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STATISTICAL DEVELOPMENTS AND APPLICATIONS

Integrating Methods to Optimize Circumplex Description and
Comparison of Groups

AIDAN G. C. WRIGHT,1 AARON L. PINCUS,1 DAVID E. CONROY,2 AND MARK J. HILSENROTH3

1Department of Psychology, The Pennsylvania State University
2Departments of Kinesiology and Human Development and Family Studies, The Pennsylvania State University

3Derner Institute of Advanced Psychological Studies, Adelphi University

Using the interpersonal circumplex as an exemplar, this article serves as a methodological primer for integrating techniques of group description
and comparison when employing circumplex-based assessment instruments. Circular statistics (Mardia & Jupp, 1999) and the structural summary
method (Gurtman & Balakrishnan, 1998) each offer unique and incrementally useful information when applied to group-level data on circumplex
measures. Circular statistics offer a set of parameters that are conceptually similar to their linear equivalents (i.e., mean, variance, and confidence
intervals). In interpersonal circumplex models, these parameters each provide specific information regarding substantive theme and group homo-
geneity and allow for the statistical comparison of groups based on the geometry of the circular model. In a similar fashion, the structural summary
method for circumplex data provides a set of parameters that complement circular statistics by offering measures of the interpersonal prototypicality
of the group profile, levels of profile differentiation and elevation, and a weighted measure of substantive theme. Used in conjunction, these methods
offer more information than is available using either in isolation. We provide 4 examples to demonstrate the complementary information the 2
methods provide for assessments employing interpersonal circumplex measures. These examples will allow investigators to generalize the methods
to other personality assessment domains in which circumplex models are utilized, such as emotion and vocational preference.

[Supplementary materials are available for this article. Go to the publisher’s online edition of the Journal of Personality Assessment for the following
free supplemental resources: an Excel file that calculates the circular statistics and structural summary information described in this article using
manually entered octant scores from up to 500 participants.]

Psychological research designs often group individuals that
share a common feature of interest such as psychiatric diag-
nosis, occupation, or status as a treatment responder or non-
responder to compare their psychological characteristics with
other groups of interest and/or control groups. Although this
can often be accomplished with linear comparisons of means
on scale scores, ratings, and other dimensional data, circum-
plex approaches to personality assessment require and bene-
fit from analytic techniques based on the underlying geometry
of circular models. Circumplex assessment offers compelling
frameworks for the description and comparison of groups of
interest across a number of psychological domains including
interpersonal behavior, mood/affect, and vocational preference
(Gurtman & Pincus, 2003). Although it is possible to compare
groups assessed on circumplex measures by linear comparison
of means on lower order scales (e.g., Kernhof, Kaufhold, &
Grabhorn, 2008) or their two superordinate dimensions or axes
(e.g., Stangier, Esser, Leber, Risch, & Heidenreich, 2008), cir-
cumplex structure is amenable to circular statistical techniques
that answer more precise questions than whether groups differ
on the individual scales that comprise the instruments. Addition-
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Address correspondence to Aidan G. C. Wright, Department of Psychology,
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16802; Email: aidan@psu.edu

ally, the trigonometric methods underlying the structural sum-
mary method allow for quantification and modeling of the pro-
totypicality of aggregate scores. In contrast, linear comparisons
often obscure the true profiles and composition of the group
members by reducing the individual variation to a set of sum-
mary statistics. This article is intended to serve as a primer for
using complementary methods to describe and compare groups
using circumplex based measures.1 Furthermore, a reinterpre-
tation of one of the presented statistics (R2) is suggested. The
interpersonal circumplex (IPC) model of personality is offered
as an exemplar, but these techniques can be generalized to all
circumplex-based models.

The interpersonal tradition (e.g., Kiesler, 1983, 1996;
LaForge, 2004; Leary, 1957; Pincus & Gurtman, 2006; Pincus,
Lukowitsky, & Wright, in press; Sullivan, 1953) has conceptu-
alized personality as an individual’s characteristic interpersonal
style: “Personality is the relatively enduring pattern of recur-
rent interpersonal situations that characterize a human life”
(Sullivan, 1953, pp. 110–111). Interpersonal theory has
developed in concert with a geometric structural model of per-
sonality, the IPC, which was based on the seminal work of Leary
(1957). This model accounts for personality at various levels of

1Example computations of these methods are presented in the Appendix,
and a user-friendly, spreadsheet-based calculator is available on the Journal of
Personality Assessment Web site.
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312 WRIGHT, PINCUS, CONROY, HILSENROTH

TABLE 1.—Circulant correlation model for an eight-segment circle.

v1 v2 v3 v4 v5 v6 v7 v8

v1 1
v2 ρ1 1
v3 ρ2 ρ1 1
v4 ρ3 ρ2 ρ1 1
v5 ρ4 ρ3 ρ2 ρ1 1
v6 ρ3 ρ4 ρ3 ρ2 ρ1 1
v7 ρ2 ρ3 ρ4 ρ3 ρ2 ρ1 1
v8 ρ1 ρ2 ρ3 ρ4 ρ3 ρ2 ρ1 1

Note. ρ = correlation. v = variable. ρ1 > ρ2 > ρ3 > ρ4.

interpersonal functioning such as traits (Wiggins, 1995), behav-
iors (Moskowitz, 1994), values (Locke, 2000), interpersonal
efficacy (Locke & Sadler, 2007), covert reactions to others
(Kiesler, 1996), and interpersonal problems (Alden, Wiggins,
& Pincus, 1990). Group level data on IPC models are amenable
to two analytic approaches, circular statistics and the structural
summary method, which together provide assessment of a
group’s interpersonal theme, homogeneity, and, as we suggest,
prototypicality as well as statistical tests of differences between
groups.

CIRCUMPLEX MODELS: A BRIEF REVIEW

The conceptual basis of the IPC was provided by Leary (1957)
and the Kaiser Foundation Research group; however, the mathe-
matical structure on which it is modeled was initially described
by Guttman (1954). The circumplex as a general model was
developed to answer the following question: “Is it possible to
have an ordering without a head and foot to it?” (Guttman,
1954, p. 325), which would allow for variables in the model to
have equal rank, with a law of neighboring that is predicted and
testable (for a review, see Gurtman & Pincus, 2003). Originally,
a circumplex was described as a particular pattern of correlations

FIGURE 1.—Visual example of circulant pattern of correlations. v = variable;
ρ = correlation; θ = angular measurement.

FIGURE 2.—Individual vectors and angular projections on the Inventory of
Interpersonal Problems–Circumplex.

between scales that can be reduced to two orthogonal factors. As
seen in Table 1, a circumplex describes a pattern of correlations
between scales. From Figure 1, it can be seen that this particular
pattern of correlations can be reduced to two orthogonal factors.
This pattern of correlations summarizes the conceptual similar-
ity between variables on the circular model. Variables that are
close are conceptually similar, and this similarity decreases as
the angle between two variables increases. Two further criteria
are required of a perfect circumplex model: an equal spacing of
scales around the perimeter of this circle and an equal projection
from the origin or center (see, e.g., Gurtman & Pincus, 2000).

Taking the IPC as the exemplar, the circle is usually broken
into octants, with a reliable scale to measure each of the eight
content domains; and the two orthogonal dimensions of Dom-
inance and Love are offered as the basis of the model defining
the vertical and horizontal dimensions, respectively. It is read-
ily apparent how these orthogonal dimensions form a Cartesian
plane on which individual scores can be plotted. By taking the
factor scores for an individual, their unique blend of these di-
mensions can be plotted in a specific location on the IPC. This
projection can be described in terms of X and Y polar coordi-
nates and an associated vector (Wiggins, Phillips, & Trapnell,
1989) or, if vector length is disregarded, simply as an angular
location around the perimeter of the circle (Gurtman, 1997).
Figure 2 demonstrates five examples of vectors (arrows) and
associated angular locations (points around the periphery). De-
pending on the IPC measure being used, the location may refer
to an individual’s characteristic interpersonal style or “theme”
(e.g., Wiggins, 1995) or a specific interpersonal problem “diag-
nosis” (e.g., Alden et al., 1990; Pincus & Gurtman, 2003). For
consistency, we use the Inventory of Interpersonal Problems–
Circumplex Scales (IIP–C; Alden et al., 1990) for all of the
examples in this primer.

The IIP–C employs 64 items from the larger pool of 127 items
of the original IIP (Horowitz, Rosenberg, Baer, Ureño, & Vil-
laseñor, 1988), generating a set of eight scales that conform to
circumplex requirements (Alden et al., 1990). The eight octant
scales correspond to more problematic expressions of the basic
content domains of the IPC. Starting at the top of the circle (see
Figure 2) and continuing counterclockwise, the eight octants
are labeled Domineering (90◦), Vindictive (135◦), Cold (180◦),
Socially Avoidant (215◦), Nonassertive (270◦), Exploitable
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INTEGRATING CIRCUMPLEX METHODS 313

(315◦), Overly-nurturant (0◦), and Intrusive (45◦). By conven-
tion, octants have been given two-letter alphabetical labels that
start at the top of the circle (PA) and continue counterclockwise
(e.g., BC, DE, etc.). This allows for rapid communication across
specific IPC measures (see, e.g., Locke, 2006). A portion of the
IIP–C’s items refer to behaviors an individual does too much
(e.g., I open up to people too much), whereas the remainder refer
to those behaviors an individual finds hard to do (e.g., It is hard
for me to show affection to people). Respondents are asked to
rate how distressing they find each behavior. The original items
were generated based on actual complaints of patients present-
ing at outpatient clinics (Horowitz et al., 1988). Completion of
the inventory generates a score for each octant scale. The IIP–C
has been used extensively in research on psychopathology and
psychotherapy (e.g., Ruiz et al., 2004; Salzer et al., 2008)

CIRCULAR STATISTICS

If each individual’s responses to a circumplex measure are
reduced to their angular projections, they will be amenable to
circular statistics. Familiar statistics such as the mean, vari-
ance, and confidence interval (CI) all have circular counterparts
(Gurtman & Pincus, 2003; Mardia & Jupp, 1999; Upton & Fin-
gleton, 1989). Circular statistics are conceptually similar to their
linear counterparts; however, they account mathematically for
the lack of a beginning and end to circular scales. For example,
the circular mean of a 5◦ angle and 355◦ angle is not 180◦ as
it would be on a linear scale; it would correctly be 0◦. This
example can be given life when considering specific types of
circular data. For example, consider the 0◦ point on a 24-hr
clock (time as data is circular), which happens to be midnight,
the time at which the cycle begins again. The mean time of
arrival for two patients at an emergency room, a question of
considerable import when determining staffing, one arriving at
11 p.m. (Hour 23, 345◦) and one arriving at 1 a.m. (Hour 1, 15◦)
is not noon (the 180◦ point on a 24-hr clock) but midnight (0◦).
Accordingly, the mean interpersonal problem type associated
with an angle of someone falling in the center of the Intrusive
(NO) octant (i.e., 45◦) and someone falling in the center of the
Exploitable (JK) octant (i.e., 315◦) is not Cold (DE; i.e., 180◦)
but Overly-nurturant (LM; i.e., 0◦). Circular statistics preserve
the conceptual similarities between the locations on the circle
while allowing for the calculation of mean, variance, and 95%
CIs. We consider the calculation of each in turn.

For all IPC measures, the x-axis refers to the Love dimension
and the y-axis refers to the Dominance dimension. Note that
all formulae provided in this primer are structured so as to
result in angles expressed in degrees as opposed to radians.2

2The basic trigonometric functions of the sine (sin), cosine (cos), and tangent
(tan) allow for alternating between angular measurement (radians or degrees)
and Cartesian distances on the two dimensions of a circumplex. Thus, this
enables the two resulting scores on the dimensions to be translated into an
angular location and back with ease. One or more of these basic functions
are used in each of the equations provided in this primer and therefore we
define them here for conceptual clarity. The trigonometric functions are perhaps
easiest understood when thinking of a triangle. All angles in a circumplex-based
measure can be understood in terms of a right triangle, with the scores on the x-
and y-axes of the measure forming the legs of the triangle. In Figure 1, notice
the outline of a right triangle with sides of X, Y, and hypotenuse Z, with the
angle of interest defined as θ . The sine of angle θ is equivalent to the ratio of Y to
Z (i.e., sin θ = Y

Z
) or the ratio of the score on the vertical dimension divided by

Conceptually, these are more accessible. The Greek symbol
theta (θ ) represents an angle or angular measurement. In the
circular statistics described below, angles of individual subjects
are denoted as θi . First, the mean (θM ) of a set of circular data
is calculated with the following formula:

θM = tan−1

(
Y

X

)
× 180

π
, (1)

where

X =
∑

(cos θi) (2)

and

y =
∑

(sin θi) (3)

Gurtman (1997) showed that this is also the angle that maximizes
the sum of the cosines of the angles’ differences from the mean.
Mathematically, this is equivalent to centering the mean angle
on the 0◦ point of the circle. In the case of the IPC, the 0◦ point
is located on the horizontal axis. Therefore, the sum of the sine
deviations will equal 0, and the sum of the cosine deviation3

values will be maximized.

∑
cos(θM − θi). (4)

By incorporating this into the following formula, circular vari-
ance (Vθ ) can be calculated:

Vθ = cos−1

(
� cos(θM − θi)

n

)
× 180

π
. (5)

This can be used to calculate CIs around the circular mean, al-
lowing for tests of significant differences between group means.4

the length of the hypotenuse. The cosine of angle θ in is equivalent to the ratio
of X to Z (i.e., cos θ = X

Z
) or the ratio of the score on the horizontal dimension

divided by the length of the hypotenuse. The tangent of angle θ is equal to the
ratio of Y to X (i.e., tan θ = X

Y
) or the ratio of the score on the vertical axis

to the score on the horizontal axis. More important for the applications in this
primer is the arctangent or the inverse of the tangent (i.e., tan–1). A given angle
θ is equivalent to the arctangent of the ratio of Y to X (i.e., θ = tan−1 X

Y
) or

the inverse of the ratio of the score on the vertical dimension to the score of
the horizontal dimension. Therefore, for each individual or group, it is possible
to get angular locations using the arctangent and the ratio of dimension (i.e.,
axis) scores or decompose angles into sines and cosines, which can be readily
subjected to standard arithmetic.

3In calculating the sum of the cosine deviation, the same result will be ob-
tained if the individual case is subtracted from the mean or the other way around.
The cosine of an angle, positive or negative, is equivalent. For consistency with
the literature, we report this formula with the individual case subtracted from
the mean.

4Alternatively, significance testing for group means can be accomplished
using Stephens’ A statistic in the case of two groups (Stephens, 1972), or
Stephens’ C test in the case of more than two groups (see also Upton & Fingleton,
1989). Consistent with the American Psychological Association’s Task Force on
Statistical Inference (Wilkinson & Task Force on Statistical Inference, 1999) and
Publication Manual (American Psychological Association, 2001), we suggest
the use of CIs for the comparison and reporting of differences between groups.
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314 WRIGHT, PINCUS, CONROY, HILSENROTH

FIGURE 3.—Example of circular statistics plot without reference to vector length. Placement of all markers for means and 95% confidence intervals are approximate.
These data are hypothetical. PA = Domineering; NO = Intrusive; LM = Overly-nurturant; JK = Exploitable; HI = Nonassertive; FG = Avoidant; DE = Cold;
BC = Vindictive.

The following formula shares many of the familiar features of
its linear counterpart:

95%CI = θM ± 1.96 × Vθ√
n
. (6)

When using these parameters to describe IPC data, each car-
ries a specific meaning. The θM is an unweighted measure of the
group’s interpersonal “typology” (Leary, 1957), theme (Kiesler,
1996), or diagnosis (Wiggins, et al, 1989). It is unweighted
because it merely includes the angular locations of individu-
als and does not account for the distance from the center of
the circumplex. We describe weighted measures following. The
Vθ is a direct measure of group homogeneity in the interper-
sonal theme. Finally, the 95% CI is conceptually identical to
its linear counterpart and can be interpreted the same way (see
Cumming & Finch, 2005, for a review on how to interpret CIs).
Figure 3 demonstrates graphically a group clustered around the
Exploitable (JK) octant, with a θM at ≈ 316◦ and a CI spanning
from 299◦ to 333◦. The capital M denotes the mean angular
location, and the dashed line and brackets graphically represent
the 95% CI.

STRUCTURAL SUMMARY METHOD

An alternative technique for summarizing circumplex data
is the structural summary method for modeling interpersonal
profiles (Gurtman, 1994; Gurtman & Balakrishnan, 1998;
Gurtman & Pincus, 2003). This method is based on the re-
quirement that circumplex scales exhibit a circulant intercorre-
lation matrix (i.e., Table 1). Recall that the associations between
adjacent scales are highest and drop off as angular distance be-
tween scales increases (see Figure 1). This pattern of correla-
tions makes specific predictions about an individual’s scores
on a set of circumplex scales. Taking an individual’s highest
scale score, the predicted pattern of scores on the remaining
scales would similarly be slightly lower for scales measuring
conceptually related content and decreasing as the angular dis-
tance increases. The circumplex model is both conceptually and

semantically constrained to produce this pattern of profile. In
other words, it would be unlikely that an individual would re-
port being both highly dominant and highly submissive. If so,
their profile would lack interpersonal prototypicality (i.e., their
profile is ambiguous). If the predicted pattern of scores were per-
fectly met, their profile would be perfectly sinusoidal in form
(see Figure 4). This logic can be extended to group-level data.
Groups with highly prototypical interpersonal themes should
also exhibit this same sinusoidal pattern of scale scores on cir-
cumplex measures, that is, the mean values of the group on each
of the octant scales are expected to follow this pattern.

The profile pattern of a sinusoidal curve can be summarized
with a set of structural parameters. These are the elevation (e),
or the mean level of the profile; amplitude (a), or the difference
between the mean and peak value; and angular displacement
(δ), the angular shift from 0◦ for the peak of the curve. In a

FIGURE 4.—Structural summary example. LM = Overly-nurturant; NO = In-
trusive; PA = Domineering; BC = Vindictive; DE = Cold; FG = Avoidant; HI
= Nonassertive; JK = Exploitable.
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INTEGRATING CIRCUMPLEX METHODS 315

perfect sinusoidal curve, knowing each of these parameters will
allow you to accurately predict the mean score (Sp) for a given
octant by plugging it into the following formula:

Sp = e + a × cos(θi − δ) (7)

where θ i is the angular location of the scale.
The interpretation of these parameters merits some discus-

sion. Elevation is the mean response level across scales and
may have substantive meaning or may merely be a function of
response style. In the case of the IIP–C, elevation is generally
interpreted as meaning the general level of interpersonal distress
being reported (Tracey, Rounds, & Gurtman, 1996). Amplitude
is the degree of differentiation of the profile and represents the
degree to which an individual or group discriminates between
aspects of interpersonal functioning that are very much like them
in contrast to those aspects that are not characteristic of them.
A completely undifferentiated profile would not be sinusoidal,
characterized instead by a flat line and equivalent scale scores.
Amplitude is mathematically equivalent to vector length, with
both being calculated by the Pythagorean theorem. Previously,
vector length has been the primary summary of a circular pro-
file (e.g., Leary, 1957), being equivalent to the weighted circular
mean (Mardia & Jupp, 1999). Although it remains a useful statis-
tic, we feel it is best understood as part of the set of parameters
produced in the structural summary approach; thus, we refer
to this parameter as amplitude throughout this article. Angular
displacement is a measure of interpersonal theme or typology.
When applying the structural summary method to groups, an-
gular displacement is conceptually akin to the interpersonal
theme as calculated by the circular mean (θM ) in Equation 1.
Demonstrated below in Equations 11 and 12, this method uses
“weighted” measures of Dominance and Love to calculate the
angular displacement. Accordingly, the angle associated with δ
from Equation 10 and θM from Equation 1 will be very similar
in highly prototypical group profiles (i.e., sinosoidal in form),
but not identical. In group profiles that exhibit low prototypical-
ity, the angular location as calculated across these two formulae
will be unstable and may shift drastically.

However, when examining the profile of an actual group’s
circumplex data, the profile rarely conforms to a perfect cosine
curve. In its general form, the formula for the obtained group
mean score on a given scale, i, is as follows:

Si = e + a × cos(θi − δ) + di. (8)

Notice the addition of di to the equation, which is the deviation
component. This represents the difference between the struc-
tural component of the equation (i.e., e, a, and δ) and the actual
obtained score on the octant scale. Conceptually, this is similar
to the residual value for an observation in a regression equation.
It represents the difference between the predicted value and the
obtained value for the scale. The structural summary approach
allows for a comparison between the anticipated sinusoidal pro-
file and the actual obtained profile.

To accomplish this, first the structural summary portion is
solved for using the actual scores and this can then be compared
with the obtained profile for its goodness-of-fit to the sinusoidal
pattern. Starting with the simplest calculation, e or the elevation,

is calculated as the mean of the standardized scores on the octant
scales; a or amplitude is given as

a = sqrt(X2 + Y 2). (9)

δ,the angular displacement or shift from 0◦ for the peak of the
profile, is calculated with the following formula:

δ = tan−1

(
Y

X

)
× 180

π
(10)

For both of the preceding formulae

X = c ×
∑

(Si × cos θi) (11)

and

Y = c ×
∑

(Si × sin θi), (12)

where c is a constant equal to two divided by the number of
circumplex scales (in the case of most IPC measures, which
are typically divided into octants, the value will be .25), Si is
the obtained group mean score on scale i, and θi is the angular
location of the scale.

Finally, a goodness–of-fit statistic, R2, can be calculated to
determine how well the profile fits the predicted sinusoidal pat-
tern or, stated otherwise, the extent to which the profile can be
summarized by the three structural parameters. R2 is calculated
as follows:

R2 = 1 −
∑

d2
i

SSTotal

, (13)

where “SST otal is the profile’s variability as the deviation sum
of squares” (Gurtman & Balakrishnan, 1998, p. 349). By con-
vention, R2 values of .80 and greater have been interpreted
as adequately sinusoidal, whereas values below .70 have been
considered inadequate (Gurtman & Pincus, 2003). Note that all
preceding formulae were designed for use with standardized
scale scores. Refer to the norms for the IPC measure of choice
when creating standardized scores.

The goodness of fit, or R2, of a circumplex profile has previ-
ously been described as a measure of profile complexity (e.g.,
Gurtman & Balakrishnan, 1998) or group homogeneity (e.g.,
Slaney, Pincus, Uliaszek, & Wang, 2006). However, we feel that
it is more appropriately conceptualized as a measure of interper-
sonal prototypicality (see also Salzer et al., 2008). We consider
each of the previous conceptualizations in turn. As Gurtman
and Balakrishnan (1998) correctly observed, a profile with low
R2 can generally be considered to have high complexity in that
it cannot be adequately summarized by its structural compo-
nents (i.e., e, a, and δ). However, the nature of this complexity
is not always clear; and when quantifying group level data, it
is particularly ambiguous. Complexity may equally arise from
measurement error, subsumed offsetting profiles (described be-
low), general heterogeneity of individual profiles making up
the group, or substantive inconsistencies in the profile of the
group. Adding to the difficulty of interpreting this value from a
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316 WRIGHT, PINCUS, CONROY, HILSENROTH

complexity standpoint is the fact that a low R2 can be achieved
from a grouping of individuals who each share a similar profile
(i.e., they are homogenous), but this profile is idiosyncratic with
respect to the predicted circumplex pattern. These difficulties
have led some to use R2 as a measure of group homogene-
ity/heterogeneity (e.g., Slaney et al., 2006). Although hetero-
geneity of individual profiles within the group will often be the
correct assumption based on a low R2, as noted previously, this
need not be the case.

We feel R2 is most useful and precise if taken to mean in-
terpersonal prototypicality of the group profile. Wiggins (1980,
1982) had first noted that this sinusoidal pattern of scores was
consistent with a Roschian conceptualization of prototypicality
and categorization. In a Roschian category, “elements within a
category can be said to be clustered around a prototype, with
less prototypic elements merging into the fuzzy boundaries of
related categories” (Wiggins, 1982, p. 202). In a similar fash-
ion, a prototypical interpersonal group will be considered to
have a predominant interpersonal theme or style (δ), with most
members’ individual themes falling on or near that location and
with some members drifting away in the continuous but fuzzy
boundaries between the predominant interpersonal theme and
other adjacent ones. On a set of circumplex scales, this pattern-
ing of data would create a very specific profile of scores—a
cosine wave. A high R2 value is then understood to be indica-
tive of a group with high interpersonal prototypicality; and with
a low R2, the opposite is true. As noted previously, circum-
plex measures are conceptually and semantically constrained
to provide a profile that is sinusoidal. Respondents to circum-
plex measures are expected both by theory and psychometrics
to complete the measure in a fashion whereby the octant with
the highest endorsement is opposite the lowest endorsed octant,
and octants adjacent to the highest are the second most highly
endorsed, and so forth. If this pattern is present in group data, it
can be understood that the group has a prototypical theme that
they endorse the most followed by ever decreasing endorsement
as the angle increases. This pattern is consistent with having a
prototypical interpersonal style, which most of the group ex-
hibits at the individual level, with ever decreasing numbers of
group members having interpersonal themes consistent with the
angle as it increases away from the angular displacement. The
extent to which a group’s interpersonal profile across the octants
fits this pattern, as measured by R2, is the extent to which the
group can be said to exhibit prototypicality.5

This highlights the point that like all forms of data, when
traveling from the group to the individual level, membership
in a highly prototypical group does not guarantee any given
individual will exhibit exactly the same profile. It further high-
lights the continuous nature of circular data and categorization.
The octants chosen are in many ways just divisions of conve-
nience. Low R2 now takes on the meaning of low prototypical-
ity but with no assumptions of how that has come about and
an indication that the researcher may need to do more investi-

5The goodness-of-fit statistic (R2) correlates highly with amplitude (≈0.7),
as differentiated profiles are often more defined and tend to be sinusoidal.
However, they need not be so, and it is possible for a high R2 curve to be
relatively undifferentiated (i.e., a shallow wave) and for a high amplitude profile
to not be sinusoidal (see Pincus and Gurtman, 2003, for an example with an
individual profile).

gation. Heterogeneous groups and groups with a homogenous
but idiosyncratic profile (i.e., a profile that violates circum-
plex assumptions) are equally nonprototypical. An interested
researcher may then choose to quantify this lack of prototypical-
ity by further analyses (e.g., visual analysis or cluster analysis)
of the data. Accordingly, Vθ is the appropriate and direct mea-
sure of the interpersonal heterogeneity of group composition as
it is a direct measure of the dispersion of the individual angles.

High prototypicality is a necessary condition for bona fide
comparisons of groups on the IPC. If a group’s individuals are
so interpersonally heterogeneous as to not achieve an adequate
R2, there is little use in comparing them statistically to an-
other group, as their styles will not be adequately represented
by the circular summary statistics. The same logic holds for
any group that markedly violates circumplex assumptions in
its profile. Interpretation of parameters such as θM and δ also
become ambiguous. However, in the context of highly prototyp-
ical groups, their comparisons are not only structurally valid but
take on more substantive and theoretically grounded meaning,
as the researcher can be assured that each group is defined by a
characteristic interpersonal style. To demonstrate this, we first
examine two previously published studies and then present two
examples that highlight each of these conditions and demon-
strate the interpretive yield of integrating circular statistics and
the structural summary method for modeling and comparing
group-level data on the circumplex.

PREVIOUS STUDIES

Much of current research that uses circumplex based mea-
sures to compare groups is somewhat limited in its reliance on
standard analyses of variance (ANOVAs) and linear mean com-
parisons. Here, we briefly review two studies whose analyses,
results, and interpretations could potentially be enhanced by the
inclusion of the complementary methods described herein. We
emphasize that we do not feel that these studies have suffered
from interpretive errors, merely that by adopting the approach
we have outlined here, they would have been better able to pre-
cisely capture the relations between their groups, fully taking
advantage of the unique relationships between the circumplex
scales. This review is made possible by the ability to calculate
structural summaries on any set of circumplex scale means. We
have selected two exemplars that also use the IIP–C in keeping
with the theme of this primer.

Kernhof et al. (2008) sought to compare the interpersonal
problems of survivors of childhood sexual abuse, patients with
eating disorders, and a normal control group. Results of a series
of ANOVAs led the investigators to conclude that the sexually
abused group as compared to the eating disorder group showed
a greater level of interpersonal distress and was more “cold and
introverted but at the same time more solicitous and exploitable”
(Kernhof et al., 2008, p. 49). On the surface, these specific scale
comparisons potentially place the researcher in the position of
making strained interpretations as they attempt to explain the
significant differences on opposing scales (i.e., DE, FG, & JK,
LM) as was the case here. Taking a look at each group’s struc-
tural summary will help clarify the relationship between them
(Sexual Abuse: R2 = .86, δ = 290.08◦ [HI], e = .90, a = .75;
Eating Disorder: R2 = .83, δ = 316.34◦ [JK], e = .37, a =
.49). Both are prototypical and therefore warrant a direct com-
parison using circular methods. The large discrepancy between
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INTEGRATING CIRCUMPLEX METHODS 317

the two in elevation likely explains the significant differences
on the four listed scales, but the substantive interpretation of
differences in interpersonal problem diagnosis is best left to a
comparison of the angles. It is not possible to tell how they com-
pare using circular statistics without direct access to the data,
but it is possible that they have overlapping CIs. What is most
likely though is that they both differ from the interpersonal style
of the control group (R2 = .71, δ = 359.99◦ [LM], e = −.49,
a = .20), which is centered in the LM octant as opposed to the
HI (Sexual Abuse) or JK (Eating Disorder) octants. Addition-
ally, note that the control group’s profile has a negative elevation
and lower amplitude, indicative of low interpersonal distress and
few interpersonal problems with a less distinguished form.

Hummelen, Wilberg, Pedersen, & Karterud (2007) sought to
compare a group of patients diagnosed with social phobia to a
group of patients diagnosed with avoidant personality disorder.
Hummelen et al. also adopted an ANOVA approach to compar-
isons on the scales, and they pointed out expected similarities
on the Socially Avoidant (FG) and Nonassertive (HI) subscales.
However, Hummelen et al. seemed to be struggling to interpret
the remainder of the pattern. Hummelen et al. merely noted
the significant differences on the Cold (DE), Overly-nurturant
(LM), and Exploitable (JK) subscales and fail to address the
equivalent scores on the Vindictive (BC) and Domineering (PA)
subscales. Similar scores on FG and HI might have been ex-
pected, but similar scores on BC and PA were not predicted,
nor were the specific differences expected. By again turning to
the structural summary, the profile begins to take shape, and
an interpretive strategy can be outlined. What is most remark-
able about the profiles of these two diagnostic groups is their
similarity (Social Phobia: R2 = .97, δ = 268.82◦ [HI], e =
1.50, a = 1.02; Avoidant Personality Disorder: R2 = .92, δ =
268.61◦ [HI], e = 1.75, a = 1.08). With the exclusion of the
significant difference in elevation, these are two interpersonally
prototypical and differentiated groups with almost identical dis-
placements centered in the HI octant. Circular statistics are not
needed here to see that these groups share the same interper-
sonal diagnosis; their high R2 values ensure similarity in their
circular means (demonstrated below). The correct interpretation
based on this analysis is that these psychiatric diagnostic groups
share highly similar interpersonal diagnoses. This fits with the
similarity on Five-factor model dimensions reported in the same
article (Hummelen et al., 2007).

These two studies highlight how researchers can be placed
in difficult interpretative positions when circumplex scales are
treated as separate linear measures. However, our extensions
demonstrate that interpretation of results can also benefit from
the organizing principle of the circumplex by using statistics that
are based on the circular nature of the IIP–C. Specifically, that
there is an ordering and relationship between the eight scales
based on content; and when the circular viewpoint and vocab-
ulary is adopted, enhanced and parsimonious interpretations
follow. We now turn to more in-depth, step-by-step examples
using our own data.

Example 1: Outpatients With and Without Borderline
Personality Pathology

First, we demonstrate the incrementally useful information
derived from each method using a relatively straightforward ex-
ample of the comparison of two diagnostic groups. A detailed

TABLE 2.—Interpersonal comparison of two outpatient samples.

Non-BP BP

Structural summary
R2 0.98 0.97
Displacement 260.58◦ 316.87◦
Elevation 0.62 0.90
Amplitude 0.43 0.60

Circular statistics
M 262.73◦ 321.50◦
Variance 64.73◦ 58.50◦
95% CI 244.97◦–280.49◦ 297.59◦–345.40◦

Note. Groups taken from Hilsenroth, Menaker, Peters, & Pincus (2007). Non-Borderline
Pathology (Non-BP) sample n = 51; Borderline Pathology (BP) sample n= 23. CI = confi-
dence interval. All angles reported in degrees. Elevation and amplitude are in standardized
units.

description of this sample and the data acquisition is provided
elsewhere (see Hilsenroth, Menaker, Peters, & Pincus, 2007).
These two groups are part of a sample of 74 patients. The sample
is divided into two groups based on Diagnostic and Statistical
Manual of Mental Disorders (4th ed.; American Psychiatric
Association, 1994) diagnosis. The first group is made up of
23 patients meeting the criteria for borderline pathology (BP).
For this study, BP included not only those meeting diagnos-
tic threshold for borderline personality disorder (i.e., five or
more criteria) but also those presenting with personality disor-
der not otherwise specified with prominent borderline features
(i.e., three–four criteria). The majority of the BP group carried
Axis I diagnoses of mood disorders. The second group (n = 51)
is intended to serve as a psychiatric control group and shares a
similar diagnostic profile with a majority of mood disorders in
addition to adjustment disorders, relational problems, and Axis
II pathology that also includes Cluster B patients; but these pa-
tients do not exhibit borderline pathology. All patients share the
feature of seeking treatment at a university outpatient treatment.
All patients completed the IIP–C as part of their initial clinical
assessment.

Table 2 contains both the circular statistics and the struc-
tural summaries for both diagnostic groups. By first examining
the R2 values, it is clear that each of these groups have high
interpersonal prototypicality (see Figure 5). Assured that each
group exhibits a consistent interpersonal theme, the remaining
structural parameters and circular statistics can be interpreted
with confidence. The elevations, which are reported in standard
deviation units, show that each group is reporting elevated in-
terpersonal distress as compared with the normative population,
with the BP group reporting slightly more as would be expected.
The amplitude denotes that these profiles are differentiated and
therefore have discernable interpersonal themes. Within each
sample, very similar interpersonal themes are generated both
by the angular displacements and mean angles. The BP group
is reporting an Exploitable (JK) interpersonal style, whereas
the non-BP group is reporting problems with Nonassertiveness
(HI). As these angles fall into adjacent octants, a researcher
interested in differentiating the personality styles of these two
groups may hope to demonstrate that their angular differences
are statistically significant. For this, the circular statistics are
needed. The 95% CIs do not overlap; therefore, these groups
have significantly different (p < .01) interpersonal themes (see
Figure 6).
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318 WRIGHT, PINCUS, CONROY, HILSENROTH

FIGURE 5.—Borderline pathology (BP) and non-BP structural summary profiles.
PA = Domineering; BC = Vindictive; DE = Cold; FG = Avoidant; HI =
Nonassertive; JK = Exploitable; LM = Overly-nurturant; NO = Intrusive.

This first example highlights the incremental usefulness of the
information each method provides. Most notable is that group
prototypicality is confirmed by the structural summary method,
lending weight to the statistical comparison of groups using the
95% CIs. It can thus be concluded that the two groups both
exhibit significantly distinct, prototypical, elevated, and differ-
entiated interpersonal profiles. Standing alone, neither method
provides the full interpersonal picture. Moreover, the precision
of this methodology is demonstrated in its ability to summarize
and differentiate the two groups, succinctly delivering the defi-
nition and differences between their interpersonal themes. In the
original study, Hilsenroth et al. (2007) provided an analysis of

FIGURE 6.—Borderline pathology and non-borderline pathology circular statis-
tics plot. Mean and confidence interval (CI) denoted by a dotted line corresponds
to borderline pathology group; mean and CI denoted by dashed line corresponds
to non-borderline pathology group. Placement of all markers for means and
95% CIs are approximate. PA = Domineering; NO = Intrusive; LM = Overly-
nurturant; JK = Exploitable; HI = Nonassertive; FG = Avoidant; DE = Cold;
BC = Vindictive.

TABLE 3.—Interpersonal comparison of two fear of failure samples.

Sample 1 Sample 2

Structural summary
R2 0.09 0.05
Displacement 75.46◦ 339.89◦
Elevation 0.45 0.36
Amplitude 0.05 0.05

Circular statistics
M 177.37◦ 126.38◦
Variance 85.56◦ 86.89◦
95% CI 155.47◦–199.27◦ 98.75◦–154.01◦

Note. Samples taken from Wright, Pincus, Conroy, & Elliot (in press). Sample 1 n =
60; Sample 2 n= 38. CI = confidence interval. All angles reported in degrees. Elevation
and amplitude are in standardized units.

the differences on individual octants of the IIP–C. Although this
analysis is correct and we would not argue for a reinterpretation
here, this methodology would serve as an enhancement to this
and similar analyses, parsimoniously delivering the key inter-
personal similarities and differences. These methods maximize
the power of circumplex models.

Example 2a: The Case of Low R2

In Example 2, we examine the more nuanced set of analyses
involved in exploring the interpersonal characteristics of groups
with low R2. This example is broken into two parts to highlight
both the behavior of the statistics when there is a lack of inter-
personal prototypicality and the steps a researcher might take
when confronted with this outcome.

The two groups for this example are separate samples of indi-
viduals who reported high fear of failure (FF). FF is an avoidance
achievement motive based in shame (Atkinson, 1957) that has
been linked with high levels of interpersonal distress (Conroy,
Elliot, & Pincus, 2009). These two samples (Sample 1, n =
60; Sample 2, n = 38) were drawn from larger samples (Ns =
397 and 219, respectively) of students participating in this re-
search as part of class requirements. They were selected based
on their score of 1 SD greater than the mean on the Performance
Failure Appraisal Inventory (Conroy, Willow, & Metzler, 2002).
The full details of these samples and the substantive interpreta-
tions of these findings are reported in Wright, Pincus, Conroy,
and Elliot (in press). Starting with the prototypicality of each
group’s structural summary, very low R2 values are immedi-
ately apparent (see Table 3). Following from this, across both
groups, the angular displacement (δ) is inconsistent (75.46◦,
339.89◦), suggesting that the interpersonal theme as determined
by the displacement is quite unstable. This is consistent with a
lack of interpersonal prototypicality. Sample 1 would suggest
that individuals with high FF have Domineering (PA) interper-
sonal problems, whereas Sample 2 would suggest that they have
Overly-nurturant (LM) interpersonal problems. Although am-
plitude is practically nonexistent, elevation is high, suggesting
that each group has a considerable amount of interpersonal dis-
tress. Turning to the circular statistics, in neither group does the
interpersonal theme as defined by θM correspond to the inter-
personal theme as defined by δ of the structural summary. In
fact, the characteristic problems reported, as calculated by the
θM, are associated with being Cold (DE) and Vindictive (BC) in
Samples 1 and 2, respectively. Although these are more closely
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INTEGRATING CIRCUMPLEX METHODS 319

FIGURE 7.—Fear of failure samples structural summary profiles. PA = Dom-
ineering; BC = Vindictive; DE = Cold; FG = Avoidant; HI = Nonassertive;
JK = Exploitable; LM = Overly-nurturant; NO = Intrusive.

related, the 95% CIs do not overlap, suggesting that these groups
differ significantly (p < .01) in terms of interpersonal function-
ing. Values for Vθ are higher than those of the patient groups in
Example 1. These groups who share a similarly high FF do not
on the surface share an interpersonal theme. This example high-
lights the instability in circumplex description of groups across
samples with low interpersonal prototypicality. Little can be
confidently stated about the interpersonal nature of FF at the
group level.

Example 2b: The Case of Hidden Profiles

Although at the sample level, these two groups seem to have
little in the way of a consistent interpersonal problem theme, we
had a priori reasons to suggest further analyses. FF is rooted in
shame (Atkinson, 1957), and much of the literature on shame
has discussed contrasting responses associated with appease-
ment strategies and aggression strategies (e.g., Lewis, 1971).
We hypothesized that appeasement strategies would be asso-
ciated with Nonassertive (HI) problems (i.e., a submissive in-
terpersonal style), whereas aggression strategies would be as-
sociated with Vindictive (BC) interpersonal problems (i.e., a
hostile-dominant interpersonal style). If the samples contained

TABLE 4.—Interpersonal comparison of fear of failure clusters.

Sample 1 Sample 2

Cluster 1 (HI) Cluster 2 (PA) Cluster 1 (JK) Cluster 2 (BC)

Structural summary
R2 0.88 0.98 0.98 0.89
Displacement 280.75◦ 97.47◦ 301.05◦ 115.36◦
Elevation 0.47 0.43 0.45 0.31
Amplitude 0.57 0.92 0.92 0.54

Circular statistics
M 271.55◦ 101.69◦ 302.58◦ 121.94◦
Variance 55.46◦ 35.21◦ 26.11◦ 47.36◦
95% CI 253.18◦–289.93◦ 87.89◦–115.50◦ 288.91◦–316.26◦ 102.58◦–141.29◦

Note. Samples and clusters taken from Wright, Pincus, Conroy, & Elliot (in press). HI = Nonassertive; PA = Domineering; JK = Exploitable; BC = Vindictive; CI = confident
interval. For Sample 1, Cluster 1 n = 35 and Cluster 2 n = 25. For Sample 2, Cluster 1 n = 15 and Cluster 2 n = 23. All angles reported in degrees. Elevation and amplitude reported in
standardized units.

subgroups associated with each of these strategies for manag-
ing shame, they could be effectively cancelling each other out
with their offsetting locations on the IPC. This would account
for both the low interpersonal prototypicality and the lack of
amplitude by essentially creating flat profiles (see solid lines,
Figure 7).

By performing a cluster analysis on each sample, 2 subsumed
groups were revealed (see Wright et al., in press, for full details).
Table 4 includes the structural summaries statistics for each of
these clusters. Figure 7 illustrates how these two groups (de-
picted by dotted and dashed lines) offset each other, creating a
flat and nonsinusoidal profile and masking the true nature of the
interpersonal problems associated with high FF. In contrast to
the full samples, each of the clusters exhibit high interpersonal
prototypicality (i.e., R2 ≥ .88). Close to predictions, the two
clusters that emerged are associated with Domineering (PA)
and Nonassertive (HI) problems for Sample 1 and Vindictive
(BC) and Exploitable (JK) problems for Sample 2. Elevation
remains positive for each cluster, but amplitude now indicates
well-differentiated profiles for each cluster as well. Turning
to the circular statistics, the individual clusters’ interpersonal
theme as defined by θM is now consistent with their structural
summary δs, differing by only a few degrees. Increased homo-
geneity of the groups is evident in the decreased Vθ . Finally, as
shown in Figure 8, the 95% CIs demonstrate that the subgroups
were replicated across the samples. Within each sample, the two
clusters are significantly different; but more important, across
samples, the corresponding clusters’ 95% CIs overlap. When vi-
sually interpreting linear and circular CIs, care should be taken
to accurately estimate p values (see Cumming & Finch, 2005).
This demonstrates that these clusters replicate across samples
and exhibit significantly distinct, prototypical, elevated, and dif-
ferentiated interpersonal profiles.

In part, this demonstrates that the circumplex is truly a con-
tinuous measure of the two underlying dimensions, and the
octants are merely arbitrary divisions used by convention and
created for convenience and reliability of measurement (Carson,
1996). This second example demonstrates the full application
of these two methods. It shows that in going from low to high
interpersonal prototypicality, there is an increase in reliability
associated with the interpersonal themes; they no longer shift
drastically from sample to sample. Furthermore, there is a no-
ticeable decrease in heterogeneity as cluster membership is more
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320 WRIGHT, PINCUS, CONROY, HILSENROTH

FIGURE 8.—Fear of failure samples circular statistics plots. Means and confi-
dence intervals (CIs) denoted by dashed lines correspond to Sample 1; means and
CIs denoted by dotted lines correspond to Sample 2. Placement of all markers
for means and 95% CIs are approximate. PA = Domineering; NO = Intrusive;
LM = Overly-nurturant; JK = Exploitable; HI = Nonassertive; FG = Avoidant;
DE = Cold; BC = Vindictive.

interpersonally circumscribed. Along with this comes an in-
crease in amplitude. Finally, this example demonstrates the abil-
ity to test for replication of interpersonal problem style across
samples. In this way, these methods served as both exploratory
and confirmatory approaches to the problem of group descrip-
tion on the IPC.

THE EXCEPTIONAL BUT RARE CASE OF
HETEROGENEOUS HIGH R2

Before we make concluding remarks, there is one theoreti-
cally possible but unlikely case that deserves mention: the case
of an interpersonally heterogeneous group with high R2. It is
mathematically possible to increase group heterogeneity with-
out decreasing the goodness-of-fit statistic (L. C. Morey, per-
sonal communication, June 13, 2007). If two individuals’ pro-
files are added to the group and are located at symmetrically
opposite locations on either side of the group’s δ, R2 will be
maintained, but heterogeneity will increase. There is a limit to
how many of these symmetrical cases will be supported before
the profile flattens (i.e., negligible amplitude) and R2 begins to
degrade. Nevertheless, the mathematics demonstrate that this is
a possibility, albeit an unlikely one with real data.

CONCLUDING REMARKS

In this methodological primer, we have demonstrated the
complementary use of two statistical techniques for describ-
ing groups using the IPC model of personality and interpersonal
functioning, and we have argued for a reinterpretation of R2

as being representative of prototypicality. Through its ability to
quantify group prototypicality and homogeneity in interpersonal
functioning, the IPC offers personality researchers interested in
group description and comparison a uniquely powerful tool.
Through two examples using the IIP–C, we hope to have (a)
demonstrated how to approach assessment when groups of indi-

viduals exhibit either high or low prototypicality, (b) offered one
method for confirming hypotheses about complex group compo-
sition, and (c) outlined procedures for examining replication of
groups to establish the reliability of interpersonal diagnosis. All
circumplex measures are amenable to these methods; they are
not limited to the IIP–C. We hope that this article encourages re-
searchers to include circumplex measures in future studies and
allows investigators to return to existing circumplex data and
take full advantage of circular techniques for group description
and comparison.
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APPENDIX

Hand Calculation Example With Group Data
The following example is intended to clarify the application of the previous

formulae through a demonstration with actual grouped data. We have found that
a step-by-step example helps illuminate the conceptual aspects of the equations.
The interested reader is encouraged to perform the calculations by hand. Table
A includes a hypothetical five-person group of data for use in this example.
For ease of use, the individual angles and group octant means are provided.
Standardized values are used. All calculations are rounded to two significant
figures at every step.

First, the circular statistics are calculated using the individual angles. Initially
using Equations 2 and 3 from the text, we solve for X and Y to be included in
Equation 1 for the calculation of the circular mean. Notice that in this exam-
ple, the group includes members whose angular location is conceptually close;
however, it crosses the 0◦ point. Using linear methods, the mean of these five
angles would be 201.23◦. As we show shortly, this is incorrect. Solving for X
and Y yields

X = �(cos θi) = (cos 313.66) + (cos 19.64)

+ (cos 29.91) + (cos 326.05) + (cos 316.87)

= (.69) + (.94) + (.87) + (.83) + (.73) = 4.06

Y = �(sin θi) = (sin 313.66) + (sin 19.64)

+ (sin 29.91) + (sin 326.05) + (sin 316.87)

= (−.72) + (.34) + (.50) + (−.56) + (−.68) = −1.12

Introducing these values into Equation 1 yields the circular mean:

θM = tan−1

(
Y

X

)
× 180/π = tan−1

(
−1.12

4.06

)
× 180

3.14

= (−.27) × 180

3.14
= (−15.48◦) or (344.52◦)
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Moving on to Equation 5, circular variance can be calculated:

Vθ = cos−1(� cos(θM − θi)/n) × 180/π

= cos−1((cos(344.52 − 313.66) + cos(344.52 − 19.64)

+ cos(344.52 − 29.91) + cos(344.52 − 326.05)

+ cos(344.52 − 316.87))/5) × 180/3.14

= cos−1

(
(.86) + (.82) + (.70) + (.95) + (.89)

5

)
× 180

3.14

= cos−1(.84) × 180

3.14
= (.57) × 180

3.14
= 32.68◦

Finally, using the Vθ , the 95% CI can be solved for using Equation 6:

95%Cl = θM ± 1.96 × Vθ√
n

= 344.52◦±1.96 ×
(

32.68√
5

)

= 344.52◦ ± 28.64◦.

Turning now to the structural summary method, we provide the hand calcu-
lations using the group means given in the final row of Table A. Elevation is the
most simple to calculate, merely being the mean level of the profile, in this case
the grand mean is equal to 0.42. Amplitude and displacement require the input
of the weighted axes scores; therefore, we begin with Equations 11 and 12 from
the text:

X = c × �(Si × cos θi) = .25 × ((.37 × cos 90◦)

+ (−.57 × cos 135◦) + (−.52 × cos 180◦)

+ (.02 × cos 225◦) + (.69 × cos 270◦)

+ (1.42 × cos 315◦) + (1.58 × cos 360◦)

+ (.68 × cos 45◦) = .94

Y = c × �(Si × sin θi) = .25 × ((.37 × sin 90◦)

+ (−.57 × sin 135◦) + (−.52 × sin 180◦)

+ (.02 × sin 225◦) + (.69 × sin 270◦)

+ (1.42 × sin 315◦) + (1.58 × sin 360◦)

+ (.68 × sin 45◦) = −.26

The resulting scores placed in the Pythagorean theorem provide the amplitude:

a = sqrt(X2 + Y 2) = sqrt(.942 + −.262) = .97.

For the displacement, the formula is identical for that used to calculate the
circular mean; however, it uses different procedures to compute the X and Y

values:

δ = tan−1

(
Y

X

)
× 180

π
tan−1

(−.26

.94

)
× 180

3.14

= (−.26) × 180

3.14
= (−14.90◦) or (345.10◦).

The final component of the structural summary is the goodness-of-fit measure
or R2. Solving for R2 by hand can be cumbersome, and use of the available

spreadsheet program is recommended. The goodness of fit for this example is
calculated as follows:

R2 = 1 − �d2
i

SSTotal

.

Due to the unwieldy nature of this calculation in practice, we will first solve
for the major components, �d2

i and SST otal . The calculation of the SST otal is
straightforward, merely being the squared deviations of the octant means from
the grand mean octant score or elevation:

SSTotal = (.37 − .42)2 + (−.57 − .42)2 + (−.52 − .42)2

+ (.02 − .42)2 + (.69 − .42)2 + (1.42 − .42)2

+ (1.58 − .42)2 + (.68 − .42) = 4.03.

The sum of the deviations requires a bit more work. Remember that the deviation
component, di , is the difference between the actual mean score for a given octant
and the predicted score based on the structural summary (i.e., e + a × cos
(θi − δ)):

�d2
i = (.37 − .42 + .97 × cos(90◦ − 345.10◦))2

+ (−.57 − .42 + .97 × cos[(135◦ − 345.10◦))2

+ (−.52 − .42 + .97 × cos(180◦ − 345.10◦))2

+ (.02 − .42 + .97 × cos(225◦ − 345.10◦))2

+ (.69 − .42 + .97 × cos(270◦ − 345.10◦))2

+ (1.42 − .42 + .97 × cos(315◦ − 345.10◦))2

+ (1.58 − .42 + .97 × cos(360◦ − 345.10◦))2

+ (.68 − .42 + .97 × cos(45◦ − 345.10◦))2 = .19

Bringing these components together to solve for R2 yields

R2 = 1 − .19

4.03
= .95.

In summary, this example exhibits high prototypicality, a moderate elevation of
.42 SDs, and is quite differentiated with almost an entire standard deviation of
amplitude (i.e., .97). The displacement corresponds quite well to the circular
mean as would be expected.

TABLE A.—Circumplex data from a hypothetical five-person group for example
calculations by hand.

PA BC DE FG HI JK LM NO Angle

Person 1 −1.09 −1.04 −0.97 0.61 1.41 2.49 1.78 0.27 313.66
Person 2 1.13 −1.04 −0.97 −0.79 −0.56 0.79 1.78 1.52 19.64
Person 3 0.91 −0.65 −0.80 −0.96 −0.23 −0.34 1.24 0.27 29.91
Person 4 0.47 −0.45 −0.29 0.26 1.57 1.36 1.60 0.48 326.05
Person 5 0.45 0.32 0.43 0.96 1.25 1.41 1.49 0.85 316.87
M 0.37 −0.57 −0.52 0.02 0.69 1.42 1.58 0.68 —

Note. The group mean angle is not provided here, as its calculation is one of the steps
of the example. PA = Domineering; BC = Vindictive; DE = Cold; FG = Avoidant; HI =
Nonassertive; JK = Exploitable; LM = Overly-nurturant; NO = Intrusive.
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