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described the psychometric parameters, categories, and items of instruments used to assess
mother-newborn interaction. Seven electronic databases were accessed in this study. Further-
more, this research included neonatal interaction studies describing instruments’ items, domains,
and psychometric properties while excluding studies that focused on maternal interactions and
lacked items for assessing newborns. Additionally, studies validated with older infants that did
not have a newborn in the sample were used for test validation, which is a criterion used to
decrease the risk of bias. Fourteen observational instruments from 1047 identified citations were
included that addressed interactions using varying techniques, constructs, and settings. Particu-
larly, we focused on observational settings that assessed interactions with communication-based
constructs in the context of proximity or distance as influenced by physical, behavioral, or pro-
cedural barriers. These tools are also used to predict risk behaviors in a psychological context,
mitigate feeding difficulties, and conduct neurobehavioral assessments of mother-newborn in-
teractions. The elicited imitation was also an observational setting. This study found that the most
described properties in the included citations were inter-rater reliability followed by criterion
validity. However, only two instruments reported content, construct, and criterion validity, as
well as a description of an internal consistency assessment and inter-rater reliability. Finally, the
synthesis of the instruments reported in this study can guide clinicians and researchers in
selecting the most appropriate one for their own application.

Babies (including full-term ones) physiologically detach from the maternal womb and are physically incapable and immature as
they cannot perform effective behaviors to ensure their own survival. Furthermore, the first few days of the neonatal period are
considered highly vulnerable as babies experience many physiological adjustments in their extrauterine life (Morton & Brodsky,
2016).

In the context of infant disability, the psychic evolution of a child is determined by impotence and initial helplessness. As such,
newborns establish a psychological and biological symbiosis with their mother, particularly with the maternal breast, her body, and
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the maternal psyche (Ainsworth, 1969). Considering this, the interactions between babies and their parents are marked by a naturally
asymmetric and dependent relationship; that is, a relationship between a child who needs to be raised and an adult using certain
socialization practices (Alvarenga et al., 2021; Cerezo et al., 2021). Neonates’ contact with their parents or primary caregivers has both
immediate and future consequences. For example, one study reported on the immediate benefits of skin-to-skin contact with the
newborn for the overall family institution, the newborn themselves, the mothers, and the dyadic relationships involved therein (Zirpoli
et al., 2019). These benefits include reduced hospitalization time, better thermal regulation, reduced pain during various procedures,
strengthened bonding, improved sleep—especially deep sleep, which is considered a favorable strategy for neurobehavioral devel-
opment (Zirpoli et al., 2019)—as well as improved parental identity and mood (Feldman et al., 2002; Ionio et al., 2021).

As such, current evidence shows that the interactions that occur during the prenatal period and the first few weeks of life have an
undeniable impact on health. For example, chronic stress has been found to deteriorate neurons, consequently affecting the rest of the
body (National Scientific Council on the Developing Child, 2020). Studies have also found that excessive and persistent adversity
during early life can overwhelm biological systems, thereby causing long-term consequences with a critical impact on the lifestyle
choices made in adulthood. Existing science has clarified two points in this context: a) occurrences during this period have both short-
and long-term impacts on learning, behaviors, as well as physical and mental health; b) the interdependence of these domains is
inexorably linked to the quality of the individual’s physical and mental health (National Scientific Council on the Developing Child,
2020).

Research also shows that creating stable and responsive environments for children during their early years can prevent or reverse
various negative conditions that would otherwise have consequences for their learning, behavior, and health (Eickmann et al., 2016).
Therefore, it is important to consider that the caregiver ought to provide everything necessary for the baby to establish an
age-appropriate sleep pattern and ensure that the infant receives sufficient attention and comfort when they wake up distressed. In
addition, adults are the ones who establish conditions that can then promote well-being and hygiene, positive stimuli, and sources of
pleasure (Trenado, 2001).

From birth, the mother engages in various behaviors that help her bond with her child. These processes are commonly described in
the literature as vocalization, carrying and positioning the child in one’s arms, visual and auditory stimulation, responding to the
baby’s crying, smelling, affection, and sensitivity, as well as developing adaptability to both the baby’s needs and signals (Barnard
et al., 1989; Norholt, 2020; White-Traut et al., 1988).

Thus, parents’ perceptions and infant communication skills have been identified as elementary factors for establishing quality
mother—infant interactions and are a primary indicator of child emotional regulation (Ainsworth & Bowlby, 1991; Bowlby, 1982).
Through attuned, sensitive, and responsive interactions, parents or other primary caregivers can support and correct their baby’s
physiological, motor, and emotional arousal and activation (Alvarenga et al., 2021; Hgifadt et al., 2020). Therefore, within these
contexts, babies develop adequate social competence that guarantees them good relationships with others if they experience appro-
priate interactions (Cerezo, 1995; Rattaz et al., 2022).

Interaction observation instruments have been developed based on numerous theoretical assumptions and a series of constructs,
such as responsive care, sensitivity, contingency, responsibility, emotional availability, and eye-to-eye contact, which research sug-
gests is indicative of the quality of the relationship between the mother and child (Heimann, 1989). The abovementioned constructs
can be used to evaluate the interactions of both reductionist (which evaluates each member of the dyad separately) and integral (which
evaluates reciprocal exchanges between members) theoretical perspectives (Hernandez et al., 2013; Horowitz et al., 2005).

The Ainsworth Maternal Sensitivity Scale (AMSS) is the gold standard for assessing parental sensitivity (Ainsworth et al., 1974). A
review by (Mesman & Emmen, 2013) found 50 instruments conforming to Ainsworth’s legacy. The AMSS is used to measure a mother’s
sensitivity to children aged three to 24 months (or thereabouts). Particularly, this instrument measures the mother’s ability to
accurately perceive their child’s signals and to respond to those signals promptly and appropriately. Thus, observational coding is
important and widely employed to assess neonatal interactions as it allows information to be obtained from the neonate and the
caregiver, independently or simultaneously. Specific behavioral categories are central to observational measures in neonates because
their repertoire of behaviors is limited in contrast to that of adults. Furthermore, the neonate’s behavioral repertoire is related to their
ability to react to and receive stimuli, to self-organize behavior, as well as to regulate sleep and wakefulness (Brazelton, 1973). Hence,
evaluating the interactions of the neonate is a complex process.

In this regard, extant literature presents several constructs that examine interactive responses through paradigms such as the “Still
Face” (Tronick et al., 1980) and the “Strange Situation.” The latter evaluates children’s responses to separation and union according to
the attachment theory (Ainsworth, 1979; Bowlby, 1969, 1982).

However, in this research context, clinicians and other researchers often experience difficulty when choosing a tool. Rosenberg
et al. (1986) suggest that measures to assess infant interactions should be reliable, even for behavioral patterns that seem ambiguous,
such as those among young babies or those with disabilities. In addition, a system is required that is efficient, and that can easily be
incorporated into a given intervention to help identify strategies that promote effective interactions between mothers/fathers and
children.

Considering the wide variety of measurement instruments in healthcare, the Joanna Briggs Institute (JBI) has developed a set of
theories, methods, and rigorous procedures to assess and synthesize different types of evidence (Hou et al., 2017). Studies based on the
approaches proposed by the JBI have sought to obtain the best evidence available in this context. Specifically, these approaches have
been developed through a complete and objective synthesis within each published scientific study, as well as from several relevant
works using rigorous and transparent methods (Santos et al., 2018) .

For example, a panel of experts employed a consensus approach to develop the taxonomy, terminology, and properties of a
measuring instrument called the “Consensus-Based Standards for the Selection of Health Measurement Instruments” (COSMIN) to
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assist with the instrument analysis and selection process (Mokkink et al., 2010). Despite the existence of other methods, the COSMIN is
a critical reference assessment tool in this field (Rosenkoetter & Tate, 2018) that can help assess the efficacy of instruments used for
measuring the interactions between mothers and newborns.

As such, the current systematic review mapped, identified, and described the psychometric parameters, categories, and items of
instruments that assess mother—newborn interactions.

1. Materials and methods
1.1. Study design

The present study conducted a systematic review to assess mother-newborn interaction instruments. It was designed based on the
JBI guidelines for Systematic Property Measurement Reviews, the COSMIN, as well as on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA; Page et al., 2021).

1.2. Eligibility criteria

This review focused on articles that describe or psychometrically assess instruments related to neonatal interactions during the
neonatal period (which denotes the first weeks of the newborn’s life), with no limits placed on the publication date. The languages for
the studies were restricted to those within the author’s domain, namely, Spanish, English, and Portuguese. Furthermore, this review
included studies that 1) aimed to develop a new instrument, 2) used an instrument to measure study results, and 3) used an adapted
version of a previously developed instrument. In addition, we only included articles that described the given instrument with sufficient
characteristics with which to understand the aspects corresponding to the contribution of neonates to the interactions with their
mothers or primary adult caregivers based on age-appropriate levels of physical and motor neurodevelopment.

Studies were excluded if the full text describing the items and domains of the instrument was not available. Furthermore, studies
that proposed and/or were validated for another age group that did not assess age-appropriate interactive conditions in neonates (e.g.,
assessing vocalization and motor responses that are used to avoid an intrusive attitude) were excluded. Moreover, research investi-
gating newborns with certain neonatal pathologies and studies that focused only on breastfeeding were excluded.

1.3. Study search and inclusion strategy

The first and last searches were conducted on November 10, 2021, and December 13, 2021, respectively. Subsequently, an update
was performed on November 11, 2022. Furthermore, a psychology librarian was consulted to refine the search strategies. Based on the
COSMIN guidelines for systematic reviews of patient-reported outcome measures (PROMs), the “Objectives” section of the PRISMA-P
2015 checklist was adapted by replacing “Participants, Interventions, Comparators, and Outcomes” with “Construction (neonatal
interactions/mother/child relationships), Population(s) (newborns with their mothers in the hospital), and Instrument(s) and mea-
surement properties (psychometric tests).”

The following electronic databases were used for the searches: PsycINFO, APA PsycTests, Scopus, PSICODOC, Cumulative Index to
Nursing and Allied Health Literature (CINAHL), Embase, ProQuest, Medline, PubMed Central (PMC), and Web of Science. Excluding
Pubmed, a search strategy was employed using broad keywords (e.g., “newborn,” “baby,” “mothers,” “mother,” “parents,” “family,”
“scale,” “questionnaire,” “inventory,” and “instrument”). The mesh terms were used with a measurement properties filter (a tool
provided by the COSMIN, https://www.cosmin.nl/tools/pubmed-search-filters) in the electronic Pubmed database (Terwee et al.,
2009). These search filters improved the completeness, efficiency, and quality of the literature search in this study. Furthermore, a
filter was used in Scopus, CINAHL, PSICODOC, and APA PsycTests (age: 1 month). The full search strategy is available upon request.

Potential records that corresponded with the inclusion criteria were identified based on their title, acronyms, and names of the
instruments mentioned. Thereafter, further literature searches were performed to find all original articles describing the respective
measurement properties. Moreover, the reference lists of the included articles were analyzed.

Finally, consistent with our instrument search, two studies that conducted systematic reviews evaluating interactions between
mothers, fathers, and newborns were reviewed. These studies were reviewed for instruments applicable to neonates that were designed
with methods based on rating scales (17 tools; Munson & Odom, 1996) and observation instruments (23 instruments; Lotzin et al.,
2015).

2 . »

1.4. Study selection

The search results were imported into the Mendeley Desktop application (version 1.19.8; Elsevier; 2008; Glyph & Cog; USA) and
subsequently into Rayyan to identify and remove duplicates. The results were also imported into (Ouzzani et al., 2016) to initiate peer
reviews. Two reviewers with expertise in neonatal and family interactions made the decisions and resolved any differences through a
consensus meeting with the other researchers. Furthermore, the reviewers specified the reason for the exclusion of any study.

A total of 1047 records were identified from databases based on the process shown in Fig. 1. Thereafter, 122 duplicates were
removed from seven databases in Mendeley (n = 925). Subsequently, the references were imported into Rayyan. In the application,
records were selected for inclusion in this review (n = 912) after running the duplicate check again. In the first review, when using the
titles and abstracts, the reviewers included 71 studies, while they were undecided on others (n = 35) and excluded 806 records.
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PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Following this, these records were reimported into Rayyan (n = 106) and assessed for eligibility using their full text by two inde-
pendent reviewers. Additional records were included after conducting manual searches (n = 9). In total, 67 records obtained using the
database (n = 58) and manual (n = 9) search strategies were evaluated for eligibility. From an analysis of 21 different instruments
employed in these studies, a new literature search was performed using their names or acronyms in order to find each instrument’s
manual or the article with the description of their psychometric parameters.

Among these 21 instruments, seven were excluded as they outlined psychometric properties of instruments that studied infants
older than 29 days or were validated with no newborns in the sample.

Regarding two other articles, the original studies could not be found. While an attempt was made to contact the authors, we had no
response. Consequently, the authors decided to retain these studies in the review. In one study, the data were derived from a cultural
adaptation and a validation study that was published in another language, whereas the other study did not describe the psychometric
properties of the instrument. Thus, we obtained 14 studies that fulfilled the objective of this research.

1.5. Data collection and extraction

The reviewers extracted data from each study using a data collection form, which included the studies’ data, design, purpose,
sample population, instrument characteristics, and measurement properties. Additionally, the reviewers manually collected study
characteristics from each report and organized them within a spreadsheet.

Furthermore, the reviewers applied the risk of bias from the COSMIN Checklist (Mokkink et al., 2010), which has been adapted to
evaluate information about the measurement properties and methodological quality of each study. However, these are not described in
this article.

1.6. Evidence synthesis

The results were analyzed qualitatively, with a descriptive framework being constructed. Thereafter, the studies were categorized
according to their observation setting. Finally, a narrative description of the psychometric parameters was constructed. Data on
validity and test accuracy were described according to the information presented in the respective manuals and publications.

For the psychometric parameters, five aspects were obtained regarding the information on the development and validation of the
instruments described, including their content validation, construct validation, criterion validation, internal consistency, and inter-
observer reliability.

This study considered validity measures that were related to the tests and concepts used to measure the assessment (Polit & Beck,
2019). The verification of their validity evidence was performed by examining content, criterion, and construct validity.

Content validity describes the degree to which an instrument has an appropriate sample of items for the construct being measured
and whether the items adequately represent its content domain (Pasquali, 2001; Polit & Beck, 2019). Furthermore, content validity
determines whether the choice of items is appropriate and relevant. Pasquali (2001) postulates that the criterion validity of a test refers
to its degree of effectiveness in predicting the studied subject’s performance. In contrast, construct validity has been understood as the
“degree to which the test measures a theoretical construct or trait for which it was designed” (Polit & Beck, 2019).

Reliability, according to internal consistency, indicates the degree to which the various components of a multi-component in-
strument consistently measure the same attribute. Internal consistency is a widely recorded aspect of reliability and is estimated using
the alpha coefficient (or Cronbach’s alpha) index. For all these reliability indices, values closer to 1.00 suggest stronger reliability
(Polit & Beck, 2019).

Inter-rater reliability is used to assess the degree to which two different raters or observers obtain the same score when measuring
an attribute. When the ratings are dichotomous (referring to the presence or absence of a specific attribute), the preferred index is
Cohen’s Kappa coefficient, which also has values ranging from 0.00 to 1.00 (Polit & Beck, 2019).

2. Results
2.1. Characteristics of instruments on neonatal interactions

A total of 14 articles were included to answer this study’s research question. The instruments cited in these studies addressed
neonatal interactions through different techniques, constructs, and settings. The following paragraphs describe the relevant features of
the instruments developed to observe interactions between newborns and mothers or with any other adult primary caregiver.
Furthermore, the data synthesis from the psychometric evaluations conducted for each instrument’s construction is underscored.

The current review found that all reports indicated the need for training and education. Furthermore, five (33%) instruments
mentioned the existence of training offerings and official courses with certificate issuance and paid access (Anderson et al., 2004; Baird
et al., 1992; Costas Moragas et al., 2007; Feldman, 1998; Provenzi et al., 2018).
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The observational settings and psychometric parameters of the instruments are presented below according to the data reported. The
reviewers grouped the instruments into two mutually exclusive categories based on the scenario employed for their validation that
were distributed at the researchers’ discretion. The first category comprises instruments related to interactional and communicative
and neurobehavioral acts. The second category lists instruments that address the issues concerning contact, physical barriers, and
eating difficulties.

2.2. Narrative synthesis of the interactions: communicative and neurobehavioral acts

A total of nine instruments investigated newborn interactive acts in their assessment instruments (Baird et al., 1992; Bakerman &
Brown, 1977; Brazelton, 1973; Censullo et al., 1987; Heimann, 1989; Kumar & Hipwell, 1996; Provenzi et al., 2018; Raack, 1989; Rime
et al., 2018). The following section reports the observational settings and psychometric parameters of these instruments.

2.2.1. Neonatal behavioral assessment scale

Brazelton (1973)—the author of the Neonatal Behavioral Assessment Scale (NBAS), Newborn Behavioral Observations (NBO), and
co-author of the Mini Dyadic Code scale (DMC; Censullo et al., 1987)—states that the newborn is competent, active, and capable of
responding to surrounding stimuli. Particularly, newborns possess superior neurological centers that serve to modulate their reactions.
Herein, NBAS is widely used to assess neonatal neurobehavioral functioning. Thus, Brazelton (1973) developed a technique based on
interactive evaluations that is predictive of responses to infants’ behavior in each situation.

The content validity was not reported even though a validity construct was found. The authors’ mention formed one of the main
qualities attributed to this scale. Criterion validity was demonstrated within the observing motor performance scale that was signif-
icantly correlated with the Prechtl total Score (Pearson correlation coefficient r = —0.41). However, poor correlations were found with
the habituation and state items of the NBAS (Majnemer, 2008). Regarding reliability, internal consistency (r = —0.15 to 0.32), test-
retest (r = —11 to 0.52), and inter-rater reliability (60-100% agreement) were all reported (Majnemer, 2008).

The NBAS reliability data obtained through a validation study for the Spanish language reported a coefficient between moderate
and high. Particularly, the average Cronbach’s alpha coefficient was 0.78 (Costas Moragas et al., 2007).

2.2.2. Behavioral dialogues assessment instrument

According to the authors of this instrument, a baby’s communicative acts refer to behaviors that may increase responsiveness to and
from the mother (Bakerman & Brown, 1977). Therefore, the Behavioral Dialogues Assessment Instrument, which is an observational
coding instrument, analyzes patterns of dialogical interactive behaviors wherein the two parties contribute. Bakerman and Brown
(1977) developed an instrument that views mother-newborn interactions as a dialogue in “communicative acts that do not require
communication” and described them using simple and transient probabilities.

However, content validity was not reported. The authors did report that their constructs and criterion validity discriminated
newborns and mothers in an interpretable, sensitive, and consistent manner compared to other results from at least two other re-
searchers using similar variables. Furthermore, the researchers only cited the authors of the instruments that were not cited in this
review as the study was not available. Regarding reliability, internal consistency was not reported. Moreover, the minimum inter-
observer reliability stipulated for the study had a pre-determined criterion of 75% agreement over three successive observations.

2.2.3. Dyadic mini code

The DMC was developed based on various important components of synchronous interactions. Particularly, the attachment theory
provides a theoretical basis for the DMC (Ainsworth et al., 1978; Bowlby, 1969). In this instrument, dyadic or low synchrony is ob-
tained through observations of the reciprocal dyadic interactions regarding the articulation of behaviors, and in a manner that is not
separated from the individuals, as in other instruments.

Content and construct validity, however, were not reported. Criterion validity was demonstrated by observing that the instrument
discriminated preterm and term dyads according to the expected differences. However, the authors reported that further refinement of
the DMC is needed (Censullo et al., 1987). Its internal consistency was not reported, while the inter-rater reliability was determined by
a Cohen’s Kappa and percentage agreement. Specifically, the Kappa was 0.86 for the total score and ranged from 0.63 to 0.92 for each
of the six items (Censullo et al., 1987).

2.2.4. Neonatal imitation, gaze aversion, and mother—newborn interactions

This assessment instrument examines the relationship between elicited imitations in newborns and their social interactions.
Furthermore, this particular assessment studies neonatal imitation, gaze aversion (GA), and mother-newborn interactions. Elicited
imitation describes a language sampling procedure in which a child is asked to repeat a statement modeled by the examiner (Heimann,
1989).

However, content and construct validity were not reported. Regarding reliability, its internal consistency was also not reported.
Reliability was calculated using Cohen’s Kappa. In contrast, criterion validity was reported as correlations found in children’s behavior



T.F. Nascimento et al. Infant Behavior and Development 71 (2023) 101825

during their facial actions at the age of two to three days, with imitation scores being observed at three months. Their tongue pro-
trusion, mouth opening, and state coding yielded coefficients of 0.87 (p < 0.001), 0.77 (p < 0.001), and 0.79 (p < 0.001), respec-
tively, with these, then comprising the items evaluated in the instrument (Heimann, 1989).

2.2.5. Mother-infant communication screening

The Mother-Infant Communication Screening (MICS) was developed to assess communicative interactions between newborns and
mothers. Raack (1989), a phono-audiology specialist, described connections between maternal language and fetal movement that
continue throughout infancy. Both verbal and non-verbal components of language readiness and their relationship to maternal in-
teractions underscore the MICS’s items. The authors found that the instrument is sensitive to the early detection of inappropriate
interactive patterns that could compromise children’s development (Galvan-Bovaira et al., 2002).

Construct validity and content validity were, however, not reported. Criterion validity was calculated against the Nursing Clinical
Assessment Tool (NCAT) as an external measure. Consequently, a positive and significant correlation (r = 0.504, p < 0.001) was found
for the total score, as well as one for the two most comparable subscales (r = 0.492, p < 0.001). Internal consistencies of 0.89-0.94
(MICS total score) were reported depending on the choice of subscales used, while 0.79 was found for the NCAT (Byrne & Keefe, 2003).
Inter-rater reliability was found to be 0.85.

2.2.6. Infant-parent social interaction code

The Infant-Parent Social Interaction Code (IPSIC) was designed to provide a reliable and useful profile of the interaction process
between parents and babies (Baird et al., 1992). Accordingly, the IPSIC detects contingency behaviors, intrusions, and communicative
acts, as highlighted by specialists, that then comprise an instrument that aims to facilitate the articulation between evaluations and
interventions. Furthermore, the authors describe the limitations of certain instrument constructs in terms of reliability measures. For
example, the production of an artificially inflated Kappa can be due to the relative frequency of behaviors and the agreement profile. In
addition, they refer to authors who underscore the usefulness and applicability of the IPSIC as a tool. However, as with any reasonable
instrument, the IPSIC should be used with caution.

Construct validity was reported, while content and criterion validity were not. Furthermore, internal consistency was not reported.
Reliability was calculated using Cohen’s Kappa. The findings indicate sufficient internal consistency with Cronbach’s alpha values of
0.90 (range=85-97) and Cohen’s low Kappa values of 0.47 (range=27-68; Baird et al., 1992).

2.2.7. Bethlem mother-infant interaction scale
The Bethlem Mother-Infant Interaction Scale was developed in a psychiatric context (Kumar & Hipwell, 1996). This scale aims to
predict maternal psychological changes that may pose a danger to the baby (e.g., possession) in order to provide prevention.
Construct, content, and criterion validity were all reported. Furthermore, the instrument reported good validity criteria and high
internal consistency with a Cronbach’s alpha of 0.93, as opposed to other methods used in non-clinical settings. The Kappa values
reported ranged from 0.52 (eye contact) to 0.76 (vocal contact).

2.2.8. Family alliance assessment scales for diaper change play

This scale was designed to assess the quality of triadic family interactions and was adapted for application during the first week of
the baby’s life based on a perinatal triadic family assessment instrument, the “Prenatal Lausanne Trilogue Play,” for use among two- to
three-month-old infants (Favez, 2006, as cited in Rime et al., 2018). Its observations were conducted under the free-play paradigm that
was conducted in a diaper-changing situation.

Construct, content, and criterion validity were all reported. The instrument had a sufficient internal consistency of 0.91 and a good
consensus among the three raters (ICC=0.76; range=66-82), with the correlations all being significant (p < 0.05; Rime et al., 2018).

2.2.9. Neurobehavioral scale of the Network of Neonatal Intensive Care Units

The Neurobehavioral Scale of the Network of Neonatal Intensive Care Units (NNNS) assesses the neurological integrity of newborns
by measuring neurobehavioral patterns (e.g., habituation and regulatory status) and other factors common to both instruments
(Provenzi et al., 2018). The main difference between the two neurobehavioral assessment instruments mentioned in this review is that
the NBAS provides an evaluation of “Smiles” (i.e., the number of times the newborn expresses a smile), whereas the NNNS comprises a
Stress/Abstinence scale.

Construct and content validity were not reported. However, its criterion validity showcased that it could assess neurobehavioral
performance in healthy infants. The authors also found good internal and concurrent validity. This instrument demonstrates sufficient
internal consistency and concurrent validity without presenting quantitative data. Thus, two instruments were found for observing
neonatal behaviors with a focus on evaluating the interactions and documentation of childhood behaviors, neurological integrity, and
neurobehavioral functioning, specifically, the NBAS (Brazelton, 1973) and the NNNS (*Provenzi et al., 2018).
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2.3. Narrative synthesis of interactions: contact, physical barriers, and feeding difficulties

Five instruments were described in this study that fit into its second category (Anderson et al., 2004; Dumas et al., 2013; Feldman,
1998; Santos, 2008, 2010).

2.3.1. Coding interactive behavior

The Coding Interactive Behavior (CIB) is a behavioral coding instrument with several versions assessing behaviors in different
groups (e.g., between couples). In the neonatal version (Feldman, 1998; Silberstein et al., 2009), the CIB codes behaviors by observing
the interactions of dyads in a play situation or in a more elaborate context. The instrument was developed with low-risk premature
infants to predict the development of feeding difficulties during their first year of life.

Content and construct validity were not reported, while a criterion validity was found that indicates this instrument is sensitive
when assessing the interactions between parents and low-risk premature infants, as well as in predicting the development of feeding
difficulties during the first year of life. Thus, these findings reveal that negative infant relationship patterns can predict future feeding
relationships in their first year. Furthermore, the rhythm of maternal behaviors can be analyzed as an adaptive factor to enhance a
smooth transition to oral feeding. Internal consistency, however, was not reported. Interobserver reliability was determined with a
Cohen’s Kappa of 0.84 (range=78-91) for situations wherein the child was being fed and 0.84 (range=81-87) in non-feeding situa-
tions (Silberstein et al., 2009).

2.3.2. Index of mother-infant separation

Through observations, the Index of Mother-Infant Separation (IMIS) codifies and documents the nature of mother—infant contact
and postpartum separation via measuring contact versus separation while also discriminating between groups as well as selecting
contact behaviors that facilitate mutual care. Initially referred to as the MICS, the instrument was transformed into the IMIS upon
discovering that two other scoring systems with the same name were in use (Anderson et al., 2004).

The IMIS content validity scores for each item determined by perinatal experts ranged from 77% to 100%. Structural validity was
supported using known-group hypothesis testing (p < 0.0001). Furthermore, criterion validity was also reported. No report on its
internal consistency was found, whereas extant research reported an inter-rater Kappa reliability of 0.86-0.90. (Anderson et al., 2004).

2.3.3. The scale of observation of the mother-baby bond interned in the NICU

The Scale of Observation of the Mother-Baby Bond has been interned in the neonatal intensive care unit (NICU). This scale was
developed to measure parental stress related to the physical and psychosocial environment measured within the NICU.

Content and construct validity were not reported. However, criterion validity for the instrument was calculated. Particularly,
sensitivity (0.75), specificity (1), positive predictive value (1), negative predictive value (0.84), and total correct predictions (0.89)
were all reported. Furthermore, internal consistency was reported. Additionally, a high correlation was observed in the dyadic total
scores between both observers for inter-observer reliability (rptotal=0.99 p < 0.001); likewise, this was found in the total scores of the
mother and the baby (rpmmother=0.97 p < 0.001; rho Spearman’s pbaby=0.99 p < 0.001; Spearman’s rhobaby=0.99 p < 0.001). In
the dyadic functional scores, high correlation indexes were observed with values ranging between 0.97 and 1.0 with a statistically
significant level of p < 0.001, except for the Postural function (rF. Postural=0.70 p > 0.05) (Santos, 2008).

The same author published a scale comprising similar item descriptions. Research suggests that another scale—the “New obser-
vation scale of the bond mother-baby incubator” (N-EOV-INC)—is a later version of this mentioned scale (Santos, 2010). The
N-EOV-INC includes one more domain than does that mentioned in Santos (2008) called “Contact with the incubator.” In relation to
the N-EOV-INC, this review found no studies containing descriptions of this instrument’s psychometric data, even after repeated at-
tempts to contact the authors. However, the instrument was retained in this study based on the limited instruments available and minor
variations between the version developed by the same author (Santos, 2008).

2.3.4. Observational assessment of mother-baby interaction

This instrument can be used to evaluate the interactions between newborns and mothers. However, contact herein was limited by
that conducted with blankets and excessive clothing (*Dumas et al., 2013).

Content and construct validity were both reported. The authors also found cross-cultural validation and inter-observer reliability by
expert panels for facial and content validity. Furthermore, relevant findings demonstrated criterion validity wherein the predictive
value was analyzed by comparing groups of babies in traditional Russian attire (swaddled). These findings demonstrate that sensitivity
was assessed in terms of differences in kindness and rudeness according to the occurrence of each kind of behavior. Internal consistency
was not reported. However, inter-observer reliability of at least 0.80 has been reported for each item.

Table 1 shows the descriptions of the domains and items of the instruments and other relevant information.
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Instruments for Observing Behavior and Mother-Newborn Interactions.

Instrument

Measure
Age
Purpose/Focus

Domain
Section

Sample

Original Population
Recall Period
Number of Items

Brazelton (1973)
NBAS
Costas Moragas
et al. (2007)

Bakeman and Brown
(1977)
(Not reported)

Censullo et al. (1987)
DMC

Scoring System
Age: Not Reported
Identify the full range of individual

neurobehavioral functioning and identify areas of

difficulty.

Observational coding system
Protocol
Age: Not Reported

To describe the interactive patterns of mothers

and their newborns.

Scoring System

Age: 0-6 months

To measure levels of synchrony in early
infant-adult interaction.

(1) Autonomic and (2) Motor Systems,
(3) Habituation,

(4) State Organization, (5) State
Regulation, and (6) Social Interactive.
(7) Complementary items intended to
describe the most qualitative aspects of
the newborn’s
performance during the examination
and (8) Smiles (number of times the
neonate sketches this expression).

All behavioral items (except Smiles) are
scored on a 9-point scale, with 9 being
the most ideal. However,

8 items are scored according to a
curvilinear scale, wherein the central
scores are optimal.

These are recoded according to a 5,

6, or 8-point linear scale. The scores are
specific to each item. Reflex responses
are scored on a

4-point scale. With this scale, a single
score is not obtained, but a profile of
scores are calculated

that describe the neurobehavioral
organization of the newborn.
Domains: (1) State: mother and infant
concurrent engaging in
communicative acts; (2) The mother-
alone state: mother acting alone;

(3) The infant-alone state: infant acting
alone, and (4) The quiescent state:
neither acting.

The infant’s communicative acts:
domains: (1) SWIP-infant swipes at his
mouth or sucks his fingers;

(2) RFUS-infant refuses the bottle; (3)
DRIB—milk dribbles out of the infant’s
mouth;

(4) TRAIN infant trembles or roots in
the absence of nipple stimulation; and
(5) IVOC-infant vocalizes, typically by
making sucking noises or by
whimpering.

Infant characteristics were rated with a
9-point scale on the following items,
which were selected from the Graham-
Rosenblith scale:

(1) motor strength, (2) tactile
adaptivity, (3) visual responsiveness,
and (4) auditory responsiveness.

Items: (1) mutual attention, (2) positive
affect,

(3) mutual turn-taking, (4) maternal
pauses, (5) infant clarity of cues, (6)
maternal sensitive responsiveness of the
infant.

Each item is given a score of 1 or 2 and a
total score rated as high or low
synchronous. The total score ranges
from 6 to 12.

A score of 6-9 is ranked as low
synchronous, with 10-12 ranked as
synchronous.

220

newborns

Spain

Healthy full-term neonates
No report period

35 behavioral items

45 dyads

USA

The behaviors of the mothers and the
infants were recorded for 8 s on the third
day of the infant’s life, observed for two 1/
2-hour sessions, one at noon and one at
4:00 pm, during which time the mother
bottle-fed her infant in her hospital room.
100 hierarchically structured codes

20 dyads

USA

Term and preterm infants and their mothers
in a hospital

Recall period not reported

6 items with a

total score

summary rating

trained applicators in paid courses

(continued on next page)
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Instrument

Measure
Age
Purpose/Focus

Domain
Section

Sample

Original Population
Recall Period
Number of Items

Heimann (1989)
(Not reported)

Raack (1989)
MICS
Galvan-Bovaira
et al. (2002)
Byrne and Keefe
(2003)

Baird et al. (1992)
IPSIC

Kumar and Hipwell
(1996)
BMIS

Observational coding system

Age: Not reported

To examine whether a relationship is elicited
when studying neonatal imitation, gauze
aversion, and mother-infant interaction.

Scoring System
Age: 0-12 months
To assess communicative interaction between

mothers and their children from 0 to 12 months.

Observational coding system
Age: Not Reported

To measure infant, parent, and dyadic aspects of
interactions that are sensitive to recent empirical

findings and could facilitate the link between
interaction assessment and intervention.

Scoring System
Age: Not Reported

To measure mother—infant adjustment in mother-

baby units.

Codes to imitative responses and state.
(1) Imitation of tongue protrusion,

(2) Mouth opening, and (3) Lip
protrusion of baby.

The study also uses another instrument
named the Monadic Phases for three-
month-old babies.

11 Categories were used: (1) High
Protest, (2) Protest, (3) High Avert, (4)
Avert, (5) Pick-me Up, (6) Object
Attend,

(7) Social Attend, (8) Object Play, (9)
Social Play, (10) Talk, and (11) Positive
Avert.

Three codes were assessed in all three
observations at two to three days of age,
in the home at three weeks,

and in a laboratory setting at three
months of age.

(1) Language and Synchrony, (2) State
of Discomfort, (3) Feeding, (4) Game or
Neutral State, and (5) Rest.

Subscale from 1 to 5 for each item (Total
score/no. of items administered). Final
score ranging from 1 to 5.

(1) Parent response contingency,

(2) Parent directiveness, (3) Parent
intrusiveness, (4) Parent facilitation, (5)
Infant initiation,

(6) Infant participation, (7) Infant signal
clarity, (8) Intentional Infant, and (9)
Communicative acts.

The first five minutes of the tape are
considered a warm-up period and are
not coded. Beginning at 10 min,

each 15-second segment of the
videotape was viewed from Minute 5
and continued to Minute 10.

Thereafter, the tape stopped and the
presence or absence of each behavioral
construct was recorded.

Segments are viewed as many times as
the observer chooses. A “ +  indicates
the presence,

while a “ - ” indicates the absence of
behavioral constructs for specific
observation intervals.

Domains: (1) Eye contact, (2) Physical
contact, (3) Vocal contact, (4) Mother’s
mood:

a) Dialogue score (Sum 1-4), (5)
General routine,

(6) Assessment of Risk: Total score (Sum
1-6), and (7) Baby’s contributions to
interaction. Of the seven domains:

(1) Four different measure aspects of
the mother’s contribution to the
dialogue with her baby,

(2) One measures her capacity to
organize and maintain routine care,

(3) One attempts to rate the perception
of the staff of risk to the child on which
assessments were made of the mothers’
general ability to manage a daily
routine and her competence in caring
for the baby’s physical needs.

10

32 full-term infants

USA

Videos of full-term infants (14 male and 18
female)

Recall period not reported

Three Codes and Monadic Phases

10 dyads

Spain

Mother/infant dyads

Recall period not reported
Five domains and a total score

159 dyads

EUA

Infants ranging from birth to 31 months
Mothers and infants were videotaped in
either their homes or a home-like clinic
setting. Parents were asked to "Play as you
normally do when you are not feeding,
bathing, or changing your infant,” while a
10-minute sample of interactions was
videotaped.

Four parent variables, four infant variables,
and one dyadic variable

78 dyads

England

Mothers with a severe mental illness in the
postpartum period were admitted to the
psychiatric unit at Bethlem Royal Hospital,
where five minutes of interaction between
them and infants were filmed and coded
during play or feeding

Seven items in two subscales

(continued on next page)
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Instrument

Measure
Age
Purpose/Focus

Domain
Section

Sample

Original Population
Recall Period
Number of Items

Feldman (1998)
CIB
Silberstein et al.
(2009)

Anderson et al. (2004)
IMIS

Santos (2008)
(Not reported)

Santos (2010)

N-EOV-INC

Dumas et al. (2013)
(Not reported)

Observational coding system

Age: Not Reported

To analyze social interactions between two or
more partners.

The instrument was used in non-feeding play
interactions.

Observational coding system

Age: Not Reported

To measure the process of mother-infant contact
or separation post-birth.

Scoring System

Age: Not Reported

To evaluate the interactions of behavioral
behaviors between the mother and her baby.

Scoring System

Age: Not Reported

To detect indicators of risk in the mother-baby
bond during confinement in the NICU

Rating Scale

Age: Not Reported

To measure and explore maternal behaviors
during breastfeeding Session 4 days after
childbirth and the influence of perinatal care
routines such as skin-to-skin contact, baby’s
apparel, and separation on mother-infant
interaction post-birth.

The ratings were made on a 5-point
scale. A score of 0 indicates that the
mother interacts with her child
inappropriately,

sensitively, and in a well-organized
way, respectively.

A score of 3 indicates severe
disturbances demonstrating that most of
the time that the mother is with her
baby,

she was unable to sustain any
meaningful dialogue or interactions;
and

(4) the remaining subscale rates the
baby’s contribution to their interaction.
The codes: (1) Mother’s touch:
affectionate (kissing, caressing,
hugging, gently stroking, or mother
touching infant with clear positive
affect);

(2) Functional (wiping mouth,
arranging clothes or blanket), and (3)
No touch (mother just holds the baby);
(4) Mother’s averts her gaze from infant
to bottle; (5) Aversion gaze (no eye
contact with infant or bottle);

(6) Infant feeding performance: robust,
weak, or not feeding. The system
contains one infant and four mother
codes.

In addition, maternal adaptation was
coded globally on a scale of 1 (low) to 5

(high).

Five behavioral groups defined the
types of contact and separation:

(1) Mother—infant contact,

(2) Father-infant contact, (3) Staff
nurse contact,

(4) Other contact; (5) Nurse researcher
contact (and separation and if rooming-
in).

Five functions: (1) Approach, (2)
Corporal,

(3) Visual, (4) Verbal, and (5) Posture
function.

Functional and total scores are obtained
for the mother (a), the baby (b), and the
dyad (a+b).

Subsequently, the numbers of the
marked items are added, obtaining the
Total NEA (total encounter level).

This instrument contains infant 6
categories: (1) Approach, (2) Contact
with the incubator,

(3) Body, (4) Visual, (5) Verbal, and (6)
Postural function.

Instrument to assess the state of
neonatal wakefulness according to the
behavioral state ofBrazelton and Nugent
(1995):

(1) Deep sleep, (2) Light sleep, (3)
Drowsy, (4) Alert, (5) Alert and active,
(6) Crying. This evaluation is carried
out in two moments.

Adult assessment: (1) Mother’s

11

76 dyads

Location not reported

Premature infants and their mothers were
recruited during the first two weeks
following birth in a tertiary care NICU.
Videotaped during six minutes for feeding
and seven minutes for non-feeding play
interactions were

11 items

224 newborns

USA

Healthy newborn infants 1 h/Time-sampled
observations occurred every 15 min by
trained applicators in paid courses

37 items

43 dyads

Argentina

Mother-baby dyads in UCIN of three
hospitals.

It is measured from the moment the mother
approaches the incubator with the baby
inside and lasts until the end of the visit or
until five minutes have elapsed

Five items and a total score

106 dyads

Argentina

Mother-baby dyads

Not available in summary

21 items

Six categories

151 dyads

Russia

During the breastfeeding period, at
postpartum day Four in the mothers’ rooms
during 25-45 min

12 items and field notes

(continued on next page)
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Table 1 (continued)

Instrument Measure Domain Sample
Age Section Original Population
Purpose/Focus Recall Period

Number of Items

movements to and with the baby; (2)
Mother’s attempts at latching; (3)
Mother’s voice;

(4)Mother’s patience; (5) Mother’s
stimulation (Types of mother’s
stimulation if yes);

(6) Stimulation of the baby by staff
(Types of stimulation by staff if yes,
otherwise the mother models staff);
(7) Mother’s pain at latching; (8)
Mother’s general affective
responsiveness to the baby; (9)
Eye-to-eye contact;

(10) Attempts at eye-to-eye contact;
(11) Movements indicating avoidance
of baby; (12) At least one effective
breastfeeding sequence.

The evaluator responds to each
statement to qualify the predominant
behavior observed. Specifically,
seven items are assessed on a scale from
1 to 5 (from the roughest to the gentlest
behavior); two items are on a 3-point
scale,

and three items are answered “yes or
no” according to the occurrence or
nonoccurrence of the behavior.

Provenzi et al. (2018)  Scoring System (1) Habituation, (2) Attention, 99 full-term infants
NNNS Age: Not Reported (3) Arousal, (4) Regulation, (5) EUA
Assesses at-risk infants (particularly substance- Handling procedures, (6) Quality of Clinically healthy full-term infants were
exposed), documenting neurological integrity and movement, (7) Excitability, (8) recruited from a well-child nursery.
the broad range of behavioral functioning. Lethargy, (9) Nonoptimal reflexes, Recall period not reported
(10) Asymmetric reflexes, (11) 128 items

Hypertonicity, (12) Hypotonicity, and  and 13 summary scores
(13) Stress/abstinence scale.
12 packages with 45 items (scores range
1-11) and seven stress scale packages
with 70 items (yes/no scores).
Rime et al. (2018) Scoring System Nine interactive dimensions: (1) 44 triads
FAAS-DCP Age: Not Reported Readiness to interact, Switzerland

To assess the quality of family relations observed (2) Gaze orientation, (3) Inclusion of ~ Triads (mother, father, and neonate)

during mother—father—infant triadic interactions partners, (4) Co-parental coordination, Recall period not reported Nine items
(5) Role organization, (6) Parental
scaffolding,
(7) Shared and co-constructed
activities, (8) Sensitivity, and (9) Family
warmth.
The nine interactive dimensions are
rated on a 5-point scale,
with a score of 5 representing optimal
functioning and a score of 1
representing significant dysfunction.

Note. United States of America (USA), Bethlem Mother-Infant Interaction Scale (BMIS), Coding Interactive Behavior (CIB), Mini Dyadic Code scale
(DMC), Family Alliance Assessment Scales for Diaper Change Play (FAAS-DCP), Index of Mother-Infant Separation (IMIS), Mother/Infant Commu-
nication Screening (MICS), Mother-Infant Togetherness Survey (MITS), Neonatal Behavioral Assessment Scale (NBAS), Network of Neonatal Intensive
Care Units (NNNS), New observation scale of the bond mother-baby incubator (N-EOV-INC), and Infant-Parent Social Interaction Code (IPSIC).

3. Discussion

The results from this review of the aforementioned studies indicate that most current instruments evaluate interactions in the
context of communication, proximity, or distance while predicting risk in the bond between mothers and babies due to physical,
behavioral, or procedural barriers. Instruments that observe interactions during breastfeeding were used to predict behaviors asso-
ciated with psychological risk in a psychiatric care context and to predict eating difficulties within the course of one year. In addition,
studies on the neurobehavioral aspects of infants and their ability to interact have been reported.

Except for the instrument by Santos (2010), measurement properties were included that represent essential aspects of measurement
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quality (reliability and validity) of the mapped instruments, mostly described in terms of inter-observer reliability (13), followed by
criterion validity (12). Furthermore, studies that assessed construct validity (7), internal consistency (5), and content validity were the
least reported (4).

Among the five psychometric parameters assessing validity and reliability (construct, content, and criterion validity, as well as
measurement statistics for internal consistency and reliability) were found in two studies, namely that on the Bethlem Mother-Infant
Interaction Scale (Kumar & Hipwell, 1996) and the Family Alliance Assessment Scales for Diaper Change Play (Rime et al., 2018). The
instruments that assessed four of these measures were: the NBAS (Brazelton, 1973), the IMIS (Anderson et al., 2004), and the
Observational Assessment of Mother-Baby Interaction (Dumas et al., 2013). The NBAS (Brazelton, 1973) is an interactive assessment
technique that is considered among the most suitable tools for detecting deficits and identifying emerging abilities in the neonate
(Costas Moragas et al., 2007).

Overall, a good instrument in this context should describe psychometric conditions, which can serve as an indication of its validity
and reliability. In contrast to commonly performed evidence evaluations (Terwee et al., 2007), this study has not summarized the
criteria of quality scores into an overall finding. A quality score often assumes that all quality parameters are equally important;
however, this is not always the case. Inter-observer reliability presents a crucial issue when employing observational analysis in-
struments used to assess the interactive aspects of newborns. Particularly, the observer challenge and the difficulty in achieving levels
of inter-observer reliability increase when the baby is younger.

Although the instruments seem to be of good clinical use, the lack of evaluation descriptions performed by the authors of each study
allows the inference of those psychometric evaluations in studies evaluating inadequately described neonatal interactions. The existing
assessment procedures presented in this review assess neonatal interactions based on observational coding procedures and diagnostic
classification systems. In addition to observing the psychometric parameters that facilitate the selection of a viable instrument for the
required item of measure, tool selection will depend on the behavior being assessed. In addition, both the personnel available to use the
instrument and the purpose of the instrument itself will guide the selection of the most appropriate tool in a clinical or research context.

The current review found instruments that assess the usefulness of interaction reports from before the baby is even one month old.
However, several items were not applicable to neonates, such as the Parent-Infant Interaction Observation Scale (PIIOS), which was
developed for infants aged two to seven months (Svanberg et al., 2013). Particularly, (Naughton et al., 2019) found that three out of 13
items were unlikely to apply to two-week-old infants while they were awake.

A challenge encountered by several authors was that an instrument could be used from age zero; however, they were only validated
with older infants. Studies designed to assess the interactions of the typical newborn beyond the setting of the intensive care unit were
limited. Particularly, settings characterized by other intervening factors, such as prematurity or diseases, can affect the assessment of
interactions.

Reeb-Sutherland et al. (2022) underscored advances in understanding interactions between caregivers and children, using different
methodologies, multi-methods with sensors (Guida et al., 2021), “wearable devices” (Sadeh & Acebo, 2002), “hyper scan” (Perone
et al., 2020), and “cameras and eye trackers” (Lourenco et al., 2021). However, no tool has been found that combines innovative
technologies with the use of various methods to aid in the observation of infant-caregiver interactions; therefore, this gap still needs to
be filled.

Future research needs to study the interactions between mothers and babies during this critical phase during the first 27 days of life.
Preferred studies should be associated with the use of technological resources such as “wearable devices,” scanners, sensors, and data
capture images that can facilitate the process of obtaining, recording, processing, and analyzing data for investigation and clinical use.

3.1. Limitations and future directions

This review only included studies of certain languages and excluded all others, meaning that some important works may have been
missed. Furthermore, the psychometric data evaluation was not extended to other studies that used the aforementioned instruments.

The data obtained in this study indicate a need for developing a new instrument that evaluates the interactions between mothers
and newborns while considering temporality in the dyadic context. Furthermore, knowledge underscoring the importance of observer
training and psychometric parameters, as described by these 14 instruments, will inform the development and study of the psycho-
metric parameters of the intended instrument. Particularly, this could then support the need to develop a learning protocol that ensures
the adequate training of reliable observers in the future.

4. Conclusion

This systematic review summarized studies that address the issue associated with mother-newborn interactions. Instruments were
identified, and a description of their usefulness and reported domains of psychometric parameters were provided.

The present study underscored 14 instruments that assess interactions and that can be used to predict risks in mother-newborn
bonding. Particularly, these instruments consider the effect of physical barriers, such as incubators and clothing, while assessing
several aspects of bonding and separation, communication, neurobehavioral aspects of newborns, and the psychological aspects of
mothers, among others.

This study compiled and synthesized data that provide an overview of useful instruments for studies related to interactive behaviors
with newborns and their families during the first weeks of a newborn’s life.
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