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Abstract

Purpose To describe the development of pediatric family
relationships measures, with versions for child self-report
(817 years) and parent-report for children 5-17 years old.
Measures were created for integration into the Patient Repor-
ted Outcomes Measurement Information System (PROMIS®).
Methods Semi-structured interviews with 10 experts, 24
children, and 8 parents were conducted to elicit and clarify
essential elements of family relationships. A systematic lit-
erature review was conducted to identify item concepts
representative of each element. The concepts were

Electronic supplementary material The online version of this
article (doi:10.1007/s11136-017-1629-y) contains supplementary
material, which is available to authorized users.

P Katherine B. Bevans
katherine.bevans @temple.edu

! Temple University College of Public Health, 1700 N Broad
St, 301-H, Philadelphia, PA 19121, USA

2 Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA

3 HealthAct, Boston, MA, USA

Cincinnati Children’s Hospital Medical Center, Cincinnati,
OH, USA

5 The Children’s Hospital of Philadelphia, Philadelphia, PA,
USA

University of Illinois at Urbana-Champaign, Champaign, IL,
USA

7 National Jewish Health, Denver, CO, USA
8 Booz, Allen, Hamilton, Mclean, VA, USA
°  Johns Hopkins University, Baltimore, MD, USA

University of Pennsylvania Perelman School of Medicine,
Philadelphia, PA, USA

transformed into items that were iteratively revised based on
cognitive interviews (n = 43 children) and item translata-
bility review. Psychometric studies involving 2846 children
and 2262 parents were conducted to further refine and vali-
date the instruments.

Results Qualitative procedures supported the development
of content valid Family Relationships item banks. Final
child- and parent-report item banks each contain 47 items.
Unidimensional item banks were calibrated using IRT-
modeling to estimate item parameters representative of the
US population and to enable computerized adaptive test
administration. Four- and eight-item short forms were
constructed for standard fixed format administration. All
instruments have strong internal consistency, retest-relia-
bility, and provide precise estimates of various levels of
family relationship quality. Preliminary evidence of the
instruments’ validity was provided by known-group com-
parisons and convergence with legacy measures.
Conclusion The PROMIS pediatric Family Relationships
measures can be applied in research focused on determi-
nants, outcomes, and the protective effects of children’s
subjective family relationship experiences.

Keywords Child - Family relationships - Family
belonging - Family interactions - Social health -
Child-report - Parent-report

Children’s family relationships powerfully shape their
current and future health and quality of life [1-3]. More
precise measures are needed to better characterize the types
of family experiences that promote and maintain health
across the life course. Existing measures focus primarily on
how families function. They are less useful for character-
izing the complexity of family social interactions,
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especially during adolescence when youth become
increasingly independent and differentiated from their
families. Moreover, most measures assess family relation-
ships from parents’ perspectives. Even those that include
youth-report versions (e.g., FACES-IV [4]; family envi-
ronment scale (FES) [5]) ask respondents to describe the
perspectives and feelings of ‘the family,” rather than their
own viewpoint. Many questionnaires lack a specific recall
period despite evidence that family relationships, interac-
tions, and functioning change over time. As health research
increasingly addresses the family context, improved mea-
sures are needed to support understanding of normative
developmental change in family relationships and the
impact that families have on children’s quality of life.

The Patient Reported Outcome Measurement Informa-
tion System (PROMIS®) is a federal initiative that aims to
develop and standardize person-reported outcome (PRO)
measurement tools for clinical research and application
[6, 7]. PROMIS tools are developed in accordance with
rigorous, mixed-method scientific standards [8-10].
Methods include item response theory (IRT) modeling to
inform the selection of items that reliably assess a health
outcome with minimal gaps and item redundancies, and
enable detection of measurement bias via differential item
functioning (DIF) and development of computerized
adaptive test (CAT) algorithms [11-13]. PROMIS pediatric
instruments are developed for children aged 8-17 and
parents of children aged 5-17.

This paper describes the development and psychometric
evaluation of the PROMIS® pediatric family relationships
instruments. In the PROMIS model of health, family
relationships are elements of Social Health, which “en-
compasses the ways in which individuals connect with
important others, including communication, companion-
ship and understanding, and the quality, reciprocity and
size of an individual’s social network™ [14].

Methods

The family relationships measures were initially developed
based on literature reviews; concept elicitation with
experts, parents, and children; cognitive interviews; trans-
latability assessments; and reading level analysis. Item
banks and short forms were refined based on psychometric
analyses of data collected in two large field studies
involving diverse samples of children and parents. Figure 1
summarizes the instrument development process.

Conceptualization

Initial conceptualization of family relationships was
informed by theories of attachment [15, 16], bio-ecological

@ Springer

influences on health [17], and living systems [18].
Attachment theory posits that children’s beliefs about
family members’ caring, predictability, and dependability
exert profound and lasting effects on development, health,
disease, and mortality [15, 16]. The security of children’s
family connections impacts psychobiological processes of
brain development and gene expression; emotional and
behavioral regulation; interpersonal competence; and vul-
nerability to disorders [19-24]. Bioecological theory posits
that proximal processes, children’s frequent, reciprocal
interactions in their most immediate environments, pow-
erfully shape their development. As described in living
systems theory of health [18] and the family systems lit-
erature [25], continuous dynamic person-environment
interactions influence neurodevelopment and stress regu-
lation systems so that the environment ‘gets under the skin’
to foster cumulative advantage or disadvantage in health
over time [26]. According to a family systems framework,
well-functioning families offer stability and coherence,
providing members with a secure base that fosters explo-
ration of the environment and independence [27].

Expert concept specification interviews

The Family Relationships conceptual framework was iter-
atively refined through semi-structured interviews con-
ducted with ten family and clinical researchers, each with a
minimum of three peer-reviewed publications on family
relationships. Experts provided feedback on an initial
Family Relationships definition and proposed component
concepts (see Online Resources 1 for expert interview
guide).

Child and parent concept elicitation interviews

Child and parent concept elicitation interviews were con-
ducted to further refine the Family Relationships concep-
tual framework. Children aged 8-17 (n = 24) and parents
of children aged 5-17 (n = 8) were recruited from urban
clinics and community settings serving low/middle income
families and higher-income suburban clinics. Children with
an intellectual or developmental disability that inhibited
them from completing an interview were excluded. Inter-
viewees were asked to describe their feelings about being
part of a family, typical family activities, and the impact of
family relationships on their/their child’s quality of life
(see Online Resources 2 for child/parent interview guides).
Interview topics were explored until saturation was
achieved. Saturation was achieved when a family rela-
tionships concept was elicited in at least one but not the last
interview and if enough information was elicited to fully
understand the meaning and importance of the concept to
children [28].
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Fig. 1 PROMIS® pediatric family relationships instrument development process

Systematic review of family relationship measures

A comprehensive systematic literature search [29] was
conducted using MEDLINE, CINHAL, PsychINFO, and
HaPI databases to identify child- and parent-report mea-
sures of family relationships. Search terms were con-
structed to capture conceptual framework components and
child- and parent-report measures of family relationships.
Search terms included concepts identified in expert, child,
and parent interviews (See Online Resources 3). Titles and
abstracts were reviewed; tools were obtained from instru-
ment developers, and a catalogue of the concepts they
assessed was created.

Classification of item concepts and item expression
generation

Three investigators reviewed all item concepts related to
family relationships and used a binning and winnowing
process to sort them into the eight facet categories and to
eliminate redundant or vague concepts [8]. Each item
concept was then transformed into child- and parent-report
item expressions (questionnaire items) by generating con-
text, stem, and response options consistent with PROMIS
standards [10]. Child-report items were written to assess
children’s perspectives on their families (e.g., “I felt I had
a strong relationship with my family.”) Most parent-report
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items are written to assess parents’ perspectives on their
child’s sense of family relationship quality (e.g., “My child
felt he/she had a strong relationship with our family”), but
a few assess parents’ sense of relationships among family
members (e.g., “Our family and my child had fun toge-
ther”). Complete child- and parent-report items are pre-
sented in Online Resources 4-5.

Item understandability

Children aged 8-17 (n = 43) participated in cognitive
interviews to evaluate and improve item comprehensibility
[30]. Children were recruited from urban and suburban
clinics and community settings serving a range of families.
Children with a disability that inhibited them from com-
pleting a cognitive interview were excluded. Each of 127
items was tested with at least five children. Interviewers
rated children’s comprehension for each item on a scale of
1 (low) to 3 (high) and noted reasons for misunderstand-
ings. Items with average ratings <2 were removed or
revised and retested using the same procedures.

Translatability review

Translation experts reviewed each item to identify idio-
matic expressions, complex sentences, and concepts that
are not easily translated into Spanish and German. Items
were translated following a universal language approach
following recommendations of the ISPOR PRO Outcomes
Translation and Linguistic Validation Task Force [31, 32]
and the International Quality of Life Assessment Project
[33]. A forward-backward-forward translation approach
was applied coupled with family relationship expertise to
achieve optimal conceptual and cultural equivalence
between the English and other-language versions [31].

Item bank development and psychometric analyses

Two large-scale field tests were conducted to further refine
the English-language versions of the instruments using
psychometric analyses. In Study 1, child and parent
responses to 113 items were subjected to psychometric
analyses and IRT-based calibration to finalize the Family
Relationships item bank and short forms. In Study 2, the
IRT-based item parameters were adjusted to more fully
represent the US general population. Both studies included
evaluations of the instruments’ construct validity.

Participants
Study 1 participants were 1845 children aged 8—17 and 960

parents of children aged 5-17. Just over half (children:
56%, parents: 51%) were recruited from an opt-in online
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panel (Op4G). Other participants were recruited through
children’s schools (children: 38%, parents: 40%) or pri-
mary or specialty care clinics (children: 6%, parents: 9%).
A subset of child-parent dyads (n = 23) from the opt-in
panel were randomly selected to complete the items twice,
2 weeks apart for test-retest reliability. The Study 2 par-
ticipants (1001 children, 1302 parents) were recruited from
an online panel of a representative random sample of the
US population (GfK Knowledge Panel). For both studies,
participants were excluded if they had an intellectual or
developmental disability that prevented them from
responding to questionnaire items.

Measures

Demographics and chronic conditions Children’s and
parents’ reports of their own/their child’s gender, age, race,
and ethnicity were used in the analysis of child-report and
parent-report measures, respectively. Parents indicated
whether their child had a chronic condition that ‘lasted or
was expected to last at least 12 months, AND interferes
with his/her activities.’

PROMIS pediatric family relationships measure Study 1
participants answered 113 family relationships items using
5-point Likert response categories (1-Never to 5-Always).
Negatively worded items were reverse-scored; higher
scores indicate better family relationships. Study 2 partic-
ipants completed 15 family relationships items that were
identified as candidates for short form versions of the
measure in Study 1.

Legacy measures Study 1 child participants completed
the NIH Toolbox Emotional Support scale, Maternal
Relationships scale, and Paternal Relationships scale [34].
Study 2 parent participants completed the FACES IV bal-
anced cohesion and flexibility subscales [4].

Procedures

Study 1 For the Internet panel, adult participants in an
online research panel (Op4G) known to have children aged
5-17 were notified by email of their eligibility. Parents
who consented were emailed a link to the online parent
questionnaire. After completion, parents of children aged
8-17 were instructed to ask their child to complete the
child-report measures. Participants in the test-retest sub-
sample were re-contacted and re-assessed 2 weeks later.
For the school sample, data were collected in three
school districts in New Hampshire, Vermont, and Texas
selected to diversify the sample with respect to race, eth-
nicity, socio-economic status, and geographic location.
English-speaking students in grades 3-12 with parental



Qual Life Res (2017) 26:3011-3023

3015

consent were administered questionnaires at school in
groups of 25-150 students. Parent questionnaires were sent
home with students with postage paid envelopes; parents
returned completed surveys directly to the investigators.

For the clinic sample, parents of children attending
primary and specialty care clinics and the emergency
department at the Children’s Hospital of Philadelphia were
approached. If interested, they and their child completed
the items during their medical visit or at home using the
Internet-based NIH Assessment Center data collection
platform.

Study 2 The study 2 sample was recruited from GfK
Knowledge panel, an existing dual frame (random-digit
dial and address-based) online probability panel [35, 36].
Parents with informed consent were emailed a link to the
online parent questionnaire. After completing their mea-
sures, parents asked their child to complete the child-report
questionnaires. Data collection continued until age and
gender quotas were met; however, population representa-
tiveness for other socio-demographic characteristics was
not achieved through quota sampling. Therefore, weights
were used to make the online panel representative of the
US non-institutionalized population. Initial weights were
iteratively adjusted (raked) until the weighted sample’s
distributions of gender, age, race/ethnicity, education, U.S.
Census region, metropolitan area, household internet
access, and language (English/Spanish) matched those in
the most recent current population survey (CPS) [37].

Psychometric analyses

Using Study 1 data, response frequencies, ceiling and
missing percentages, means, and standard deviations were
calculated for each item. In accordance with the analytic
plan developed for PROMIS instruments, we sought to
generate a unidimensional measure of family relationships
[38]. Item bank unidimensionality was evaluated using
exploratory (EFA) and confirmatory (CFA) factor analyses
using Mplus 7.2 and a weighted least squares means and
variance adjusted estimator. The EFAs used geomin rota-
tion. Unidimensionality was supported in EFA if a single
factor explained a large share of the variance and in CFA
by adequate single-factor model fit based on the Compar-
ative Fit Index (CFI), Tucker—Lewis fit index (TLI), and
root mean square error of approximation (RMSEA) [39].
Items with CFA factor loadings <0.70 were considered for
removal. Items were considered locally dependent if con-
straining the residual correlation between the items to zero
resulted in poor fit, as identified through modification
indices [40]. When observed, one of the two locally
dependent items was removed. Graphs of item mean scores
conditional on the total test score minus the item score

were examined to confirm item monotonicity (i.e., the
probability that item endorsement increases as the mea-
sured trait increases). Non-monotonic items were removed.

We also probed for DIF. DIF refers to the possibility
that people with equivalent levels of a latent variable
respond differently to items as a function of another vari-
able (e.g., gender). We used Mplus 7.2 and the multiple
group CFA method to test for DIF by gender, age (8—12 vs.
13-17), race (White vs. non-White), and ethnicity (His-
panic vs. non-Hispanic) [41]. This method statistically
identifies the model across groups and then tests whether
constraining the discrimination parameters to cross-group
equality results in statistically significantly poorer fit using
an omnibus Chi-square test. If the omnibus test suggests
DIF, the deterioration in fit due to each item-level con-
straint is evaluated. Inflated Type I error is controlled using
the Benjamini-Hochberg method [42]. A similar process is
used to evaluate DIF in the location parameters. DIF’s
substantive impact is evaluated by examining changes (if
any) in the focal group’s mean and variance across
invariant and partially invariant models, as well as exam-
ining differences in individuals’ scores estimated across
invariant and partially invariant models [41, 43].

Finally, we used a multi-group IRT approach that made
use of both study samples to estimate IRT parameters [44].
Analyses were conducted in Mplus 7.2 using maximum
likelihood estimation with a logit link. We did this in order
to make use of the data from both samples, as well as
achieve IRT parameters and scores that could be inter-
preted relative to the non-institutionalized US 5- to
17-year-old population. The family relationships metric
was statistically identified by setting the IRT mean and
variance to 0 and 1, respectively, for Study 2 participants
(who represent the US population). IRT mean and variance
were freely estimated for the Study 1 group. Parameters for
items administered in both studies were constrained to
equality across study groups. Items not administered in
Study 2 were treated as missing for Study 2 participants.
For these items, parameters were estimated based on Study
1 data using the same metric as those established for items
administered in both studies. Because the family relation-
ships metric was identified using the US representative
sample (Study 2), IRT parameters and scores estimated
from those parameters can be interpreted relative to the
non-institutionalized US population, 5-17 years old. We
conducted these analyses using Mplus 7.2 and maximum
likelihood estimation with a logit link.

Based on these parameters, items that provided the most
discrimination across varying levels of the latent family
relationships continuum were selected for short forms
comprising eight items (SF-8) and 4 items (SF-4).
Although computerized adaptive tests (CATs) using IRT
parameters tend to result in the most precise measurement
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with the fewest items, [11] static-length short forms are
still needed for contexts in which computer-based assess-
ment is not feasible. Short-form unidimensionality was
evaluated based on CFA model fit statistics and item
residual correlations. Test information functions (TIFs)
were plotted to assess each instrument version’s precision
and reliability across all levels of the family relationships
continuum [45]. Internal consistency reliability and test—
retest reliability were evaluated using Cronbach’s alpha
statistic ~and  intra-class  correlation  coefficients,
respectively.

To examine construct validity, we examined the rela-
tionships between T-scores and legacy measures. We cal-
culated full bank, SF-8, and SF-4 Bayesian Expected A
Posteriori (EAP) theta (®) scores in R using the estimated
IRT parameters and Firestar (v 1.2.2) [46, 47]. We then
transformed these scores into 7-scores (7T = @ x 10 + 50).
A score of 50 represents the average level of family rela-
tionship experiences for children based on a national sample
given our calibration method.

Convergent validity was assessed by calculating Pearson
Product Moment correlations between scores on the Family
Relationships and legacy measures. Associations between
Family Relationships and emotional support, maternal
relationships, and paternal relationships were hypothesized
to be significant, positive, and moderate-to-strong. For the
parent-report legacy measures, correlations were expected
to be strongest for Cohesion because it assesses the emo-
tional bonds core to the Family Relationships measures.
Flexibility was expected to be significantly, but less
strongly related, as it measures the family’s role relation-
ships, problem solving and adaptability. Construct validity
was further evaluated by assessing known-group differ-
ences in family relationships (child age, gender, race,
ethnicity, and chronic condition status). Between-group
effect sizes (d) > 10.20l were considered meaningful [48].
Given normative developmental trends toward greater
differentiation from one’s family during adolescence and
the multiple items about frequency of family activities,
family relationships reported by older children were
expected to be weaker than those of younger children.

Results

Concept specification interviews with family science
experts

Experts found the definition of family relationships to be
fairly complete and congruent with their professional
experiences, agreeing that children’s security and feeling of
connection are central to strong family relationships.
Experts recommended a few additions to the definition,
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most notably an increased emphasis on the concept of
“acceptance,” the feeling that family members understand
and approve of you.

Child and parent concept elicitation interviews

Children of all ages highlighted the importance of love,
loyalty, trust, and dependability within a family. For
example, an 8-year-old girl noted “Families love and care.
They have to always be there no matter what and don’t ever
give up because it’s very important they stick together.”
Other family relationship experiences seemed to evolve
with development. In response to the question ‘What
makes you feel close to your family?” many younger
children described parents who give children something or
let them do what they desire. Older children were more
likely to identify being able to communicate with parents
and being “accepted for who I am.” Adolescents also
articulated that family relationships affect their self worth,
behavior, and peer relationships (e.g., how they choose
their friends). Most parents agreed with children’s char-
acterization of family relationships and added that family
connectedness often stems from sharing time and enjoying
activities together. Several parents said that clear rules and
shared expectations strengthen family relationships.

Family relationships conceptualization and facet
definitions

We identified eight facets of family relationships based on
expert, child, and parent concept specification interviews:
sense of family (feeling that one is part of a family), love
and caring (feeling loved, cared for, and appreciated by
family), value and acceptance (feeling understood and
respected by family), trust, dependability, and support
(being able to trust and depend on family for help and
understanding), communication (being able to talk to
family members openly and honestly), enjoyment (having
fun with family), organization (arranging family space and
activities systematically), and predictability (having con-
sistent routines and clear expectations with which family
members comply). See Online Resource 6 for final facet
definitions.

Systematic literature review

The literature review produced 3593 unique articles that
referenced a measure of family relationships. A total of
133 unique child- or parent-report instruments were
identified, and permission was obtained from the lead
authors to abstract item concepts from 106 instruments
(80%).
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Table 1 Demographic characteristics of child and parent participants
Concept elicitation Cognitive Study 1 sample® Study 2 sample
interviews interviews
Child Parent Child N = 43 Child Parent Child Parent
N=24 N=38 N = 1845 N = 960 N = 1001 N = 1302
Gender, n (%) male 11 (45.8) 3 (37.5) 15 (34.9) 951 (51.5) 495 (51.6) 523 (52.2) 673 (51.7)
Age of child, n (%)
5-7 years - - _ 31 (3.2) - 301 (23.2)
8-11 years 10 (41.7) - 23 (53.5) 734 (39.8) 327 (34.1) 387 (38.7) 387 (29.7)
12-14 years 7 (29.2) - 8 (18.6) 645 (35.0) 340 (35.4) 307 (30.7) 307 (23.6)
15-18 years 7 (29.2) - 12 (27.9) 466 (25.3) 262 (27.3) 307 (30.7) 307 (23.5)
Ethnicity, n (%) Hispanic 0 (0.0) 1 (12.5) 3 (7.0) 270 (14.6) 80 (8.3) 844 (84.3) 230 (17.7)
Race, n (%)
White 7 (29.2) 1 (12.5) 10 (23.3) 31 (3.2) 301 (23.2)
Black/African 17 (70.8) 6 (75.0) 24 (55.8) 734 (39.8) 327 (34.1) 387 (38.7) 387 (29.7)
American
Asian 0 (0.0) 0 (0.0) 6 (14.0) 645 (35.0) 340 (35.4) 307 (30.7) 307 (23.6)
Other 0 (0.0) 0 (0.0) 0 (0.0) 466 (25.3) 262 (27.3) 307 (30.7) 307 (23.5)
Child has chronic 8 (33.3) 3(37.5) 21(48.8) 146(17.8)° 193(20.1)

condition, n (%)°

4 Test—retest sample included 23 children and 23 parents from the opt-in internet panel

© parent report variable, percentage of children for whom parent-report data were available (n = 820)

Item concept classification, selection, reduction,
and generation

Investigators sorted 581 item concepts that were derived
from the 106 instruments into the eight Family Relation-
ships facets and eliminated items that were vague or
redundant. The resulting domain-facet-item concept map
was evaluated for conceptual saturation. Several new item
concepts were generated to ensure comprehensive cover-
age of every facet. A total of 127 item concepts were
translated into two item expression versions: one for chil-
dren and another for parents.

Child cognitive interviews

Of the 127 items subjected to cognitive interviews, 114
(90%) were retained without revision; 3 (2%) were retained
after revisions and were cognitively retested, and 10 (9%)
were removed because of poor comprehension that could
not be mitigated. Examples of poorly understood items are
“I felt close to my family because of what we have shared”
and “I felt too connected to my family.”

Translatability review
Four items were removed because of poor translatability:

“There was a lot of love in my family” and “I felt like my
family and I lived in two different worlds” were idiomatic;

‘I felt I could not depend on my family” did not fit with a
‘Never’ response; “I did things with my parents,” was
removed because it was too vague to translate accurately.
Four other items were modified to improve their trans-
latability, a process that also improved the English clarity.
The remaining 113 items were tested in the calibration
study (Table 1).

Psychometric analyses

Rates of missingness were <2% for all child-report items
and <0.7% for all parent-report items. In general, items
were positively skewed and as expected, ceiling effects
were more common for the parent-report items (see Online
Resources 4-5). The single-factor CFA model comprising
all 113 child-report items was a poor fit for the data
(CFI = 0.90, TLI = 0.89, RMSEA = 0.06) and EFA
revealed two prominent factors (eigenvalues = 59.5, 6.5,
respectively). Together, these factors accounted for 46.7%
of variance in the child-report items. Whereas 85 (factor 1)
items described family relationships in positive terms (e.g.,
“my parents listened to me”), 28 (factor 2) items were
negatively worded (e.g., “my family did not want to hear
what I had to say”). Subsequent analyses were conducted
with factor 1 items only. Twenty-five of the 85 items were
eliminated because they had low factor loadings in single-
factor CFA models fit to either the child- or parent-report
data. Of these, 23 items represented the “organization” and
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Table 2 Pediatric PROMIS family relationship item concepts and IRT parameters

Item concept Child report

Parent report

a al by b3 b4 a bl b, b3
Strong family relationship (SF4, SF8) 3.62 2.40 —-1.73 —0.95 —0.13 433 —2.33 —1.42 —0.62
Felt important to family (SF4, SF8) 3.99 —2.39 —-1.72 —0.86 —0.08 3.92 —2.49 —1.45 —0.56
Got help I needed from family (SF4, SF8) 3.25 —2.55 —1.89 —0.95 0.01 3.64 —2.33 —1.24 —0.17
Family had fun together (SF4, SF8) 2.80 —2.63 —1.83 —-0.72 036 226 —2.61 —1.16 0.49
Family made me feel good about myself (SF8) 3.40 —2.46 —1.81 —0.83 0.13 3.27 —2.70 —1.46 —0.18
Family treated me fairly (SF8) 2.46 —2.72 —2.02 —0.89 0.23 2.29 —2.37 —1.16 0.26
Parents listened to me (SF8) 2.64 —2.48 —1.81 —0.74 0.30 1.99 —3.51 -1.88 —0.11
Family paid attention to me (SF8) 273 —2.48 —1.73 —0.66 0.36 2.48 —2.70 —1.37 0.10
Felt respected by family 2.55 —-2.35 —1.72 —-0.72 0.29 2.32 —-2.74 —1.33 —0.08
Felt important in family 2.48 —2.54 —-1.76 —0.95 012 437 —2.42 —1.43 —0.50
Felt family believed in me 3.42 —2.76 —1.90 —1.05 —0.17 2.82 —2.49 —1.65 —0.63
Family was interested in what I was doing 2.36 —2.52 —1.83 —-0.90 0.17 2.85 —2.69 —1.65 —0.55
Felt accepted by family 3.04 —2.52 —1.80 —1.06 —-020 3.26 —2.56 —1.57 —0.72
Felt understood by family 1.98 —2.69 —1.83 —0.52 0.63 2.58 —2.28 —1.10 0.08
Could depend on family 2.55 —2.54 —2.04 —1.18 —-0.27 440 —2.37 —1.58 -0.72
Got support I needed from family 3.29 —2.42 —1.91 —1.05 —0.06 3.39 —2.59 —1.45 —0.37
Knew what I could expect from family 1.78 —-3.16 —2.35 —1.11 0.21 1.84 —3.23 —1.71 0.02
Could talk someone in family about my problems 2.04 —2.29 —1.69 —0.87 0.05 2.37 —3.05 —1.71 —0.64
Knew family would help me 3.31 —2.55 —2.05 —1.17 —0.38 2.46 —3.21 —2.24 1.17
Could trust people in my family 3.25 —2.54 —1.89 —1.06 —0.07 2.51 —2.79 —1.87 —0.82
Could trust others in family 2.64 —2.52 —1.87 —1.02 —0.03 2.75 —2.34 —1.67 —0.62
Knew family would be there if I needed them 2.90 —2.67 —2.16 —1.28 —0.47 3.53 —2.70 —1.76 —-0.95
Felt everyone in family loved me 3.03 —2.42 —1.81 —1.12 —0.38 4.33 —-2.35 —1.50 —0.78

“predictability” family relationships facets. One item from
each of 8 locally dependent pairs and 5 non-monotonic
items were also removed. Single-factor CFA models ade-
quately fit the data for the 47 remaining items (child-report:
CFI = 0.95, TLI = 0.95, RMSEA = 0.07; parent-report:
CFI = 0.94, TLI = 0.94, RMSEA = 0.07). The rationale
for each item’s removal is presented in Online Resource 7.

Discrimination and location parameters for the 47 final
items are presented in Table 2. All items contributed to the
differentiation of family relationship quality. Item category
probability curves (available upon request) showed that for
every child-report item, each of the five response categories
provided unique information about family relationship
quality in an ordered manner, from the lowest (poorest) to
the highest (best) category. Location parameters for the
child-report items reflect a sizable range of family rela-
tionship experiences (® = —3.20 to 0.67). For most par-
ent-report items, the lowest two response categories
measured the same extremely poor level of family rela-
tionship quality. These response categories were collapsed
and assigned the same numeric value. Even after recoding,
parent-report items measured a wide range of family rela-
tionship experiences (® = —3.23 to 1.14).

@ Springer

Items that maximized the conceptual coverage and
range of precisely measured aspects of family relationships
were selected for the 8- and 4-item short forms (Table 2).
CFA fit statistics supported short form unidimensionality
and all child- and parent-report instruments were found to
have good internal consistency and test-retest reliability
(Table 3). Test information functions (TIFs) for the full
banks and short forms show that the measures are more
useful for discriminating among children with poorer
family relationships than among those with better family
relationships (Fig. 2).

For child report, we observed no statistically significant
DIF as a function of gender. With respect to race and age,
there were no statistically significant differences in the
discrimination parameters but DIF in the location param-
eters was observed. For ethnicity, we observed statistically
significant DIF in one loading and several thresholds.
Despite statistically significant differences in some
parameters, DIF did not substantively impact scores esti-
mated using the full bank, SF-8, or SF-4. For all grouping
variables, scores ignoring and adjusting for DIF were
nearly perfectly correlated. Change in a focal group’s mean
after adjusting for DIF were less than 0.25 on the T-score
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concurrent validity for the child- Full bank SF-8 SF-4 Full bank SE-8 SF-4
and parent-report measures of
family relationship Descriptive statistics®
Mean 51.75 51.54 51.74 51.22 51.16 51.41
SD 10.73 9.83 9.48 9.81 8.97 8.59
Minimum 12.86 17.81 20.01 13.13 16.87 20.91
Maximum 70.11 63.91 61.78 69.07 63.12 60.15
Skew —0.08 —-0.41 —0.61 0.05 -0.29 —0.58
Confirmatory factor model fit*
CFI 0.95 0.99 0.99 0.94 0.99 0.99
TLI 0.95 0.99 0.99 0.94 0.99 0.99
RMSEA 0.07 0.11 0.07 0.07 0.07 0.07
Reliability®
Internal consistency (a) 0.99 0.94 0.90 0.98 0.91 0.86
Test-retest reliability (ICC) 0.84 0.82 0.80 0.81 0.78 0.71
Concurrent validation (r)
Emotional support® 0.77 0.74 0.73 0.23 0.23 0.23
Maternal relationships® 0.69 0.68 0.67 0.23 0.20 0.26
Paternal relationships® 0.52 0.50 0.50 0.22 0.22 0.25
Balanced cohesion® - 0.56 0.59 - 0.43 0.43
Flexibility® - 0.57 0.56 - 0.39 0.41

* Study 1 sample, child report

" Study 2 sample, parent report; all correlations (r), p < 0.01

metric. As a result, we did not eliminate any child-report
items because of DIF. For parent-report, we observed no
statistically significant DIF due to gender or ethnicity. And,
like child-report, though we observed statistically signifi-
cant DIF due to race and due to age, this DIF did not appear
to have a substantive impact on scores. As with child
report, scores ignoring and adjusting for DIF were nearly
identical. As a result, we did not eliminate any proxy-report
items because of DIF.

Scoring procedures for the SF-8 and SF-4 are presented
in Online Resource 8. Child-report family relationships
scores were strongly positively correlated with Emotional
Support, and the correlation with Maternal Relationships
was larger than that with Paternal Relationships. As
hypothesized, parent-reported family relationships were
more highly correlated with Balanced Cohesion than
Flexibility scores (Table 3). Known-group comparisons
revealed that family relationships (by both child- and par-
ent-report) were weaker among adolescents than younger
children, as expected (Table 4). African-American and
Asian parents reported that their children had better family
relationships, compared with White children, although this
difference was not reported by children. Children classified
as “other” race had lower self-reported Family Relation-
ships scores. Hispanic children reported poorer family
relationships than their non-Hispanic counterparts, a

difference not reported by parents. Finally, children with
chronic conditions had poorer parent-reported family
relationships.

Discussion

Research to explain the complex role of families in child
and adolescent health development as well as their role in
the management of chronic conditions in youth is ham-
pered by a lack of well-validated measures of children’s
family relationship experiences. The PROMIS Pediatric
Family Relationships instruments were developed to fill
this critical gap. The Family Relationships item banks and
short forms were developed using a rigorous mixed-method
approach consistent with PROMIS standards [8, 9]. The
resulting instruments are conceptually grounded in theories
of attachment, the proximal processes posited by bio-eco-
logical theory, and research on the impact of families on
psychobiological development [15-17]. This conceptual
foundation was refined by expert researchers and child and
parent perspectives and provided a foundation for the
instruments’ content validity. Items were informed by a
systematic review of existing measures, written according
to PROMIS standards, and iteratively revised through
translatability reviews and cognitive interviews that
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Fig. 2 Test information functions (TIFs): PROMIS pediatric family
relationships instruments. These figures show the amount of infor-
mation, which is similar to precision and reliability, across levels of
the latent variable (theta)

maximized the tools’ developmental, linguistic, and cul-
tural appropriateness.

Psychometric analyses of data collected from over 5000
children and parents were performed to generate item
banks and short forms. Two aspects of family function,
organization and predictability were not retained because
they were sufficiently distinct from the concept of rela-
tionship quality. The resulting instruments assess a single
Family Relationships domain, children’s subjective expe-
riences of being supported by one’s family, feeling
accepted, valued, loved and cared for, feeling that they can
communicate with family and that family members, espe-
cially parents, can be trusted and depended on for help and
understanding. They measure the degree to which the core
human needs for security and value are met, which are
essential to children’s ability to explore opportunities and
take developmentally appropriate risks [1, 3, 21].

The item banks and short forms provide precise and
reliable measurement across a wide range of quality in
family relationships irrespective of child age, gender, race/
ethnicity, and chronic disease status. Known-group com-
parisons and convergence with legacy measures provided
preliminary evidence of construct validity. Multi-group
IRT was used to calibrate item banks such that scores
estimated using the IRT parameters can be compared to a
US population mean of 50 and standard deviation of 10.
IRT-based calibration enables CAT administration of the
item banks, which maintains measurement precision based
on a smaller number of completed items. CAT versions of
the instruments can be administered using the PROMIS
Assessment Center (www.healthmeasures.net).

Table 4 Known-group
comparisons (Cohen’s d effect

Child-report

Parent-report

size estimates) Full bank SF-8 SF-4 Full bank SF-8 SF-4

Age (ref = 8-12 years)

13-17 years —-0.32 —0.28 —-0.21 —0.28 —-0.21 —0.26
Gender (ref = girls)

Boys 0.02 0.05 0.05 0.08 0.10 0.07
Race (ref = White)

African American/Black —0.11 —0.06 —0.07 0.25 0.35 0.31

Asian —0.08 —0.02 —0.04 0.24 0.39 0.37

Other —0.29 —-0.29 —0.27 —0.18 —0.15 —0.21
Ethnicity (ref = Non-Hispanic)

Hispanic —0.28 —0.22 —0.18 —0.09 —0.05 —0.07
Child chronic condition® (ref = no condition)

Has a condition —0.09 —0.09 —0.12 —-0.23 —0.20 —0.22

Analyses conducted with child- (N = 1845) and parent-report (N = 960) data collected in study I;
d = Cohen’s d effect size statistic; Bold indicates significant effect sizes (p < 0.001); ref = referent group

 Parent-report variable
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All final Family Relationship items are positively ori-
ented, yet as shown in the test information functions, they
provide relatively more information about children with
average to below-average family relationship quality.
Although this is also true for most existing family assess-
ment tools, the unique positive orientation of the PROMIS
Family Relationships measures may have greater potential
to detect improvements in family relationships over time.

Limitations

Despite the intensive application of state of the art instru-
ment development methods, several limitations are worth
noting. First, the child and parent concept elicitation
interviews were conducted in one setting in which most
participants were non-Hispanic Black or White. Children
of Hispanic descent were not involved until the calibration
survey phase, and other culturally distinct subgroups are
not well represented. However, the items were carefully
reviewed for culturally meaningful translation. Second,
although children with chronic medical conditions were
purposively recruited into the qualitative phase and the
calibration samples, all were sufficiently healthy to attend
outpatient clinics. Thus, the samples may underrepresent
children with more severe conditions and disabilities. Also,
the single parent-report item used to identify children with
chronic conditions in Study 1 and 2 did not identify the
child’s condition, preventing more in-depth analysis of
disorders and family relationships. Third, data used for
instrument calibration were collected using a variety of
modalities: in person, at school, and via Internet. Research
conducted with adults suggests that questionnaires self-
administered online produce scores that are generally
equivalent to those derived from self- or proctor-adminis-
tered paper questionnaires [49]. However, research on
mode effects for children is scarce. The degree to which
assessment modality impacted the instruments’ measure-
ment properties is unknown. Fourth, although we were able
to test and confirm the instrument dimensionality across
two different samples, future research should replicate our
dimensionality analyses. Single-factor CFA models suggest
that family organization and predictability can be differ-
entiated from children’s perceptions of involvement, care,
support, and understanding within their families. The
Family Relationships measures were developed in accor-
dance with the PROMIS analytic strategy of generating a
large item bank that measures a single common dimension
[38]. However, the excluded items provide valuable
information about unique and important aspects of family
functioning. As item banking initiatives advance toward
multidimensionality and the application of bi-factor models
[50-52], the utility of forming Family Relationships

subscales should be reconsidered. Lastly, additional vali-
dation of the measures in socio-demographic and clinical
subgroups is warranted, particularly evaluations of the
instruments’ sensitivity to change.

Conclusion

The newly developed PROMIS Pediatric Family Rela-
tionships item banks and short forms provide meaningful
and psychometrically robust measures of children’s sub-
jective family relationship experiences. The tools are
appropriate for use with children aged 8—17 and parents of
children aged 5-17 years. They can support research that
evaluates how children’s subjective family relationship
experiences are established, and impact their health,
development, and quality of life. Findings from such
studies, especially in longitudinal research, can guide
program and policy interventions to enhance family rela-
tionships, and thereby improve health across the life
course.
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