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Introduction

Interpersonal relationship problems cover failures to form
relationships, incompetent social behavior, social withdrawal,
social anxiety, and behavior that is noxious to others [1]. In the
interpersonal circumplex model [2], interpersonal relationship
problems are viewed in terms of eight domains. There is now
strong empirical data and theory suggesting that interpersonal
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Abstract

Interpersonal relationship problems are key to Opposi-
tional Defiant Disorder (ODD). The study aimed to examine
the types of interpersonal relationship problems, as pre-
sented in the Interpersonal Circumplex Model (IPC), with
the ODD dimensions (oppositional, negative affect, and an-
tagonistic behavior) proposed by Burke et al. (2010). Emerg-
ing adults (N = 194) from the general community completed
guestionnaires covering the DSM-5 ODD symptoms (in the
Current Symptom Scales) and the IPC-based interpersonal
relationship problems (in the Inventory of Interpersonal
Problems-32; 1IP-32). Network analysis results of only the
IPP-32 variables using normative scores indicated that too
dependent followed by hard to be involved had higher cen-
trality values than the other variables. Also, there were large
effect size associations for hard to be sociable with hard to
be involved; too caring with too dependent; and too aggres-
sive with hard to be supportive. The network analysis that
included both the IIP-32 variables and ODD dimensions in-
dicated a large effect size association for oppositional with
IIP-32 too aggressive, and a close to moderate effect size
association for negative affect with IIP-32 too aggressive.
The theoretical and clinical implications of the findings are
discussed.

relationship problems are major features of mental and psy-
chological health [3]. One disorder that has interpersonal re-
lationship problems as its core feature is Oppositional Defiant
Disorder (ODD [4]. ODD is also multi-dimensional. Although
generally viewed as a childhood disorder, numerous studies
have shown that ODD is also relevant to adults [5]. The first aim
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of the current study was to use network analysis (not applied
previously) to examine how the eight different interpersonal re-
lationship problem areas in the IPC model (as presented in the
Interpersonal Problems-32 [6] are associated with each other.
The second aim was to use network analysis to examine how
the eight interpersonal relationship problem domains in IPP-32
are associated with the ODD dimensions proposed by proposed
by Burke et al [7].

Interpersonal Relationship Problems

In the interpersonal circumplex model [8], interpersonal re-
lationship problems are viewed in terms of two orthogonally
related bipolar dimensions of agency (behaviors relevant for
negotiating social hierarchies) and communion (behaviors rel-
evant for negotiating social distance). In the circumplex model,
eight different interpersonal relationship problem areas have
been proposed with respect to the dimensions of agency and
communion [9]. These dimensions are domineering/control-
ling, intrusive/needy, self-sacrificing/overly nurturant, overly
accommodating/exploitable, non-assertive, socially inhibited/
avoidant, cold/distant, and vindictive/self-centered. According
to many childhood and adulthood disorders have interpersonal
relationship problems as features of their pathology. It is be-
lieved that childhood disorders, such as ODD, may have a par-
ticular and especially close association with interpersonal rela-
tionship problems.

Oppositional Defiant Disorder

In the DSM-5 (APA, 2013), ODD is described as a pattern of
angry/irritable mood, argumentative/defiant behavior, or vin-
dictiveness lasting at least six months exhibited during interac-
tion with at least one individual who is not a sibling. For diagno-
sis of ODD, DSM-5 [4] has a list of eight symptoms. Structurally,
DSM-5 has organized the eight ODD symptoms into three symp-
tom groups: anger/irritable, vindictiveness, and argumentative/
defiant behavior. However, this organization has not been uni-
versally accepted. [10] found that for both parent and teacher
ratings of their children, a different three-factor model with fac-
tors for oppositional, negative, and antagonistic behavior was
supported.

While ODD is generally considered a child/adolescent dis-
order, recent findings which applied the same childhood ODD
symptoms to adults have reported that they persist into adult-
hood and that they are associated with functional maladjust-
ments, and other problems and comorbidity, comparable to
those found in children and adolescents [11-13]. Consistent
with the findings for children, [14] found support for the [7]
model, with dimensions for oppositional (temper tantrums,
arguing, and defiance), negative affect (anger, touchiness, and
spitefulness), and antagonistic behavior (annoying and blaming
others) in an adult sample. Past findings for ODD in adults have
led some researchers to suggest that although not recognized
as an adult disorder, ODD is highly applicable to adults, and is an
area worthy of further examination [11,12,13].

Relation between ODD and Interpersonal Relationship
Problems

As mentioned earlier, in the DSM-5 [4], ODD is described as
a pattern of negative interaction behaviors exhibited during in-
teraction with other children. Relatedly, interpersonal relation
problems cover failures to form relationships, incompetent
social behavior, social withdrawal, social anxiety, and behavior
that is noxious to others. These descriptions highlight concep-

tual overlaps (in particular problematic interaction) between
ODD and interpersonal relationship problems. Consistent with
this view, there are empirical data showing that ODD symp-
toms in children and adolescents are associated with interper-
sonal relationship problems with parents, teachers, and peers
[7,15,16,17,18]and that ODD symptoms in adults are associated
with poor quality and quantity of peer, social, romantic, and pa-
rental relationships [19,5].

Although these past studies have demonstrated the expect-
ed links between ODD and interpersonal relationship problems,
there are limitations and omissions in existing findings. Most
notably, although both ODD and interpersonal relationship
problems are multidimensional, in all past studies both con-
structs were considered unidimensional. Thus, there is a lack
of comprehensive data on the specificity of the associations
between different ODD and interpersonal relationship prob-
lems dimensions. For this, more studies using multidimensional
models of interpersonal relationship problems (such as the IPC)
and ODD [14] are needed. In this respect, we wish to argue that
network analysis would provide more useful theoretical and
clinical information, as explained below.

Network Analysis

One easy way to understand network analysis is to view this
approach in relation to the latent variable approach that un-
derlies factor analysis. As related to a construct, factor analysis
assumes that an unobservable latent factor gives rise to a range
of observable behaviors, or is expressed differently, the set of
observable behaviors is caused by the relevant unobservable
latent construct. In this respect, as related to interpersonal re-
lationship difficulties, this framework assumes that the observ-
able interpersonal relationship difficulties and problems (for
example, the eight factors in the 1IP-32) are caused by an un-
observable latent factor (conveniently called interpersonal rela-
tionship difficulties). In contrast to the latent variable approach,
the more recently developed network approach assumes that
the interaction of observable interpersonal relationship difficul-
ties and problems (for example, the eight factors in the 11P-32)
are the cause for so-called interpersonal relationship difficulties
[20].

Empirically, network analysis is used to evaluate network
models [20,21]. In network analysis, partial associations (cor-
relations) are estimated controlling for all other variables in the
network. The relations are estimated using Markov Random
Fields [22], often with regularization. Consequently, a condi-
tional independence structure, revealing only the more im-
portant “causal” relations between the variables is produced
[20,23]. In a network, the variables are referred to as nodes and
the relationships between nodes are called edges. Depending
on the research goals, network analysis can be conducted for
individual indicators (for example, the IIP-32 items) or the do-
mains in a measure (for example the eight factors in the 11P-32).
The results of network analysis can be examined visually and
guantitatively. Key quantitative features are “core” or “central”
(i.e., important) nodes to the model, and the strength of con-
nections between the nodes [20,24].

Important clinical implications can be derived from network
analysis. First, in the latent variable approach, the severity or
theoretical importance of the indicators comprising a construct
is viewed in terms of their mean scores, in a network, this is
reflected by their centralities (which are different from means
scores). Thus, the latent variable approach and network ap-
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proach could potentially reveal different conclusions about the
core indicators [25]. In a network, more central indicators are
considered to be more influential. Consequently, intervening in
these indicators is expected to produce better treatment out-
comes. As such an indicator will be connected with other indica-
tors in the model, improvements in the other indicators will also
follow. Given the kinds of novel findings that can be obtained
by network analysis over the latent variable approach, it could
appear valuable that future studies of the structure of the [IP-32
be explored using network analysis.

Measuring Interpersonal Relationship Problems (Inventory
of Interpersonal Problems)

A well-established tool for measuring multidimensional
interpersonal relationship problems is the Inventory of Inter-
personal Problems [9]. The IIP measures the eight dimensions
corresponding to the interpersonal circumplex model. To date,
many versions of the IIP have been developed, based on both
circumplex and factor analysis approaches. One such version
is the factor analysis-based Inventory of Interpersonal Prob-
lems-32 (IIP-32 [6], which is used in the current study.

The IIP-32 was developed from the original Inventory of In-
terpersonal Problems [26] which is arguably one of the most
widely used measures of interpersonal relationship behavior
problems and difficulties. An Exploratory Factor Analysis (EFA)
study of the IIP by [27] supported an eight-factor structure,
labeled in terms of interpersonal relationship difficulties that
people find ‘too hard’ to do or do ‘too much’; and they are or-
ganized under two major dimensions: dominance and affiliation
which correspond to IPC agency and communion, respectively.
The four subscales for the dominance dimensions are too ag-
gressive (difficulties in controlling one’s feelings with other peo-
ple), hard to be involved (difficulties in developing or maintain-
ing a close personal relationship with another person), hard to
be supportive (difficulties in putting the needs of others before
those of oneself), and too dependent (difficulties with indepen-
dence; valuing oneself more in terms of how others see one-
self). The four subscales for the affiliation dimension are hard
to be sociable (difficulties in being sociable with other people),
too open (difficulties in setting a boundary between appropri-
ate and inappropriate self-disclosure), too caring (difficulties in
not responding to the needs of others, at the expense of meet-
ing one’s own needs), and hard to be assertive (difficulties in
asserting in relation to the demands of other people) [27].

With 127 items, the IIP can be considered too long for gen-
eral clinical and research use [6,28,29]. Consequently, several
groups have attempted to develop shorter versions of the IPP
[28]. Like its longer counterpart, the development of the vari-
ous short versions of the IIP has been driven using the circum-
plex model approach and factor analysis approach [28]. Among
others, the factor analysis approach has given rise to two dif-
ferent 32-item versions, one developed by [26] and another
developed by [6]. As the current study used the 32-item ver-
sion developed by [6] IIP-32, more information on this version
is provided next.

Using Confirmatory Factor Analysis (CFA), the study by
Barkham et al. reported support for this 1IP-32 model, with each
of the scales being well supported in terms of internal consisten-
cy reliability and two months of test-retest reliability. The factor
structure and composition of the item in the different factors
have also been supported in a more recent EFA study involving

a group of non-clinical Portuguese adults [29]. Additionally, the
findings in this study indicated support for the convergent and
divergent validities of the factors in this scale. Also, except for
overly accommodating, the other scales were associated with
a range of psychopathologies. Overall, therefore, based on the
findings reported in previous studies, it can be taken that the
IIP-32 has sound psychometric properties, and can be a valu-
able tool for clinical and research use in interpersonal relation-
ship problems. Existing data on the structure of the IIP-32 have
all come from factor analyses [6,29]. Considering this, and for
the reasons previously presented, it could be valuable to obtain
additional and new psychometric data for this measure using
network analysis.

Limitations of Existing Findings

Although the studies cited above have demonstrated the
expected links between ODD and interpersonal relationship
problems, there are limitations and omissions in these studies.
First, although both ODD and interpersonal relationship prob-
lems are multidimensional, in all past studies they have been
considered unidimensional. Thus, there is a lack of data on the
specificity of the associations between different ODD and inter-
personal relationship problems dimensions. Second, all existing
psychometric properties of the [IP-32 have come from the latent
variable approaches, in particular CFA. Although these findings
are valuable, additional and new psychometric data for this
measure can be obtained with network analysis. Third, no study
has examined the association between ODD and interpersonal
relationship problems in emerging adults. Emerging adulthood
is a transitional period in life (between adolescence and adult-
hood) that is characterized by new and unique life tasks, includ-
ing the changes in existing relations (for instance with parents),
building, maintaining, and challenges involving new interper-
sonal relationships (such as romantic relations). Thus, it can be
expected that those with interpersonal relationship problems
will experience more mental and psychological health and ad-
justment difficulties than the usual developmental adjustment
problems associated with emerging adulthood [30]. Therefore,
focusing on interpersonal relationship problems in emerging
adults will be especially useful.

Aims and Predictions of the Present Study

Given existing limitations, there were two major aims in the
current study. Using cross-sectional data, the first aim was to
use network analysis (Network Analysis Model 1) to examine
the network structure of the eight 1IP-32 dimensions (hard to be
social, hard to be assertive, being too aggressive, being too car-
ing, hard to be involved, being too dependent, being too open,
and hard to be supportive). For this, a network graph was pro-
duced and interpreted; and we ascertained the more influential
IIP-32 dimensions (node centrality) and associations between
the nodes (edge weights). Also, the robustness and stability of
the network were examined. The second aim of the study was
to use a network analysis approach (Network Analysis Model
2) to examine how the three Burke et al. (2010) ODD dimen-
sions (negative affect, oppositional behavior, and antagonistic
behavior) were linked with the different [IP-32 dimensions by
examining their edge weights. Age and gender were included
in this model to control for their effects. The sample comprised
emerging adults from the general Australian community. As this
study is exploratory and in the absence of existing data, no pre-
dictions were made.
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Method
Participants

For both the network analysis models there were 194
emerging adults aged between 18 to 29 years. They were re-
cruited from the state of Victoria, Australia. There were 119
females (mean and SD for age = 20.90 years and 3.05 years,
respectively) and 75 males (mean and SD for age = 21.27 years
and 2.80 years, respectively). The gender groups did not differ
significantly for age (t[192]=0.84; p=.40). Supplementary Table
1 includes the mean and SD scores for all the variables (except
gender) included in network analyses models

In terms of the sample size requirement for a network analy-
sis, the number of participants must exceed the number of es-
timated parameter variables [31]. In Network Analysis Model 1
which included the I1IP-32 dimensions (Network Analysis Model
1), there were eight nodes, and therefore, the total number of
estimated parameters in this model was 46 [(9) + (9 x 8/2)] [32].
In Network Analysis Model 2 which includes age, gender, and
the IIP-32 and ODD dimensions there were 13 nodes. Thus, the
total number of estimated parameters in this model was 105
[(14) + (14 x 13/2)]. As our sample size (N = 195) exceeded the
total number of estimated parameters in both models, we in-
ferred that our sample size was adequate for the network analy-
ses conducted in the study.

Measures

All participants completed a questionnaire on demographic
information, including age, gender, education, employment and
relationship status, and previous diagnosis of ODD. In addition,
participants completed the Inventory of Interpersonal Prob-
lems-32 [6] and the Current Symptom Scale [33].

Inventory of Interpersonal Problems-32 [6]

The 1IP-32, developed from the longer 78 items counter-
part, has 32 items assessing eight types of difficulties people
experienced in their interpersonal relationships. This includes
hard to be social; hard to be assertive; too aggressive; too car-
ing; hard to be involved; too dependent; too open; and hard to
be supportive. Each item is rated on a five-point scale, from 0
(“not at all”) to 4 (“extremely”), in response to the statement:
“How much have you been distressed by this problem?”. Thus,
higher scores indicate higher scores for the specific subscale.
Both normative (indication of inter-individual differences) and
ipsative (indication of intraindividual differences) scores can be
computed for the 1IP-32 [6]. For the current study, we used nor-
mative scores to correspond to the normative scores used for
the Current Symptom Scale [33]. Cronbach’s a values for eight
1IP-32 scales ranged from .69 to .85.

Current Symptom Scale [33].

The Current Symptom Scale [33] was used to obtain ratings
for the ODD symptoms. These symptoms are the same eight
symptoms presented for this disorder in the DSM-IV/DSM-IV-
TR and DSM-5. Participants indicate the frequency of symptoms
over the previous six months on a four-point Likert scale: 0 =
“never or rarely”, 1 = “sometimes”, 2 = “often”, and 3 = “very
often”. Thus, higher scores represented greater ODD severity.
In a recent study involving two independent adult samples that
compared six different ODD models proposed for children, the
[7] model with three factors showed to be the most optimum
[14]. The dimensions in this model were oppositional, negative
affect, and antagonistic behavior. In the current study, the CSS

ODD symptoms were scored to yield these three dimensions.
The Cronbach’s alpha values in the current study were .78, .70,
and .76 for negative affect, oppositional behavior, and antago-
nistic behavior, respectively.

Procedure

Ethics approval for the study was obtained from the Univer-
sity of Ballarat (now renamed Federation University, Australia)
Ethics Committee. Participants were recruited from various
settings (workplaces, shopping centers, recreational and sport-
ing clubs, and the general community). The procedure was
explained to potential participants, and a plain language state-
ment about the study was read out and given to them. Partici-
pants wishing to participate in the study were given the survey
questionnaires (CSS and IIP-32) together with a prepaid reply
envelope. Completed surveys were returned either via mail or
in-person to researchers. Over 300 questionnaires were distrib-
uted to potential participants with a return rate of 67%. Par-
ticipants received no compensation for their involvement in the
study. A debriefing statement was distributed at the end of the
study.

Statistical Analyses

Corresponding to the aims of the current study, two network
analyses were conducted (Network Analysis Models 1 and 2).
Network Analysis Model 1 included only the eight [IP-32 dimen-
sions. Model 2 included the eight 1IP-32 and the three ODD di-
mensions. To control for age and gender effects, these variables
were included in Network Analysis Models 2. Both network
analyses were conducted using Jeffreys’” Amazing Statistics Pro-
gram (JASP) version 0.14.1.0 statistical software [34]. For the
network analysis, the Least Absolute Shrinkage and Selection
Operator or g-lasso was applied [35]. The hyperparameter in
the study was set at .5 since it is suggested to produce networks
that balance specificity and interpretability with sensitivity
[31,36]. Missing data were handled using the “exclude pairwise
method.”

Network analysis provides a graph which is a visualization
that facilitates easier interpretation of the data structure. In this
graph, positive relations are indicated in blue and negative rela-
tions are indicated in red. Additionally, thicker denser colored
lines indicate stronger relationships, and the distance between
nodes is indicative of the closeness of the relationship between
them (i.e., nodes that are more similar are displayed closer to
each other).

Apart from the visualization of the network graph, several
statistical parameters are reported for a network analysis. The
more common ones include the centrality and edges of the
nodes [37]. In general, centrality refers to the relative impor-
tance of the individual nodes in the network. A central node
is highly connected to other nodes, and its activation can be
expected to spread (influence) to other nodes. Although there
are several indices of centrality, such as betweenness, close-
ness, degree or strength, and expected influence [38], our
primary focus for evaluating the centrality of the nodes in the
current study will be expected influence. Expected influence is
the absolute sum of edge weights associated with it, taking into
consideration negative nodes. This index developed primarily
for psychological networks is less prone to the interpretive chal-
lenges present in the other centrality indices [39,40]. An edge
weight indicates the correlation or partial correlation between
two nodes. For effect sizes of edges, [41] have proposed that
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small = .15, moderate = .25, and large = .35. Therefore, the cur-
rent study used this guideline, with the additional consideration
that values < .14 were negligible. Notwithstanding this, all edg-
es were considered important and worthy of interpretation.

In relation to the stability of the centrality indices, they were
examined using case-dropping bootstrapping [22]. In this ap-
proach, the stability is examined by establishing if the central-
ity indices remain the same (or correlation stability coefficient)
after re-estimating the network with less cases. For this, the
correlation stability coefficient should be at least .5 [22]. The
accuracy of edge weights was evaluated using bootstrap 95%
non-parametric confidence intervals (Cls), with narrower Cls
suggesting a more precise estimation of the edge [22].

Results
Network Analysis Model 1 (11P-32 dimensions)

Given the aim of Network Analysis Model 1, the findings for
this model will focus on the graphical visualization of the IIP-32
network, the centrality and edge weights of the IIP-32 nodes,
and the stability and accuracy of the centrality indices and edge
weights.

Visualization of the 1IP-32 Network. With 8 nodes, the maxi-
mum number of edges in this network was 28. However, the
EBIC glasso estimation used in the analysis reduced the num-
ber of edges that were estimated to 21 (sparsity = .25). Figure
1 shows a visualization of the network structure for the 11P-32
nodes. With the exception of the edges for too open with hard
to be sociable and hard to be assertive; and too aggressive with
hard to be assertive, all other edges were positive.

. lip_H_social
:iip_H_assert
iip_T_aggre
:iip_T_caring

. iip_H_involvement
:iip_T_dependent
1iip_T_open

. iip_H_supportive

O~NO D WN =

Figure 1: Network Analysis of the 1IP-32 Dimensions.

Note: Blue lines represent positive associations and red lines
negative associations. The thickness and brightness of an edge
indicate the association strength. The layout is based on the
Fruchterman—Reingold algorithm that places the nodes with
stronger and/or more connections closer together and the most
central nodes into the center.

Centrality of the IIP-32 Nodes in the Network.

The stability of the centrality indices (betweenness, close-
ness, and strength), examined using case-dropping bootstrap-
ping, is shown in Supplementary Figure S2 (JASP, the software
used for the network analysis in the study, does not provide this
for expected influence). Supplementary Figure S2 shows that
for all centrality indices reported, the correlation stability coef-
ficient for the centrality indices remained above .5, as the num-
ber of cases dropped to 25% of the original sample. Therefore,
the centrality indices were stable [22].

The standardized estimates of the centrality are presented

in Table 1. The plots for the centrality measures in terms of z
scores are displayed in Figure 2. As shown in Table 1, the node
with the highest expected influence value (the index used in the
study to infer centrality) was too dependent (z = 1.47), followed
by hard to be involved (z = .61). Thus, being too dependent
followed by being hard to be involved can be viewed as being
more influential than the other nodes in the network. The least
central node was too open (z =-2.01).

Table 1: Network Analysis Model 1: Centrality Indices of the IIP-
32 Dimensions.

Variable Betweenness | Closeness Strength _EXPECtEd

influence
1IP-32 - Hard to be sociable 1.08 0.89 0.49 -0.20
1IP-32 - Hard to be assertive -1.19 -0.54 0.47 -0.33
1IP-32 - Too aggressive -0.28 -0.06 -0.66 -0.24
1IP-32 - Too caring -0.28 0.00 -0.31 0.36
1IP-32 - Hard to be involved 0.63 0.22 0.17 0.61
1IP-32 - Too dependent 1.53 1.72 1.80 1.47
1IP-32 - Too open -1.19 -1.58 -1.63 -2.01
1IP-32 - Hard to be supportive -0.28 -0.65 -0.33 0.34

Note. Higher numbers indicate that the variable is more central to
the network; the highest value for each symptom group is underlined
within each index.

Betweenness Closeness Degree Expected Influencg

1 =iip_H_supportive
2=iip_T_open

3 =iip_T_dependent
4 =iip_H_involvement
5 =iip_T_caring

6 =iip_T_aggre

64 7 =iip_H_assert

8 = iip_H_social

1 0 1 10 1 10 1 240 1

Figure 2: Centrality Plots (Betweenness, Closeness, Degree, and
Expected Influence) for the 1IP-32 Nodes in the Network Analysis.

Note: Values shown on the x-axis are standardized z-scores.
Edge Weights in the Network

The accuracy of the edge weights estimated using bootstrap
95% non-parametric Cls is shown in Supplementary Figure S3.
Our findings showed that the 95% ClI of most of the edges in-
cluded zero and that the Cls around many of the estimated edge
weights were relatively narrow. These findings can be interpret-
ed as indicating the accuracy of the edge weights estimated.

Table 2 shows the edge weights matrix between all the I11P-32
nodes in network analysis. As shown in Table 2 (see also Fig-
ure 1), the edge weights were positive and of large effect sizes
(based on the guidelines adopted for the study for interpret-
ing edge weights network effect sizes: negligible < .14, small
= 20.15 to < .25, moderate > 0.25 to < .35, and large > 0.35)
for hard to be sociable with hard to be involved; to caring with
too dependent; and too aggressive with hard to be supportive.
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They were also positive with a moderate effect size for too ag-
gressive with too dependent; and hard to be involved with hard
to be supportive. There were also positive associations with a
small effect size for hard to be sociable with hard to be asser-
tive and too dependent; and negative associations, with a small
effect size, for hard to be sociable with too open. They were
also positive associations with small effect sizes for hard to be
assertive with too dependent, and too caring with too open. Al-
though there were positive associations for hard to be assertive
with too caring; hard to be involved with hard to be supportive;

too aggressive with hard to be involved; to caring with hard to
be involved, too open, and hard to be supportive; and too de-
pendent with too open, and hard to be supportive, all values for
all these associations were < .15 and therefore, of negligible ef-
fect sizes. There was no association between the other ODD and
IIP-32 nodes [hard to be sociable with too aggressive and hard
to be supportive; too aggressive with too caring and too open;
hard to be involved with too dependent and too open; and too
open with hard to be supportive.

Table 2: Network Analysis Model 1: Edge Weights Matrix between the IIP-32 Dimensions.

1IP-32 subscales 1 2 3 4 5 6 7 8
1IP-32 - Hard to be sociable (1) 0.00 0.23 0.00 0.00 0.39 0.16 -0.18 0.00
1IP-32 - Hard to be assertive (2) 0.00 -0.07 0.10 0.13 0.21 -0.12 0.08
1IP-32 - Too aggressive (3) 0.00 0.00 0.02 0.28 0.00 0.36
1IP-32 - Too caring (4) 0.00 0.11 0.39 0.18 0.03
1IP-32 - Hard to be involved (5) 0.00 0.00 0.00 0.25
1IP-32 - Too dependent (6) 0.00 0.08 0.08
1IP-32 - Too open (7) 0.00 0.00
1IP-32 - Hard to be supportive (8) 0.00

Network Analysis Models 2

Given the aim of the Network Analysis Model 2, the find-
ings for this model will focus on the results related to the edge
weights. This will include the graphical visualization of the
combined 1IP-32 and ODD network, and edge weights in this
network, and the accuracy of the edge weights. Centrality is
not relevant in this context. However, for those interested, the
standardized estimates of the centrality indices (Supplementary
Table S2), the centrality plots (Supplementary Figure S3), and
the stability of the centrality indices (Supplementary Figure S4)
are provided in the supplementary file but are not discussed
further.

Table 3 and Supplementary Figure S5 show the edge weights
matrix between all the 1IP-32 and ODD nodes, with age and
gender as covariates. As shown in Table 3, there was a positive
and large effect size edge weight for oppositional with the [IP-32
too aggressive (r = .45). There was a close to moderate (r = .23)
effect size edge weight for negative affect with the 11P-32 too
aggressive. Although there were positive associations between
ODD antagonistic and ODD negative affect with both the [IP-32
too dependent and the IIP-32 hard to be supportive, they were
all negligible effect sizes. In this respect, it is worth noting that
the 1IP-32 too aggressive (difficulties in controlling one’s feel-

ings with other people) served as a bridge between the ODD
nodes and the IIP-32 nodes and that all the ODD nodes were
positively associated with each other (see Supplementary Fig-
ure S5). There was no association for all the edge weights for
the IIP-32 nodes with the ODD nodes (hard to be sociable, hard
to be assertive, too caring, hard to be involved and too open
with all three ODD dimensions; too aggressive with antagonis-
tic; too dependent with oppositional; and hard to be supportive
with oppositional).

Given the large association between ODD oppositional and
[IP-too aggressive, we explored if this resulted because of item-
overlap across the two measures. Indeed, there are two items
(relating to temper and argue) that are almost identical across
these measures. We created a new dimension score for [IP-too
aggressive without these two items and ran a revised network
model with this revised too aggressive domain score, the other
seven original IIP dimension scores, and the three ODD dimen-
sion scores. In the revised network model, the partial correla-
tion for the revised IIP-too aggressive domain and ODD oppo-
sitional domain remain high at .49. This finding diminishes the
possibility that the high partial correlation between the IPP-too
aggressive and ODD oppositional domains in the initial Network
Analysis Model 2 resulted from item-overlap. Additionally, the
associations between all the other IIP and ODD modes were

Table 3: Network Analysis Model 2: Weights Matrix between the [IP-32 and ODD Dimensions, Controlling for Gender and Age.

oDD
1IP-32 subscales Oppositional Antagonistic Negative Affect
Hard to be sociable .00 .00 .00
Hard to be assertive .00 .00 .00
Too aggressive 45 .00 .23
Too caring .00 .00 .00
Hard to be involved .00 .00 .00
Too dependent .00 .02 .05
Too open .00 .00 .00
Hard to be supportive .00 .03 .05
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closely comparable to those in the initial Network Analysis
Model 2.

The accuracy of the edge weights for Network Analysis
model 2, estimated using bootstrap 95% non-parametric Cls is
shown in Supplementary Figure S6. Our findings showed that
the 95% Cl of most of the edges included zero and that the Cls
around many of the estimated edge weights were relatively
large. These findings can be interpreted as indicating that the
edge findings need to be viewed with some cautiously.

Discussion

The current study is the first to use network analysis to exam-
ine the structure of the eight IIP-32 nodes. This was examined in
a normative-community Australian sample. In Network Analysis
1, it examined the centrality of the [IP-32 nodes in the network,
the edge weights for the 1IP-32 node pairs, and the stability and
accuracy of indices for centrality and edges. In Network Analysis
2, it examined how the IIP-32 and ODD nodes of oppositional,
antagonistic behavior, and negative affect were associated with
each other.

Network Analysis 1/1IP-32 Network: Symptom Centrality
and Associations between Variables

The key findings from the network analysis involving the IIP-
32 nodes were that there was no association between hard to
be sociable with too aggressive and hard to be supportive; too
aggressive with too caring and too open; hard to be involved
with too dependent and too open, and too open with hard to
be supportive. For symptoms with associations, they were gen-
erally positive. The exceptions were too open with hard to be
sociable and hard to be assertive, and hard to be assertive with
too aggressive. Edges with large effect sizes were hard to be
sociable with hard to be involved; too caring with too depen-
dent; and too aggressive with hard to be supportive. Edges with
moderate effect sizes were too aggressive with too dependent;
and hard to be involved with hard to be supportive. Edges with
small effect sizes were hard to be assertive with too dependent,
and too caring with too open. There were also associations of
negligible effect sizes for hard to be assertive with too caring;
hard to be involved with hard to be supportive; too aggressive
with hard to be involved; too caring with hard to be involved,
too open, and hard to be supportive; and too dependent with
too open, and hard to be supportive. Interestingly we found
that item overlaps across the 1IP-32 and ODD measures did not
influence the magnitude of the edge weights. In relation to cen-
trality, too dependent had a relatively high centrality value, and
it had many relatively stronger associations with the other IIP-
32 variables. The variable with the next highest centrality value
was hard to be involved. The least central node was too open.
Concerning the reliability of our findings, the study showed suf-
ficient support for edge weights and centrality. Thus, the find-
ings of the study can be interpreted with confidence.

In a network, nodes with high centrality values indicate that
they are important and have a strong influence on the network.
Conversely, nodes with low centrality values indicate that they
are not important and have little influence on the network.
Also, the absence of a connection between two nodes implies
that they are conditionally independent of each other given the
other nodes in the network and they do not influence each oth-
er directly. In contrast, the presence of connections between
nodes indicated direct associations with each other. Thus, our
centrality findings suggest that too dependent, and to a lesser

degree, hard to be involved, are especially important and cen-
tral for understanding interpersonal relationship problems, and
too open is not important for understanding interpersonal re-
lationship problems. Also, concerning edge weights findings,
our results indicate no direct associations between hard to be
sociable with too aggressive and hard to be supportive; too ag-
gressive with too caring and too open; hard to be involved with
too dependent and too open; and too open with hard to be sup-
portive. In contrast, there are direct associations with (1) high
effect size for hard to be sociable with hard to be involved; too
caring with too dependent; and too aggressive with hard to be
supportive; (2) moderate effect size for too aggressive with too
dependent; and hard to be involved with hard to be supportive;
(3) small effect size for hard to be assertive with too dependent;
and too caring with too open; and (4) negligible effect size for
hard to be assertive with too caring; hard to be involved with
hard to be supportive; too aggressive with hard to be involved;
too caring with hard to be involved, too open, and hard to be
supportive; and too dependent with too open, and hard to be
supportive.

Implications of Network Analysis 1/11P-32 Network

Our findings for the 1IP-32 Network have implications for
theory, assessment, intervention, and understanding of inter-
personal relationship problems. Firstly, our findings for no asso-
ciations (hard to be sociable with too aggressive and hard to be
supportive; too aggressive with too caring and too open; hard
to be involved with too dependent and too open; and too open
with hard to be supportive) can be interpreted as indicating that
the nodes in these relations are conditionally independent of
each other. This is a novel finding and could suggest the need
to reconsider the relevance of these interpersonal relationship
problem areas in the IPC. This conclusion is further reinforced
by our findings that showed negative associations between too
open with hard to be sociable and hard to be assertive, and
hard to be assertive with too aggressive.

Secondly, the nodes with high centrality values are consid-
ered most influential in producing or maintaining conditions
under consideration (interpersonal relationship problems in
our case), and as our findings showed that the nodes for too
dependent followed by hard to be involved had the highest two
centrality values, it can be argued that these two interpersonal
relation problems areas are more important than the other
interpersonal relation problems areas for understanding and
assessment of interpersonal relationship problems. Expressed
differently, individuals with serious problems related to too de-
pendent and hard to be involved are likely to demonstrate or to
be at risk for more serious interpersonal relationship problems.
Thus, clinicians may wish to pay special attention to the pres-
ence and severity of these problems during the assessment of
interpersonal relationship problems. Indeed, our findings sug-
gest that an individual with too dependent problems is likely
to show problems in the other interpersonal relation problems
areas.

Thirdly, in a network, the nodes with high centrality will have
more influence on the network than those will lower central-
ity values. This means that treatment focusing on nodes with
high centrality can be expected to produce better treatment
effects not just on these nodes, but also on other nodes with
which it is connected. Therefore, this could mean that focusing
intervention efforts on too dependent and hard to be involved,
rather than the other nodes could maximize treatment effects,
and likely cascade to reduce the effects of problems from other

Annals of Biotechnology



MedDocs Publishers

interpersonal relation problems areas. Relatedly, focusing on
these interpersonal relationship problem areas may also pre-
vent the onset and development of interpersonal relationship
problems as a whole.

Network Analysis 2/11P-32 Network: Relationships between
the 1IP-32 and ODD Nodes

The key findings from the network analysis for the combined
1IP-32-ODD nodes were (1) large effect size edge weight for op-
positional with 1IP-32 too aggressive, and close to moderate ef-
fect size edge weight for negative affect with IIP-32 too aggres-
sive; (2) negligible effect size edge weight for ODD antagonistic
and ODD negative affect with 11P-32 too dependent and IIP-32
hard to be supportive; and (3) no association for the 1IP-32
nodes hard to be sociable, hard to be assertive, too caring, hard
to be involved and too open with all three ODD dimensions; too
aggressive with antagonistic; too dependent with oppositional;
and hard to be supportive with oppositional. In a network, the
application of g-lasso (as used in the current study) will produce
the optimal degree of shrinkage, showing only the most impor-
tant relations. Thus, all edge weights displayed in the network,
regardless of effect sizes, can be considered worthy of interpre-
tation. If so, then then the associations for oppositional with
1IP-32 too aggressive, negative affect with 1IP-32 too aggressive,
and ODD antagonistic and ODD negative affect with 1IP-32 too
dependent and IIP-32 hard to be supportive can be considered
important.

Our edge weight findings imply that the ODD oppositional
and negative affect dimensions are linked to responses to oth-
ers that reflect being too aggressive (difficulties in controlling
one’s feelings with other people; domineering/controlling in
the IPC); and ODD antagonistic and ODD negative affect are
linked to responses to other that reflect being too dependent
(difficulties with independence; valuing oneself more in terms
of how others see oneself; vindictive/self-centered variables in
the IPC) and hard to be supportive (difficulties in putting the
needs of others before those of oneself; cold/distant in the
IPG). Of these, the associations for oppositional and negative
affect with too aggressive may be especially important in the
IRP of individuals with ODD. Additionally, as IIP-32 too aggres-
sive served as a bridge between the ODD nodes and the [IP-32
nodes, and all the ODD nodes were positively associated with
each other, and many of the IIP-32 nodes were associated with
each other, it can be speculated that the preferred area of fo-
cus for individuals with ODD who have interpersonal relation-
ship problems is 1IP-32 too aggressive (difficulties in control-
ling one’s feelings with other people). The latter is indicative of
emotional regulation problems and this has been identified as
a major area of concern in ODD [42,43,44]. Corresponding to
this it could be proposed that such interventions could focus on
emotion regulation [45,46].

Study Limitations and Directions for Further Studies

The results of the study must be interpreted in light of a
number of limitations. Firstly, as we used cross-sectional data,
the findings cannot be interpreted in terms of a causal relation-
ship. It is more accurate to view our findings as associations,
revealing potential causal. Secondly, as a normative-community
sample of emerging adults was examined, the findings cannot
be directly generalized to other samples, such as specific racial
and clinical groups, and other age groups. Thirdly, as we collect-
ed data using questionnaires, the findings may not apply to data
collected through interviews. Related to this, the use of self-re-

ports could have confounded findings by common method vari-
ance. Clearly, more network analysis studies using longitudinal
data with data collected using multiple sources and methods,
and from different age, racial, and clinical groups are needed.
This study has, however, provided new insights into the struc-
ture of 1IP-32, and how interpersonal relationship problems are
related to different ODD dimensions, and also a framework for
further studies in this important area.
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