a screening instrument.
Studies that hadmore than one dimension in the index test
varied widely in how these were weighted. While Rescorla
(1989) assigned equal weights to expressive vocabulary and
the presence of word combinations, Vehkavouri and Stolt
(2018) constructed a composite score in which expressive
vocabulary accounted for approximately 98% and word
combinations weighted about 2% (Table 2).

Reference tests

Different measures were used as reference tests. Some
were standardized language tests (e.g., Reynell Develop-
mental Language Scales; Reynell, 1977). Others consisted
of language subscales from broader developmental tests or
a selection of items from such tests (e.g., Bayleys; Bayley,
2006), of previously used screening tests (Language Obser-
vation at 3 Years; Westerlund & Sundelin, 2000), analyses
of speech samples (e.g.,mean lengths of utterances) or clin-
ical examinations (Klee et al., 1998; 2000; Skarakis-Doyle
et al., 2009). Frequently, more than one reference test was
used in the same study. The use of multiple reference tests
was sometimes motivated by a wide age span in the stud-
ied group (Kim et al., 2014, 2016), but multiple reference
tests were also administered to all participants in some
studies (Rescorla, 1989; Rescorla & Alley, 2001). When the
reference test resulted in a numerical value, a cut-off was
necessary to separate children with language difficulties
from healthy children (Table 2). These cut-offs were often
given in the form of deviations from a central score. The
deviations were often, but not always, derived from the
norms of a standardized test.

Sample sizes, base rates, recruitment
procedures and associated biases

The sample sizes were generally small; only one contained
more than 490 subjects required from the modest assump-
tion spelt out in the introduction, and half included fewer
than 100 children. The base rates varied between 4% and
83% (Table 3).
Table 3 also presents the information related to the study

designs and associated biases. The three studies with the

lowest base rate (<15%) (Rescorla & Alley, 2001, study 1;
Vehkavuori & Stolt, 2018;Westerlund et al., 2006) recruited
children from community samples. Interestingly, two of
these (Vehkavuori & Stolt, 2018; Westerlund et al., 2006)
were the only studies that later stressed the limitations
of the instruments as screening tools. At least four stud-
ies (Rescorla, 1989; Skarakis-Doyle et al., 2009; Guiberson
& Rodríguez, 2010; Guiberson et al., 2011) recruited chil-
dren at risk and children not at risk in different ways.
This resulted in spectrum bias. At least five studies (Klee
et al., 1998, 2000; Rescorla & Alley, 2001, study 2; Sachse
& Von Suchodoletz, 2008; Skarakis-Doyle et al., 2009) did
not apply the reference test to any screening negative
children, resulting in verification bias. The recruitment
procedure used in the study conducted by Heilmann et al.
(2005) was unclear for two reasons. First, advertisement
in local newsletters, flyers posted throughout the com-
munity and posters at health fairs might primarily have
attracted low-risk children, while referrals from birth to
3 providers and recruitment from the ‘Research Partic-
ipation Core’ at the Waisman Center at the University
ofWisconsin (https://www.waisman.wisc.edu)might have
led to the recruitment of children at risk for language
difficulties. If these assumptions are correct, different pro-
cedures were directed to childrenwith andwithout risk for
language difficulties, resulting in a spectrum bias. Second,
the authors indicated that an ‘additional 62 children who
were identified as having normal language at 24 months
were included’, as were 38 identified as late talkers by MB-
CDI. It is unclear if there were more than 62 children with
screening negatives from start (as suggested by a base rate
of 38%). If this were the case, the study also suffered from
verification bias. However, no bias is noted for Heilmann
et al. (2005) in Table 3, as the reported details are unclear.
Five studies (Clark et al., 2016; Beaulieu-Poulin et al., 2016;
Kim et al., 2014, 2016; Mossabeb et al., 2012) concerned
special populations such as preterm children or children
visiting rehabilitation centres. The base rates in these five
studies varied between 19% and 83%. Six studies (Klee et al.,
1998, 2000; Mossabeb et al., 2012; Beaulieu-Poulin et al.,
2016; Westerlund et al., 2006; Sachse & Von Suchodoletz,
2008) contained information indicating that the index and
reference tests were taken blindly. One study (Skarakis-
Doyle et al., 2009) indicated clearly that this was not the
case, while the rest of the studies were unclear on this
point.

Classification accuracy

Table 4 presents information related to classification accu-
racy, that is, sensitivity, specificity, PPV,NPV, LR+ andLR–.
If a statistic was not reported, it was reconstructed from
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the available information and is presented in parenthe-
ses in Table 4. Sensitivity and specificity were the most
reported measures. This is unfortunate because they are
susceptible to the influence ofmany biases, as noted above.
Moreover, they do not provide sufficient information to
evaluate the clinical usefulness of screening tests. As sen-
sitivity and specificity are in an antagonistic relationship
in which a change in the cut-off raises one and lowers
the other, they should be appraised together. Rules of
thumb for acceptable levels are rarely given as they vary
with the condition screened for, the cost of the screening,
and the cost of the treatment. However, Glascoe (2005)
suggested a sensitivity>70% and a specificity closer to 80%
as minimal requirements for clinical useful tests. Most of
the reviewed studies fulfilled these two criteria. However,
the influence of biases and the small sample size used in
many studies calls for a careful interpretation. It is there-
fore advisable to follow Dollaghan’s (2007) suggestion (for
unbiased studies) to use the lowest values in the confi-
dence interval (CI) for all values except LR− (see below
for an explanation) for which the highest value is criti-
cal, when deciding whether a screening test has sufficient
accuracy. Only three studies (Clark et al., 2016; Wester-
lund et al., 2006; Guiberson & Rodriquez, 2010) originally
included at least one CI. Therefore, we addedCIs to Table 4
when lacking. All added values are in parentheses. Inspec-
tion of these results reveals that no pair of CIs has the
lowest sensitivity >70% and the lowest specificity (>75%).
Thus, the sensitivity and specificity of the reviewed studies
provide poor evidence of their classification accuracy.
PPV is often low in screening studies, with values

>50% often being accepted, sometimes even values >30%
(Glascoe, 2005). NPV, on the other hand, rarely causes
uncertainty. The predictive values are also commonly
reported, particularly PPV, although they are only occa-
sionally accompanied by CIs. The predictive values heavily
depend on the base rate. It is important to adjust for this in
studies with high base rates, but it was acknowledged by
only a few studies (Klee et al., 1998, 2000; Rescorla &Alley,
2001). We have added new and missing predictive values
to Table 4, assuming a base rate of 10% to facilitate com-
parisons. The CIs around these values were also included.
Inspection of Table 4 shows that only three studies (Klee,
et al., 2000; Rescorla & Alley, 2001; Skarakis-Doyle et al.,
2009) had an adjusted PPV >30% as the lower limit of CI,
and none had a value >50%. Hence, the tests reviewed
were not very good at identifying children with language
difficulties.
The likelihood ratios, LR+ and LR−, are often the

preferred measures of diagnostic accuracy and are less
affected by verification bias than what sensitivity and
specificity are. The two likelihood ratios can also be com-
bined into a single odds ratio (diagnostic odds ratio (DOR)

= LR+/LR−), although its interpretation is less intuitive.
A likelihood ratio of 1.00 indicates that it is equally likely
that a positive result on the index test comes from a healthy
and unhealthy person, and hence is useless in differentiat-
ing between them. Sackett et al. (2000) (cited inDollaghan,
2007) suggested that an LR+ ≥10 should be interpreted as
strong evidence that a positive index test comes from an
unhealthy individual, and an LR− ≤ 0.10 constitutes strong
evidence of negative result on the index test comes from
a healthy individual. Furthermore, Sackett et al. (2000)
suggested that an LR+ = 3 and an LR− <0.3 should be
interpreted as ‘suggestive but insufficient to diagnose a
disorder’.
Four of the studies reviewed (Heilmann et al., 2005;

Westerlund et al., 2006; Skarakis-Doyle et al., 2009;
Guiberson & Rodriquez, 2010) reported likelihood values.
Heilmann et al. (2005) reported several values of LR+
depending on the cut-off. We calculated the LR+ and
LR−, including CIs for studies without this information
in Table 4. Like the sensitivity and specificity, LR+ and
LR− should be evaluated as pairs. Inspection of the CIs in
Table 4 revealed that no study had an LR+ with a lower
limit of ≥ 10, and an LR− with an upper limit of ≤ 0.10.
Hence, there is no strong evidence for the effectiveness of
LDS or MB-CDI as screening instruments in any of the
reviewed studies. Furthermore, only one study (Sachse &
Von Suchodoletz, 2008) had a lower limit of LR+ >3 and a
higher limit of LR− < 0.30 indicating a ‘suggestive’ result
‘but insufficient to diagnose disorder’. As noted in Table 3,
this study was also afflicted with several biases.

DISCUSSION

The purpose of the present study was to review the evi-
dence for the utility of screening instruments based on
the LSD or MB-CDI in screening for language delay. We
found that most studies were explorative in nature, and
many leaned heavily on children’s expressive vocabulary.
Furthermore, the choice of reference test was seldom dis-
cussed, and many studies were afflicted with well-known
biases, used small sample sizes and rarely reported CIs.
The actual diagnostic accuracy reported was, after cor-
rections, insufficient for clinical use. These issues are
discussed in order.

Explorative designs

An explorative design investigating the usefulness of dif-
ferent parts of an instrument for screening, and different
levels of cut-off might be useful in the early phase of
research but can never provide solid evidence for the
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570 REVIEW OF THE LDS ANDMB-CDI AS SCREENING TOOLS

diagnostic accuracy of an instrument. Instead, the most
promising scale or combination of scales and correspond-
ing cut-offs from explorative studies should be applied in
the formof fixed scale(s) and fixed cut-off values pre-hoc in
new studies, incorporating new study groups. Otherwise,
the criteria are optimised to fit the study group at hand
and hence are confounded with chance. Of course, such
optimization to a particular study group is also at hand
when the cut-off values have been determined by discrim-
inant or ROC analyses. Moreover, when the cut-off values
have been determined by discriminant or ROC analyses,
this should not just be acknowledged (as in Skarakis-Doyle
et al., 2009; Guiberson & Rodriquez, 2010; Guiberson,
et al., 2011), but should bemade transparent and preferably
translated to clearly understandable units of language, for
example, Rescorla’s (1989) ‘fewer than 50 spoken words or
no word combinations’ to be clinically useful. Naturally,
such criteria can only be readily constructed in relation
to children of a certain age. Many researchers used norms
from the screening instruments and applied the same cut-
off to children of different ages, such as the 10th percentile.
While this might appear an attractive idea, the first step
should be to show that the screening instruments work
for a particular age group. However, this has not yet been
achieved. Most of the reviewed studies concerned children
aged 24–36months, and suitable age groups are likely to be
found in this age interval.

Index tests and reference tests

Both the LDS and MB-CDI lean heavily on children’s
expressive vocabulary, and a key issue is whether children
with language difficulties are best identified via expres-
sive vocabulary. Although expressive vocabulary correlates
highly with other aspects of language in typical develop-
ing children, in particular with grammar (e.g., Bates &
Goodman, 1997; Dixon&Marchman, 2007), this is not nec-
essarily the case for children with a language disorder. In
contrast, many disorders are characterized by a weakness
in only one or two aspects of language (e.g., impairment
of mainly expressive language disorder, impairment of
expressive and receptive language disorder, impairment
of mainly pragmatic language disorder; WHO, 2022). To
include measures assessing several aspects of language in
the index test would therefore seem advantageous. How-
ever, four of the reviewed studies (including Vehkavuori
& Stolt, 2018, in which 98% of the test consisted of expres-
sive vocabulary) assessed only expressive vocabulary. The
presence of word combinations was included in many of
the reviewed studies in addition to expressive vocabulary,
and it had the great advantage that it could be assessed
by one or two questions, or by pure observation at child

health centres (Westerlund, et al., 2006). Others stress
the importance to assess receptive skills during screen-
ing (Vehkavuori & Stolt, 2018). Furthermore, pragmatic
skills (Bishop, 2000) and non-word repetition tasks (Coady
& Evans, 2008) are potential candidates for inclusion in
early screening tests, although the latter tasks are usu-
ally designed for somewhat older children. In conclusion,
it would be valuable to know the individual contribu-
tion of each component of multidimensional index tests in
identifying children with language difficulties to guide an
informed decision on what aspects of language would be
optimal to include in early screening tests andwhat weight
each aspect should be given.
The selection of the reference test was seldom discussed

in the reviewed studies. This is unfortunate as this is a
key choice in screening. A standardized diagnostic test
of known validity would be an appropriate reference test
(Stott et al., 2002), for example, the Ryenell test. A clinical
judgement is sometimes viewed as the ultimate reference
test, although it has been objected that clinical judge-
ments are seldom externally validated (Stott et al., 2002).
Moreover, only one reference test should be administered
to each participant in order to avoid confounding with
chance.

Biases

Under-identification is a bias that suppresses sensitivity.
However, most other biases such as spectrum, verifica-
tion and review bias overestimate the diagnostic accu-
racy (Lijmer et al., 1999). Spectrum and verification bias
are often associated with strategies researchers apply to
decrease the proportion of screening negatives in a study
(probably unaware of the biases that comes with such pro-
cedures). Both biases are harmful, but verification bias is
easier to correct for (Zhou & Castelluccio, 2004). At least
eight of the included studies were afflicted with one of
these biases, but only the study by Skarakis-Doyle et al.
(2009) included both biases (although the study by Heil-
mann et al., 2005, was unclear). Information on whether
the index and reference tests were taken blindly or not
was disclosed in less than half of the studies. Five studies
concerned special populations, and none of these studies
were afflicted with spectrum or verification bias as all chil-
dren were recruited from registers containing information
on their at-risk status. As the prevalence was rather high
in these groups, there was little need to take measures to
increase the base rate. However, Kim et al. reported a base
rate >80%, and it was difficult to see the need to screen
these children in the first place. A better strategy, following
Wilson and Jungner (1968), would be to examine the lan-
guage in all children. However, generalizations of results

 14606984, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1460-6984.12800 by Statens B

eredning, W
iley O

nline L
ibrary on [19/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



ERIKSSON 571

from these special populations to normal populations are
always problematic, and statistics of classification accuracy
derived from special populations have little relevance for
normal populations with lower base rates.
It can also be noted that spectrum, verification and

review biases were not addressed by the review made
on behalf of the US Preventive Service Task force (Berk-
man et al., 2015; Wallace, et al., 2015). Instead, they made
a general ‘quality assessment’ of each study, something
also recommended in PRISMA reviews (Page et al., 2021).
The quality of eight of the nine studies on LSD and MB-
CDI included was rated as fair whereas the study by
Sachse and Von Suchodoletz (2008) was rated as good (all
criteria fulfilled). We find these quality assessments high
and the difference in ratingmade unwarranted, as the sam-
ple size in the study by Sachse and Suchodoletz was small
(n = 117) and the verification bias in this study was sub-
stantial, something that also caused a letter to the editor
the following year (Kreis, et al., 2009).

Sample sizes, CIs and diagnostic accuracy

The sample sizes were generally small, which limited the
conclusions of these studies. Only one study (Westerlund
et al., 2006) comprised more than the 490 children which
can be considered as a minimum when modest values on
sensitivity, prevalence, power and p-value for rejecting the
null hypothesis were assumed.
Furthermore, the review found that CIs were seldom

reported, and when they were reported, or when calcu-
lated retrospectively, they were so wide that the results
were rather hollow. For example, in the often-cited study
conducted by Klee et al. (2000) comprising 64 children, the
sensitivity varied between 59% and 100% and LR+ between
6.11 and 95.03. The use of small sample sizes and rarely
reported CIs is consistent with the findings reported by
Dollaghan (2013) in a synthesis of research on late talkers
as a clinical category.
To determine what could be considered as sufficient

evidence of accuracy, a principle suggested by Dollaghan
(2007) to go by the lower limit of the CI (except for LR−
which should be as low as possible, for which reason
the upper limit was used) was followed. This analysis
revealed that even disregarding all methodological flaws
and biases discussed above, no study provided strong
evidence for screening based on LDS or MB-CDI had
adequate diagnostic accuracy.

Limitations

A literature review consists of a range of decisions on
inclusion and exclusion of studies. Each decision can be

discussed providing they are openly reported. The choice
to include ‘screening’ as a search term together with the
name of the two instruments reduced the number of stud-
ies considerably. It excluded studies on related topics such
as continuity of early language difficulties, studies distin-
guishing between persistent and transient conditions, the
natural history of early language difficulties, or risk fac-
tors associatedwith language difficulties. Such studiesmay
share some of the shortcomings discussed in the present
review, notably the focus on only one language dimension
(typically expressive vocabulary) and rarely reported CIs.
However, they have been excluded if they are not framed
as screening studies (and hence used the word ‘screening’
which was one of the search terms). Further, the litera-
ture search was limited to two data bases, PubMed and
PsychInfo. It is possible that search in additional databases
would have identified more studies. Yet, the secondary
search of four previous reviews (Berkman et al., 2015; Law
& Roy, 2008; Sim et al., 2019; Wallace, et al., 2015) identi-
fied only one additional article, and this article was later
excluded due to exclusion criteria 5, the measure was used
as outcome. This indicates that the coverage of the field
was good.
Some exclusion criteria may also be discussed. Stud-

ies not written in English (criterion 1 in Figure 1) were
excluded; a limitation is shared by most reviews published
in English. Further, studies that have not reported any
measures of classification accuracy (criterion 4 in Figure 1)
was also excluded. Yet only one measure of accuracy, for
example, sensitivity, was required for inclusion and values
for the other measures were calculated and given in paren-
theses. The reason for these exclusions is that it would be
unwarranted to criticize studies for inadequate screening
methodology if they are not explicitly framed as screening
studies. (Conversely, studies that present statistics based
on means but none on classification accuracy should not
be taken as evidence of the instruments validities as screen-
ing tools.) Other studies were excluded because they either
attempted to identify children with a specific neurodevel-
opmental disorder such as ASD (criterion 6 in Figure 1), or
studies on communication skills of an already diagnosed
population (criterion 10 in Figure 1). The reason for the
first exclusion is that the present review concerns poten-
tial instruments in identifying all children with language
difficulties, regardless of aetiology, not to identify children
with a specific neurodevelopmental disorder. The reason to
exclude the second is that a study of childrenwith a specific
diagnosis, for example, Down syndrome, is that language
difficulties are well-known for this group of children, but
the difficulties may not be representative for the larger
group of children with language difficulties. Yet, studies
of children with increased risk for language difficulties
were included, for example, preterm children (Mossabeb
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et al., 2012; Beaulieu-Poulin et al., 2016), children going
through life saving therapies (Clark et al., 2016), or chil-
dren recruited from rehabilitation centres (Kim et al., 2014,
2016). The reason for the latter inclusion was that lan-
guage difficulties in high-risk children are expected to
be more varied than those in children with a specific
diagnosis.
In sum, the focus of this review was not primarily

to synthesize previous results, but rather to scrutinize
how specific research methods are employed by the most
influential articles in the field. We are quite confident that
the most influential studies have been included.

Final remarks

The present review has revealed several methodologi-
cal concerns leading to the conclusion that the evidence
for instruments based on the LDS and MB-CDI as valid
screening tools for language difficulties is insufficient. This
conclusion agrees with Dale et al. (2003), Law and Roy
(2008), Siu (2015) and Wallace et al. (2015), but in contrast
to conclusionsmade by Berkman et al. (2015) and Sim et al.
(2019). Of course, this is not to say that sufficient evidence
will not be achieved in future studies.
The methodological shortcomings identified will hope-

fully contribute to increased quality of future studies on
early screening for language difficulties. The present cri-
tique is not primarily directed at parents as informants on
their children’s language. We know from previous studies
of the LDS and MB-CDI that parents are generally good
at reporting on their children’s language skills (Fenson
et al., 2007). However, language difficulties are more com-
mon in socially disadvantaged families and there is also
a genetic component associated with many language dif-
ficulties (Rudolph, 2017). This may reduce participation
amongst parents of children with low language skills, a
problem that is likely to increase with the lengths of the
questionnaire. Hence, there is a risk that participation of
parents of children at risk that the index test is designed
to identify, will be particularly low. To date, we do not
know whether it is viable to build a screening programme
on any version of the LDS or the MB-CDI. The critique
put forth in this review is not directed at other uses of
the LDS and MB-CDI instruments, apart from screening.
On the contrary, they have been exceptional in generat-
ing knowledge of child language from large populations,
special populations, and children from different language
communities.
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