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ARTICLE INFO ABSTRACT

Keywords: Background: Early identification of infants at-risk is imperative for proper referral to intervention
Alarm distress baby scale programs. The Alarm Distress Baby Scale (ADBB) is an eight-item observer-rated screening tool
ADBB

detecting social withdrawal in infants. Previously, a shortened five-item version of the scale (m-
ADBB) has been proposed. To date, few studies have examined the validity of the two scales, and
no studies have examined the validity of the ADBB after implementation as a universal screening
tool in primary care.

Objective: The aim of this study is to use Item Response Theory (IRT) to examine the construct
validity of the ADBB when used by public health visitors in primary care.

Methods: Participants were 24,752 infants (aged: 2-12.9 months) screened by public health vis-
itors using the ADBB. Screenings were categorized into three waves according to the infant’s age
at the screening time (2-3.9 months, 4-7.9 months, and 8-12.9 months). Analyses were conducted
separately on each wave. We checked IRT assumptions: (a) Unidimensionality, (b) Monotonicity,
(c) Local independence, and (d) No DIF in relation to infant sex and gestational age. The 2PLM
was used to assess model fit and estimate model parameters.

Results: Items fulfilled assumptions regarding unidimensionality, monotonicity, and no clinical
and significant DIF. Local independence was not present for all items (i.e. 2, 7, and 8). The items
showed moderate to good discriminatory abilities (alpha values > 1.11) and discriminated best
above average levels of social withdrawal (theta values > 1.33). Items 7 and 8 showed nearly
identical ICC suggesting that the two items discriminate equally well at the same level of social
withdrawal. In addition, items 4 and 6 discriminated best at very high levels of social withdrawal,
which might be of limited interest for screening purposes. Finally, the items showed similar
patterns in terms of discrimination and location parameters across the three waves.

Conclusions: The ADBB shows several psychometric strengths when used by public health visitors
in primary care, and the items show good discriminatory abilities at the levels of social with-
drawal of interest for screening purposes. Yet, the results also suggest that for first-line screening,
the validity of the scale might be improved with the removal of items 4, 6, and 8 as suggested in
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the m-ADBB. However, before recommending implementation of the m-ADBB, studies comparing
the criterion-related validity of the two scales are needed.

What is already known about this topic?

To detect infants at-risk, formal screening programs using standardized tools are more effective than informal developmental
surveillance.

The Alarm Distress Baby Scale (ADBB) is a screening tool for detecting social withdrawal in infants aged 2-24 months, and the m-
ADBB is a shortened version of the scale.

No previous studies have examined the validity of the ADBB when used as a universal screening tool in primary care.

What this paper adds

The ADBB shows several psychometric strengths when used as a universal screening tool by health visitors in primary care.
The results suggest that the m-ADBB might be more appropriate for first-line screening.

1. Background

Socioemotional and behavioral problems in infancy often persist into preschool and school age (Briggs-Gowan et al., 2006), and
intervention becomes more difficult as problems in infancy tend to become more complex and severe with development (Shonkoff and
Phillips, 2000). To ensure referral to early intervention, studies suggest that formal screening programs, which are based on the use of
standardized tools, are more effective than more informal developmental surveillance, which is based on the clinician’s impression of
the infant, parental concern, and input from other professionals (Briggs-Gowan et al., 2006; Guevara et al., 2013). Thus, we need
well-validated screening tools, which are feasible in primary care. In this study, we examine the psychometric properties of the Alarm
Distress Baby scale (ADBB; Guedeney and Fermanian, 2001) when used in a real-life primary care setting as a universal screening tool
for detecting early social withdrawal in infancy. The psychometric properties are examined using Item Response Theory (IRT) on a
dataset including screening results from between 11,500 to 14,500 infants aged 2-12 months screened during routine home-visits by
public health visitors.

Despite knowledge about the effectiveness of universal screening programs, it is often difficult to implement universal screening
tools in primary care, and several studies report that professionals often do not adhere to screening guidelines resulting in very low
screening prevalence rates (e.g. Sand, 2005). In a previous study examining the implementation of the ADBB as a universal screening
tool in a subsample of the health visitors from the current study, results showed that acceptable screening prevalence rates (79%) were
obtained within 12 months after training (Smith-Nielsen et al., 2018). Thus, the ADBB seems to be feasible as a universal screening tool
in Danish primary care. When screening tools are used in a busy real-world setting their validity might be compromised. Therefore, it is
important to follow-up on the implementation of the ADBB with an examination of the validity of the instrument after its imple-
mentation in primary care.

The ADBB detects social withdrawal in infants aged 2-24 months. It is an observer-rated screening tool assessing social behavior
across eight items: (1) Facial expressions, (2) Eye contact, (3) General level of activity, (4) Self-stimulating gestures, (5) Vocalizations,
(6) Briskness of response to stimulation, (7) Relationship, and (8) Attraction (Guedeney and Fermanian, 2001). Infant social with-
drawal is characterized by less frequent eye contact, fewer emotional displays, and less vocalizations, a decreased level of activity, and
possibly by increased self-stimulation and delayed reaction time (Guedeney et al., 2013). Social withdrawal within a certain range is a
normal part of caregiver-infant interactions allowing the infant to self-regulate (Brazelton et al., 1974; Field, 1981). In contrast,
sustained social withdrawal may have adverse effects on child development, since this behavior limits the infant’s access to the social
learning environment (Guedeney et al., 2013; Smith-Nielsen et al., 2019). Indeed, studies have shown that social withdrawal in infancy
is associated with less optimal outcomes within several developmental domains, such as emotional and behavioral problems (Gue-
deney et al., 2014; Zhou et al., 2020), poorer cognitive (Guedeney et al., 2017; Milne et al., 2009; Smith-Nielsen et al., 2019), and
language development (Guedeney et al., 2016; Milne et al., 2009).

The ADBB is, to the best of our knowledge, the only observer-rated tool for time-efficient screening of early psychosocial diffi-
culties. Typically, such difficulties are assessed using parent-reported questionnaires or comprehensive and time-intensive observa-
tional coding procedures (Bagner et al., 2012). While parent-report constitutes a time-efficient way of obtaining knowledge about the
child in a number of situations, which would be very time-consuming for the professional to observe, there are also several disad-
vantages related to the use of parent-report. First, parents may not have the knowledge and expertise required to detect all types of
infant psychosocial difficulties, especially in the case of internalizing symptoms that may be easily overlooked (Groh et al., 2012).
Second, parents and observers do not necessarily agree on ratings of the infant’s behavior. Studies show that parents often do not agree
or show minimal agreement with observers when rating their own infant’s temperament, even when parents and observers rate the
same situations (Seifer et al., 2004; Stifter et al., 2008). Given these issues, it is important to supplement parent-report with
observer-rated screening tools.

Previous studies have assessed the psychometric properties of the ADBB using Classical Test Theory (CTT). The studies show that
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the ADBB demonstrates good inter-rater reliability, internal consistency and test-retest reliability (for a review, see Guedeney et al.,
2013). Construct validity of the ADBB has been tested using factor analysis (Assumpcao Jr. et al., 2002; Facuri-Lopes et al., 2008;
Guedeney and Fermanian, 2001; Guedeney et al., 2013; Matthey et al., 2005). Apart from one study, which found four factors
(Assumpcao Jr. et al., 2002), the studies find that the ADBB consists of an interpersonal and a temperamental/non-interpersonal factor
(Facuri-Lopes et al., 2008; Guedeney and Fermanian, 2001; Guedeney et al., 2013; Matthey et al., 2005). In addition, the majority of
the studies find that item 4 (Self-stimulating gestures) does not load on any of the two factors, and in two of the studies, item 4 is
considered a third factor (Facuri-Lopes et al., 2008; Guedeney et al., 2013). The studies differ in relation to the specific items included
in the two main factors. In this respect, it should be noted that most of the studies have relatively small sample sizes (N < 122), which,
together with the few measured variables in each factor (< 4), might have affected the stability of the factors (Kyriazos, 2018). The
most recent factor analysis was conducted on a large sample of 640 infants, and results from this study confirmed the three-factor
solution consisting of (a) a major interpersonal factor (explaining 37.3% of the variance) comprised of item 2 (Eye contact), item 7
(Relationship), and item 8 (Attraction), (b) a minor temperamental/non-interpersonal factor (explaining 16.3% of the variance)
comprised of item 1 (Facial expressions), item 3 (General level of activity), item 5 (Vocalizations), and item 6 (Briskness of response to
stimulation), and (c) an additional minor factor (explaining 13.3% of the variance) comprised of item 4 (Self-stimulating gestures)
(Guedeney et al., 2013).

In 2013, a shortened and modified version of the ADBB (m-ADBB) was developed by Matthey and colleagues based on their work
with the ADBB in Australia (Matthey et al., 2013, 2005). The m-ADBB is scored on a 3-point scale (rated as Satisfactory, Possible
Problem, and Definite Problem) and is comprised of the following five items from the original ADBB: Item 1 (Facial expressions), item 2
(Eye contact), item 3 (General level of activity), item 5 (Vocalizations), and item 7 (Relationship). In the m-ADBB, item 4 (Self--
stimulating gestures) was removed because the item showed poor interrater reliability; item 6 (Briskness of response to stimulation)
was removed because the item showed high correlations with item 3 (General level of activity); and item 8 (Attraction) was removed
due to high correlations with six of the other items. Apart from the original validation study (Matthey et al., 2013), two recent studies
have compared the psychometric properties of the m-ADBB and the full ADBB (Pérez-Martinez et al., 2020; Ulak et al., 2020). Ulak and
colleagues (2020) demonstrated that the m-ADBB showed better interrater reliability than the full ADBB, whereas the full ADBB
showed better internal consistency than the m-ADBB. In contrast, Pérez-Martinez and colleagues (2020) found that both the full and
the m-ADBB showed acceptable internal consistency when used to assess social withdrawal in infants with Cleft Lip and Palate
malformation (CL/P) at 4 and 12 months. Overall, research comparing the ADBB and the m-ADBB has mainly focused on reliability
(interrater reliability and internal consistency). While reliability is necessary to establish validity, it is not sufficient (Tavakol and
Dennick, 2011). Therefore, studies focusing on how removal of items 4, 6, and 8 affects the validity of the scale are needed.

To extend the existing research on the construct validity of the ADBB, in this study, we draw on methods from Item Response
Theory (IRT). IRT methods complement CTT methods by providing more in-depth assessment of the performance and validity of each
item on the scale. Thus, an IRT analysis of the ADBB is not only informative in relation to the construct validity of the full scale but also
in relation to how removal of items 4, 6, and 8 in the m-ADBB might have affected the validity of the scale. In addition, in contrast to
results derived using CTT, which are sample-specific, results from an IRT approach are, given that IRT assumptions hold, theoretically
generalizable beyond the sample studied (Langer et al., 2008; Reeve and Fayers, 2005).

IRT constitutes a set of mathematical models that describe in probabilistic terms the relationship between a person’s response to a
specific item and his or her level of the latent variable being measured. The latent trait is a hypothetical construct, which is postulated
to exist but cannot be directly measured. Instead, the latent trait is indirectly measured using the items comprising the scale (Reeve and
Fayers, 2005). Since the ADBB is used as a single dimension, when used for screening purposes, we assess each item’s performance in
relation to the total score. We use the Two-Parameter Logistic Model (2PLM) to estimate each item’s location (or difficulty) and
discrimination (or slope) parameters. The functional form is defined as Pi(x = 1, a;, b;) = 1/1 — e — a;(0 — b;) with a; being discrimination
and b; being difficulty. Item location reflects the degree of severity of the latent trait that is needed for a person to have a .50 probability
of endorsing the item. Item discrimination (or slope) reflects how well each item identifies cases at different levels of the latent trait
with steeper slopes offering better discrimination than less steep slopes. Using location and discrimination parameters, it is possible to
examine at which levels of the latent trait specific items discriminate best (Yang and Kao, 2014). Examination of item discrimination
and location parameters can be used for evaluating whether some items are redundant or whether more items should be included to
best capture the levels of the latent trait of interest. When an item has good discrimination, it becomes less important to have other
items measuring the same level of the latent trait. Ideally, a measure should consist of evenly spaced, near vertical item characteristic
curves (ICCs) covering the range of the latent trait of interest (Fayers and Machin, 2016).

The use of IRT methods require that the scale fulfill assumptions regarding monotonicity, unidimensionality, absence of differential
item functioning (DIF), and local independence. Fulfillment of each of these criteria also provide evidence for the construct validity of
the scale. However, IRT models are robust to minor violations of these assumptions (Reeve and Fayers, 2005). Monotonicity implies
that the probability of a high item score increases with increasing levels of the latent construct. In relation to the ADBB this means that
the probability of showing unusual behavior on one of the items should increase as the level of social withdrawal increases. Unidi-
mensionality implies that items measure a single continuous latent construct. Although previous studies suggest that the ADBB consists
of two factors, when conducting ADBB screenings, measures may be considered unidimensional, when there is one dominant factor
and relatively minor additional factors (Slocum-Gori et al., 2009). DIF occurs when one or more items perform differently in various
subgroups after controlling for overall differences between subgroups on the latent construct (Fayers and Machin, 2016). Presence of
DIF suggests that the score on a specific item does not only depend on the latent construct but also on some other characteristic, such as
gender or socioeconomic status, which the item was not intended to measure (Langer et al., 2008). On a practical level, presence of DIF
may cause problems when different groups are compared using the same measure and/or when the same cutoff is used across different
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groups, since DIF may lead to one group erroneously obtaining higher or lower scores hereby potentially affecting the selection rate
(percentage of subjects above cutoff) in that group (Hidalgo et al., 2015). Previous studies have shown that social withdrawal in
infancy is associated with being a boy (Guedeney et al., 2008) and low gestational age (GA) (Braarud et al., 2013; Guedeney et al.,
2012). To ensure that these differences are related to social withdrawal and not DIF, we examine DIF in relation to infant sex and GA.
Finally, local independence implies that there is no correlation among items when the latent construct is held constant. This means that
although we expect correlations between items in a scale, these correlations should only occur because the items reflect the same latent
construct. Local dependence may occur for a number of reasons, e.g. when wording of two items are very similar and raters are not able
to differentiate between items, or when items are conditionally dependent on each other (Fayers and Machin, 2016).

In this study, the construct validity of the ADBB is evaluated using IRT in a large community sample with data from public health
visitors’ routine screenings using the ADBB as part of their daily practice. Evaluating screening instruments when used in a busy real-
life setting is an important part of evaluating whether the instrument functions as intended when implemented in practice. In 2015, the
ADBB was implemented as a universal screening tool in the public health home visiting program in the City of Copenhagen. ADBB
screenings are conducted during routine home visits by public health visitors, i.e. specialized nurses who have completed the
“Advanced Nurse Health Visitor Education Program”. Health visitors aim at screening infants when they are 2 months, 4-6 months
(only in first-time families), and 8-10 months. In addition, a health visitor may choose to conduct further ADBB-screenings in case of
extra visits or concern. As a minimum, all infants should be screened with the ADBB at least once during their first year of life
(Smith-Nielsen et al., 2018).

2. Methods
2.1. Participants

The study includes data from infants born in the municipality of Copenhagen from March 2014 to July 2019 and their families (N =
55,810). Infants were included in the study, when minimum one ADBB screening was registered between infant age 2-12.9 months (n
= 24,752). This is in line with the screening guidelines in the municipality, where all infants should receive a minimum of one
screening within the first year postpartum. When two ADBB screenings were registered on an infant with less than 30 days apart, the
most recent screening was excluded, since the second screening might be conditional on the first. The ADBB screenings were cate-
gorized into three waves corresponding to the age of the infant at the time of the screening: 2-3.9 months, 4-7.9 months, and 8-12.9
months. Each wave includes the infant’s first ADBB screening in that age group. An infant may contribute an ADBB screening in more
than one wave, as long as there are more than 30 days between the screenings. For a flowchart of the selection process, see Fig. 1.

As a part of the data cleaning process, extreme values of birth weight (< 1.5 kg and > 5.5 kg) and gestational age (< 24 weeks) were
excluded.

Infants born in the municipality of Copenhagen
between March 2014 and July 2015
N=55,810

Excluded infants: Infants without
an ADBB screening <+
N=31,010

A 4

Infants with minimum one ADBB screening
N =24,800

Excluded Infants: Infants aged » 2
and £ 13 months when the ADBB
screening was conducted

[

N=48
A 4
Infants with minimum one ADBB screening
N=24,752
A Y A 4
ADBB screening, Wave 1 ADBB screening, Wave 2 ADBB screening, Wave 3
Infants aged 2 - 3 months and with Infants aged4 - 7 months and with Infants aged$ - < 12 months and
an ADBB screening and an ADBB screening with and an ADBB screening
n=14,570 n =11,608 n =13,088

Fig. 1. Flowchart of the study population.
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2.2. Procedure

The Danish Health Visitor system is a well-integrated part of the healthcare and welfare system. Data from the home visits are
recorded by the public health visitor in the Danish Health Visitor Records. The Danish Civil Registration System (CRS) was used to
retrieve information about the study population. Since April 1968, all people living in Denmark are registered by a 10-digit civil person
registration (CPR) number in the CRS. Using this number, linkage of individual information from the Danish Health Visitor Records at
Novax was possible. From the Danish Health Visitor Records, we obtained information on maternal and paternal age, infant sex,
gestational age, date of birth, and ADBB screening, including item scores and date of ADBB screening.

2.3. Alarm Distress Baby Scale

The ADBB (Guedeney and Fermanian, 2001) consists of eight items: (1) Facial expressions, (2) Eye contact, (3) General level of
activity, (4) Self-stimulating gestures, (5) Vocalizations, (6) Briskness of response to stimulation, (7) Relationship, and (8) Attraction.
Each item is rated on a 5-point scale from 0 (absolutely normal) to 4 (very obvious abnormal behavior). The total score (range: 0-32) is
calculated by summing the scores across the items with higher scores indicating more withdrawal. Studies have agreed on a cutoff of >
5 (De Rosa et al., 2010; Facuri-Lopes et al., 2008; Guedeney and Fermanian, 2001; Puura et al., 2010).

The ADBB assessment is conducted during interactions between the infant and a stranger, which in this study was the health nurse.
The ADBB can be used in in any context involving social interaction between the observer and the infant, such as pediatric exami-
nations, developmental testing situations or simple face-to-face interactions. When assessing social withdrawal, it is important that the
child is in an alert state (Guedeney et al., 2013).

The ADBB is a short screening instrument that was built to be as simple as possible to be implemented and used in clinical practice.
It has shown good content validity as well as criterion validity (Guedeney and Fermanian, 2001).

2.4. Training

The ADBB training program of the health visitors were developed in collaboration with Prof. Antoine Guedeney, the developer of
the ADBB scale. The health visitors attended a two-day course, where they were given lectures on infant social behavior, an intro-
duction to the ADBB and its use, and a thorough introduction to scoring criteria. The health visitors also practiced infant observation
using the ADBB scale with videotaped examples. Following the course, the health visitors independently rated 11 videos. Their ratings
were discussed and compared with expert ratings during three two-hour group supervision sessions. Before the health visitors began to
use the ADBB scale in their practice, they had to demonstrate acceptable agreement (> 75%) on a reliability set consisting of four
videos. To rate a video correctly, the rater’s total score should fall into one of the following categories, also listed in the ADBB manual
(Guedeney, 2015): total score = 0-4 (‘No concern’); total score = 5-10 (‘Some concern’); total score > 11 (‘Significant concern’). To
keep up the obtained reliability and avoid coders’ drift, health visitors attended a two-hour group supervision session every third
month on their use of the ADBB scale. At the group supervisions, the scoring of videotaped ADBB-screenings conducted either by the
health visitors or the supervisor were discussed. All trainers had demonstrated acceptable agreement by rating six out of seven videos
correctly in relation to the three categories (corresponding to Cohen’s k > .78 and > 85% agreement) and by showing correct item
ratings (reference score +/- 1) on 90% of the items. Certification videos were rated by Prof. A. Guedeney.

2.5. Statistical analyses

All analyses were conducted in R v. 3.6.3. The scores on each item were transformed to a binary score: Scores of zero where kept
indicating that the infant had no unusual behavior on this item, and scores of one to four were transformed to a score of one indicating
that the infant showed some degree of unusual behavior on that item. The total score was calculated as the sum of the binary items.
This was done due to the very low prevalence of scores above 0 in our sample (76.4% of the sample had a total score of 0 across the
three waves).

Firstly, the assumptions regarding monotonicity, unidimensionality, local independence, and no differential item functioning (DIF)
were tested. Monotonicity was examined by inspecting the average item score in relation to the score obtained by summing all the
items except the item in question. The R package 1tm (Rizopoulos, 2006) was used to test for unidimensionality. In this package,
unidimensionality is tested using modified parallel analysis, a method developed by Drasgow and Lissak (1983) for examining the
latent dimensionality of dichotomously scored items. Local dependence was examined using correlations between items while con-
trolling for the rest score, i.e. the total score minus the two items. Pearson correlations (rp) exceeding 0.2 are suggestive of local
dependence (Fayers and Machin, 2016). DIF was examined by fitting logistic regression models of each item on the total score and the
exogenous variable. DIF was examined in relation to infant sex and gestational age. DIF was considered present when the effect
reached statistical significance, and log-odds ratios (log-OR) were outside the +/- 0.64 interval (Scott et al., 2010).

Secondly, the R package Itm (Rizopoulos, 2006) was used to evaluate item fit to a 2PL IRT model and estimate item parameters. For
evaluating item fit, a Monte Carlo procedure were used to approximate the distribution of the item-fit statistic under the null hy-
pothesis. The following categories are used to describe item discrimination parameters: Very low (0.01 < o; < 0.34), low (0.35 < oy <
0.64), moderate (0.65 < o; < 1.34), high (1.35 < o; < 1.69), and very high (o; > 1.70) (Baker and Kim, 2017). If an item does not fit the
model, it may be due to e.g. poor item quality or poor construct validity.

Given that several statistical tests were performed and the large sample size, results were evaluated at the 1% significance level.
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2.6. Ethical considerations

The Danish Data Protection Agency, through the notification system at Copenhagen University, approved the usage of the data
obtained in The Copenhagen Infant Mental Health Project (journal number: 514-0026,/18-2000). All data have be pseudo anonymized
before statistical analyses and publications according to Danish law. By using unique IDs anonymity is secured for all retrieved data.
The sheet including personal identifiable information is securely stored separately from data and only authorized personnel from the
project have access to this sheet and to the data via a secure interface. Investigators only have access to data sets cleaned of personal
identifiable information. By Danish law, no informed consent is required for a registry-based study.

3. Results
3.1. Descriptive statistics

Between 11,608 and 14,570 infants were screened at each wave. Fewest infants were screened at wave two, which is the wave
where only first-time parents receive routine visits. Descriptive statistics were calculated for Wave 1, 2 and 3 and are presented
separately for each Wave in Table 1. Item 5 was the item where most infants showed some degree of unusual behavior, while item 4
and item 6 were the items where fewest infants showed some degree of unusual behavior.

3.2. Assessment of construct validity

First, we tested unidimensionality for the full scale at each of the three waves. Unidimensionality was not rejected for the full scale
at wave two (p = .020) and three (p = .030), but unidimensionality was rejected for the full scale at wave one (p = .0099).

Then we examined the assumption regarding local independence. Across the three waves, item 7 and item 8 showed strong local
dependence (r, = .510). In addition, item 7 showed local dependence with item 2 (r, = .298), and item 8 showed local dependence with
item 2 (r, = .232). See Tables 1-3 in the supplementary material for partial correlation matrices at each wave.

Violation of the assumption of local independence may affect the estimation of item parameters, especially overestimation of
discrimination parameters leading to very steep slopes (« > 4) (Edelen and Reeve, 2007; Nguyen et al., 2014). Based on this some
authors suggest that items showing local dependence above 0.25 should be removed (Rose et al., 2008). Other studies suggest that
removal of misfitting items only improves results in cases of severe multidimensionality and a large proportion of misfitting items, and
results deteriorate otherwise (Crisan et al., 2017). When estimating item discrimination parameters, we payed special attention to the
issue related to inflated discrimination parameters (o > 4) for items 2, 7, and 8.

Finally, we tested the presence of DIF in relation to infant sex and gestational age. In waves 1 and 2 a degree of DIF was suggested
for infant’s sex (reference category = boy). The two items for wave 1 were item 2 (log-OR = -0.265, p = .003) and item 5 (log-OR =
0.276, p < .001). For wave 2 they were item 8 (log-OR = -0.385, p = .001) and item 5 (log-OR = 0.255, p < .001). There are no
statistically significant effects at wave three (see Table 4 in the supplementary materials for log-OR and all DIF tests).

Table 1
Participant information and ADBB scores across the three waves.

Wave 1n = 14,570

Wave 2n = 11,608

Wave 3n = 13,088

Sex, girl, % (n) 49 (7,099) 49 (5,375) 49 (6,407)
Gestational age, weeks, M (SD) 39.8 (1.6) 39.7 (2.1) 39.7(2.0)
Missing, n 254 283 380
Birth weight, grams, M (SD) 3473 (526) 3417 (538) 3458 (537)
Missing, n 172 294 356
Maternal age, years, M (SD) 32.2 (4.6) 31.7 (4.7) 32.1 (4.7)
Missing, n 37 13 10
Paternal age, years, M (SD) 34.4 (5.8) 33.7 (5.8) 34.3 (5.7)
Missing, n 416 359 332
Infant age, months, M (SD) 2.4 (0.5) 5.0 (1.2) 8.6 (0.6)
Prevalence of ADBB scores
1. Facial expressions # 0, % (n) 6.6 (963) 5.4 (628) 4.2 (546)
2. Eye contact # 0, % (n) 7.6 (1111) 2.6 (304) 1.6 (210)
3. General activity level # 0, % (n) 4.0 (588) 3.7 (429) 2.3 (300)
4. Self-stimulating gestures # 0, % (n) 0.7 (100) 0.9 (109) 0.7 (949)
5. Vocalizations # 0, % (n) 15.8 (2295) 16.9 (1964) 13.1 (1710)
6. Briskness of response to stimulation # 0, % (n) 1.2 (179) 0.8 (93) 0.7 (88)
7. Relationship # 0, % (n) 9.6 (1396) 5.5 (633) 4.4 (582)
8. Attraction # 0, % (n) 10.5 (1525) 6.1 (707) 4.2 (554)

Note. ADBB = Alarm Distress Baby Scale. # 0 = the percentage of infants with slightly to very unusual behavior.
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Table 2
Item parameters and item-fit at wave 1.
Location parameter (b) Discrimination parameter (a) Item-fit
Value Std. Err. Z-value Value Std. Err. Z-value p-value
1 Facial expressions 2.09 0.05 43.95 1.76 0.07 26.64 .089
2 Eye contact 1.56 0.02 69.29 3.51 0.15 23.04 614
3 General level of activity 3.29 0.14 23.19 1.11 0.06 18.12 .020
4 Self-stimulating gestures 4.42 0.36 12.21 1.29 0.14 9.49 624
5 Vocalizations 1.71 0.04 38.43 1.22 0.04 28.95 614
6 Briskness of response to stimulation 3.19 0.13 23.74 1.78 0.12 15.03 901
7 Relationship 1.35 0.01 185.37 12.14 3.85 3.16 .010
8 Attraction 1.33 0.01 95.30 4.56 0.22 20.86 .168
Table 3
Item parameters and item-fit at wave 2.
Location parameter (b) Discrimination parameter (a) Item-fit
Value Std. Err. Z-value Value Std. Err. Z-value p-value
1 Facial expressions 2.22 0.05 41.06 1.90 0.08 22.53 .040
2 Eye contact 2.25 0.04 51.43 3.13 0.18 17.20 .891
3 General level of activity 3.00 0.12 25.32 1.35 0.08 17.53 .545
4 Self-stimulating gestures 4.45 0.37 11.93 1.20 0.13 9.19 842
5 Vocalizations 1.59 0.05 34.74 1.31 0.05 24.62 .188
6 Briskness of response to stimulation 3.55 0.19 18.31 1.76 0.16 11.35 .020
7 Relationship 1.76 0.03 64.45 4.47 0.26 17.19 .584
8 Attraction 1.72 0.03 63.22 4.05 0.22 18.50 713
Table 4
Item parameters and item-fit at wave 3.
Location parameter (b) Discrimination parameter (a) Item-fit
Value Std. Err. Z-value Value Std. Err. Z-value p-value
1 Facial expressions 2.30 0.16 14.26 2.11 0.09 22.81 .010
2 Eye contact 2.50 0.28 9.02 3.07 0.20 15.51 .980
3 General level of activity 3.05 0.25 12.05 1.61 0.09 17.32 .396
4 Self-stimulating gestures 4.31 0.60 7.23 1.35 0.14 9.40 317
5 Vocalizations 1.85 0.11 17.08 1.34 0.05 24.52 .059
6 Briskness of response to stimulation 3.60 0.46 7.90 1.82 0.16 11.37 .891
7 Relationship 1.83 0.22 8.19 5.98 0.37 16.02 723
8 Attraction 1.88 0.19 9.70 4.95 0.27 18.62 782

3.3. Item parameters and item fit

The results from the 2PLM with all items included showed that item 7 and item 8 had very steep slopes across the three waves (a; >
4.05). To assess the influence of the local dependence between this item-pair on the model, we compared item parameters and ICCs for
(a) the 2PLM with all items, (b) a 2PLM without item 7, and (c) a 2PLM without item 8 (Toland, 2014).

Removal of either item 7 or item 8 from the model did not lead to large changes in location parameters, but as expected it did lead to
large reductions in the discrimination parameters for item 7 and item 8, respectively. Yet, the discrimination parameters for these
items remained high (as > 2.59). In addition, examination of the ICCs showed that the items had similar shapes across the three waves
with and without either item 7 or item 8 in the model. Since location parameters were not heavily influenced and ICCs remained
similar, we decided to keep all items in the model. When interpreting the results, it should be kept in mind that discrimination pa-
rameters for items 7 and 8 might be overestimated.

Item parameters and fit statistics are displayed in Tables 2-4 (for ICCs at each wave, see supplementary material, Fig.s 1-3). The
majority of the items fit the 2PLM (all ps > .01). But in wave one, the shape of the ICC for item 7 does not fit the 2PLM (p = .0099), and
in wave three, the shape for item 1 does not fit the 2PLM (p = .0099) (see Fig. 1 and 3 in the supplementary material, respectively, for
the ICCs). Since ICCs showed that items had a similar pattern across the three waves, and there were no pattern in the items not fitting
the model, we consider the marginal significant p-values were a result of randomness and not as problematic deviations.

The items displayed similar patterns in terms of location and discrimination parameters across the three waves. All location pa-
rameters were above one, indicating that the items generally discriminate best above average levels of social withdrawal. The items
seem to be clustered in two groups, where items 1, 2, 5, 7, and 8 (1.33 < b; < 2.25) generally discriminate better at lower levels of the
latent trait compared to items 3, 4, and 6 (3.00 < b; < 4.45). The discrimination parameters indicate that the items show moderate to
good discriminatory abilities (a; > 1.11). Items 1, 2, 7, and 8 were among the most discriminating items across the three waves (a; >
1.76). Items 3, 4, and 5 were among the least discriminating items across the three waves (1.11 < g; < 1.61).
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4. Discussion

Using IRT methods, the aim of this study was to examine the construct validity of the Alarm Distress Baby Scale (ADBB) when used
in a busy real-life primary care setting. Overall, the items fulfilled IRT assumptions regarding unidimensionality, monotonicity, and no
statistical and clinical significant DIF. But fulfilment of local independence for all items was not achieved. In addition, results showed
that the items discriminate well and discriminate better above average levels of social withdrawal.

Analyses of unidimensionality suggested that the eight items on the ADBB were sufficiently unidimensional to be used as a single
dimension as the tests for wave two and three were insignificant, and for wave one it just reached the threshold of the significance
level. However, it is possible that the ADBB in fact contains two factors, which has been suggested by previous studies (Guedeney et al.,
2013). Based on the current data, one of these factors seems sufficiently dominant to not reject the assumption of unidimensionality.
Thus, it seems reasonable to use the total score of the ADBB during screenings. Further, the items show a monotonic relationship to the
latent trait, i.e. the probability of showing problematic behavior on one of the items increases as the level of social withdrawal in-
creases. Finally none of the items showed clinical and statistically significant DIF, suggesting that there are no major problems with
DIF, indicating that the items function similarly across infant’s sex and gestational age. Since the ADBB is used as a universal screening
tool, we consider this an important psychometric property. When the same cut-off scores are used across different groups of in-
dividuals, it is of high importance that items does not show DIF, since DIF might affect the selection rates for a specific group (Hidalgo
etal., 2015). The practical consequences of the items showing statistically significant DIF in relation to infant’s sex however should be
considered, when the cut-off is validated in a Danish setting.

In contrast, the assumption regarding local independence was not met. There was strong local dependence between item 7
(Relationship) and item 8 (Attraction) across the three waves. In addition, items 7 and 8 also showed local dependence with item 2 (Eye
contact). Local dependence may occur for different reasons, e.g. when items are similar making it difficult for respondents to
differentiate between the items, or when items have shared variance that is not due to the latent factor (Edelen and Reeve, 2007;
Toland, 2014). In the following, we focus on local dependence between items 7 and 8, since this item-pair showed the strongest local
dependence. The item content of these items are defined as the infant’s ability to engage in a relationship with the observer (item 7)
and the infant’s ability to attract and maintain the observer’s attention (item 8). As such, ratings of items 7 and 8 occur at a more
general level, in contrast to ratings of the other items which assess specific types of behavior, such as facial expressions or vocaliza-
tions. In addition, during the training and ongoing supervision of the health visitors, difficulties related to differentiating between
items 7 and 8 were commonly raised as an issue. The strong local dependence between items 7 and 8 suggest that when used by public
health visitors in a busy real-life setting, the construct validity of the ADBB could be improved by removing one of these items as
suggested in the m-ADBB.

Parameter estimates from the 2PLMs show similarities in terms of location and discrimination across the three waves, which
suggest that the ADBB items function similarly when assessing social withdrawal in infants aged 2-13 months. As such, infant age does
not affect the validity of the ADBB items.

The items’ location parameters are useful for examining whether the items capture the full range of the latent trait, or the range of
interest in relation to the specific instrument. The relative item location parameters are considered ‘sample free’, meaning that the
ordering of the items’ locations along the latent trait should remain stable across samples (Fayers and Machin, 2016). The ADBB items
discriminate best above average levels of social withdrawal (b; > 1.46). Since the ADBB is a screening instrument, the purpose of the
items is not to show good discrimination at average or below average levels of social withdrawal, but to discriminate between infants
showing average and above average levels of social withdrawal. Based on this, the spread of location parameters above average levels
of social withdrawal is considered optimal in a screening context (Baker and Kim, 2017). Although, it could be argued that items
showing good discrimination at very high levels of social withdrawal might be of limited relevance in a screening context. Therefore
item 4 (Self-stimulating gestures) and item 6 (Briskness of response to stimulation) might be of limited use in a screening context due to
their very large location parameters (b; > 3.20). In the m-ADBB, Matthey and colleagues (2013) have removed these two items but for
other reasons, i.e. low interrater reliability on item 4 (Self-stimulating gestures) and high correlations between item 6 (Briskness of
response to stimulation) and item 3 (General level of activity). Based on results from the present study, it could be argued that these
two items do not provide enough information at the levels of social withdrawal of interest for screening purposes. On the other hand, it
could also be argued that it is useful for clinicians to be able to distinguish between infants with high and very high levels of social
withdrawal already during the screening. Further, items 4 and 6 could also be important risk markers for specific disorders in infancy.
Previous studies have shown that self-stimulating behaviors, such as stereotypies, are common for children with autism and other
developmental disabilities (Barbaro and Dissanayake, 2009), and a recent study using the ADBB showed that infants with Prader-Willi
syndrome show delayed responses to stimulation (Tauber et al., 2017). However, the predictive and criterion-related validity of items
4 and 6 in relation to detecting specific disorders should be examined in future studies.

The discrimination parameter informs on the item’s ability to separate individuals below and above the item’s location along the
latent trait. Items with higher discrimination parameters are better at differentiating between individuals below and above the item’s
location parameter (Fayers and Machin, 2016). The results showed that all items showed moderate to good discriminatory abilities (a;
> 1.11). Item 5 (Vocalizations) was among the least discriminating item across the three waves (g; < 1.35). Although the discrimi-
natory ability of item 5 is acceptable, the ICCs show that item 5 discriminates within the same range of social withdrawal as items 7
(Relationship) and 8 (Attraction). Based on this, it could be argued that item 5 does not provide sufficiently new information to be
retained in the scale. On the other hand, it could also be argued that it is important to retain item 5, since the content of this item
(amount of vocalizations) is not covered by any other items.

In addition, the ICCs show that the shapes of items 7 and 8 are almost identical across the three waves. This suggest that items 7 and
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8 are equally good at differentiating between infants with the same level of social withdrawal. Based on this, it could be argued that one
of these items should be removed, since the items do not provide sufficient unique information relative to each other. Taken together
with the strong local dependence between these items, our results provide another line of empirical support for Matthey and col-
leagues’ (2013) decision to remove item 8 in the m-ADBB. In practice, the almost identical ICCs for items 7 and 8 means that when
scores from the ADBB items are summed to a total score, changes around the level of social withdrawal measured by items 7 and 8 are
weighted double. How this affects the criterion-related validity of the scale should be examined in future studies.
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Limitations and strengths

Limitations need to be taken into account when interpreting results from the present study. First, the low prevalence of social
withdrawal and especially the low prevalence of scores above zero on certain items, i.e. item 4 (Self-stimulating gestures) and item 6
(Response time), may limit the reliability of the estimated item parameters (Fayers and Machin, 2016). Second, there was detected
local dependence between items 2 (Eye contact), 7 (Relationship), and 8 (Attraction), and especially between items 7 and 8. The items
were kept in the model, since ICCs were similar with and without either item 7 or 8 in the model. There are other possible ways of
dealing with local dependence which might have yielded different results, e.g. using more complicated IRT models accounting for the
local dependence between item-pairs (Choi and Asilkalkan, 2019). Third, while we did chose a more conservative significance level of
1%, the large sample size and number of statistical tests may have influenced the results. As sample size increases so does the statistical
power, making it more likely to reject the null-hypothesis as long as the population effect size is not exactly zero (Faber and Fonseca,
2014; Sullivan and Feinn, 2012), and we may not have been conservative enough. Throughout our tests, we have relied on interpreting
effect sizes that are not sensitive to sample size except for when testing for unidimensionality. However, as already mentioned, the tests
were insignificant or just reached the threshold of significance. Taken together with the large sample size and the multiple number of
tests, this indicates that lack of unidimensionality is at worst a very minor issue and most likely not an issue at all.

We also believe the study has several strengths. First, this is the first study to examine the construct validity of the ADBB in a real-
world setting. In research, there has been a long discussion about the knowledge-practice gap, and research-based methods have been
developed in an attempt at bridging this gap (Westerlund et al., 2019). The validity of these methods are typically examined during
development in research settings, and then transferred to practice. But when the methods meet the demands of real-life, their validity
might be compromised. Results from this study sheds light on the psychometric strengths and weaknesses of the ADBB when used in a
real-world setting by non-expert raters. Second, this is the first study to examine DIF in relation to the items on the ADBB. It is
important to examine DIF, when screening instruments use the same cut-off scores for different groups of individuals, since the
presence of DIF might erroneously affect selection rates in specific groups (Hidalgo et al., 2015). Third, this is also the first study to use
IRT to examine the psychometric properties of the ADBB. Compared to CTT, IRT allows a more in-depth analysis of how the items
function. We believe our results are useful in relation to deciding in which situations to use the full and the m-ADBB. Finally, this is the
first study to examine the validity of the ADBB across three large age groups, hereby providing information on the extent to which the
ADBSB is equally valid at different infant ages.

Implications for practice

The ADBB shows several psychometric strengths when used by public health visitors in primary care, and the items generally show
good discriminatory abilities at the levels of social withdrawal of interest for screening purposes. The ADBB also shows some psy-
chometric weaknesses. Based on these weaknesses, we argue that our results may be viewed as support for the m-ADBB in terms of
removal of item 8 (Attraction), since this item does not provide sufficient unique information in relation to item 7 (Relationship), and
removal of items 4 (Self-stimulating gestures) and 6 (Briskness of response to stimulation), since these items discriminate best at very
high levels of social withdrawal, which might be of limited interest for screening purposes. However, it is important for clinicians to be
aware that items 4 and 6 might be informative when assessing infants with specific disorders, such as Autism Spectrum Disorder or
Prader-Willi syndrome. Therefore, the m-ADBB could be used as a first-line screening instrument, and the full ADBB could be used
when assessing social withdrawal in specific at-risk samples. Yet, before implementing the m-ADBB as a screening tool in primary care,
it is important that future studies compare the criterion-related validity of the full and the m-ADBB, since an instrument’s ability to
correctly detect infants at-risk is the most important psychometric property in a screening context.
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