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This paper demonstrates a recently-popularized quantitative method, the time-varying effect model
(TVEM), in describing dynamic, momentary interpersonal processes implicated by Interpersonal
Theory. We investigated moment-to-moment complementarity in affiliation and control behaviors (i.e.,
correspondence in affiliation and reciprocity in control between married dyad members) in a five-
minute interaction (N = 135), and how complementarity changed over time. Overall, results supported
complementarity in affiliation and control. Moreover, effects were time-varying: Complementarity in
affiliation increased over time and complementary in control changed over time in a cyclical manner.
Dyadic adjustment moderated the strength in complementarity in control during specific timeframes.
We discuss implications of these results and future directions. The findings support the utility of
TVEM for studying dynamic and time-dependent interpersonal processes.

� 2017 Elsevier Inc. All rights reserved.
1. Introduction

Researchers interested in understanding transactional pro-
cesses in interpersonal interactions have developed a number of
assessment and coding schemes for sampling the momentary
behavior between individuals (e.g., Heyman, 2001; Gottman &
Krokoff, 1989; Ekman & Friesen, 1978; Sadler, Ethier, Gunn,
Duong, & Woody, 2009). The intensive longitudinal data generated
by continuous coding of interpersonal dynamics offer exciting
opportunities to examine fine-grained interpersonal processes.
Compared to traditional longitudinal data, the total number of
observations obtained per participant is substantially larger (e.g.,
hundreds to thousands of observations per participant per interac-
tion), which provides opportunities to address key questions raised
in the field concerning the description and prediction of dynamic
processes in interpersonal behavior and hone in on these processes
in relatively greater detail.

The dynamic nature of many interpersonal interactions is impli-
cated by Interpersonal Theory (Pincus & Ansell, 2013). According to
Interpersonal Theory, interpersonal behavior can be described via
the two orthogonal dimensions of the Interpersonal Circumplex
(IPC): Affiliation (warmth versus coldness) and Control (dominance
versus submissiveness; Leary, 1957; Wiggins, 1979). Commonly,
interpersonal phenomena are understood to unfold over time,
and often involve individuals behaviorally adapting to the
demands of a situation (Pincus & Ansell, 2013; Sadler, Ethier, &
Woody, 2011). For instance in the context of dyadic interactions,
dominance has been shown to pull for submissiveness (and vice
versa) while warmth pulls for warmth (Markey, Lowmaster, &
Eichler, 2010; Markey, Funder, & Ozer, 2003; Sadler et al., 2009;
Thomas, Hopwood, Woody, Ethier, & Sadler, 2014). This correspon-
dence in affiliation and reciprocity in control is referred to as com-
plementarity (Carson, 1969; Sadler et al., 2011). As a result, in order
to test the principals comprising interpersonal theory, it is critical
to examine these often nuanced shifts in dyadic behaviors as they
unfold over time.
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1.1. Current methods to examine intensively-assessed interpersonal
processes

Prior research has utilized intensive longitudinal data alongside
a number of quantitative techniques in order to evaluate behav-
ioral complementarity. By far the most common analytic approach
involves computing cross-correlations of moment-to-moment
levels of affiliation and control within each dyad, with positive val-
ues suggesting correspondence and negative values consistent
with reciprocity (Markey et al., 2010; Sadler et al., 2009; Thomas
et al., 2014). In cases where several dyads are examined, the
cross-correlations can be aggregated to derive a mean and stan-
dard deviation for significance testing (Markey et al., 2010;
Sadler et al., 2009). Together, these studies have demonstrated that
complementarity in affiliation and control occurs in dyadic interac-
tions, on average, with positive correlations in affiliation and neg-
ative correlations in dominance among dyads. Relatively more
sophisticated approaches that have accounted for the cyclical pat-
tern of many interpersonal interactions, such as computing aver-
age weighted coherence indexes using cross-spectral analysis,
have arrived at the same conclusions (Sadler et al., 2009; Thomas
et al., 2014).

Conceivably, not only would the overall level of complementar-
ity in an interaction be of interest, but also the change in comple-
mentarity over time. As previously described, dyads have been
shown to be generally complementary in their behaviors; however,
as an interaction unfolds, complementarity may shift as the inter-
acting parties negotiate a transactional rhythm and respond to
each other’s behaviors. To our knowledge, this dynamic aspect of
complementarity has yet to be examined. In fact, the quantitative
methods used to examine complementarity (e.g., cross-
correlations, average weighted coherence scores) aggregate values
of complementarity over time—combining momentary instances of
complementarity to describe total complementarity of the entire
interaction. Thus, these investigations have provided important
insight into the occurrence of complementarity, but have not yet
determined its temporal pattern within an interaction. Investigat-
ing patterns of complementarity over the course of an interaction
could provide important insight into how individuals navigate or
adapt to different interpersonal situations. Furthermore, evidence
of changing complementarity would have important implications
for investigating interpersonal phenomena, including highlighting
the need to measure the construct repeatedly over the course of
the interaction.

Despite the opportunities afforded by intensive interpersonal
interaction data, the complex theoretical questions of complemen-
tarity pose significant analytic challenges. The specific quantitative
articulation of the research question is (a) whether two variables
significantly associate (e.g., husband affiliative behavior and wife
affiliative behavior), and (b) whether this association changes sig-
nificantly over time. Several popular methods are available to
examine associations among variables over time, such as latent
growth curve models (LGCMs) and multilevel models (MLMs) with
time-varying covariates. However, these methods are limited in
their ability to describe changing associations over time. Consider
a standard parallel-process, associative, or multivariate LGCM,
which is designed to model individual differences in growth in
more than one variable over time, and associations among those
individual differences in growth trajectories (Bollen & Curran,
2006). A typical example of this popular model type can be found
in Wright, Pincus, and Lenzenweger (2013), who showed that as
individuals linearly increase in avoidant personality disorder fea-
tures, they also decrease in dominance, affiliation, and increase
in neuroticism. But this type of model does not speak to, for exam-
ple, changes in the associations among avoidant personality disor-
der, dominance, affiliation, and neuroticism at different
developmental periods, which also might be of interest. In other
words, associative LGCMs speak to associated change, but not
change in association. In the current context an LGCM would pro-
vide the association between the total linear change in affiliation of
each dyad member with the total linear change in affiliation for the
other. An additional challenge associated with typical associative
LGCMs, is that they parameterizes change, limiting their ability
to capture highly complex patterns over time, as might be
expected with intensive longitudinal data. While more complex
functional forms can be specified (e.g., Wright, Hopwood, &
Zanarini, 2015), such as piecewise, quadratic, cubic, or cyclical,
these functional forms may still over-simplify the conceivably
complex relations between interpersonal variables over time (all
the while resulting in complex covariance pairings when attempt-
ing to interpret the associations between the trajectories).

Most often MLMs have been the workhorses used in studies
with intensive longitudinal data designs. Typically, a time-
varying covariate is entered as a predictor of a time-varying out-
come. For instance, using intensive longitudinal data, these meth-
ods can investigate complementarity in affiliation by correlating
the moment to moment fluctuations in affiliation of one member
of a dyad with the other. However, this would typically result in
a single, linear coefficient representing the average of all
moment-to-moment associations in affiliation. Therefore, as typi-
cally implemented, the resulting estimates are still averages of
temporally concurrent associations that do not allow for examin-
ing how the associations vary in strength over time. It is possible
though to study whether this association varies over time by
including time as a moderator of the association among predictor
and outcome (i.e., the interaction term of the predictor and time).
Although this might seem to be a viable solution, and may be in
some cases, this approach also limits the form of the time varying
effect, limiting it to linear, quadratic, or otherwise simple parame-
terized patterns.

1.2. Using the time-varying effect model to examine dynamic
interpersonal processes

Thus, to facilitate investigations of how complementarity
changes over the course of interpersonal interactions, the current
investigation provides a methodological demonstration of a
recently popularized quantitative method, the time-varying effect
model (TVEM; Tan, Shiyko, Li, Li, & Dierker, 2012). TVEM is an
extension of MLM that uses coefficient functions to describe the
associations between two variables over time without being con-
fined to a predetermined functional form. This is accomplished
by using a non-parametric spline approach (Tan et al., 2012), which
divides the coefficient function into intervals (known as knots)
where a polynomial term is estimated to represent the change over
time within each interval. The result is a single function of time
that illustrates the association between a predictor with an out-
come at each time point–allowing for time-varying effects. These
qualities of TVEM hold the promise for posing and answering
exploratory and sophisticated questions about time-varying effects
(for substantive examples see Shiyko, Lanza, Tan, Li, & Shiffman,
2012; Wright, Hallquist, Swartz, Frank, & Cyranowski, 2014) that
may occur in interpersonal situations, beyond what could be previ-
ously accomplished with traditional methods. Specifically, unlike
LGCMs and MLMs, TVEM allows the relations between these vari-
ables to change freely over time, and by doing so can test the cou-
pling and uncoupling of behavioral associations as time progresses.

TVEM also provides opportunities to examine moderating fac-
tors of complementarity over time. This is a particular area of inter-
est because level of complementarity has been previously
associated with a number of important outcomes. Greater comple-
mentarity has been associated with desirable outcomes such as
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greater relationship quality and satisfaction (Dryer & Horowitz,
1997; Markey & Markey, 2007; O’Connor & Dyce, 2001), relation-
ship closeness (Ansell, Kurtz, & Markey, 2008; O’Connor & Dyce,
2001) and improved performance on laboratory tasks (Estroff &
Nowicki, 1992). Thus, identifying factors that impact the extent
of complementarity in an interaction would provide insight into
the variation seen between dyads on these outcomes. By examin-
ing moderators in a time-varying framework, however, it is possi-
ble to examine at what points in time the moderator exerts the
greatest effect (e.g., early in an interaction versus later in an
interaction).
1.3. The current study

In the current study, how complementarity unfolds over time
was examined by laboratory observations of affiliation and control
behaviors among married, heterosexual dyads while they were
observed discussing for five minutes the best things about their
relationship. Interactions were coded using continuous,
behaviorally-anchored ratings of each spouse on affiliation and
control, which were used to investigate complementarity. Comple-
mentarity was defined as the association between two dyad mem-
bers’ affiliation and control, respectively. Thus, TVEM examined the
strength, and potential variations in the strength, of those associa-
tions over the course of the interactions. Consistent with afore-
mentioned research, it was hypothesized that complementarity
in affiliation would occur throughout the interaction. Furthermore,
given what is known about the relational benefits of reciprocating
affiliation and the generally positive nature of the assigned topic, it
was hypothesized that complementarity in affiliation of the wife
and husband would also increase over time. The pattern of this
increase, however, is exploratory with respect to the shape and
timing of the increase, which makes TVEM particularly well-
suited to examine the nature of these increases over time. In con-
trast, less is known about how complementarity in control would
unfold over time in this context. On average, both control that is
complementary (Gray-Little, 1982) and egalitarian (Gray-Little,
Baucom, & Hamby, 1996) between husbands and wives have been
associated with higher marital satisfaction. Furthermore, within
momentary interpersonal interactions, control tends to be cyclical
(Sadler et al., 2009; Thomas et al., 2014). Thus, in line with this
research, it was hypothesized that, on average, complementarity
in control would be supported over the course of the interaction;
however, the time-course of such complementarity was relatively
exploratory. Lastly, dyadic relational adjustment was examined
as a moderator of complementarity over time. It was hypothesized
that greater relational adjustment would be generally associated
with greater complementarity in both affiliation and control.
2. Method

2.1. Participants

Data was analyzed from an existing dataset of heterosexual
couples (N = 140 dyads) recruited from the Chicago, IL area for an
investigation of family relationships, temperament, and psy-
chopathology (Stroud, Durbin, Saigal, & Knobloch-Fedders, 2010;
Stroud, Durbin, Wilson, & Mendelsohn, 2011; Wilson & Durbin,
2012a,b). Couples were eligible for the study if they cohabited
and had at least one biological child between the ages of three
and six. All procedures were approved by local Institutional Review
Boards.

Of the original sample, 135 of the dyads completed the interper-
sonal task of interest and were examined in the present study. The
majority (93.2%) of participants were married (mean (M) marriage
length = 8.81 years; standard deviation (SD) = 3.96 years) and rais-
ing two children (M = 2.32, SD = 0.88). Women’s ages ranged from
23 to 49 (M = 36.91; SD = 5.71) and men’s ages ranged from 23 to
57 (M = 38.27; SD = 5.89). About 90% of participants provided
information on their race/ethnicity. Approximately 76% of men
and women were Caucasian/White, 11% Hispanic/Latino, 9%
African-American/Black, 8% of women and 5% of men were Asian,
3% of women and 2% of men were Native American, and the
remaining endorsed ‘‘other” or bi/multi-racial (4% women, 9%
men). Most of the partners (80%) endorsed the same race/ethnicity.

2.2. Procedure and measures

The present analysis focuses on a discussion task in which each
couple was asked to discuss the best things about their relationship.
The average discussion length was about five minutes
(M = 304.79 s, SD = 39.13, range: 157.71–489.37) with 88% ending
within five and a half minutes. Given the small number of observa-
tions past this time point, only data for the first five and a half min-
utes were analyzed so that the effects at any time point would not
be determined by a small subset of the sample.

The outcome measures were Continuous Assessment of Inter-
personal Dynamics (CAID) by independent observer assessments
of both the male and female partners’ behaviors. Interpersonal pro-
cesses during each interaction were coded by four trained under-
graduate research assistants (two males and two females) using
continuous, behaviorally-anchored ratings of each spouse (Lizdek,
Sadler, Woody, Ethier, & Malet, 2012; Sadler et al., 2009). The train-
ing on the joystick method was based on a previously established
protocol (see Sadler et al., 2009), and included introduction to the
IPC, and familiarization and practice with the joystick apparatus
that included live observation and feedback of coding process.
Raters watched and simultaneously coded the target’s continuous
expressions of affiliation and control during the discussion task
using a computer joystick. Examples of coded expressions of affil-
iation included physical gestures like moving closer to the other
person, making eye contact, or affectionate touching, and verbal
gestures like laughing, or providing complements or praises; and
for control included directing the conversation, asserting authority,
and speaking first during conversational lulls. Affiliation and con-
trol assessments recorded twice per second, and were scaled from
�1000 to 1000 on both dimensions, with 1000 representing
extreme control on the y-axis and extreme affiliation on the x-
axis. Data were averaged across all reliable coders at each time
point (i.e., a coder’s ratings for an individual were not included if
it had low reliability). Across raters, the internal consistency of
our warmth and dominance time-series indicated sufficient
inter-rater reliability in our observations. Consistent with past re-
search (e.g., Sadler et al., 2009; Thomas et al., 2014; Ross et al.,
2016), inter-rater reliability assessed by absolute value intraclass
correlation coefficient (ICC) was higher for dominance (husband
ICC = 0.74 (SD = 0.13), wife ICC = 0.73 (SD = 0.15)) than affiliation
(husband ICC = 0.44 (SD = 0.20); wife ICC = 0.43 (SD = 0.19)). Con-
sistent with prior CAID investigations, we omitted the first 5 s of
data from every dyad (Sadler et al., 2009). For the present analysis,
to prevent convergence problems associated with examining out-
come variables with relatively large ranges of values, data were
rescaled to �100 to 100 using a linear transformation (dividing
by 10) as others have done as well (Ross et al., 2016).

The Dyadic Adjustment Scale (DAS; Spanier, 1976) is a 32-item
self-report inventory designed to assess relationship satisfaction.
Meta-Analytic research suggests that DAS scores reliably estimate
relationship satisfaction across various demographics (e.g., gender,
ethnicity, SES; Graham, Liu, & Jeziorski, 2006). Here we computed
total DAS scores by averaging all items to create an indicator of
couples’ satisfaction.
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2.3. Data analytic technique

We used TVEM to examine the association between the wife’s
interpersonal behaviors (i.e., affiliation and control) with the hus-
band’s interpersonal behavior on the same dimension. This
involved first estimating an intercept-only model to describe each
participant’s interpersonal behaviors over the course of the inter-
action. Then, the time-varying association between the wives’
and husbands’ interpersonal behaviors was tested in two separate
models (i.e., wife’s affiliation predicting husband’s affiliation;
wife’s control predicting husband’s control) using the following
equation:
1 For this investigation, the robust standard errors in the P-spline option and
specifying a random intercept with the B-spline option yielded consistent findings
with respect to estimates and corresponding confidence intervals.
AffiliationMaleij ¼ b0ðtijÞ þ b1ðtijÞ � AffiliationFemaleij þ eij

In this equation, time ðtijÞ is coded in seconds for each subject i
at assessment j. b0ðtijÞ is the intercept function that describes the
expected affiliation of the male partner over the course of the
interaction whose female partner has an affiliation score of 0.
The time-varying effect of affiliation of the female partner on the
affiliation of her male partner is represented by the slope coeffi-
cient of b1ðtijÞ. Like traditional linear regression analysis, the selec-
tion of the wife as the independent variable was arbitrary and
produces the same results as selecting the husband.

The moderating effect of dyadic relational adjustment on com-
plementarity was examined in two complementary ways. First,
dyadic relational adjustment was examined as a moderator of
the association between husband and wife affiliation using a pro-
duct term approach. Specifically, dyadic DAS score and its product
with the independent variable (in this case either wife control or
affiliation) were entered as time-varying coefficients. The benefit
of this approach is that continuous moderator variables can be
examined while maintaining the total sample in one analysis;
however, a limitation is the ease of interpreting the interaction
effects. Second, purely as an interpretive aid, the moderating effect
was explored by separately estimating TVEMs for individuals
reporting relatively high relational adjustment (DAS scores greater
than the mean of 213.74) to those reporting relatively low rela-
tional adjustment (scores less than or equal to the mean of
213.74). This approach directly compares the strength of the
time-varying associations between husband and wife affiliation
(or control) between individuals with above or below median
DAS scores throughout the interaction.

TVEMs were estimated using the %TVEM SAS macro version
3.0.4, which is available for download at methodology.psu.edu (Li
et al., 2015). Notably, this version of the macro includes a new fea-
ture to model within-subject correlations using random effects,
which takes into account dependence of observations when com-
puting standard errors. Each TVEM was fit using the penalized
truncated power spline basis (P-spline) following model fit prac-
tices outlined in Tan et al. (2012). The P-spline method identifies
the best fitting model by first fitting a model with many knots
(K), which are the intervals into which the data are divided. Then,
the method automatically penalizes knots that do not capture
much variability using a smoothing function (see Tan et al., 2012
for more details). The P-spline method was selected over other
methods (see description of B-spline method below) because its
automatized process properly balances goodness of model fit with
model parsimony in a more efficient manner relative to other
methods, thus avoiding model overfitting. K of 10 has been sug-
gested as an adequate number of knots (Ruppert, 2002; Tan
et al., 2012), but K around 20 may be necessary for more compli-
cated functions (e.g., with multiple nodes; Ruppert, 2002). We fol-
lowed the convention of K = 10; however, in cases where this
produced a complex coefficient function, K was increased to 20
to determine that increasing K does not meaningfully impact the
coefficient function. Robust standard errors are provided using a
sandwich estimator. Model fit indexes are not provided in the final
output and are not required given that the program will automat-
ically select the best-fitting model.

Alternatively, one may elect to manually fit an optimal TVEM
using the basis spline approach (i.e., B-spline) in the SAS TVEM
Macro. One may consider this option in cases where one wants
to manually compare the shape of coefficients guided by theory
as it allows for manually estimating and comparing models that
differ in the number of knots and corresponding polynomial terms,
or to specify random effects.1 Furthermore, in cases where trun-
cated power basis functions are highly correlated, B-spline can pro-
duce more numerically stable functions (Li et al., 2015). Models can
be compared using the provided Akaike information criterion (AIC)
and Bayesian information criterion (BIC), which assist in choosing
a model with the optimal trade-off of complexity with fit; the model
having the lowest AIC and BIC is generally selected. Examples of B-
spline and its application are well-described in detail elsewhere
(see Wright et al., 2014; Shiyko et al., 2012) and will not be demon-
strated here.
3. Results

3.1. Descriptive correlations between wife and husband affiliation and
control

To illustrate overall patterns of complementarity during the
interaction, an average affiliation score and control score for the
entire observation period was calculated for each participant. The
means and standard deviations were as follows, wife affiliation:
16.39 (12.47), husband affiliation 15.56 (10.91), wife control 0.03
(15.37), and husband control 0.38 (15.78). The correlation between
average husband and wife affiliation scores was 0.69 and for con-
trol was �0.50, which were both significantly different from zero
(p < 0.001). To describe how these correlations changed from
minute-to-minute, an average affiliation score and control score
was also calculated for each participant separately for the first five
minutes of the interaction. From the first to fifth minute of the
interaction, the correlations between average husband and wife
affiliation scores were 0.50, 0.56, 0.67, 0.70, and 0.75; for control,
the correlations were �0.60, �0.71, �0.54, �0.55, and �0.30,
respectively.
3.2. Time-varying intercept functions: dyad affiliation and control over
time

The average change over time in husband and wife affiliation is
depicted in Fig. 1. On average, husband and wife affiliation was sig-
nificantly greater than zero (i.e., dyads exhibited warmth) and
stable over the course of the interaction. Thus, while the confi-
dence intervals indicate that there was variability in affiliation over
time, the majority of behaviors were rated as warm (i.e., 92% and
91% of momentary wife and husband observations, respectively,
were rated as warm). On average, affiliation did not significantly
differ between the husbands and wives, as demonstrated by the
nearly completely overlapping confidence intervals throughout
the interaction (see Cummings & Finch, 2005 for discussion of
visual inspection of confidence intervals). These patterns suggest
that the behaviors of husbands and wives were generally rated
similarly and were consistently warm over the course of the inter-
action. In corresponding B-spline models, the random intercept
,



Fig. 1. A graphical summary of intercept functions (with 95% confidence intervals), representing the time-varying level of affiliation for husbands and wives when discussing
the best things about their relationship for approximately five minutes.

2 The time-varying associations between wife control and husband affiliation, as
ell as husband control and wife affiliation were also explored. As expected, there
ere no significant associations throughout the interaction (not presented), which is
nsistent with control and affiliation being orthogonal on the interpersonal
rcumplex.
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and slope were estimated for husbands (intercept estimate (stan-
dard error): 59.85 (7.32); slope: 0.002 (0.0003)) and wives (inter-
cept: 85.48 (10.46); slope: 0.003 (0.0004)).

The average change over time in wife and husband control is
depicted in Fig. 2. On average for approximately the first five min-
utes of the interaction, control ratings of both wives and husbands
were neutral (i.e., neither dominant nor submissive), as demon-
strated by the confidence intervals inclusive of zero. The variability
around the mean control level, as indexed by the confidence inter-
val, suggests that dominance and submissive behaviors were
observed for the husbands and wives; however, the net level was
zero when averaged across dyads. For instance, throughout the
interaction, about 47% and 48% of all moment-to-moment wife
and husband observations, respectively, were in the dominant
range (i.e., score less than 0). Thereafter, husbands’ control
increased on average (i.e., husbands became increasingly dominant
in the interaction) while wives’ control decreased (i.e., increased
submissiveness). During this timeframe, husbands’ control levels
appear to be significant greater than wives’ level. This pattern of
findings should be interpreted cautiously, however, as only 47%
of participants provided data beyond five minutes. A random inter-
cept and slope was identified for both husband control (intercept:
320.80 (39.25); slope: 0.0009 (0.0001)) and wife control (intercept:
249.11 (30.59); slope: 0.009 (0.001)).

3.3. Time-varying effect between wife affiliation and husband
affiliation

The slope function of the relation between wife affiliation with
concurrent husband affiliation is depicted in Fig. 3. Overall, there
was a positive association between wife and husband affiliation,
as demonstrated by the positive slope function with 95% confi-
dence interval band not inclusive of zero. The magnitude of the
association increased over time, with an initial coefficient of 0.53
increasing to a final coefficient of 0.87. This increasing slope func-
tion was suggestive of a stronger linkage between wife and hus-
band affiliation over the course of the interaction such that
complementarity increased. In other words, moment-to-moment,
when a husband was warm, the wife was also warm (and vice
versa). Using a corresponding B-spline model, a random intercept
and slope were estimated for the association between wife and
husband affiliation (intercept: 85.28 (10.46); slope: 0.003
(0.0004)).
When examining dyadic adjustment as a moderator of comple-
mentarity in affiliation using product terms, there was no consis-
tent support of a moderating effect. The product term was
significantly different from zero at two periods lasting approxi-
mately 5 s each (at about 3 min and at the end of the interaction;
the coefficient function for the product term is not depicted here).
The finding can be illuminated by separately examining comple-
mentarity in affiliation for dyads with relatively low versus high
dyadic adjustment (Fig. 4), as demonstrated by the largely overlap-
ping confidence intervals for the two subgroups throughout the
interaction.

3.4 Time-varying effect between wife control and husband control

The slope function of the relation between wife control with
concurrent husband control is depicted in Fig. 5.2 On average,
throughout the duration of the interaction, wife control was nega-
tively associated with husband control, supporting complementarity
in control such that at any given moment, dominance by one indi-
vidual would correspond with submissiveness by the other in the
dyad. The strength of the association significantly changed over
time. Specifically, during approximately the first 90 s, the association
between wife and husband control became significantly more nega-
tive, starting from a coefficient of �0.53 and reaching the strongest
effect of �0.83 (at 79 s). During the subsequent 50 s, the association
returned to a level similar to the start of the interaction (�0.51) and
then remained relatively stable and did not change significantly for
140 s. Then, there was a subsequent increase in the strength of the
association from approximately �0.53 to �0.61. Thus, over the
course of the interaction, the pattern of complementarity in control
was not monotonic. Results from the corresponding B-spline model
estimated a random intercept and slope for the association between
wife and husband control (intercept: 177.83 (21.81); slope: 0.007
(0.001)).

Complementarity in control was significantly moderated by
dyadic adjustment between the following approximate time
frames: 30–65 s, 220–270 s, and 300–310 s (the coefficient func-
w
w
co
ci



Fig. 2. A graphical summary of intercept functions (with 95% confidence intervals), representing the time-varying level of control for husbands and wives when discussing
the best things about their relationship for approximately five minutes.

Fig. 3. A graphical summary of time-varying effect model function (with 95% confidence intervals) representing the time-varying effect between wife and husband affiliation
over the course of discussing the best things about their relationship.
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tion for the product term is not depicted). When separately exam-
ining complementarity in control for dyads with relatively low ver-
sus high dyadic adjustment (Fig. 6), the moderating effect in the
first two time frames was attributable to a smaller coefficient in
control among couples with lower adjustment relative to higher
adjustment (i.e., couples with lower adjustment demonstrated less
complementarity); however, for 10 s toward the end of the interac-
tion, lower adjustment was associated with a larger coefficient rel-
ative to couples with higher adjustment scores (i.e., couples with
lower adjustment demonstrated more complementarity in
control).

4. General discussion

The primary aim of this investigation was to demonstrate the
use of TVEM to examine how complementarity within a dyadic
interaction changes over time. Consistent with the existing litera-
ture that has supported complementarity using intensive longitu-
dinal data (Markey et al., 2010; Sadler et al., 2009; Thomas et al.,
2014), we found evidence for interpersonal complementarity over
the course of the interaction. On average, affiliation by the wife in
each dyad corresponded with affiliation by the husband. While
there was individual variability in this complementarity, sup-
ported by the presence of random intercept and slope, wives and
husbands were generally rated as warm. This suggests that this
complementarity was primarily driven by warmth over time
within dyads (as opposed to coldness). Similarly, wife dominance
behaviors appeared to elicit or correspond with relatively submis-
sive behaviors from the husband and vice versa. Again, there was
individual variability in control; however, average wife and hus-
band ratings were neutral with respect to control behaviors over
time. Thus, this complementarity corresponded by moment-to-
moment instances of one partner rated as dominant while the
other was rated as relatively submissive.

We also found that complementarity unfolds dynamically over
the course of an interaction. Specifically, over the course of dis-



Fig. 4. A multiple group analysis illustrating the moderating effect of dyadic adjustment on the time-varying effect between wife and husband affiliation over the course of
discussing the best things about their relationship.

Fig. 5. A graphical summary of time-varying effect model function (with 95% confidence intervals) representing the time-varying effect between wife and husband control
over the course of discussing the best things about their relationship.

Fig. 6. A multiple group analysis illustrating the moderating effect of dyadic adjustment on the time-varying effect between wife and husband control over the course of
discussing the best things about their relationship.
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cussing the best things in their relationship, the strength of the
association between husband and wife affiliation increased, which
supports an increase in their complementarity of affiliation over
time. This was initially identified when comparing correlations in
affiliation between each minute of the interaction, which steadily
increased from 0.50 to 0.75. By applying TVEM, however, it was
possible to examine the dynamic relation between husband and
wife affiliation more continuously without coarsely and arbitrarily
binning the data. The TVEM results demonstrated that there were
no changes in average affiliation for wives and husbands over time;
however, on average, the complementarity of these behaviors
increased over time. This finding adds to the existing literature
by demonstrating that interpersonal exchanges may not only be
characterized by each dyad member’s level of affiliation and their
overall complementarity (Markey et al., 2010; Sadler et al., 2009;
Thomas et al., 2014), but also by the extent to which this comple-
mentarity changes over time.

Although this is the first study to demonstrate that couples
become more ‘‘in sync” during this positive interaction, this
dynamic feature of complementarity is suggestive of a number of
interesting interpersonal processes. For instance, the upward trend
may be due to the couples’ tendencies to become accustomed and
comfortable to a new discussion topic. Furthermore, prior research
has linked overall complementarity in affiliation to positive rela-
tionship outcomes (Dryer & Horowitz, 1997; Markey & Markey,
2007; Tracey, Ryan, & Jaschik-Herman, 2001). The increased com-
plementarity in affiliation in the present study may be a manifes-
tation of greater relationship satisfaction over the course of
discussing positive aspects of their relationship. Notably, in the
present study, a global index of dyadic adjustment correlated with
marital satisfaction, did not moderate the strength of complemen-
tarity in affiliation over time. Future research is warranted to
investigate the causes and potential benefits of increased comple-
mentarity in affiliation over the course of interpersonal
interactions.

In contrast, while the extent of complementarity changed over
time for control, it did not follow a consistently increasing or
decreasing pattern as the interaction unfolded. When the correla-
tions between husband and wife control were examined for each
one-minute bin, there appeared to be an increase in complemen-
tarity from the first to second minute (i.e., stronger negative asso-
ciations), and then a subsequent decrease during the last 3 min. A
cyclical pattern of change in complementarity was revealed when
examining time more continuously using TVEM, consistent with
the cyclical pattern in dyadic interactions that has been described
in prior research using other quantitative methods (Sadler et al.,
2009; Thomas et al., 2014).

While the cause of these cycles could not be determined in the
present study, it is notable that the cycles were uniform enough
between dyads such that these patterns could emerge. Indeed,
unless these patterns were reasonably generalizable in the sample,
no significant effects would have been identified. Thus, this cyclical
pattern likely reflects natural transition points in the exchange that
generalized across many dyads. Increases in complementarity in
control, as was seen early in the interaction, are suggestive of
greater reciprocity that could occur if there is a brief period of
deciding who will be in charge followed by a period with the cho-
sen person leading the interaction. The cause of the subsequent
reductions and increases in control in complementarity are less
clear. Interestingly, we found that these fluctuations were most
pronounced among couples with relatively lower dyadic adjust-
ment; whereas, control complementarity remained relatively high
and stable among couples with higher dyadic adjustment. Thus, it
is possible that the fluctuations are due to greater difficulties main-
taining complementarity in control as the task progressed—for
instance if the couples either began to talk over each other or
simultaneously disengage from the topic. Additional research is
warranted to determine if these transition points are generalizable
to other interpersonal interactions.

The findings of the present study should be considered in the
context of some limitations. The results of the present investiga-
tion should be considered exploratory, as the estimated patterns
of interpersonal behaviors and their interrelationship are inher-
ently data-driven, and may be specific to married couples (who
were largely employed and effectively raising their children) dis-
cussing an assigned, positive topic. Specifically, non-parametric
methods, such as TVEM, can yield results specific to particular data.
Additional work is warranted to determine to what extent these
findings generalize to other interactions, for instance using freely
interacting dyads with varying relationships (e.g., unacquainted,
family members, friends). Another limitation of the investigation
is that it was not possible to identify the within-couple dynamics
that resulted in complementarity in control. Specifically, comple-
mentarity in control could have been driven by a combination of
dyads in which an individual was consistently dominant with a
consistently submissive partner, or by partners that alternate being
dominant or submissive throughout the interaction. In our sample,
a combination of these within-dyad patterns was observed. Specif-
ically, within-dyads, the mean proportion of observations in which
the husband was more dominant than the wife was 52% (standard
deviation = 28), however, there were cases in which one partner
was almost exclusively more dominant that the other (i.e., range
of proportions was 0–100%). Analyzing these patterns would be
important for future research, and argues for the use of TVEM in
tandem with existing methods that may better capture within-
dyad dynamics, such as time-series analysis.

Future investigations of interpersonal interactions using TVEM
would also benefit from examining how factors related to the char-
acteristics of the data (e.g., frequency and length of observations,
reliability of coders, sample size) impact study findings. For
instance, while efforts were made to increase reliability of coders,
any coder biases or unreliability present in the data could have
reduced our ability to find significant effects. Also, in the present
study, the length of interactions was not standardized. As a result,
relations estimated towards the end of the interactions may be
biased for a number of reasons, such as due to having a smaller,
non-representative group of individuals who had longer interac-
tions. Furthermore, as TVEM is a relatively recent addition to psy-
chological and behavioral research tools, additional work is needed
to determine minimum sample sizes and frequencies of observa-
tions to produce sufficient power to detect any effects that exist.
We anticipate that our sample size and observation frequency
were adequate as they surpass Tan et al. (2012) suggestion of 10
or more observations with 100 or more persons; however, having
fewer participants can be made up for by having more observa-
tions and vice versa.

4.1. Conclusion

TVEM has previously been used to investigate how relations
between outcomes change over time in the context of substance
use and mental health treatment research (Shiyko et al., 2012;
Wright et al., 2014); it also appears that TVEM can provide novel
and valuable insight into the nature of interpersonal interactions
over time. By utilizing TVEM, the present investigation provided
initial support that complementarity in dyadic interactions is
dynamic. Furthermore, it is anticipated that future investigations
using TVEM could provide additional insight into interpersonal
processes by examining the consequences of changing comple-
mentarity on key interpersonal outcomes, additional time-
varying moderators over the course of an interaction (e.g., person-
ality), time-varying effects of complementarity on individual’s



62 S.S. Dermody et al. / Journal of Research in Personality 68 (2017) 54–62
response (e.g., emotional, physiological) to the interaction, and
time-varying relations between other key variables in personality
and interpersonal theories (e.g., affect).

The application of TVEM in the field also opens the door for
investigating additional questions concerning personality
researchers more broadly. Essentially, any process thought to
change over time and be differentially influenced by other out-
comes or moderators over time may be of interest, such as effects
of interventions, relationship formation, response to major life
events, or predictors of normative and abnormal personality devel-
opment. As TVEM is well-suited for many types of data, these
investigations could make use of a variety of intensive longitudinal
data sources that have gained popularity in the field (e.g., daily
diary, GPS data, physical movement, facial action coding), includ-
ing those where the schedule of measurement can vary across indi-
viduals (e.g., ecological momentary assessment, longitudinal
studies). Taken together, we anticipate that TVEM could offer
researchers a new, flexible tool to investigate the dynamic nature
of interpersonal interactions and other personality processes over
time.
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