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Abstract Multiple informants commonly disagree when
reporting child and family behavior. In many studies of
informant discrepancies, researchers take the difference be-
tween two informants’ reports and seek to examine the link
between this difference score and external constructs (e.g.,
child maladjustment). In this paper, we review two reasons
why difference scores cannot serve as unambiguous predic-
tors of outcomes. Further, we use polynomial regression
analyses to both test the validity of difference scores and
provide a more direct test of the hypothesis that discrepan-
cies in parent and child reports predict child psychopathol-
ogy. Data from 218 parent-adolescent dyads (M adolescent
age=11.5 years, 51 % female; 49 % European American,
47 % African American) were used to predict adolescent-
reported antisocial behavior and depression from parent and
adolescent reports of parent-adolescent conflict, parental
knowledge, parental acceptance, adolescent rule-breaking
behavior, and adolescent pubertal development. Results
demonstrate that analyses using difference scores do not
provide valid tests of the utility of informant discrepancies
in predicting adolescent psychosocial maladjustment. How-
ever, interaction terms in polynomial regression analyses
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provide evidence that informant discrepancies predict child
psychopathology. Parent-adolescent informant discrepan-
cies predict adolescent psychopathology but researchers
should avoid using difference scores to measure informant
discrepancies. Polynomial regression analyses provide more
comprehensive and accurate tests of whether informant dis-
crepancies predict child and adolescent psychopathology.

Keywords Multiple informants - Informant discrepancies -
Difference score - Antisocial behavior - Depression

When multiple informants such as parents and children
provide independent reports on the same construct, the
reports are typically only modestly correlated, suggesting
substantial discrepancies in perspective among informants
(Achenbach et al. 1987; De Los Reyes and Kazdin 2004,
2005). Discrepancies among informants’ reports have sub-
stantial implications for empirical studies in a variety of
areas including studies of risk factors of child and adoles-
cent psychopathology, as well as tests of the efficacy of
prevention and intervention programs (De Los Reyes and
Kazdin 2005, 2006, 2008, 2009). Essentially, for any one
empirical finding based on a single informant’s report, the
conclusions one draws from that finding are quite likely to
conflict with conclusions drawn from findings based on
other informants’ reports (De Los Reyes 2011). As such,
the pervasiveness of informant discrepancies necessitates
empirical work focused on understanding the meaning of
these discrepancies and identifying optimal approaches for
interpreting discrepancies when they arise. Cross-reporter
discrepancies have been investigated using difference scores
and polynomial regression models (for a review see Laird
and Weems 2011). The purpose of the current study is to
demonstrate why difference scores are an invalid approach
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to studying informant discrepancies. In doing so, we dem-
onstrate how interaction terms in polynomial regression
analyses provide more valid tests of the utility of informant
discrepancies in developmental psychopathology research.

Studying the Mechanisms Underlying Informant
Discrepancies

Informant discrepancies may be explained, in part, by ran-
dom error variance (e.g., De Los Reyes 2012). However,
apart from measurement error, informant discrepancies may
also contain meaningful information about the constructs or
behaviors assessed (e.g., De Los Reyes 2011; Funder 2009;
Tein et al. 1994). To this end, researchers have advanced
conceptual frameworks for studying the source and impor-
tance of informant discrepancies (for reviews see De Los
Reyes and Kazdin 2005, 2006; Goodman et al. 2010;
Kraemer et al. 2003; Richters 1992). A brief overview of
these frameworks highlights the various approaches to
studying informant discrepancies and provides a context
for the present study.

One class of conceptual models focuses on contextual
variation as the source of informant discrepancies. Recent
research and theory indicates that informants vary in terms
of their perspectives on the behaviors being assessed (e.g.,
self- versus other-perspective) and often in the settings in
which they observe these behaviors (e.g., home versus
school settings; De Los Reyes and Kazdin 2005; De Los
Reyes et al. 2009, 2012a, b; Kraemer et al. 2003). A second
class of conceptual models (and perhaps the most widely
studied) focuses on characteristics of the informants as
being responsible for informant discrepancies. For example,
the depression—distortion hypothesis proposes that inform-
ants’ levels of depressive mood symptoms underlie why
informants provide reports that disagree with each other
(e.g., Richters 1992). The third class of conceptual models
focuses on informant discrepancies as predictors of external
indicators of psychosocial functioning. For example, a num-
ber of studies have reported findings interpreted as revealing
that informant discrepancies in reports of child character-
istics and behavior prospectively predict poor child and
family psychosocial outcomes (e.g., risky driving, delin-
quency, psychopathology). Although a variety of methodo-
logical and statistical approaches have been applied to
testing the models of informant discrepancies (for a review
see De Los Reyes and Kazdin 2005), many researchers have
used some variant of difference scores to operationally
define “informant discrepancies” (e.g., subtracting a total
score from one informant’s report from the total score of
another informant’s report). We focus primarily on the sec-
ond and third classes of conceptual models, because
researchers examining the first class of conceptual models
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have rarely used difference scores. The key difference
between the second and third class of models is that
difference scores serve as dependent variables in tests of
depression—distortion models whereas difference scores
serve as independent variables when testing discrepan-
cies as predictors of psychosocial functioning (De Los
Reyes and Kazdin 2004).

Purpose

In this paper, we focus on the use of difference score and
polynomial regression approaches to test informant discrep-
ancy hypotheses in developmental psychopathology re-
search. Specifically, we describe two key limitations of
difference scores and explain why previous analyses of
difference scores do not adequately test whether informant
discrepancies (a) predict psychopathology or (b) can be
predicted from other psychosocial constructs (e.g., inform-
ants’ depressive mood symptoms). In highlighting these
limitations of difference score approaches to measuring
informant discrepancies, we advance a statistical method
(i.e., polynomial regression analyses) that has been used to
assess multi-informant reporting discrepancy in other fields
(personnel or workplace assessment in industrial/organiza-
tional psychology research; Edwards 1994). We argue and
demonstrate how this method can be used to both evaluate
the validity of analyses using difference scores and provide
a more direct test of informant discrepancy hypotheses.
Lastly, we provide recommendations for researchers seeking
to advance the study of informant discrepancies in develop-
mental psychopathology research.

Limitations of Difference Scores

Although it may seem that the most direct way to study
informant discrepancies is to simply subtract the score pro-
vided by one informant from the score provided by the other
informant, doing so introduces a number of interpretive
challenges. The interpretative challenges apply to direction-
al difference scores (i.e., subtracting one informant’s score
from another), which purportedly test whether one infor-
mant reports greater levels of a measured behavior, relative
to another informant’s report of that same behavior (i.e.,
informant superiority). Similarly, these challenges are inher-
ent in using squared (i.e., squaring a directional difference
score) or absolute (i.e., taking the absolute value of a direc-
tional difference score) difference scores, which purportedly
test the degree of congruency or discrepancy rather than
informant superiority. A number of these interpretive chal-
lenges (e.g., psychometric properties of difference scores)
have been reviewed and critiqued extensively (e.g., De Los
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Reyes et al. 2011; Edwards 1994, 2002; Griffin et al. 1999;
Johns 1981; Laird and Weems 2011; Rogosa and Willett
1983). Our discussion focuses on the two problems that
challenge the validity of difference scores as measures of
informant discrepancies.

Distinguishing the Difference Score from the Measures
Used to Create It The first problem when examining rela-
tions between difference scores and a second variable is that
the difference score is composed of two components, name-
ly two informants’ reports (e.g., parent report and child
report). As such, mathematically, any correlation computed
between a difference score and a second variable (e.g., index
of child maladjustment) is fully determined by the variances
of the two component scores and the correlation of each
component score with the second variable. Multiple patterns
can give rise to the same difference score correlations.
However, a non-zero difference score correlation has only
two possible causes. A non-zero difference score correlation
can only result from (a) differences in how strongly reports
from the two different component scores correlate with the
second variable or (b) from differences in the variances of
the two component scores (Edwards 1994; Griffin et al.
1999; see also Laird and Weems 2011). Thus, scores from
two informants’ reports that have equal variance and equal
correlations with a given outcome variable cannot produce a
difference score that is significantly associated with a sec-
ond variable. Although these constraints to the difference
score can most easily be demonstrated using bivariate cor-
relations, the issues that arise from these constraints apply to
all covariance-based analyses (e.g., analysis of variance
[ANOVA], regression, structural equations modeling
[SEM]; Edwards 2009). Similarly, these issues apply regard-
less of whether the difference score functions as an inde-
pendent or dependent variable.

Mathematical Constraints Placed on Difference Score Com-
ponents The second problem with using difference scores to
assess informant discrepancies is that difference scores im-
pose constraints on the relations between the component
scores and the second variable, and researchers rarely ac-
knowledge or test these constraints (Edwards 1994, 2002).
The constraints imposed by testing a directional difference
score calculated by subtracting parent reports (P) from child
reports (C) can be easily demonstrated using regression
equations. The following equation shows an outcome (Y)
predicted by the directional difference score (C—P):

Y=b0+b1(C—P)+€. (1)

The effect of the directional difference score on the
outcome is estimated by b, the coefficient for the direction-
al difference score term. The equation can be expanded by

applying the coefficient to the two component measures as
follows:

Y:b0+b|(C) 7b2(P)+€. (2)

The expanded equation shows that using a directional
difference score is equivalent to constraining the coefficients
on child and parent reports to be equal in magnitude but
opposite in sign (i.e., b;=—b,). In other words, testing a
directional difference score computed from parent and child
reports is equivalent to testing the hypothesis that child
reports will be positively associated with the outcome and
parent reports will be negatively associated with the out-
come. The constraint, which is a general characteristic of
directional difference scores, is particularly troublesome
when applied to informant discrepancies. Specifically, the
study of informant discrepancies is motivated by the lack of
agreement between reports from multiple informants. Yet,
this does not mean that the informants’ reports are orthog-
onal to each other. Discrepancies occur, even when inform-
ants’ reports exhibit similar psychometric qualities (e.g.,
factor structure and item content; De Los Reyes 2011; De
Los Reyes et al. 2012c). Further, when informants’ reports
disagree, they still correlate positively (e.g., Achenbach et
al. 1987).

Edwards (1994) demonstrates that squared difference
scores and absolute difference scores impose a similar set
of constraints on the component coefficients in the expand-
ed models required to test quadratic or absolute difference
scores. To our knowledge, no previous study in the devel-
opmental psychopathology literature has tested the effects of
the constraints imposed by using difference scores. Yet,
previous research in organizational psychology shows that
the reduction in predictive power produced by the difference
score constraints is substantial, and that conclusions based
on constrained models often differ widely from conclusions
based on the better-fitting models that do not impose con-
straints (Edwards 1994; Edwards and Harrison 1993).

An Alternative to Difference Scores

Edwards (1994) proposed polynomial regression analyses as
an alternative to using difference scores to test agreement or
discrepancy-based research questions. Polynomial regres-
sion equations will be used in the current study to demon-
strate (a) how interaction terms representing variations of
informant discrepancy and congruence (e.g., parent report
high versus child report low; both parent and child report
high) provide a more direct test of informant discrepancy
hypotheses than do difference scores and (b) how con-
straints imposed on regression coefficients can be used to
test the validity of analyses based on difference scores.
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The polynomial regression model for testing child (C)
and parent (P) informant discrepancy hypotheses (as a pre-
dictor of Y) is shown in Eq. 3 as follows:

Y = by + by C + byP + b3C? + byCP + bsP? +e. (3)

When specified in this manner and tested using mean-
centered child and parent scores (Cohen et al. 2003), the
regression coefficients estimate the linear (b,) and quadratic
(b3) eftects of child reports at mean levels of parent reports,
the linear (b,) and quadratic (bs) effects of parent reports at
mean levels of child reports, and the interaction between
child and parent reports (b4). The quadratic terms are in-
cluded in the model because the interaction between child
and parent reports may reflect the quadric effect of child
or parent reports if the quadratic effects are not modeled
(Ganzach 1997). Edwards (1994) recommends testing
the addition of a set of coefficients one order higher
in magnitude (i.e., quadratic interactions and cubic
terms) to ensure that the model does not underestimate
the complexity of the associations.

The linear (i.e., parent X child) and, when necessary,
quadratic (i.e., parent X child-squared and parent-squared
X child) interaction terms test whether the association be-
tween the child reports and the outcome are moderated by
the parent reports (and, because the interaction can be inter-
preted with either variable serving as the moderator, whether
the association between the parent reports and the outcome
are moderated by the child reports). The interaction terms
provide key tests of informant discrepancies by directly
testing whether high (or low) scores from one informant
are more or less strongly associated with the outcome when
scores from the other informant are also high (or low). In
other words, the interaction terms test the fundamental dis-
crepancy hypothesis that associations between an outcome
variable and reports provided by one informant vary as a
function of the other informants’ reports. Unlike difference
score associations, however, the interaction terms test con-
ditional associations generally. A single set of interaction
terms can test for multiple patterns of informant discrepan-
cies that are commonly tested using different types of dif-
ference scores. Post-hoc probing of significant interaction
terms is necessary via simple slopes (see Cohen et al. 2003)
or response surface plotting (see Edwards 1994, 2002).
Post-hoc probing will reveal whether psychosocial malad-
justment outcomes are most common when (a) informants
disagree regardless of informant levels, (b) informants agree
regardless of informant levels, or (c) whether the effect of
disagreement or agreement differs as a function of informant
levels (e.g., symptoms of psychopathology are common
when either informant reports high levels of conflict).

In addition to providing direct tests of discrepancy hy-
potheses, polynomial regression models can also be used to
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test the validity of difference score analyses. Edwards
(2002) describes how constraints imposed on polynomial
regression analyses can be used to assess the validity of
analyses using directional difference scores, quadratic dif-
ference scores, and absolute difference scores (i.e., using a
piece-meal polynomial model to model the deflection point
presumed by absolute difference scores). Polynomial regres-
sion models provide valid tests of discrepancy hypotheses
even when the various constraints imposed on difference
scores result in poorer fitting models, because the con-
straints can be released and interaction terms can be added
to the models (Edwards 1994, 2002).

The Current Study

The empirical research on informant discrepancies has
largely focused on the degree of agreement or disagreement
between informants (and moderators of such agreement or
disagreement), and thus research on informant discrepancies
has largely minimized the importance of the underlying
construct upon which informants disagree (for a review
see De Los Reyes and Kazdin 2005). This can be contrasted
with theoretical frameworks on informant discrepancies,
which have incorporated an understanding of developmental
psychopathology into delineating the mechanisms underly-
ing informant discrepancies (e.g., De Los Reyes and Kazdin
2005; Goodman et al. 2010). Therefore, it seems reasonable
to propose that not all informant disagreements are the
same, and researchers should examine informant discrepan-
cies on measures of behaviors for which discrepant reports
may indicate troublesome outcomes.

Along these lines, we tested discrepancies between par-
ent and early adolescent reports of five constructs as pre-
dictors of adolescent antisocial behavior and depression.
Constructs were selected to represent a broad range of
variables associated with psychopathology, for which
parents and adolescents are likely to provide discrepant
reports (e.g., Collins and Laursen 2006; De Los Reyes et
al. 2012c¢), and for which parent-child disagreement could
be particularly problematic during early adolescence. Spe-
cifically, the constructs include the extent of parent-
adolescent conflict, the extent to which the parent is knowl-
edgeable regarding the adolescent’s whereabouts and activ-
ities, the degree of parental acceptance of the adolescent,
how often the adolescent breaks rules, and the adolescents’
degree of pubertal development. Several previous studies
have reported significant associations between child psy-
chopathology and a directional difference score calculated
using parent and child reports of parental knowledge (e.g.,
De Los Reyes 2010a), severe forms of rule-breaking (e.g.,
delinquent behavior; see Ferdinand et al. 2004), and family
relationship variables in reference to conflict (e.g., Pelton
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and Forehand 2001). However, discrepancies in reports of
parental acceptance and pubertal development have not
been previously tested as predictors of psychopathology.

Three discrepancy hypotheses were tested with each con-
struct across the two outcomes. The first hypothesis is that
higher adolescent reports, relative to parent reports, will be
associated with antisocial behavior and depression. Specif-
ically, higher adolescent reports of conflict, rule-breaking,
and acceptance are expected to be associated with more
antisocial behavior and depression whereas higher adoles-
cent reports of knowledge and acceptance are expected to be
associated with less antisocial behavior and depression. The
first hypothesis is consistent with the results from previous
studies using directional difference scores and was tested
using the polynomial regression model and the set of direc-
tional difference score constraints. The second hypothesis is
that greater discrepancies between parent and adolescent
reports will be associated with antisocial behavior and de-
pression. The second hypothesis is consistent with both
absolute difference scores and squared difference scores.
The second hypothesis was tested using the polynomial
regression model and the set of squared difference score
constraints. The third hypothesis is that the interaction be-
tween parent and child reports will be associated with the
outcomes. The third hypothesis was tested directly by the
linear, and when necessary, quadratic parent X child inter-
action terms in the polynomial regression model, and post-
hoc probing of the interaction terms was used to identify the
pattern of conditional associations.

Method
Participants

Participants included 218 early adolescents and their moth-
ers who were participating in a larger longitudinal study (see
Laird and Marrero 2010). Most of the early adolescent
participants were 11 years old (M age=11. 5 years, SD=
0.51; Range=10 years, 7 months to 13 years, 9 months).
The sample was 51 % female and 73 % of the adolescents
lived in a two-parent home when the data were collected.
Most adolescent participants were European American, non-
Hispanic (49.1 %) or African American (47.2 %; 2.8 % were
Asian, and 1 % were Hispanic).

Procedure

Following IRB approval, families were recruited from 5th
grade classrooms in 20 public schools serving citizens of
Baton Rouge, LA (population about 400,000). About 20 %
of the 5th graders recruited participated in the study. Fam-
ilies were provided an overview of the interview procedure

before mothers provided informed consent and adolescents
provided written assent. To ensure privacy and reduce social
desirability bias, participants were interviewed in separate
private locations within the home and privately recorded
their responses to the questions on an answer sheet. Each
participant was compensated $25.

Measures
Informant Discrepancy Variables

Conflict Mother-adolescent conflict was measured using 10
items modeled on Robin and Foster’s (1989) assessment.
More adolescent-reported conflict was found to be associat-
ed with less antisocial behavior and less depression in a
previous study using a portion of the current dataset (Sentse
and Laird 2010). For each item (e.g., cleaning your room,
hanging out with friends that parents do not like) adoles-
cents and mothers reported the frequency of conversation
during the past four weeks using a 3-point scale from never
(coded 0) to lots of times (coded 2). For items that were
discussed, adolescents and mothers also responded to a
question assessing the anger expressed during the discus-
sions using a 3-point scale from calm (coded 0) to very
angry (coded 2). Following Robin and Foster’s (1989) scor-
ing procedure, the frequency and anger scores were multi-
plied for each item. Adolescent-reported and mother-
reported conflict composite scores were computed as the
mean of the respective 10 items («=0.67 & 0.79). Higher
conflict scores indicate more frequent and intense conflict.

Parental Knowledge To assess mothers’ knowledge of ado-
lescents’ whereabouts and activities, mothers and adoles-
cents responded to 10 items (e.g., “How much does your
mother really know about what you do with your free
time?”) adapted from Brown et al. (1993) and Dishion et
al. (1991). Parental knowledge is consistently associated
with conduct problems and psychopathology (Dishion and
McMahon 1998; Racz and McMahon 2011). Each item was
scored using a five-point response scale ranging from she
doesn’t know (scored 0) to she knows everything (scored 4).
Adolescent-reported and mother-reported knowledge scores
were computed as the mean of the respective 10 items (as=
0.78 & 0.70). Higher scores indicate more knowledgeable
parents.

Acceptance To measure parental acceptance, mothers and
adolescents responded to 14 items from the Children’s Re-
port of Parental Behavior Inventory (CRPBI; Schaefer
1965; Schludermann and Schludermann 1988). More
adolescent-reported parental acceptance was found to be
associated with less antisocial behavior and less depression
in a previous study using a portion of the current dataset
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(Sentse and Laird 2010). Adolescents and mothers reported
how much each item (e.g., “My mother tells me she loves
me”) reflected their mother’s behavior on a 5-point scale
from not at all like her (scored 0) to a lot like her (scored 4).
Adolescent-reported and mother-reported acceptance scores
were computed as the mean of the respective 14 items (as=
0.92 & 0.90). Higher scores indicate more parental
acceptance.

Rule-Breaking Adolescents and mothers reported the ado-
lescents’ rule-breaking behavior using the Teen Conflict
Survey (Bosworth and Espelage 1995). More adolescent-
reported rule-breaking was found to be associated with more
antisocial behavior but not with more depression in a previ-
ous study using a portion of the current dataset (Laird and
Marrero 2010). The six items measure the frequency of rule-
breaking behavior at home, school, and other contexts and
how often the child has been in trouble at home, school, and
other contexts. Items are scored on a five point scale ranging
from never (scored 0) to 7 or more times (scored 4). Sepa-
rate adolescent-reported and mother-reported rule-breaking
scores were computed as the mean of the respective six
items (as=0.82 & 0.79). Higher scores indicate more fre-
quent rule-breaking.

Pubertal Development To assess pubertal development,
mothers and adolescents completed the Pubertal Develop-
ment Scale (PDS: Petersen et al. 1988). Higher PDS scores,
indicating more advanced pubertal development, were
found to be associated with weaker authority beliefs, earlier
autonomy expectations, more unsupervised time, and less
parental knowledge in a previous study using a portion of
the current dataset (Laird and Marrero 2011). The PDS
includes 3 items for all participants assessing growth spurts,
body hair, and skin changes. Two additional items for males
ask about voice changes and facial hair and two additional
items for females ask about breast growth and whether
menstruation has begun. The menstruation item is dichoto-
mous. Mothers and adolescents responded to the remaining
items using a four-point scale from /as not yet begun (scored
1) to seems complete (scored 4). Separate adolescent-reported
and parent-reported puberty scores were calculated using the
scoring algorithm developed by Shirtcliff et al. (2009) that
recalibrates scoring of each item according to the appropriate
Tanner Stages. Higher scores indicate more advanced pubertal
development.

Outcome Variables
Antisocial Behavior Adolescents reported the frequency of
their involvement in antisocial behavior using the Problem

Behavior Frequency Scale (Farrell et al. 2000) which
assesses physical and non-physical aggression, delinquency,
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and drug use using a total of 26 items. All items were scored
on a five-point scale from never (scored 0) to 7 or more
times (scored 4) in the past 30 days. The mean of the 26
items was computed to index antisocial behavior («=0.91).
Higher scores indicate more frequent involvement in anti-
social behavior.

Depression Adolescents reported their own depressive
symptoms using the six-item Modified Depression Scale
(MDS; Orpinas 1993). The MDS is based on the DSM scale
for depression and assesses past 30-day frequency of six
depressive symptoms (i.e., sadness, irritability, hopeless-
ness, sleep disturbance, difficulty concentrating, and eating
problems; Dahlberg et al. 2005). Each item was scored on a
five point scale from never (scored 0) to always (scored 4).
Depression scores were computed as the mean of the six
items (a=0.75). Higher scores indicate more depressive
symptoms.

Analysis Plan

Three types of difference scores were computed from moth-
er and adolescent reports. A directional difference score (D)
was computed by subtracting mother reports from adoles-
cent reports. The directional difference in standardized
reports (DZ) was computed by standardizing mother and
adolescent reports before subtracting mother reports from
adolescent reports. A squared difference score (D?) was
computed by squaring the directional difference score.
Analyses tested the correlations linking antisocial behavior
and depression with each difference score.

Polynomial regression equations were used to test the
directional difference score, squared difference score, and
interaction hypotheses. Antisocial behavior and depression
were regressed on parent and adolescent reports of each
predictor variable. Each outcome was paired with each
predictor variable in ten separate regression analyses. Anal-
yses had sufficient power (0.80) to detect relatively small
effects, £#=0.036, using a two-tailed test with a p-value of
0.05 (for comparison, Cohen (1988) labeled f*=0.02 as a
small effect and #=0.15 as a medium effect). Each regres-
sion model included four terms: the adolescent report, the
mother report, the adolescent report squared, a multiplica-
tive interaction term computed by multiplying the mother
and adolescent report, and the mother report squared. Moth-
er and teen reports were mean-centered. Two sets of con-
straints were tested as recommended by Edwards (1994).
Four constraints were imposed to test the directional differ-
ence score model. The coefficient for adolescent reports and
mother reports were constrained to be equal in magnitude
but opposite in direction (i.e., b;y=—b, from Eq. 3), and the
coefficients for the two quadratic terms and the multiplica-
tive interaction term were constrained to be equal to zero
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(i.e., b3=0, b4=0, bs=0 from Eq. 3). A different set of four
constraints was imposed to test the squared difference score
model. Specifically, the coefficients for adolescent reports
and mother reports were constrained to be equal to zero (i.e..
b;=0 and b,=0 from Eq. 3), the coefficients for the two
quadratic terms were constrained to be equal (i.e., b3=bs
from Eq. 3), and the coefficient for the interaction term was
constrained to be twice as large as the coefficient for the
quadratic terms, but with the opposite valence (i.e., b4=—2b;
which also means by=—2bs, because b3=bs from Eq. 3).
Finally, four higher order terms (the adolescent report
cubed, mother report X adolescent report squared, adoles-
cent report X mother report squared, the mother report
cubed) were added to the model when the addition signifi-
cantly improved the fit of the model as recommended by
Edwards (1994). Significant interaction terms were inter-
preted by plotting predicted values and calculating simple
slopes at high (+1SD) and low (—1S8D) levels of the moder-
ator as recommended by Cohen et al. (2003). Because the
interaction terms can be interpreted with either informant as
the moderator, for each significant interaction term, we
present the figure that provides the most insight into the
relation between the informant discrepancy and the associ-
ated outcome variable.

Results

Three sets of analyses were conducted. The first set of
analyses assessed the congruence between mother and ado-
lescent reports of conflict, knowledge, acceptance, rule-
breaking behavior, and pubertal development. The second
set of analyses tested correlations linking adolescent-
reported antisocial behavior and depression with mother
and adolescent reports of the five predictors and with three
types of difference scores calculated from mother and ado-
lescent reports. The goal of the first two sets of analyses was
to describe the nature of parent-adolescent discrepancies
across the predictor and outcome variables, to test difference
scores associations, and to determine whether differences in
variance or correlations underlie the difference score asso-
ciations. The goal of the third set of analyses was to test the
three discrepancy hypotheses using polynomial regression
equations. The equations predicted antisocial behavior and
depression from mother and adolescent reports. Analyses
tested constraints imposed by difference score and squared
difference score models as well as the parent-adolescent
interaction terms.

Congruence Between Mother and Adolescent Reports

Three aspects of the congruence between mother and ado-
lescent reports were tested. First, mean-level differences

between mother and adolescent reports were tested via
paired t-tests. As shown in Table 1, mothers reported more
conflict, more knowledge, and more acceptance than did
adolescents. Adolescents reported more rule-breaking and
more advanced pubertal development than did mothers.
Second, the variance in mother and adolescent reports of
each predictor was tested using an equality constraint im-
posed when modeling the variance-covariance matrix of the
two reports. Constraints were tested using the Model Test
command in Mplus 6.0 (Muthén and Muthén 2010). There
was more variance in mother reports of conflict than in
adolescent reports of conflict. In contrast, there was more
variance in adolescent reports of knowledge, acceptance,
and rule-breaking behavior than in the respective mother
reports. Third, associations between mother and adolescent
reports were tested using bivariate correlations. As shown in
Table 1, mother and adolescent reports of conflict, knowl-
edge, rule-breaking, and pubertal development, but not ac-
ceptance, were positively and significantly correlated.

Associations Between Outcomes and Parent Reports,
Adolescent Reports, and Difference Scores

Bivariate correlations linking adolescent-reported antisocial
behavior and depression with mother and adolescent reports
of each of the five predictor variables were estimated. The
difference between each mother and adolescent correlation
was tested using an equality constraint when modeling the
set of three correlations (i.e., covariances among standard-
ized variables) interlinking the mother report, the adolescent
report, and the outcome variable. Constraints were tested
using the Model Test command in Mplus 6.0 (Muthén and
Muthén 2010). Correlations between each difference score
and antisocial behavior and depression also were calculated.

As shown in Table 2, both mother and adolescent reports
of more conflict and rule-breaking and less knowledge and
acceptance were associated with more adolescent-reported
antisocial behavior. The mother-reported and adolescent-
reported conflict correlations did not differ significantly
from one another and none of the conflict difference scores
were associated with antisocial behavior. In contrast, the
mother-reported and adolescent-reported knowledge, accep-
tance, rule-breaking, and puberty correlations did differ
significantly from one another and all of the raw directional
and standardized directional difference scores were associ-
ated with antisocial behavior.

Adolescent reports of more conflict, less knowledge, less
acceptance, more rule-breaking, and more pubertal develop-
ment were associated with more adolescent-reported depres-
sion. None of the parent reports were associated
significantly with depression. Adolescent-reported correla-
tions for conflict, knowledge, rule-breaking, and puberty
differed significantly from their parent-reported counterparts

@ Springer



J Abnorm Child Psychol (2013) 41:1-14

Table 1 Congruence between parent and adolescent reports

Parent report  Adolescent report

Difference in means

Difference in variance Association between parent

and adolescent reports

M (SD) M (SD) df T p X(1) p r p
Conflict 3.49 (1.28) 3.18 (1.11) 216 2.97 0.003 4.16 0.041 0.17 0.012
Knowledge 451 (0.35) 4.16 (0.61) 217 8.98  <0.001 49.18 <0.001 0.36 <0.001
Acceptance 4.63 (0.49) 4.26 (0.77) 217 6.18  <0.001 31.95 <0.001 0.08 0.219
Rule-breaking 1.83 (0.60) 2.00 (0.77) 217 2091 0.004 13.33 <0.001 0.27 <0.001
Puberty 2.68 (1.01) 2.93 (1.09) 215 -3.50  <0.001 1.91 0.167 0.52 <0.001

and their raw directional and standardized directional differ-
ence scores were associated with depression.

Polynomial Regression Equations

Testing the Validity of Difference Scores Tables 3 and 4
present results from the polynomial regression analyses.
There are four conditions that must be met to interpret
directional difference scores or quadratic difference score
correlations with outcome variables (Edwards 1994). The
first condition is that the polynomial regression model
(without the higher order interaction terms) accounts for a
significant amount of variance in the outcome. The first
condition was met in 18 of the 20 cases. The second condi-
tion is that the regression coefficients follow the expected
pattern. For directional difference scores, the key feature of
the expected pattern is that the coefficients for mother and
adolescent reports are both statistically significant predictors
of the outcome, but that they differ in valence. For quadratic
difference scores, the key feature of the expected pattern is
that the coefficients for quadratic terms and the interaction

terms are significant predictors of the outcome. The coef-
ficients never followed the expected pattern and thus the
second condition was not met in any of the difference score
analyses. The third condition is that the constraints did not
worsen the fit of the model. In four cases (out of 20), the
constraints did not worsen the fit of the model. However, in
each case, the constraints did not worsen the fit of the model
because all constrained parameters did not differ significant-
ly from zero. The fourth condition is that higher order terms
do not improve the fit of the model. The fourth condition
was met in twelve of the 20 models. In sum, there was not a
single analysis in which all conditions required for the use of
directional difference scores or quadratic difference scores
were met. Results testing the absolute difference scores
constraints using a piecemeal regression model and results
using standardized variables to test the DZ score constraints
are not reported but they led to identical conclusions and are
available from the first author.

Testing Interaction Terms Across the ten polynomial regres-
sion models, five parent-adolescent interaction terms were

Table 2 Correlations between outcomes and parent reports, adolescent reports, and difference scores

Predictor Individual informant correlations Testing difference in correlations Difference score correlations
Parent report Adolescent report Xz( 1) Pdift D DZ D?
Antisocial behavior
Contlict 0.23%** 0.33%#* 1.26 0.262 0.05 0.08 0.04
Knowledge —0.14* —0.35%** 6.77 0.009 —0.28%** —0.18%*** 0.15*
Acceptance —0.02 —0.20** 3.98 0.046 —0.17* —0.14* 0.08
Rule-breaking 0.25%** 0.60%** 16.41 <0.001 0.37%*%* 0.29%** 0.30%**
Puberty —-0.03 0.14* 5.79 0.016 0.17* 0.16* 0.10
Depression
Conflict 0.09 0.35%*%* 8.27 0.004 0.18** 0.20%* 0.07
Knowledge —-0.10 —0.34%** 9.53 0.002 —0.30%** —0.21** 0.27***
Acceptance -0.11 —0.22%%%* 1.49 0.223 —-0.13 —-0.08 0.15*
Rule-breaking 0.08 0.41%%%* 15.18 <0.001 0.32%** 0.27%%%* 0.12
Puberty 0.04 0.20%* 5.26 0.022 0.17* 0.16* 0.04

. . . P .
D = raw adolescent scores minus raw mother scores, DZ = difference between standardized scores, D~ = squared difference between raw scores, * p

<0.05, ** p<0.01, *** p<0.001
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significant as shown in Tables 3 and 4. The interaction
between parent-reported rule-breaking and the quadratic
effect of adolescent-reported rule-breaking was a predictor
of antisocial behavior. The interaction was interpreted with
parent-reported rule-breaking serving as the moderator to
facilitate plotting of the quadratic effect for adolescent-
reported rule-breaking. As shown in Fig. 1, the quadratic
effect is positive for adolescent-reported rule breaking at
high levels of parent-reported rule-breaking, 6=0.11, SE=
0.07, p=0.095, but negative at low levels of parent-reported
rule-breaking, 5=—0.06, SE=0.07, p=0.37, indicating that
the congruence of high adolescent-reported rule-breaking
and high parent-reported rule-breaking is associated with
the highest levels of antisocial behavior.

The interaction between parent-reported puberty and the
quadratic effect of adolescent-reported puberty was a pre-
dictor of antisocial behavior. The interaction was interpreted
with parent -reported puberty serving as the moderator to
facilitate plotting of the quadratic effect for adolescent-
reported puberty. As shown in Fig. 2, the quadratic effect
is positive for adolescent-reported puberty at low levels
of parent-reported puberty, b=0.11, SE=0.04, p=0.003,
but negative at high levels of parent-reported puberty,
b=-0.06, SE=0.04, p=0.11, indicating that the discrep-
ancy of low parent-reported puberty and high
adolescent-reported puberty is associated with the high-
est levels of antisocial behavior.

The linear interaction between parent and adolescent
reports of conflict was a predictor of depression. The inter-
action was interpreted with parent-reported conflict serving
as the moderator. As shown in Fig. 3, more adolescent-
reported conflict was more strongly associated with more
depression at low levels of parent-reported conflict, 5=0.36,
SE=0.07, p<0.001, than at high levels of parent-reported
conflict, b=0.17, SE=0.07, p=0.02, indicating that the con-
gruence of low parent-reported conflict and low adolescent-

3 .
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Adolescent-Reported Rule-Breaking

Fig. 1 Predicted values of antisocial behavior as a function of
adolescent-reported rule-breaking at high and low values of parent-
reported rule-breaking
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Fig. 2 Predicted values of antisocial behavior as a function of
adolescent-reported puberty at high and low values of parent-reported

puberty

reported conflict is associated with the lowest levels of
depression.

The interaction between parent-reported acceptance and
the quadratic effect of adolescent-reported acceptance was a
predictor of depression. The interaction was interpreted with
parent-reported acceptance serving as the moderator to fa-
cilitate plotting of the quadratic effect for adolescent-
reported acceptance. As shown in Fig. 4, the negative qua-
dratic effect is stronger for adolescent-reported acceptance
at high levels of parent-reported acceptance, b=-0.49, SE=
0.17, p=0.004, than at low levels of parent-reported accep-
tance, b=—0.06, SE=0.193, p=0.78, indicating that the con-
gruence of high parent-reported acceptance and high
adolescent-reported acceptance is associated with the lowest
levels of depression.

Finally, the interaction between adolescent-reported rule-
breaking and the quadratic effect of parent-reported rule-
breaking was a predictor of depression. The interaction was
interpreted with adolescent-reported rule-breaking serving
as the moderator to facilitate plotting of the quadratic effect

4
3 4
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o
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7]
g
821
[a)
11 ——VLow (-1SD) Parent-Reported Conflict
------- High (+1SD) Parent-Reported Conflict
0
10%ile 90%ile

Adolescent-Reported Conflict

Fig. 3 Predicted depression values as a function of adolescent-
reported conflict at high and low levels of parent-reported conflict
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Fig. 4 Predicted depression values as a function of adolescent-
reported acceptance at high and low levels of parent-reported
acceptance

for parent-reported rule-breaking. As shown in Fig. 5, the
quadratic effect is positive for parent-reported rule-breaking
at high levels of adolescent-reported rule-breaking, b=0.53,
SE=0.29, p=0.08, but negative at low levels of adolescent-
reported rule-breaking, b=—0.06, SE=0.21, p=0.79, indicat-
ing that discrepancy of high adolescent-reported rule-
breaking and low parent-reported rule-breaking is associated
with the highest levels of depression.

In sum, the four interaction terms showed that antisocial
behavior was high when parents and adolescents agreed that
adolescents were engaging in high rates of rule-breaking
behavior and when mothers disagreed with adolescents’
reports of advanced pubertal development. High levels of
depression were found when mothers disagreed with ado-
lescents’ reports of high rates of rule-breaking behavior. In
contrast, low levels of depression were found when parents
and adolescents agreed that conflict levels were low or
acceptance levels were high.
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0
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Parent-Reported Rule-Breaking

Fig. 5 Predicted depression values as a function of parent-reported
rule-breaking at high and low levels of adolescent-reported rule-
breaking

Discussion

Analyses demonstrate substantial discrepancies in mother
and adolescent reports of parent-adolescent conflict, paren-
tal knowledge and acceptance, and adolescent rule-breaking
and pubertal development. Although difference scores com-
puted from mother and adolescent reports were linked with
antisocial behavior and depression, analyses demonstrate
that the mother and adolescent reports differ in variance
and differ in their bivariate associations with antisocial
behavior and depression. Unequal variability and bivariate
associations are responsible for the difference score correla-
tions. The difference score models did not provide a good fit
to the data. Further, the implied difference score constraints
worsened the fit of models linking independent informants’
scores with antisocial behavior and depression. Taken to-
gether, these findings demonstrate that difference scores
cannot validly assess informant discrepancies. In contrast,
five of the eighteen multi-informant interaction terms were
significant predictors of antisocial behavior or depression.
Importantly, using a technique that correctly models infor-
mant congruence and discrepancy (i.e., polynomial regres-
sion), our findings provide evidence that informant
discrepancies predict unique variance in adolescent psycho-
pathology, above-and-beyond the contributions of the indi-
vidual informants’ reports used to examine discrepancies.

Difference Scores are Not Valid Assessments of Informant
Discrepancies The use of polynomial regression techniques
reveals the limitations of difference scores; difference score
correlations may lead to conclusions that are not supported
by a more complete examination of the data (Edwards 1994;
Laird and Weems 2011). Analyses directly addressed two
difference score limitations. First, difference scores can be
correlated with an outcome only when the two components
of the difference score have unequal variances or when the
correlations between the outcome and the two components
are unequal (Edwards 1994; Griffin et al. 1999; Laird and
Weems 2011). Unequal informant correlations appear to be
primarily responsible for the apparent difference score
effects in the current study. Indeed, all directional difference
score correlations remained significant when the difference
score was computed using standardized scores, which
equate informant variances. Studies contrasting parents or
adolescents with other informants, such as teachers or
observers, may find that informant variances more common-
ly underlie the difference score correlations. Second, differ-
ence scores impose a set of constraints that are rarely
directly tested (Edwards 1994, 2002). Constraints were
found to significantly worsen model fit in sixteen out of
twenty models. Moreover, constraints in the remaining four
models did not worsen model fit because none of the con-
strained parameters differed from zero. Taken as a whole,
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analyses clearly show that previous conclusions based on
difference score correlations are not supported by a more
comprehensive examination of the data.

Researchers seeking to identify situations or contexts
within which informant discrepancies are predictive should
note that the limitations of difference scores described in this
paper are not limited to bivariate correlations. When differ-
ence scores serve as the input to even highly sophisticated
data analyses, the analyses suffer from the same inherent
limitations as do simple bivariate correlations (Edwards
2009). In fact, the limitations are likely compounded by
the lack of transparency of the analyses and the tighter
restrictions and assumptions that often accompany such
analyses. The implication of the current study is that all
analyses of informant discrepancies based on difference
scores are flawed unless the constraints imposed by the
difference scores are tested and found to be acceptable.

Difference Scores May Not Be Valid Assessments of Any
Construct Researchers seeking to address research questions
outside of the informant discrepancies literature should bear in
mind that the limitations of difference scores described in this
paper are fundamental limitations of difference scores as
representations of any construct. Importantly, it is easy to
identify instances in which difference score critiques have
been successful in reducing the use of difference scores to
answer one research question (e.g., Edwards 1994; Griffin et
al. 1999), only to see the use of difference scores emerge as a
newly adopted analytic tool in another area.

Our hope is that this paper contributes to reducing the use
of difference scores in multiple areas of developmental
psychopathology research. For example, recently difference
scores have been used to test Moffitt’s (1993) maturity gap
hypothesis (e.g., Barnes et al. 2011). Difference scores have
also been used to test whether discrepancies between moth-
ers’ and fathers’ parenting styles or behaviors are linked to
child misbehavior (e.g., Nelson et al. 2006). In these areas,
differences in component correlations or differences in var-
iance must underlie the difference score correlations. How-
ever, similar to the informant discrepancies literature,
researchers have neither recognized the source of the effect
nor tested the constraints imposed by the difference scores.

Informant Discrepancies (as Measured by Interactions)
Predict Psychopathology The current study did find evi-
dence that informant discrepancies account for unique var-
iance in adolescent psychopathology. Five interaction terms
explained unique variance in antisocial behavior or depres-
sion. Inspection of fitted regression lines (i.e., Figs. 1,2, 3, 4
and 5), clearly shows that informant discrepancies add an
important nuance to interpretations of developmental psy-
chopathology findings. These important contributions to
knowledge about developmental psychopathology may be

@ Springer

missed if one only considers the additive main effects of
parent and adolescent reports, or perhaps worse, only
assesses risk factors of psychopathology with a single
informant’s report (e.g., studies relying only on self-reports
to assess risk factors).

Interaction terms identified three different multi-
informant patterns that were linked to psychopathology.
First, congruence among informants when reporting symp-
toms or risk factors may be especially informative. Antiso-
cial behavior levels were highest when there was
congruence among informants reporting high levels of
rule-breaking behavior. This suggests that psychopathology
may be most pronounced when multiple informants agree
on the presence of symptoms. Second, congruence among
informants when reporting on positive aspects of the parent-
child relationship may be especially informative. Depres-
sion levels were the lowest when there was congruence
among informants reporting low levels of conflict and high
levels of acceptance, suggesting that psychopathology may
be least common when informants agree that the parent-
child relationship is characterized by positive interactions.
Third, the mismatch between parent and child perspectives
is particularly informative. Antisocial behavior was most
common when adolescents’ reported advanced pubertal
maturation but parents reported minimal pubertal matura-
tion. Likewise, depression was most common when adoles-
cents reported high levels of rule-breaking but parents
reported low levels of rule-breaking. Researchers are en-
couraged to test additional predictor-outcome associations
using interaction terms in polynomial regression models to
determine the prevalence and generalizability of these three
different multi-informant patterns as predictors of child
psychopathology.

Concluding Comments

The current study demonstrates that testing interaction terms
in polynomial regression analyses is relatively more valid
for examining discrepancies between informants’ reports
than testing difference scores between these same reports.
However, findings also point to the need to conceptualize
informant discrepancies not as an isolated and independent
construct, but rather to conceptualize informant discrepan-
cies as the degree of congruence or discrepancy in reports of
a specific construct. That is, the meaning of congruence or
discrepancy likely varies as a function of the construct being
assessed and the outcome to which it is linked. Furthermore,
the preponderance of significant interactions including qua-
dratic terms suggests that the predictive utility of informant
discrepancies is most pronounced at the extremes.
Researchers have previously relied on difference score
correlations to argue that informant discrepancies predict
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child and adolescent psychopathology. The current study
demonstrates that difference score correlations do not pro-
vide evidence that informant discrepancies predict psycho-
pathology. Yet, analyses demonstrate that interaction terms
support the predictive utility of informant discrepancies.
The current study joins many others in demonstrating that
there are large discrepancies when multiple informants re-
port using parallel measures, even when each individual
report is demonstrated to be reliable and valid (De Los
Reyes 2011; De Los Reyes et al. 2012a). Likewise, it
remains likely that informant discrepancies reflect differ-
ences in reporters’ access to information (e.g., context-
specific observations of behavior) that serves as the basis
for their reports (De Los Reyes et al. 2009, 2010a). Further,
studies that systematically test multi-informant interactions
are likely to find that discrepancy or congruence patterns
add important information that is not captured by additive
main effects models (see also De Los Reyes et al. 2010b).

Ultimately, informant discrepancies are most troubling
for researchers and clinicians because they produce incon-
sistent conclusions across all types of studies of child and
adolescent psychopathology and can lead to different esti-
mates of such parameters as prevalence of mental disorders
and treatment response (De Los Reyes 2011). Thus, there
are good reasons for seeking to better understand the origins
and implications of informant discrepancies. The available
theoretical models of informant discrepancies (Achenbach
et al. 1987; De Los Reyes and Kazdin 2005; Goodman et al.
2010; Kraemer et al. 2003) remain useful heuristics for
systematically studying mechanisms and developmental
consequences of informant discrepancies. However,
researchers testing hypotheses drawn from these models
should avoid using difference scores of any type, as they
are very likely to produce inaccurate conclusions. Polyno-
mial regression analyses provide more comprehensive and
accurate tests of discrepancy hypotheses.
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