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ABSTRACT
Dynamic systems (e.g., families, student-teacher, etc.) present themselves as a
powerful means of assessing multiple informants and how they interact with each other
across a given period of time. The current study sought to propose a novel statistical
methodology for the simultaneous linking of tests across both informants and time. This
was accomplished through the application of multi-test parameter linking under Item
Response Theory. Data were taken from the Fullerton Longitudinal Study and assessed
the construct of Positive Family Relationships (PFR)—a measure of how well family
members get along and support each other—and assessed mothers and children from 9to 17-years of age. The procedures yielded theta (θ) scores which represent equated
scores of mother- and child-reported PFR. The θs were found to be highly correlated with
the original summed scores. Furthermore, discrepancies between the summed scores and
the θs are likely the result of the removal of measurement error associated with
developmental and/or interpretational differences amongst the measures. The methods
presented in this paper allow researchers to confidently apply survey-based data to the
assessment of dynamic systems.
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CHAPTER 1
INTRODUCTION
A relatively new and growing body of research is concerned with the assessment
of dynamic relations in which interactions, transactions, and confluent trajectories of
multiple groups and individuals are assessed across time (see Gates & Liu, 2016).
Specifically, the study of dynamic relations seeks to model how members of a given dyad
(e.g., mother-child, romantic partners, student-teacher, etc.) influence the behaviors,
beliefs, or perceptions of each other throughout time. This avenue of research is unique
due to its apparent combination of both cross-informant and longitudinal research
paradigms and provides researchers with a novel way of assessing constructs from the
perspective of multiple informants at various time points. While dynamic relations have
been primarily applied to assess physiological mechanisms (e.g., Gates, Gatzke-Kopp,
Sandsten, & Blandon, 2015; Liu, Zhou, Palumbo, & Wang, 2016), it is increasingly being
utilized to evaluate psychological constructs. In fact, the PsycINFO database reflects this
growing interest in dynamic relations research revealing an increase in published articles
over the past 10-years with 8-articles published between 2004-2006 and 48-articles
published in between 2014-2016.
This increased focus on the field of dynamic systems—while promising—poses
significant challenges from a methodological perspective, most notably when utilizing
surveying methodologies. Specifically, issues may arise when comparing members of a
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group or dyad due to inherent differences in how each group member interprets or
perceives survey items. For example, men may need to experience more depression to
report crying 3-times per week compared to women due to societal pressures and
psychological traits. Thus, it could be concluded that a ‘3’ for a male may not function
similarly to a ‘3’ for a female. Furthermore, it would be empirically unsound to assume
that children perceive all items in the same ways as adults as maturational, psychological,
and social pressures influence our responses as we age.
Succinctly, the purpose of the current study is to propose a novel method for
generating a common metric across members of a family dyad (i.e., a mother and child
cohort) as well as across a developmental timespan (i.e., age 9- to 17-years). The
establishment of this novel methodology will resolve the issues concerning perceptual
differences in survey items associated with both disparate groups as well as
developmental change and will allow for meaningful comparisons to be made.
1.1 Test Linking
In observing dynamic relations, physiological- and survey-data are often utilized
(Gates & Liu, 2016). While physiological data provides an objective measure of a
construct, survey data is known to be conflated by the perspective of the informant
(Reise, Widaman, & Pugh, 1993; Vlachopoulos, Ntoumanis, & Smith, 2010). For
example, differing perspectives can manifest as group differences or developmental
change within an individual. This limitation of survey data inhibits research on dynamic
systems and—by extension—prevents the progression of research into critically
important aspects of psychological research.
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Test linking procedures have been developed to address the issues associated with
measurement non-equivalence—instances in which item functioning deviates depending
on group membership or temporal shifts. These procedures help to reduce measurement
artifacts by forcing equivalence across sets of items, thereby providing a more precise
estimate of a given construct (Hanson & Béguin, 2002). Furthermore, the usage of test
linking procedures allow for measures of stability, continuity, and group differences to be
assessed due to the creation of a common measurement. Traditionally, these methods
have fallen under two dominant testing paradigms: confirmatory factor analysis (CFA)
and parameter linking under Item Response Theory (IRT) and are covered in detail
below. While other forms of equating certainly exist, they will not be covered for the
sake of brevity. Those interested in learning more about alternative methods of test
equating (e.g., circle-arc equating, nominal weights mean, etc.) are referred to Babcock,
Albano and Raymond (2012).
1.1.1 Test Linking in Classical Test Theory
CFA test equating methods fall under the domain of Classical Test Theory (CTT)
and thus are highly represented within the test equating literature and equivalence
literature due to its relative simplicity and ease-of-use in relation to other testing
modalities (Albano, 2013).
The process of CFA equating generally follows a series of invariance tests
ranging from least to most stringent. On the lowest ’level’, weak factor invariance is
sought within a given construct. This is achieved by ensuring an identical factor structure
across the groups being equated with no constraints placed upon the models between
groups. Upon achieving this weak metric equivalence, researchers will progress towards
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stronger forms of equivalence testing. Typically, however, researchers attempt to ensure
equality of λ matrices across groups. Doing so holds factor loadings, (λ), equivalent
across groups and ensures that test items are functionally equivalent across groups. By
clear extension, constraining λ matrices to equivalence–known as full measurement
equivalence—allows for meaningful comparisons of factor scores across distinct groups
or populations (e.g., Drasgow & Kanfer, 1985; Reise, Widaman, & Pugh, 1993).
Additionally, research has shown that not all items between groups must be constrained
in order to equate multiple groups on a given scale thereby affording more flexibility to
researchers applying these methods (Byrne, Shavelson, & Muthén, 1989).
The benefits and relative ease-of-use of CFA equating are not without their
shortcomings, however. For example, no general consensus exists regarding an
acceptable lower-bound of equivalence for meaningful comparisons across groups to be
made (Raju, Laffitte, & Byrne, 2002). Moreover, CFA equivalence tests generally
overlook equivalence of intercepts across the groups being compared when it may be
imperative to do so such as in multi-cultural and cross-informant studies where average
expressions of a latent construct may differ across the populations of interest (e.g., Chan
2000; Little, 1997). In instances where intercept-equivalence is included, models can be
difficult and complex and often result in unwieldy interpretations (Raju, Laffitte, &
Byrne, 2002). Furthermore, CFA methods are inherently limited due to their reliance on
identical scales across groups, as summed- and mean-scores are inherently bound by their
ceiling effects. This limitation serves as a crux of CFA equivalence tests as they are
unable to utilize scales optimized under an IRT framework where scales may have been
optimized for various groups or ages resulting in a varying number of items per group
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(see Preston et al., 2015). Due to these restrictions, research on some distinct groups (e.g.,
multi-cultural research) generally revolves around utilization of translated scales when
assessing for group differences in latent constructs (e.g., depression) when better normed
scales may exist in the culture of interest (e.g., Azocar, Arean, Miranda, & Muñoz, 2001)
1.1.2 Test Linking in Item Response Theory
IRT parameter linking has recently gained traction due to its ability to utilize
unique sets of items in addition to entirely different scales in the equating process. This
serves as a distinct advantage over CFA equating as it allows for the elimination of
uninformative items. For example, an item assessing the construct of ‘Depression’ may
function well for a cohort of seventh graders but may function poorly in a cohort of
adults. In these instances, CFA equating methods would be required to maintain the item
across both groups due to the mean- and summed-score limitations inherent to CFA. In
contrast, IRT methods would allow for the item’s inclusion only during informative
periods thereby allowing for the creation of tailor-made scales for appropriate age-groups
or populations (Embretson & Reise, 2000; Preston et al., 2015).
In its current state, parameter linking exists in two major forms: cross-informant
and longitudinal. Within a cross-informant paradigm, ability scores (θ) are calculated for
distinct groups of individuals and anchor items are identified via tests of differential item
functioning (DIF). Items that function equivalently are then designated as anchor items
which are used to standardize a given measure across the groups thus providing a θ-score
for each participant (Lambert et al., 2015). In a similar avenue, longitudinal linking is
utilized when researchers want to account for trait drift—when θ changes due to
developmental change—and serves to standardize the measurement of a latent construct
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across a period of time, typically within the same cohort of individuals (see Preston et al.,
2015). It is important to stress that the benefits of parameter linking lie in the ability to
link items rather than requiring entire scales. As such, researchers need only identify a
handful of items that function similarly within multiple scales in order to establish
equivalent scores. However, a lower-bound regarding the required number of anchor
items has yet to be proposed (Lambert et al., 2015; Preston et al., 2017).
While test linking has been applied in both cross-informant and longitudinal
research designs, these methods have never been applied in tandem. This lexical gap
prevents researchers from confidently using survey data to model dynamic relations due
to the need to link scales simultaneously across informants as well as longitudinally. In
order to be able to rely on survey data for comparing distinct groups of any kind (e.g.,
cross-cultural, educational, generational, longitudinal, etc.) it is vital that researchers link
tests to establish a common, standardized metric of the construct of interest (Chen et al.,
2009; Embretson & Reise, 2000; Lambert, Ferguson, & Rowan 2015; Reise, Widaman,
& Pugh, 1993).
One such application of linking was presented by Preston and colleagues (2015)
in their construction of the positive family relationships (PFR) scale. The scale sought to
measure how members of the family got along and supported each other and was
developed on mother-reported data taken when their children were 9- to 17-years of age.
Along with its utilization of longitudinal test linking, the PFR scale was novel due to its
application of the nominal response model (NRM) of IRT. The utilization of the NRM
was unique because of its ability to account for measurement error through the evaluation
of both within-item response categories as well as total item functioning (Bock, 1972;
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1997; Embretson & Reise, 2000). Further, the NRM allowed for the creation of tailormade questions fit for each age while maintaining an assessment of the construct of
interest. The resulting outcome score, theta (θ), is computed for each year and represents
the score on PFR for the given individual. The application of the NRM—in addition to
the longitudinal link—represents a comprehensive removal of a substantial proportion of
measurement error. The construction of the PFR scale was the first to undertake the
assessment of a latent, psychological construct across such a substantial period of time
(9- to 17-years). Finally, the study was unique in its approach for assessing family
functioning through a positive psychology framework.
One avenue in which the PFR scale is limited is in its reliance on a single
informant, the mother, when assessing positive family functioning. In fact, when
assessing dynamic relations (e.g., families, romantic partners, student-teacher, etc.) it is
often beneficial to gather data from multiple informants (Achenbach, McConaughy, &
Howell, 1987). Specifically, the measurement of a construct from the perspective of
multiple informants provides researchers with the ability to highlight any discrepancies or
agreement between members of the groups being assessed (e.g., De Los Reyes, &
Kazdin, 2005; Totura et al., 2009) thereby allowing for a more comprehensive
understanding of the nature of a given construct within the dynamic relation. Specifically,
these discrepancies can be even more informative than the individual reports themselves
as they can provide insight to misperceptions from one member of the dynamic relation
(De Los Reyes, Thomas, Goodman, & Kundey, 2013). As such, obtaining information
from another family member would allow for an assessment of agreement between
family members and provide useful insight regarding the nature of PFR within the family.

8
Thus, the goal of the current study is to contribute to the methodological literature
by proposing a means of rendering the scores of multiple informants stable across an
extended period of time. Doing so will allow for meaningful comparisons to be made in
longitudinal assessments of dynamic systems. Specifically, the novel methodology
developed in this study was applied to data taken from the Fullerton Longitudinal Study
(FLS; Gottfried, Gottfried, & Guerin, 2006) to provide researchers with both the
conceptual as well as an applied demonstration of the proposed methods.
1.2 Proposed Methodology
In line with the methods proposed by Preston and colleagues (2015), a parallel
scale of PFR was created for children using the NRM (see Preston et al., 2017). These
methods allowed for the creation of a tailor-made scale for each year spanning from ages
9- to 17-years. In doing so, only uniquely informative items were included at each time
point resulting in a more refined measure of the construct. Additionally, the creation of
the parallel scale allowed for a detailed assessment of PFR from the perspective of
another family member, thereby providing a more comprehensive understanding of PFR.
To reiterate, the current study sought to contribute a novel method for assessing
the dynamic system of mother- and child-reported PFR in order to provide a more
comprehensive view of the family. Accomplishing this would shed light not only on the
nature of mother- and child-reported PFR but would also reveal how discrepancies
between the two change as a result of the linking methods. Furthermore, the linking
procedure would place both mother- and child-reported PFR on the same metric thereby
allowing for meaningful comparisons to be made both across and within informants at
any given time point. This was accomplished by linking the θs generated from both
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mother- and child-reported PFR scales both within-individuals and across-groups. These
methods of test linking are unique because they allowed for a reduction in measurement
error above and beyond the error accounted for by the NRM by accounting for
interpretational and developmental change across informants and time.
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CHAPTER 2
METHODS
The current study utilized participant data taken from the Fullerton Longitudinal
Study (FLS) (A. E. Gottfried, Marcoulides, Gottfried, & Oliver, 2013; A. W. Gottfried &
Gottfried, 1984; Guerin, Gottfried, Oliver, & Thomas, 2003), an ongoing investigation of
130-children and their respective families from infancy (age 1-year) through early
adulthood (age 29-years). The infants were selected through birth notifications received
from hospitals surrounding the university and families were invited to participate prior to
the infants’ first birthday. In order to be eligible for admission into the study, infants were
to be free of neurological and visual problems, of normal birth weight, and have English
speaking parents. For the current study, mothers and children were assessed annually
between 9- and 17-years of age.
2.1 Demographics
The demographic makeup of the sample consisted of 117 white, 7 Latino, 1
Asian, 1 East Indian, 1 Hawaiian, 1 Iranian, and 2 interracial children reflecting the
ethnic background of the area in which the sample was collected. The gender ratio of the
participants was roughly equal (48% female). Furthermore, the socioeconomic status
(SES) of the families was assessed through the Hollingshead Four-Factor Index of Social
Status (Hollingshead, 1975; A. W. Gottfried, Gottfried, Bathurst, Guerin, & Parramore,
2003). This index provides an approximation of SES via mothers’ and fathers’ level of
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education and occupational ranking. SES for the sample varied from semi-skilled with
little to no high school degree through highly skilled professions. Retention through the
course of the study was high (80%) for any given assessment with no evidence of
attrition bias (Guerin et al., 2003).
2.2 Positive Family Relationships
PFR is defined as the extent to which family members get along and support each
other (Preston et al., 2015). The construct of PFR was initially created and measured
using items that assess support, agreement, helpfulness, unity, and concordance for
mothers from when the children were 9- to 17-years of age. The mothers’ PFR scale was
unique in its utilization of test equating to place mother-reported PFR on a common
metric across the 9-measurement periods.
Furthermore, the PFR scale was unique due to its development under the Nominal
Response Model (NRM; see Embretson & Reise, 200) of IRT. The development of the
scale under the NRM allowed for the measure of PFR to be uniquely made for each year
that the mothers reported their perceptions of their families. For example, an item that
was informative of family functioning when a child was 9-years of age may not be as
informative when the child is 17-years of age due to developmental changes and
corresponding changes in the family dynamic. Whereas in a classical framework,
researchers would need to utilize all items for the sake of maintaining equal
means/summed scores, a survey construct under the NRM is free of such limitations so
long as test linking procedures are utilized (Cook & Eignor, 1991).
For the purposes of the current study, the construct of PFR was also assessed for
the children with data for the mothers being drawn from Preston and colleagues (2015).
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There was an initial pool of 16 items for age 9-years, 14 items for age 10-years, and 15
items for age 11- through 17-years. Items were constructed with 3 response options for
years 9 through 12 that ranged from 1 (a little) to 3 (a lot). Years 13 through 17 were
constructed with 4 response options that ranged from 1 (never) to 4 (a lot). Using year 9
as an example, the scale instructions read, ‘If the sentence describes your family a little,
circle 1; if it describes your family sometimes, circle 2; if it describes your family a lot,
circle 3’. These items were administered to children annually from when the children
were age 9-years through 17-years.
Similarly, to the mother’s PFR scale, the child PFR scale was constructed under
the NRM to allow for tailor-made surveys that were unique to each age group.
Specifically, items were administered to the children when they were 9- to 17-years of
age. Items were then calibrated under FlexMIRT (Cai, 2012) for both item and ability (θ)
scores. The resulting scales, both mother- and child-reported PFR thus allow for a
comprehensive measurement of the latent construct of PFR.
2.3 Content Analysis
The construction of the children’s PFR scale resulted in a child version PFR (CPFR), and hence, parallel versions for both child and mother (M-PFR) scales. The two
versions were unique in that they established a multifaceted approach for the assessment
of a common construct within this family dyad. Moreover, meaningful comparisons
could now be pursued following the utilization of test linking procedures for the M- and
C-PFR. Two methods of test linking—cross-informant (horizontal) and longitudinal
(vertical)—were undertaken to establish a common metric between mother- and childreported PFR and are detailed as follows.
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The first step toward linking the two versions involved the identification of
similarly functioning items. It was noted that when assessed at face value, clusters of
items shared similar content when assessing the family. As such, a content analysis was
conducted to formally identify the groups of items that functioned most similarly. Doing
so would expedite the item selection process by providing banks of similarly functioning
items when conducting a link across informants and time. Two raters assessed the
entirety of both the mother and child PFR scales for item content into one of six possible
content domains consisting of: Getting Along, Group Cohesiveness, Communication,
Conflict, Support, and Order (Preston et al., 2015). These content domains were decided
on by the authors through a preliminary assessment of the test items. Interrater reliability
statistics revealed agreement on item classification ( = .84, p < .001). Furthermore, all
items on which raters disagreed were discussed until a mutual understanding of item
meaning was found and all items were classified into their respective content domain.
The resulting content domains and all related items were then used to identify pairs of
items with similar content for formal, statistical tests of DIF.
Theoretically, it was assumed that—as taken from the independent raters’
assessments—items with perceived common content would function equivalently across
time and/or across informants. As such, pairs of items were selected based on their
classification into one of the five aforementioned groups. For each cross- informant or
longitudinal link, a single pair of items was selected for DIF testing. Only single item
pairs were utilized for the purpose of linking the scales because there are no consistent
rules detailing the appropriate number of common items necessary to facilitate a
successful link between scales (Lambert et al., 2016). Additionally, Lambert et al. (2016)
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utilized a link between children and their parents using three items, representing
approximately, 11.1% of the total items, whereas in the current application, utilization of
a single item in the children’s version of the PFR scale represents 20% of the total items.
All pairs of items initially selected resulted in non-significant DIF. The DIF tests
statistically assess the functioning of a pair of items with nonsignificant results indicating
that a pair of items functions similarly to each other. The analyses were conducted in
flexMIRT using the ‘‘TestCandidates’’ method with Wald estimation (Cai, 2012) due to
the program’s ability to assess for DIF on both mean and slope parameters
simultaneously to produce overall item DIF. Thus, this allows for a simultaneous
assessment of whether items function similarly in difficulty and discrimination on the
latent trait and thus was an ideal program for assessing both cross-informant and
longitudinal pairs of DIF items. Specifically, DIF tests produced in flexMIRT evaluate
whether scoring functions, slopes, and intercepts function equivalently across items. For
instance, Item 2 on the mothers’ version of PFR, a reverse scored item, ‘‘Family
members keep feelings and problems to themselves,’’ was compared with Item 3 on the
childrens’ version of PFR, ‘‘We talk about our problems and feelings in my family,’’ as
the anchor item pair used for the cross-informant link. As can be noted, these items share
similar content (i.e., both deal with communication within the family) and did not
significantly differ in their item functioning,

(4) = 0.01, p = .999.

Tables 2.1 and 2.2 show all pairs of items that were used in the subsequent linking
procedures. Specifically, Table 2.1 presents the pair of anchor items used for the initial
cross-informant link, and Table 2.2 presents all pairs of items used for the longitudinal
links.
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Table 2.1. Linking Procedures – Across Informants
Mother Item
Item 2: Family members keep
problems and feelings to
themselves

Child Item
Item 3: We talk about our
problems and feelings in my
family

0.01

df

p

4

0.999

As is required for accurate linking, all linked pairs of items contained the same
response scale format. Additionally, the table details the order in which the tests were
linked with M-PFR and C-PFR scales being linked at the initial period of measurement,
age 9 years, followed by test links within each individual for the remainder of the length
of measurement. This method was deemed the most appropriate as it established the
common metric across both informants while allowing for mothers and children to vary
as time progressed. We note that, although utilizing a larger number or proportion of
anchor items could potentially lead to more stability in the linking, there are no consistent
rules on the number or proportion of items in the item pool required for linking
calibration (Chen et al., 2009; Lambert et al., 2016). In previous research, utilizing this
longitudinal linking procedure with only one anchor item proved successful in that the
scale related significantly to theoretically relevant variables in predicted directions
(Preston et al., 2015; Preston et al., 2016).
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Table 2.2. Linking Procedures – Within Child

Age 9 years

df

p

1.00

4

>.05

0.00

2

>.05

0.00

2

>.05

0.00

2

>.05

0.10

4

>.05

0.80

4

>.05

0.10

4

>.05

0.00

4

>.05

Age 10 years

Item 3: We talk about our
problems and feelings in my
family
Age 10 years

Item 6: We talk about
daily events in my family
Age 11 years

Item 11: There is arguing in our
family
Age 11 years

Item 11: There is arguing
in our family
Age 12 years

Item 11: There is arguing in our
family
Age 12 years

Item 11: There is arguing
in our family
Age 13 years

Item 11: There is arguing in our
family
Age 13 years

Item 5: People in my
family yell at each other
Age 14 years

Item 8: When I need help, my
family is too busy
Age 14 years

Item 8: When I need help,
my family is too busy
Age 15 years

Item 8: When I need help, my
family is too busy
Age 15 years

Item 8: When I need help,
my family is too busy
Age 16 years

Item 8: When I need help, my
family is too busy
Age 16 years

Item 8: When I need help,
my family is too busy
Age 17 years

Item 8: When I need help, my
family is too busy

Item 8: When I need help,
my family is too busy

2.4 Cross-Informant Test Link
As stated previously, the initial test link was conducted across the two informants.
This decision to conduct the cross-informant link prior to the longitudinal link was
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largely based on the nature of the plink package (see Weeks, 2011) which establishes a
common metric between two groups by constraining the metric of one group (equating
group) to the metric of another (reference group). While, mathematically, the analyses are
identical, conducting the cross-informant analyses establishes a single group member as
the reference group as opposed to a time-point (i.e., 9-years as reference).
The initial test link between the two informants permitted meaningful
comparisons across the individuals of the cohort (i.e., mothers and their children).
Elaborating, the generated values placed both family members on a singular measurement
reflecting the same amount of PFR in both individuals (i.e., a ‘1’ represents an identical
amount of PFR in mothers as well as their children).
Specifically, the cross-informant test link between the two family members was
conducted when the children were 9-years of age. Anchor items—pairs of items that
function similarly across each group—were selected based on the presence of
nonsignificant DIF as was mentioned previously. Since the item pairs function similarly
to each other in their difficulty and slope parameters, it was expected that their
designation as anchor items would best allow for the creation of the common metric
between both groups. The test linking process was conducted in R (R Core Team, 2016)
using the plink package (Weeks, 2011) and the resulting θ-scores may be interpreted as
standard deviations above or below an average level of expression in PFR. While the
linking of the two family members established a common metric across each informant,
developmental change in PFR was still not accounted for. For example, while mothers
and children were placed on a common metric when the children were 9-years of age,
there was no guarantee that the family members remained on the common metric as they
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both aged. Succinctly, while comparisons could be made across each informant, the
stability of PFR across time may differ within each individual as time progresses. Thus, it
was imperative that another linking procedure occur within each family member across
the measurement period.
2.5 Longitudinal Test Link
Typical assessment of dynamic systems follow two or more cohort members
across longitudinal time spans (see Gates & Liu, 2016). Doing so permits researchers to
assess how changes in one member influences the behaviors, beliefs, or perceptions of
another. Furthermore, assessments can even be made regarding reciprocity; how the
affected group member may, in turn, affect the original group member that instigated the
initial change. While the previous cross-informant link enabled confidence in
comparisons between mother- and child-PFR at 9-years of age, the apparent trajectories
of mother- and child-reported PFR—the changes of each individual over time—could not
be confidently assessed. This is because the θ-scores are representative of a latent,
psychological construct which may change with time (i.e., latent trait drift; see Babcock
& Albano, 2012). In order to control for latent trait drift, a final test link was conducted
within each individual member to account for temporal change in PFR. The longitudinal
test link was conducted following the same procedures as the cross-informant link: via
the identification of anchor items and the test linking procedures provided by the plink
package in R. For example, the link connected children’s scores at 9-years to their scores
at 10-years of age with the prior serving as the reference group. The completion of the
longitudinal test link established a common measure across time within each family
member. This, coupled with the cross-informant test link, created a common measure of
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PFR from the perspective of both family members across the entire measurement period
(i.e., age 9- to 17-years).
The simultaneous application of both the cross-informant and longitudinal test
linking procedures generated a common metric through which both members of the
family could be meaningfully compared at all measured time points. Following the
completion of the linking procedures, the generated θs, were compared to the more
traditional summed scores using both correlations and plots of the apparent trajectories.
Any differences found in the correlations and visualizations would imply differences due
to the linking procedures and—by extension—be indicative of a removal of measurement
error associated with latent trait drift in addition to interpretational differences.
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CHAPTER 3
RESULTS
Following the establishment of the equated measurement of PFR, the mother- and
child-reports could be meaningfully compared. However, prior to this, the generated θs
were correlated with the original summed scores of the original PFR scale to assess for
concordance between methods (i.e., summed- and θ-scores; Tables 3.1-2).
Correlations across identical pairings (i.e., mother θs to mother summed-scores) were not
perfect albeit still large. Specifically, cross-method correlations for child-to-child and
mother-to-mother were high across identical years ranging from 0.79 to 0.95. The
observed differences between the summed scores and the θ-scores can, theoretically, be
attributed to the removal of measurement error associated with longitudinal as well as
interpretational differences on the scales due both to development and informant-based
change. By extension, the generated θ-scores can be seen as a more pure or error-reduced
measurement of the latent, psychological construct of PFR (Weeks, 2011). Within the
family, correlations of the θs between mothers and children revealed high levels of
agreement between matching years. Elaborating, the correlations ranged between 0.32
and 0.51. This high level of agreement between members of the dyad suggest concordant
attitudes of the family at each time point. Along with the concordance, stability in PFR
was found in the correlations, ranging between 0.52 and 0.80, within each family member
across subsequent years suggesting consistency within each individuals’ views of the
family (Table 3.3). However, it is important to note that, while the correlations revealed
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stability in relative position (i.e., changes in one family member were often reflected as
changes in the other), there was no information about the apparent trajectories of each
family member and thus no information regarding potential interaction effects. As a
result, it was necessary that we generate and assess the apparent trajectories of motherand child-reported PFR in order to assess the differences between the two methods in
addition to the differences between mothers and children.
Loess lines were plotted of the summed- and θ-scores in order to provide a
visualization of the apparent trajectories of mother- and child-reported PFR. Doing so
would allow for a visual interpretation of the differences that manifested as a result of the
parameter linking procedures.
The loess lines for the summed-scores (Figure 3a) revealed a downward, linear
trend for mothers (black) and a somewhat cubic rate of change in the children (gray).
Furthermore, the relative position of each family member is important to note as the
mothers are positioned above the children. Classically, this would imply that mothers
hold more positive views of their family in relation to their children. However, the
mother- and child-PFR scales consisted of different summed-totals resulting in this
misinterpretation.
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Table 3.1. Intercorrelations of Mother-reported PFR (θ) and Summed Scores
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Table 3.2. Intercorrelations of Child-reported PFR (θ) and Summed Scores
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Table 3.3. Intercorrelations of Mother and Child’s Positive Family Relationship Scale
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The plotted loess lines for the θ-scores (Figure 3b) revealed markedly different
trends in both mother- and child-reported PFR in relation to the summed scores plots.
The linking procedures and the resulting standardization revealed that children—more so
than their mothers—hold above-average perceptions of their families. Additionally, the
children appear to exhibit a quadratic rate of change across the measurement period (i.e.,
9- to 17-years). In contrast, the mothers θ-scores continue to exhibit a linear decline,
however, they do so at a rate slower than their children.

Figure 3. (a) Loess line plots of summed-scores. (b) Loess line plots of theta-scores.
The marked differences between the loess lines of both summed- and θ-scores
provide tentative support for the effectiveness of the methods proposed in this thesis.
Specifically, the adjustment of relative position between mother- and child-reported PFR
imply the potential for misinterpretations following a failure to utilize the methods in the
current study. Additionally, the revelation of the quadratic rate of change in childreported PFR rather than a linear rate of change (i.e., the summed-scores plot) seem to
suggest that the utilized methods are increasing power via the removal of a substantial
proportion of measurement error and allowing for the identification of a higher order
relationship between child-reported PFR and time.
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Ultimately, the data suggest high concordance between the values produced by
both methods (i.e., summed- and θ-scores) with discrepancies being assumed to be the
reduction in measurement error. Further, the apparent differences in the trajectories of
mother- and child-reported PFR are indicative of a substantial change caused by the
adjustments utilized in the current study.
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CHAPTER 4
CONCLUSION
The current paper contributes to the growing field of dynamic relations in
multiple ways. Firstly, by allowing for the exploration of PFR within the family dynamic
through the lens of multiple informants via the establishment of the child PFR scale.
Secondly, this study sets a precedent for future research by establishing a methodology
for the simultaneous linking of tests across informants and time. Finally, the current
research promotes a greater understanding of the family dynamic by assessing the levels
of agreement that exist between mother- and child-reported PFR.
Both the mother and child PFR scales were created under the NRM. Doing so,
granted an increase in power associated with using IRT methods over classical testing
methods. For a more in-depth review of the PFR scale’s development, see (Preston et al.,
2015; 2017). In addition to the additional power associated with the utilization of the
NRM, the child-reported PFR scale allowed for an assessment of PFR from the
perspective of multiple informants within the family. It has been suggested that
assessment of multiple perspectives is often incredibly informative when assessing
dynamic relations such as families due to the ability to assess for interactions and
concordance (e.g., De Los Reyes, & Kazdin, 2005; De Los Reyes, Thomas, Goodman, &
Kundey, 2013; Totura et al., 2009).

28
Furthermore, the utilization of test linking allowed for the mother- and childreported PFR scales to be placed upon a common metric. Doing so allowed researchers to
confidently assess PFR within individuals while also assessing levels of agreement
between the family members. This is incredibly useful as it permits more complex
explorations into dynamic relations rather relying on individual reports for familial
behavior and functioning.
The methodology detailed in the current study represents the first simultaneous
application of both longitudinal and cross-informant test linking paradigms. This novel
approach to test linking was developed due to the impetus for exploring the relations of
mother-child PFR. Furthermore, this methodology was created to fill a lexical gap that
currently exists within the literature. Currently, both cross-informant and longitudinal test
linking paradigms are well represented and utilized, however, the assessment of dynamic
relations requires the standardization of a metric across time as well as informants.
Although not statistically assessed, the LOESS lines revealed remarkable differences
between the two methods (i.e., summed- versus θ-scores) which could be indicative of
the removal of a significant proportion of measurement error. These conclusions are—
obviously—inferred from the drastic differences brought on by the parameter linking
procedures and lend credence to the application of these methods. It is important to note,
however, that the validity of this methodology hinges upon both simulation-based as well
as applied research. Future research should be done utilizing these methods in order to
provide strong statistical backing for the conclusions in this thesis (see Preston et al.,
2017).
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In all, the simultaneous linking procedures developed in the current research are
assumed to represent a comprehensive reduction in measurement error that could result in
increased power if the quadratic trend is statistically significant. The linking procedures
were not without their limitations, however, as of yet no rule regarding the absolute
number of anchor items currently exists within the literature (Chen et al., 2009; Lambert,
Ferguson, & Rowan, 2015). Furthermore, since test linking procedures were developed to
account for distinct groups it may be the case that fewer anchor items may be required
when data are dependent such as in the case of this study. Future research in this field
ought to delve into the appropriate number of linking items necessary for linking groups
across various paradigms with further exploration into how dependence affects the
required number of anchor items.
Ultimately, the goal of the current research was to develop a methodology for
equating test scores across both time and informant. Specifically, this thesis sought to
utilize both cross-informant and longitudinal linking procedures developed under IRT
(see Cook and Eignor, 1991) to render mother- and child-PFR scores directly comparable
for future analyses. The results of the LOESS lines suggested a marked difference
between mother- and child-reported PFR with mother-reported PFR declining and childreported PFR following a positive trend until approximately 13-years, followed by a
decline until the end of the measurement period. Taken together, these two markedly
different trajectories call for further exploration regarding the potential influences and
outcomes of such discrepancies as well as statistical evaluation via a multilevel model.
Interestingly, previous research has found that perceptions of the nature of family
relationships are often more pronounced in divorced families (e.g., Pelton & Forehand,
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2001). As such it may be useful to assess whether sub-classes of families exist within the
current study in order to identify groups of variables that are more likely to produce
discrepant viewpoints in PFR. Dynamic relations, particularly through the measurement
of psychological constructs, represents a growing field of study that allows for the
assessment of both individual perspectives as well as interactions and transactions
between informants across time. The methods and analyses presented in the current
research help future researchers by providing a unique methodology for the application of
survey data—which is known to be conflated by individual perspective—when assessing
a dynamic relation.
Some major limitations exist within the current study. For one, no formal
statistical tests were conducted to assess whether true differences existed between the
trajectories of mother- and child-reported PFR. This substantially inhibits this study’s
ability to formally conclude that an increase in power was observed, however, the
visualization of the linear-to-quadratic change suggests that this may be the case.
Furthermore, only a single linking item was utilized as an anchor between all pairs of
adjacent groups. While no established literature currently exists providing a set criterion
for the number of anchor items in a scale, it is recognized that higher proportions are
associated with less error (see Hanson & Béguin, 2002). Finally, the current study is
limited due to the fact that there is no formal test of external validity to suggest that the
equated theta scores are more accurate in assessing the latent construct of PFR than the
traditional summed-scoring methods.
Future research may seek to remedy the aforementioned limitations by
statistically assessing for differences in the latent trajectories of mother- and child-
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reported PFR. Moreover, additional research may attempt to elucidate upon the nature of
the relationship between the frequency or proportion of items necessary to facilitate a
robust link between survey sets of disparate populations. Finally, a formal assessment
should be conducted in order to assess the external validity of scores obtained using the
methods detailed in this thesis and the summed-scoring methods.
The methodology developed in this thesis can ultimately be used to conduct
analyses between groups within a dynamic system (i.e., a family-unit) by establishing a
common metric across cohort members. Furthermore, unlike previous utilizations of IRT
test equating, the unique aspect of this methodology was that it simultaneously accounted
for longitudinal drift in the latent trait of PFR. This granted an unprecedented ability to
compare members of a dynamic system (i.e., mothers and their children) across a
longitudinal time-span. Additionally, these methods allow for complex models (i.e.,
multilevel models and structural equation models) to be conducted without the additional
error associated with latent trait drift.
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