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ABSTRACT

Objective: The trajectory of daily partner violence generally
demonstrates nonlinear dynamics, and this nonlinearity is
important to patient outcomes, as it is sometimes a stronger
predictor of outcomes than violence frequency or severity.
However, measurement of such dynamics is difficult, requiring
complete time series data of sufficient length to yield stable
measures. The purpose of this study was to develop a pencil-
and-paper instrument to estimate violence nonlinearity and
assess its psychometrics.

Methods: Adult women (N=143) who experienced violence in
the previous month were enrolled from 6 primary care clinics.
Baseline surveys assessed factors known to correlate with
nonlinearity (partner’s control strategies, violence appraisal,
hope, social support, coping style) and violence dynamics
using a 30-item instrument based on traditional characteristics
of complex adaptive systems. Participants completed daily
assessments of the previous day’s violence using interactive
voice response via telephone for 8 weeks, with data collection
occurring between August 2013 and March 2015. Three
different measures of nonlinearity were computed: LZ
complexity (algorithmic complexity), approximate entropy
(lack of regularity), and Lyapunov exponent (sensitivity to
initial conditions).

Results: Using factor analysis and reliability measures, the
final 10-item Violence Nonlinearity Dynamics Scale (VNDS)
was identified. The VNDS was found to have both internal
consistency (0.817) and split-half reliability (0.796). In addition,
the instrument demonstrated concurrent (correlating with
both the combined nonlinearity factor score [r=0.267] and
Grassberger-Procaccia entropy [r=0.338]) and construct
(correlating with 9 of 13 previously identified nonlinearity
correlates) validity.

Conclusions: The VNDS has both reliability and validity and
could facilitate the inclusion of nonlinearity assessment in
both intimate partner violence research and clinical work.
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M ore than a third of American women will experience
intimate partner violence (IPV) or stalking during their
lifetime.! In addition to physical injury and increased health
care utilization,>™ these victims are at increased risk for the
development of mental disorders.>*%” While the frequency
and severity of the violence are important characteristic
predictors of outcomes, the dynamics of the violence is also an
independent predictor.

Men’s violence against women is generally nonlinear
(unpredictable),®-!% and the degree of nonlinearity is important
to women’s health and mental health outcomes. Nonlinear
phenomena are characterized by irregular trajectories, dynamic
and variable relationships, and a disproportional response to
interventions, leading to unexpected events and changing
patterns. Violence nonlinearity is a significant predictor of
women’s negative coping strategies (ie, denial, disengagement),
positive violence appraisals (ie, controllable, temporary), and
hope and support and can be a stronger predictor of outcomes
than violence frequency or severity. In addition, there is a
curvilinear relationship between violence nonlinearity and
symptoms, function, and readiness for change in which
midrange nonlinearity is most strongly associated with positive
outcomes.'! In qualitative research, leaving a violent relationship
seems to be a nonlinear process.'>!* Quantitatively, the reason
may be due to the link between a nonlinear pattern of violence
and a nonlinear assessment of the need to leave.!? Despite the
importance of assessing violence nonlinearity, measurement of
such dynamics is difficult.

Computation of nonlinearity measures involves cognitive,
computational, temporal, and physical resources.!*
Measurement of nonlinearity of a phenomenon requires
complete time series data of sufficient length to yield stable
measures. It is a challenge to obtain repeated psychological
measures from subjects over a long period of time due to cost
and incomplete responses. Also, most methods of imputing
missing time series data assume linearity, which is at odds with
a nonlinear measure. Finally, previous guidelines'® mandated
many datapoints for dynamical assessment. Thus, using the
assessment of violence nonlinearity in clinical or research
settings is challenging and costly.

The application of such nonlinearity assessment to the
social sciences must be doable in terms of sample size and
time series length.'® With such obstacles, the development of a
simple, pencil-and-paper instrument that accurately estimates
nonlinearity would be a significant advancement, especially in
the study of IPV. The purpose of this study was to develop a
pencil-and-paper instrument to estimate violence nonlinearity
and assess its psychometrics.
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Clinical Points

B When violence dynamics are linear and predictable,
targeted interventions are more likely to have predictable
effects.

B When violence dynamics are nonlinear, intervention
cannot be expected to yield predictable results,
suggesting that providing global support and access to
resources may be the best option.

METHODS

Sample

Using methods similar to those of a prior study,'” women
with a recent history of husband-to-wife physical abuse were
recruited from 6 primary care clinics in San Antonio, Texas.
Researchers screened nonpregnant female patients aged
18-64 years in the examination room while they waited to
see their physician. If husbands accompanied them, they
were not screened. If they had experienced violence from
their partner in the past 30 days, based on responses to a
6-item brief Conflict Tactics Scale,'® they next responded to a
Danger Assessment Screen.!® Women in severely dangerous
relationships were excluded from the study and referred to
the Family Justice Center, a city-supported victim assistance
program. To ensure that the women remained safe during
the study, a researcher spoke on the phone with them weekly
to assess their ongoing safety. This study was approved by the
Institutional Review Board at the University of Texas Health
Science Center at San Antonio.

Procedure

One hundred forty-three participants enrolled and
completed measures addressing background characteristics
at baseline in a confidential setting. In addition to
demographics, we assessed control strategies used by their
partner with the 17-item Abusive Behavior Inventory.?
Appraisal of the violent situation (eg, controllability,
predictability) was assessed using the 24-item, 6-scale
Appraisal Dimension Scale*! directed at a primary stressor
(violence); 4 scales were used for this analysis. Hope was
measured using the 12-item Herth Hope Index.?? Social
support was measured using the 22-item Duke Social Support
and Stress Scale.”* Coping style was assessed with the 53-item
COPE Inventory,* which has twelve 4-item subscales
measuring active versus avoidant coping mechanisms. Five
scales measure problem-focused coping (active coping,
planning, acceptance, reinterpretation and growth, turning
to religion), 4 scales measure emotion-focused coping
(seeking support for instrumental reasons, seeking support
for emotional reasons, behavioral disengagement, mental
disengagement), and 3 scales measure maladaptive coping
(denial, restraint coping, suppression of competing). Six
scales that have previously correlated with nonlinearity of
violence were used for this analysis (acceptance, denial,
seeking support for instrumental reasons, seeking support

for emotional reasons, behavioral disengagement, mental
disengagement).*

Questions concerning violence dynamics, completed
at baseline, were developed to provide a self-reported
pencil-and-paper estimate of violence nonlinearity. On
the basis of traditional descriptors of complex adaptive
systems, researchers constructed a 30-item instrument
to assess dynamic patterns and changeability; multiple,
interdependent, or circularly causal factors; violence
unpredictability or uncontrollability; violence response
disproportionality; and absence of attractors (stable basins
limiting the range of values). Items were randomly ordered
and rated on a 5-point Likert scale.

In addition to baseline measurements, participants
completed a daily assessment using interactive voice response
via telephone for 8 weeks. About the same time each day,
participants called the interactive voice response from a safe
location and answered questions concerning the previous
day’s experience with violence, personal feelings, and home
environment. The daily assessment of husband-to-wife
violence severity was measured by a modified Conflict
Tactics Scale,'® and data collection occurred between August
2013 and March 2015.

Analysis

Analysis was limited to English-speaking subjects. To
identify a reliable and valid nonlinearity scale from these
30 items, we employed factor analysis using principal
component analysis with promax rotation to maximize factor
identification without concern for orthogonal independence;
factor loadings > 0.5 were deemed significant. Table 1 presents
the 5 factors that resulted with their factor loadings. Items
from the 2 factors that best reflect nonlinearity (surprise and
changing patterns) were combined, and reliability analysis
was conducted; 4 items were then removed to maximize
Cronbach a. The resulting Violence Nonlinear Dynamics
Scale (VNDS) consisted of the 10 items presented in Table 2.

Computing nonlinearity from daily reports. To compute
nonlinearity measures, complete time series data are needed.
To impute missing data in daily violence level while retaining
their nonlinearity, we applied the nstep procedure from the
TISEAN nonlinear Time Series Analysis package.!® The
nstep approach to imputation has been shown to least distort
nonlinear characteristics of time series when compared to
traditional imputation methods.?® Unlike other approaches
to handling missing data, nstep successfully corrected
for 25%-60% of missing data if such data were missing
at random, 15%-40% if missing data followed a power
distribution in chaotic time series, and 40% when data
were missing randomly and 25% when data were missing
according to a power law in periodic time series.”® When the
initial datapoints in the time series were insufficient to apply
nstep (generally <4), the mode of the time series was inserted
until the time series was long enough to use nstep. To assess
the effects of data imputation of nonlinearity assessment, we
compared nonlinearity measures using all datasets (n=93)
compared with those using only complete, nonimputed
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Table 1. Results of Factor Analysis of Original Items

Factor
Item? Loadings
I. Surprise
Violence can take me by surprise. 0.761
Violence can happen without warning. 0.749
Violence comes “out of the blue” 0.668
New patterns of violence suddenly emerge. 0.664
Once violence happens, it is more likely to happen again. -0.621
Several interrelated things seem to cause the violence. 0.585
| believe the violence is out of control. 0.546
I haven't figured out what causes the violence. 0.500
II. Predictability
| can tell days ahead of time that violence is coming. 0.777
The violence is predictable. 0.746
There are patterns to when the violence occurs. 0.706
I know what triggers the violence. 0.688
I can tell in the morning that violence will occur later in the day. 0.674
The violence occurs at regular intervals. 0.669
Small changes in the home environment make a big change in the violence. -0.606
IIl. Changing patterns®
The pattern of violence can suddenly change. 0.760
| am not certain how the violence will proceed. 0.701
Big changes in the home environment make a big change in the violence. -0.623
| don't know what’s going to happen next with the violence. 0.614
The patterns of violence are always changing. 0.608
There are no patterns to when the violence occurs. 0.515
IV. Controllability
| believe the violence is controllable. 0.759
There is something that can be done about the violence. 0.679
The violence occurs at irregular intervals. -0.646
I know the course the violence will follow. 0.505
V. Unchanging
Big changes in the home environment have little or no effect on the violence. 0.687
Small changes in the home environment have little or no effect on the violence. -0.634
Little can be done to change the violence for the better. 0.603

3Loadings on other factors were <0.3.

bThe item “Stress seems to cause the violence, but the violence also causes stress” loaded on
changing patterns, but with a loading of only 0.316. The item “The patterns of violence are

very stable” did not load on a single factor.

Table 2. Violence Nonlinear Dynamics Scale

Rate the Degree to Which You Agree/Disagree With the Following Statements Describing the Violence

(Circle One Number for Each Statement):

Strongly Mixed Strongly

Statement Disagree Disagree  Feelings Agree Agree
1.1am not certain how the violence will proceed. 0 1 2 3 4
2.The pattern of violence can suddenly change. 0 1 2 3 4
3.The patterns of violence are always changing. 0 1 2 3 4
4.There are no patterns to when the violence occurs. 0 1 2 3 4
5.Violence can take me by surprise. 0 1 2 3 4
6. | haven't figured out what causes the violence. 0 1 2 3 4
7.1don't know what'’s going to happen next with the violence. 0 1 2 3 4
8. Several interrelated things seem to cause the violence. 0 1 2 3 4
9. New patterns of violence suddenly emerge. 0 1 2 3 4

10. Violence can happen without warning. 0 1 2 3 4

© 2019 University of Texas Health Science Center at San Antonio. Contact David A. Katerndahl, MD

(katerndahl@uthscsa.edu).

datasets (n=11) and those with less than 25% of data missing
(n=63). Although both measures of nonlinearity increased
as use of imputed data increased, the incremental changes
were small for both measures.

Study completers completed reports on an average of
41.81 (74.66%) days. Three types of nonlinearity exist,?’
and we selected 1 measure from each type for this study,

with higher coefficients suggesting greater degrees of
nonlinearity. (1) Algorithmic complexity (a measure of the
amount of information needed to describe the data) was
measured by LZ complexity.”® (2) Regularity (or the lack
of it) was measured by approximate entropy (ApEn).? (3)
Sensitivity to initial conditions (speed with which 2 adjacent
points diverge over time) was measured with the largest
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a measure of overall nonlinearity not limited by type, factor
analysis using principal component analysis with promax
rotation was employed with these 3 nonlinearity measures to
derive an overarching nonlinearity factor score. In addition,
fractal dimensionality (related to system complexity) was
estimated using the Grassberger-Procaccia algorithm.’!
These measures were computed using the Chaos Data
Analyzer software.>? (See the Supplementary Appendix for
terminology description.)

Psychometric assessment. Psychometric assessment
consisted of estimation of reliability using Cronbach «
assessment of internal consistency and both Spearman-
Brown and Guttman split-half reliability. Validity was
assessed in 2 ways. We assessed concurrent validity by
correlating instrument-derived nonlinearity as the sum
of the 10 item scores with actual measures of nonlinearity
and fractal dimensionality derived from daily assessment
of violence severity. Construct validity was assessed via
correlation with previously derived correlates of violence
nonlinearity.!! These correlates included appraisals of the
violence (predictability, importance, temporary nature),
husbands’ use of control strategies (total control strategy
use), hope (total hope level) and support received (total
support), and both support-based coping (instrumental and
emotional support) and negative coping (acceptance, denial,
behavioral, and mental disengagement). A P value <.05 was
deemed significant.

ostt

RESULTS

Although 143 women enrolled in the study, this analysis
includes only the 120 English-speaking women. These women
included 94 (79%) Hispanics, and 80 (68%) had at least a
high school education. Economically, 62 (56%) reported a
household income < $20,000 annually, and 108 (96%) were
in socioeconomic class I1I-V.** The mean +SD age of the
women was 44.8+10.0 years, and 1.43 +1.54 children lived
at home. The mean + SD duration of the relationship was

€ our inten was tocPVQJrI% g
able 3. Violence Nonlinear Dynamics Scale Description and

Reliability
Measure Scale
Description
No. of items (mean +SD) 10(22.13+7.34)
Range, minimum, maximum 0,40
Skewness, mean +SE -0.343+0.204
Kurtosis, mean +SE 0.365+0.406
Reliability
Cronbach a 0.817
Spearman-Brown 0.796
Guttman split-half 0.796

13.8 £12.1 years, while the duration of violence was 9.7 £10.8
years.

Table 3 presents the characteristics of the VNDS in this
sample. While the complete range of possible scores (0-40)
was found (Figure 1), the kurtosis was positive. Nonlinearity
was skewed to the right, as seen in prior studies of nonlinearity
of violence,®® but measured skewness was not significantly
different from normality (mean was less than twice its SE).
Table 4 also presents measures of both internal consistency
and split-half reliability. In both cases, reliability was around
0.80.

Table 4 summarizes assessment of instrument validity.
Because 3 different types of nonlinearity exist, assessment of
VNDS nonlinearity was tested against a combined measure
of these 3 types derived as the factor scores of the LZ
complexity, ApEn, and Lyapunov exponent computed from
the violence time series. Concurrent validity was assessed
by correlating the VNDS score with this nonlinearity factor
score (r=0.267, P=.016). As confirmation, when the factor
analysis was rerun, including the VNDS score, all 4 measures
factored together, accounting for 51% of the variance. In
addition, a further measure of concurrent validity was the
correlation between the VNDS score and the Grassberger-
Procaccia measure of fractal dimensionality computed from
the violence time series (r=0.338, P=.027).

To assess construct validity, we correlated the VNDS with
previously observed correlates of violence nonlinearity.!' As
Table 4 shows, 9 of 13 correlations were significant, including

Figure 1. Distribution of Violence Nonlinear Dynamics Scale Scores
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Table 4. Violence Nonlinear Dynamics Scale (VNDS) Validity
(correlation)

Measure
Concurrent validity
Measures of nonlinearity from time series

Correlations With VNDS, r (P)

Nonlinearity factor score? 0.267 (0.016)

Grassberger-Procaccia entropy 0.338 (0.027)

Construct validity

Total abusive behaviors 0.275 (0.004)

Appraisal
Controllability -0.080 (0.357)
Predictability -0.231(0.007)
Importance 0.399 (0.000)
Temporary -0.200 (0.021)
Support (total) 0.030 (0.730)
Hope -0.058 (0.517)

Coping style
Seeks instrumental support 0.106 (0.232)
Seeks emotional support 0.195 (0.029)
Acceptance 0.329 (0.000)
Denial 0.176 (0.049)
Behavioral disengagement 0.352 (0.000)
Mental disengagement 0.410 (0.000)

@Factor analysis of time series—derived approximate entrophy
(loading=0.819), LZ complexity (loading=0.796), and Lyapunov
exponent (loading=0.796) found a single factor, which accounted for
64.6% of variance.

appraisal of unpredictability, a theoretical hallmark of
nonlinearity.

DISCUSSION

This 10-item instrument demonstrates strong internal
consistency. In addition, when compared to other measures
of nonlinearity derived from a violence time series, the scale
showed modest concurrent validity. Finally, in addition to
correlating with appraisal of unpredictability as expected
in nonlinearity, the scale demonstrated construct validity
as well. However, ongoing validation work is needed.
Future studies using larger samples should determine the
instrument’s validity among non-Hispanic white subjects,
seek evidence of predictive validity, and test its applicability
and clinical value in primary care settings among clinicians.

The availability of a pencil-and-paper, self-report measure
of violence nonlinearity would represent a significant
development for IPV research. Currently, assessment of
nonlinearity of violence requires extensive temporal data
collection with imputation of missing values, limiting the
inclusion of this measure in IPV research. Measurement of
violence nonlinearity would deepen our understanding of
the impact of IPV dynamics.

This instrument may have clinical applications as well.
Previous analyses! suggest that the process of leaving a
violent relationship is nonlinear because it is closely linked
to the unpredictability of violence itself. If this theory bears
out, then having a simple tool to assess violence nonlinearity
may assist providers in helping women to manage this
leaving process. When violence dynamics are linear (or
predictable), then targeted interventions are more likely
to have predictable effects. When violence dynamics are
nonlinear, then intervention cannot be expected to yield

Psychometrics of the Violence Nonlinear Dynamics Scale

predictable Tesults. In such cases, previding global support
and access to resources may be the best option.

Finally, the development of a simple, pencil-and-paper,
self-report instrument to assess nonlinearity of violence may
have implications beyond IPV research. Just as the Appraisal
Dimension Scales?! can be used to assess 6 different appraisals
of any construct, so too may the VNDS scale be the first step
in the development of such a tool to assess nonlinearity of
other constructs. If so, then nonlinearity of dynamics may
become a routine construct in social science research.

Limitations

This study has several limitations. First, the sample size
is small for a time series analysis. However, previous studies
suggest that stable measures of ApEn®* and LZ complexity®
can be obtained with as few as 50 and 30 datapoints,
respectively. Although women were asked to make daily
reports at the same time each day and women generally said
that they did, we cannot verify this. Potentially, reporting at
different times could affect the accuracy of the reports and,
hence, the overall nonlinearity measurement. In addition,
the predominance of Hispanics within the sample may limit
the generalizability of the findings. Not only can ethnicity
and culture affect perceived “acceptability” of violence*® and
prevalence of IPV,*” but Hispanics may also be particularly
“unrepresentative” of women in violent relationships. While
living in extended families may be protective against violence®
and familismo may increase the seeking of informal help,*
the high prevalence of social isolation among Hispanics
and those of low socioeconomic status may increase the
risk of IPV.4’ However, Ingram*! found that, while Latinas
reported increased rates of IPV in the prior year, their
lifetime rates were lower than those of non-Hispanic whites.
Because Lyapunov exponents require many datapoints for
stability, sensitivity analyses conducted assessed differences
in LZ complexity, ApEn’s, and VNDS scores, comparing
Hispanics versus non-Hispanics, women <45 years old
versus those >45 years old, and women experiencing IPV
for <5 years versus > 5 years. While no significant differences
in LZ complexity, ApEn, and VNDS were observed (see the
Supplementary Appendix), correlations between VNDS and
nonlinearity factor score only reached statistical significance
for Hispanics, women > 45 years old, and those experiencing
IPV for <5 years, suggesting that the VNDS may be most
appropriate for those subgroups.

CONCLUSION

The VNDS represents a 10-item self-report measure of
the degree of nonlinearity of daily IPV. In addition to good
descriptive characteristics, this scale has demonstrated
internal consistency and split-half reliability as well as
concurrent and construct validity. This instrument needs
further validation in diverse samples as well as clinical utility
studies. The development of this instrument could facilitate
the inclusion of nonlinearity assessment in both IPV research
and clinical work.
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Supplementary Appendix

Descriptions of Terminology

CATEGORY TERM DESCRIPTION
(measurement example)
B Complexity Degree of interconnected and interdependent network interactions within a system
<
5 Nonlinearity Phenomena with irregular trajectories, dynamic and variable relationships, and a disproportional response to
4 interventions
1T}
(U]

Fractal Dimension

Special dimension of self-similar patterns seen over different scales (Grassberger-Procaccia algorithm)

Algorithmic Amount of information needed to describe the data (LZ complexity)
- Complexity
R4
8 ﬁ Irregularity Degree of irregularity of fluctuations over time (Approximate entropy)
w =z
& 2' Sensitivity To Initial | Speed with which two adjacent points diverge over time (Lyapunov exponent)
=0 Conditions
P4
Periodic System which cycle behaviors, results when actions and outcomes are tightly coupled, and when current
7)) behavior is dependent on previous behavior. Periodic systems have strong attractors influencing possible
E behaviors and are stable and insensitive to small changes in their state. Periodic systems are predictable
E and respond predictably to interventions
=
E Chaotic System where behavior recurs but the specific path is unpredictable; this results when actions and outcomes
| are separated in time, and when feedback within the system varies in strength and direction. Chaotic
g systems have attractors influencing their behavior but they are sensitive to small changes in terms of the
= specific path they follow
<
E Random System where behavior does not recur and path is unpredictable. Random systems have no attractors

limiting or influencing their behavior, and may or may not be sensitive to initial conditions. These systems
are unpredictable in behavior and in response to intervention

Key References:
1. Morrison F: Art of Modeling Dynamic Systems. NY: Wiley, 1991
2. Heath RA: Complexity and mental health. In Holt TA (ed): Complexity For Clinicians. Abingdon, UK: Radcliffe Publishing, 2004
3. Guastello SJ: Entropy, in Guastello SJ, Gregson RAM (eds): Nonlinear Dynamical Systems Analysis for the Behavioral Sciences Using Real
Data. NY: CRC Press, 2011




Sensitivity Analyses

SUBGROUP (n) NONLINEARITY COMPARISONS (mean)* VNDS-
NONLINEARITY
Lz Complexity ApEn VNDS FACTOR
SCORE
CORRELATION
(r)
Ethnicity
Hispanic (93) 979 501 22.2 .325*
NonHispanic 915 452 23.3 ns
(24)
Age®
<45 Years Old .950 544 22.8 ns
(59) .907 450 22.1 .341*
» 45 Years
Old (59)
IPV Duration®
<5 Years (55) .959 .531 23.0 404*
> 5 Years .916 482 22.4 ns
(54)

@Based on median

*All t-tests nonsignificant
*p < .05, ns = nonsignificant
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