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Continuous Measurement of Emotion

The Affect Rating Dial

What Is the Affect Rating Dial?

Measurement of an individual’s subjective experience of emo-
tion has long been a key component of emotion research, but
it presents some unique challenges. Researchers have devel-
oped a number of different methods to assess the subjective
emotional experiences of study participants, each of which has
its strengths and limitations. Self-report measures such as the
Positive and Negative Affect Schedule (PANAS; Watson, Clark,
& Tellegen, 1988) are well established and easy to complete
and provide useful information; however, administration of
any written measure necessitates an interruption in the flow
of an experiment and does not allow frequent or continuous
sampling of affective states. More involved methods, such as
interviewing, give a detailed and comprehensive picture of a
person’s emotions, but they are time-consuming and can pro-
vide only a retrospective report of affect. The interactive com-
puter version of the Self-Assessment Manikin (SAM) Scales
(Bradley & Lang, 1994) allows online assessment of both
emotional valence and arousal levels, but it, too, does not pro-
vide a continuous record of affect.

The affect rating dial is an assessment method that was
developed to measure self-reported emotion continuously in
social interaction. It is unique among subjective measures of
affect in allowing the measurement of the time course of an
emotional experience and generating continuous data that
can be viewed both normatively and ideographically. This
chapter outlines the development of the affect rating dial, its
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strengths and limitations as a measure of subjective emotion,
studies in which it has been used, construction of the de-
vice, instructions for its use, techniques for evaluating the
data it generates, and, finally, possible future uses for the dial.

Development of the Affect Rating Dial

In the early 1980s John Gottman and Robert Levenson were
beginning to study the emotional behavior of married couples
in the laboratory. They were collecting continuous data on
the physiological responses and expressive emotional behav-
ior of their research participants, and they also wished to
measure participants’ subjective emotional reactions in a
similar fashion. They needed to know how couples were feel-
ing as they engaged in two conversations with one another,
the first focusing on the events of the day and the second on
an area of contflict in their marriage. Ideally, the investiga-
tors would obtain a measure of each spouse’s subjective
emotional state in the moment, as he or she was engaged in
the discussion. Also, they wanted to be able to track the rapid
changes in emotion they expected to observe (Gottman &
Levenson, 1986).

Existing methods for obtaining self-reports of emotion
throughout a social interaction required the experimenter to
stop the conversation repeatedly to ask participants how they
were feeling. Gottman et al.’s talk-table procedure (Gottman
etal,, 1976; Markman, 1979, 1981) was one such technique:
The experimenter would stop the interaction after each com-

munication to obtain spousal ratings of the intent of the
message sent and the impact of the message received, each
rated on a 5-point Likert scale. However, this method was
highly intrusive, and the frequent disruptions resulted in less
external validity with regard to real-life marital interactions.
The other assessment methods then in use consisted of pre-
and postintervention questionnaires and rating scales that did
not allow for continuous ratings of emotion. Because the
existing methods did not meet their needs, the researchers
set out to develop a new procedure for obtaining self-report
of affect.

The affect rating dial was a key component of this new
“video recall” procedure (Gottman & Levenson, 1985; Leven-
son & Gottman, 1983). Research participants first came to
the laboratory for an interaction session, where they engaged
in the events of the day and problem area conversations. A
video recording was made of these discussions, and a num-
ber of physiological measures were recorded from each
spouse. Several days later, participants returned separately
to the laboratory to view the videotaped recordings of the
conversations, and the same physiological measures were
recorded and synchronized with the data obtained previ-
ously. While viewing the tapes, participants used the affect
rating dial, a type of joystick device, to give a continuous
report of their emotions during each marital interaction. The
dial traversed a 180° arc over a 9-point scale anchored with
the legends very negative at 0°, neutral at 90°, and very posi-
tive at 180°. Spouses were instructed to rate how they felt
when they were actually in the interaction. They were told
to adjust the dial position as often as necessary while view-
ing, so that it always reflected their emotional state during
the discussions.

The investigators hypothesized that participants watch-
ing the videotape would at least partially relive the emotions
they had experienced at the time of the interactions. If this
were true, the ratings obtained with this recall procedure
would be as valid and reliable as if spouses’ emotions had
been assessed during the original session but without the
associated difficulties. Five methods were used to assess the
validity of the procedure, and all produced supportive data.
First, participants’ mean affect ratings discriminated high-
conflict (problem area) interactions from low-conflict (events
of the day) interactions. Second, when mean ratings for the
problem-area interaction were correlated with participants’
marital satisfaction scores, more dissatisfied couples were
found to rate their interaction more negatively. Third, hus-
bands’ affect ratings during conversations were found, us-
ing time-series analyses, to be coherent with their wives’
ratings (see the section on data-analytic approaches later in
the chapter). Fourth, participants’ ratings were consistent
with observers’ objective coding of couples’ affect (discussed
later). Finally, spouses in the recall session appeared to re-
live the emotions they experienced in the original interac-
tion, as reflected by coherence between interaction session
and recall session physiological measures.
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Predrickson and Kahneman (1993) later developed their
own variation of the affect rating dial, which they called a
positive-negative affect meter. This version consisted of a slid-
ing knob attached to a potentiometer that controlled an ar-
ray of 15 colored lights positioned above the participant’s
video monitor. A series of 7 green lights to the right of cen-
ter represented degrees of positive feelings the participant
might experience, whereas the 7 red lights to the left of cen-
ter represented degrees of negative feelings. The yellow light
at the center represented neutral feelings and was the only
light illuminated when the sliding knob was centered. As the
knob was slid to the right, the green lights came on one by
one, so that all 7 green lights were illuminated when the slid-
ing knob was set to the extreme right. Negative ratings were
indicated similarly by the number of red lights illuminated.
A computer recorded the mean position of the sliding knob
every second. As with the affect rating dial, participants were
asked to adjust this sliding scale as often as necessary so that
it always reflected how positive or negative they were feel-
ing. This light display has the advantage of allowing partici-
pants to keep their eyes trained on the video monitor while
receiving continuous, synchronized feedback on their re-
ported affect level.

Strengths and Limitations of the Method

The affect rating dial as a method of assessment has several
positive attributes. First, it allows the investigator to collect
online emotion ratings from participants over the time course
of an experiment. Its temporal resolution allows participants
to indicate rapid changes in their emotions. Second, no forced
choices among rating categories are required, because the
rating dial provides a continuous measure. A third strength
is its ease of use. Once participants are shown how to ma-
nipulate the dial, they tend to find it fairly unobtrusive and
simple to use. Most are able to make their ratings with only
an occasional glance at the device. Fourth, it provides both
normative and ideographic data. Finally, it is a robust method
that can be validated in a number of different ways when used
as part of a video recall procedure (e.g., agreement with ob-
jective coders and physiological reliving).

A limitation of the affect rating dial is its use of a single-
valence dimension of emotion with two poles (very negative
and very positive). Although research suggests that evalua-
tions of positivity and negativity are often combined into a
single affective or behavioral (appetitive/aversive) response
(Cacioppo & Berntson, 1994; Cacioppo & Gardner, 1999),
the rating dial does not allow for those instances in which
an individual experiences both positive and negative emo-
tions at the same time. For instance, a research participant
who was feeling both mild sadness and mild affection would
be forced to choose a dial position that indicates a neutral
state, which would not do justice to the complexity of the
emotional experience. In this instance, the participant would
provide the same rating for that period as would a partici-
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pant who chose neutral because he or she actually was not
feeling any emotion. Another limitation is that the dial pro-
vides only a single rating at a time. It may be possible to have
participants use multiple dials, but this has not been validated.
In the original studies using the dial (Levenson & Gott-
man, 1983, 1985), the data it generated were broken down
into three categories (neutral, positive, or negative) in order
to make comparisons between participants’ self-ratings of
affect and trained observers’ ratings using the Specific Affect
Coding System (SPAFF: Gottman & Krokoff, 1989). Divid-
ing the data into categories in this manner leads to a loss of
information, but this is not a necessary step in other meth-
ods of analysis, such as time-series analysis. By necessity, the
rating dial originally was used to measure relived emotions,
not emotions as they were actually occurring in an interac-
tion. However, more recent studies show that the dial can
be used to provide online reports of affect as it is occurring,
such as in film viewing (e. g, Tsai, Levenson, & Carstensen,
2000) without unduly influencing ratings (Mauss et al., 2005).
Moreover, although the original studies were limited to rat-
- ings of affective valence, a more recent study has used ob-
tained ratings of specific emotions, such as amusement and
sadness (Mauss et al., 2005).

Past Uses of the Affect Rating Dial

The affect rating dial has been utilized in a number of differ-
ent ways in emotion research, for example, in single-partici-
pant and dyadic interaction studies: to obtain self-ratings and
ratings of a target person’s emotions; and to rate emotions
online and retrospectively. The following are brief descrip-
tions of research studies that have employed the rating dial
and summaries of the results that involve subjective affect
ratings obtained in this manner.

Alcohol Studies

The first version of the affect rating dial was used in a series
of studies that explored the stress response-dampening ef-
fects of alcohol (Levenson, Oyama, & Meek, 1987; Levenson,
Sher, Grossman, Newman, & Newlin, 1980; Sher & Leven-
son, 1982). Instead of reporting their general affective state,
participants used the rating dial to provide online continu-
ous ratings of their perceived levels of tension or anxiety
throughout the experimental session. This anxiety rating dial
was anchored by extremely calm (0°) and extremely tense
(180°), but in other respects it was similar to the later ver-
sion. After ingesting alcohol or a placebo, participants gave
continuous ratings of their tension levels as they were ex-
posed to two stressors, electric shock and a self-disclosing
speech. In this context, ratings were reflective of online anx-
ious feelings, not relived emotions. Anxiety dial data were
used to demonstrate that alcohol consumption had a damp-
ening effect on subjective tension levels prior to a stressor
but not during the stressor.

Dyadic Interaction Studies

With the development of the previously described video re-
call procedure, the rating dial was adapted to measure the
positive-negative dimension of emotion. This version of the
dial first appeared in Levenson and Gottman’s (1983) study
of marital interaction. As described earlier, participants
watched a videotape of a conversation with their spouses and
continuously rated how they were feeling during that inter-
action. The dial was used in much the same manner in a series
of dyadic interaction studies, both with younger and older
married couples (Gottman & Levenson, 1992; Levenson,
Carstensen, & Gottman, 1994: Levenson & Gottman, 1985)
and dating couples (Tsai & Levenson, 1997).

In the original marital study (Levenson & Gottman, 1983),
rating dial data revealed that dissatisfied marital relationships
were characterized by less positive and more negative affect
and greater reciprocity of negative affect than satisfied relation-
ships; these differences were more pronounced when couples
were discussing a highly conflictual topic than one low in
conflict. Couples in a 5-year follow-up study (Levenson &
Gottman, 1985) demonstrated the greatest decline in mari-
tal satisfaction when husbands did not reciprocate their wives’
negative affect and when wives did reciprocate their hushands’
negative affect (again, as measured by the rating dial). Older
married couples in the long-term marriage study (Levenson
etal., 1994) rated their emotions as being more positive and
were less physiologically aroused when interacting with one
another than were middle-aged couples. Dissatisfied couples
in this study reported less positive emotion, more negative
emotion, and greater negative-affect reciprocity than did
satisfied pairs. Husbands reported feeling more affectively
negative the more they were aroused, but wives showed no
relation between subjective affect and arousal. Chinese
American dating couples who used the rating dial during
conversations about an area of conflict in their relationship
(Tsai & Levenson, 1997) reported less variable and less posi-
tive affect than did European American couples. Rating dial
data in each of these studies contributed to a greater under-
standing of the role of emotion in intimate relationships.

Empathy Studies

In a study of the physiological correlates of empathy, Leven-
son and Ruef (1992) used the affect rating dial, together with
videotape viewing, but in a different manner than in the
marital studies. In these studies, participants did not provide
ratings of their own emotional states but instead rated how
they thought strangers on videotape were feeling. They were
asked to watch 15-minute videotaped interactions of mar-
ried couples, focusing their attention on a designated spouse
and using the rating dial to indicate continuously how they
thought that spouse was feeling. These ratings were com-
pared with the target spouse’s self-ratings, obtained previ-
ously using the video recall procedure, to calculate a measure
of empathic accuracy. Accuracy scores were correlated with

measures of physiological linkage, or similarity in physiologi-
cal responding, between the participant during the rating task
and the target during the original conversation. Empathic
accuracy for negative emotion was associated with a state of
shared physiology between the rater and the person being
rated, whereas accuracy for positive emotions was associated
with a state of low cardiovascular arousal in the rater.

A study of empathy in long-term marriages (Ruef, 2001)
required participants to rate both their own emotions and
the emotions of their spouses. Spouses in long-term mar-
riages engaged in a 20-minute discussion of a marital prob-
lem, then returned separately to the laboratory to view the
video recording of their interaction twice. During the first
viewing they used the affect rating dial to rate continuously
how they had felt during the interaction. Then they were
asked to watch the tape a second time and rate how they
thought their spouses had felt. Autonomic and somatic physi-
ological responses were monitored continuously during the
interaction and rating sessions. As in the previous empathy
study with strangers, empathic accuracy was determined by
measuring the extent to which the participant’s emotion rat-
ings matched those of the spouse; physiological linkage be-
tween married partners was determined, as well. For both
husbands and wives, a state of low cardiovascular arousal
increased the accuracy of detecting both positive and nega-
tive emotions in their spouses. Physiological linkage also
increased accuracy, but only for wives.

Emotional Responses to Films

Although the affect rating dial has been used primarily in
dyadic interaction studies, it has also been utilized success-
fully in experimental contexts unrelated to social interaction.
In a study of duration neglect in global evaluations of affec-
tive experiences, Fredrickson and Kahneman (1993) used
their version of the rating dial to measure affective escalation
and satiation over the course of viewing emotional film clips.
They found that the duration of the viewed emotional episodes
had little effect on participants’ retrospective evaluations of
their feelings. Later, Fredrickson and colleagues (Fredrickson
& Levenson, 1998; Fredrickson, Mancuso, Branigan, &
Tugade, 2000) used the rating dial to explore the “undoing”
effect of positive emotions on cardiovascular arousal. The dial
was used to measure participants’ subjective emotional states
as they watched affectively positive and negative film clips.
Tsai et al. (2000) utilized the dial in a similar fashion in their
study of older and younger Chinese Americans’ and Euaro-
pean Americans’ responses to emotional films. Rating dial
data revealed no age or cultural differences in subjective re-
sponding to the films. These uses are similar to the original
use of the anxiety rating dial in the previously mentioned
alcohol studies (Levenson et al., 1980; Levenson et al., 1987;
Sher & Levenson, 1982). They represent a return to the
online measurement of a participant’s subjective feelings
when presented with an emotion-inducing stimulus. Con-
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cerns about whether providing the ratings influenced the
emotional reactions were addressed in a recent study (Mauss
etal., 2005), which found no meaningful differences between
online ratings and video recall ratings.

Implementation of the Affect Rating Dial

Construction of the Device

The affect rating dial was originally constructed ina 7.5 x 5
x 3.25-inch (19 x 12.5 x 8 cm) metal box. The box had a
faceplate with the rating scale and a large knob. All of the
electronics were housed inside the box. The box attached to
the arm of the participant’s chair, so that the participant’s
hand could rest comfortably on the dial and manipulate it
easily. The box could be moved to either arm of the chair,
depending on the handedness of the participant.

Faceplate

The faceplate consisted of an 180° arc drawn in black against
a white background. Running along the arc were nine tick
marks, one every 20°, labeled “1” to “9.” The arc was anchored
with the legends very negative at 0°, neutral at 90°, and very
positive at 180° (see Figure 17.1). This faceplate was covered
by a rectangle of clear Plexiglas or plastic.

Dial

The dial consisted of a large round plastic knob (2.4 inches,
or 6 cm, in diameter) with a clear Plexiglas pointer attached.
As the knob rotated clockwise, it caused the pointer to
traverse the 180° arc scribed on the faceplate.

Mounting to Chair

The rating dial box was mounted atop a wooden “arm” that
slid into a metal sleeve attached to the arm of the participant’s
chair. (Sleeves were attached to both arms of the chair to
accommodate right- and left-handed participants.) When the
wooden arm was slid into place, the box rested against the
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Figure 17.1. The affect rating dial faceplate.
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end of the arm of the chair, so the participant’s hand could
rest easily on top of it to manipulate the dial (see Figure 17.2).
Other methods may be used to mount the box and the dial
and pointer, keeping in mind participant comfort, need for
easy accessibility, and adjustment for handedness.

Electronics

The electronics for the dial consisted of 5-volt DC power
applied across a 100K linear potentiometer. The dial pointer
was attached to this potentiometer, with the wiper contact
and ground leading to a 12-hit analog-to-digital converter
on the laboratory computer. This voltage-dividing circuit
provided a signal to the computer system that was propor-
tional to the dial position. The dial was calibrated by deter-
mining what the voltage readings were when the knob was
turned completely to the left and completely to the right. The
linear potentiometer allowed the researcher to interpolate the
readings by calculating a simple ratio.

Interface With Computer

The laboratory computer used in conjunction with the af-
fect rating dial sampled the dial position at a rate of 30 times
per second and then computed the average dial position
every second. Because this same computer monitored the
physiological measures, whenever rating dial and physiologi-
cal measures were obtained at the same time, synchroniza-
tion was ensured. Initially, to synchronize these data with
the videotapes of participants’ behavior, a tone was recorded
on an unused audio track at the precise start of each experi-
mental trial, and an on-screen timer was started. This tone
could then be detected by the computer during the video
recall session to start the timing of the rating dial and physi-
ological data. Later, this system was replaced by one that
recorded a unique number in the vertical retrace interval of
every frame of the video. Whereas the older system allowed
synchronization to be checked only at one point in time per
trial (i.e., at the start of the trial), the new system allowed
this throughout the trial.

Rarticipant’s chair
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Figure 17.2. Mounting the affect rating dial. A metal sleeve is
attached to the underside of the arm of the participant’s chair.

The dial is mounted atop a wooden arm, which slides into the
sleeve.

The original rating dial was an electromechanical device.
Recently, Robert Levenson’s laboratory has developed a ver-
sion that is implemented entirely on a computer. The partici-
pant sits at a computer screen on which the videotape being
rated is played back in a large window. Below the window a
horizontal “scroll bar,” similar to those used in browser windows,
with the numerical 9-point scale and anchor labels provides
visual feedback. Participants move the bar with the computer’s
mouse to indicate changes in their emotional state. This method
requires no external electronics at all, and we have found that
participants seem quite comfortable with this approach.

Instructions for Participants

The following are sets of specific instructions for the use of
the affect rating dial. Typically, the experimenter or research
assistant would deliver one of these explanations in person
to the participant, as a part of the general experimental in-
structions. These are meant to be a guide for those who plan
to use the rating dial and will need to be altered depending
on the experimental context.

For Dyadic Interaction Studies

I'm going to ask you to use this rating dial with this hand
[indicate dominant hand] during the experiment. Please use
itto give a continuous report of how you were feeling during
the discussion with your spouse. You can choose between
“extremely positive” [pointing the dial to each position as it
is mentioned], “extremely negative,” neither positive nor nega-
tive [pointing to “neutral”], or any point in between; it’s a con-
tinuous scale. It’s like keeping a radio station tuned in or using
asteering wheel to stay on course. Just keep your hand on the
dial and keep it adjusted to show how you were feeling at the
time of the interaction, not how you feel about watching your-
self on videotape. Do you have any questions about what you
are supposed to do? I need to go next door now and make
some more adjustments. While I'm gone, I'd like you to prac-
tice using the rating dial to get used to it. That will also help
me to see if it's registering properly. I'll let you know when
I'm ready to start the videotape. [Prior to starting the first video
segment, the experimenter lets the participant know that the
tape will be starting and reminds him or her of the task.] Please
adjust the dial as often as you need to so that it indicates how
you were feeling during the entire conversation.

For Empathy Studies

I'm going to ask you to use this rating dial with this hand
[indicate dominant hand)] during the experiment. Please use
it to give a continuous report of how you think the person
you are watching is feeling during the 20-minute tape. You
can choose between “extremely positive” [pointing the dial
to each position as it is mentioned], “extremely negative,”
neither positive nor negative [pointing to “neutral”], or any
point in between; it's a continuous scale. It’s like keeping a radio
station tuned in or using a steering wheel to stay on course.

Just keep your hand on the dial and keep it adjusted to show
how you think the person is feeling. Don’t base your ratings
on how you would feel if you were in the interaction. You
should pay careful attention to the target person and try to
determine how he or she was feeling. Do you have any ques-
tions about what you are supposed to do? I need to go next
door now and make some more adjustments. While 'm gone,
I'd like you to practice using the rating dial to get used to it.
That will also help me to see if it’s registering properly. I'll
let you know when I'm ready to start the videotape. [Prior
to starting the first video segment, the experimenter lets the
participant know that the tape will be starting, and reminds
him or her of the task.] Please concentrate on the [man/
woman] in this segment and indicate with the dial how you
think they are feeling during the entire 20 minutes.

For Film Viewing Studies

(The instructions for these types of studies are similar to those
used in the dyadic interaction studies, but with the substi-
tution of present-tense language, e.g., “. . . a continuous re-
port of how you are feeling as you view the film clip.” The
following are some additional instructions used by Fredrick-
son and Levenson in their 1998 study.)

Negative and positive can mean a lot of different things.
In this context, we’d like you to consider “Positive” as refer-
ring to any positive emotions such as amusement, content-
ment, happiness, or calmness and “Negative” as referring to
any negative emotions, such as sadness, anger, disgust, frus-
tration, irritation, fear, or contempt.

Data Analytic Approaches

Affect rating dial data can be analyzed in a variety of ways,
depending on the nature of the experimental context in
which they were gathered and the types of research questions
posed. The following section briefly describes each analytic
approach and gives examples of its application in past stud-
ies that utilized the rating dial.

Mean Affect Ratings

The simplest way to analyze affect rating dial data is to cal-
culate a participant’s mean emotional response Over an en-
tire interaction or stimulus exposure. In the original study
that made use of the dial (Levenson & Gottman, 1983), mean
rating dial scores were computed for each 15-minute mari-
tal discussion. These means were used to determine whether
the study’s conversation topics elicited different levels of
negative affect. As the investigators had hoped, t tests revealed
that the couples’ average rating for the conflict discussion
segment was significantly more negative than the average
rating for the events-of-the-day segment. Simple means were
also used to compare the husbands’ and wives’ overall affect
ratings within each discussion.
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In the long-term marriage study (Levenson et al., 1994),
preconversation rating dial means were subtracted from con-
versation means to give a change score. This score was ana-
lyzed in univariate analyses of variance (ANOVAs) with age
(middle-aged couples vs. older couples) and marital satisfac-
tion (satisfied vs. dissatisfied) and correlated with spouses’
mean physiological levels.

In a similar fashion, Tsai et al. (2000) used overall mean
rating dial scores in their study of age and ethnic differences
in responding to emotional films. They calculated mean lev-
els of rating dial response for the one-minute prefilm baseline
and means of participants’ responses during the film view-
ing period, then subtracted the baseline means from the film
means. The resultant change scores were used in later analy-
ses to control for age differences in responsiveness during
the baseline period. The investigators conducted an ANOVA
for rating dial change scores to examine the effects of cul-
ture, age, and type of film on participants’ subjective reports
of emotion.

Fredrickson et al. (Fredrickson & Levenson, 1998;
Fredrickson et al., 2000) used rating dial data to determine
whether the film stimuli used in their studies induced or
altered subjective emotional states the way the experiment-
ers intended. In the first pair of studies (Fredrickson &
Levenson, 1998), they calculated each participant’s mean
rating dial response over a prefilm baseline, then over the
entire period of each stimulus film. For those participants
whose means represented significant changes from baseline
(determined by within-subject  tests), they also determined
the peak response during the fear film and the latency to
achieve it. An omnibus ANOVA, followed by planned com-
parisons, confirmed that the affective responses to several
secondary films differed from each other and from the ini-
tial negative film clip. In a second pair of studies (Fredrickson
et al., 2000), the researchers calculated change scores by
subtracting baseline period means from film period means
and then ran within-subject ¢ tests to examine whether these
change scores were significantly different from prefilm rest-
ing baselines. An ANOVA was used to explore sex and
ethnicity differences in rating dial responses.

Although the use of mean affect ratings offers the advan-
tage of simplicity, it does not take advantage of a major
strength of rating dial data, the continuous measurement of
subjective emotion over time. The following techniques make
full use of data obtained from this method.

Amount-of-Affect Scores

In addition to simple means, investigators in the marital in-
teraction studies (Levenson & Gottman, 1983; Levenson
etal., 1994) calculated variables that they called “amount of
affect” scores. These scores reflected the amount of negative
and positive affect for each participant, taking into account the
participant’s own range of affect ratings. Analyzing rating dial
data in this way appears to offer unique information not pro-
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vided by mean dial position alone: In the 1994 study, correla-
tions between these two types of variables suggested a size-
able amount of unshared variance (approximately 30-80%).

For the first step in computing amount-of-affect scores,
means and standard deviations were calculated for each
spouse’s rating dial data for baseline segments and for each of
the 15-minute discussions. Next, spouses’ raw-score dial rat-
ings for each 15-minute marital conversation were averaged
into 90 10-s periods. Z scores were then computed for each
of these 90 periods, using the mean and standard deviation
for the 5-min baseline preceding that segment (Levenson &
Gottman, 1983) or the mean and standard deviation of the
90 interaction periods (Levenson et al., 1994).

Once these basic computations were made, the next step
involved classifying the raw-score average for each 10-s pe-
riod as positive, negative, or neutral. To be coded positive, a
raw-score average had to be greater than or equal to 6.0 (ref-
erenced to the 1-9 affect rating scale) and the 7 score had to
be greater than or equal to 0.5. Fora given period, a positive
code meant that the pointer was actually on the positive
portion of the dial (the raw-score criterion) and was positive
relative to the participant’s range of ratings (the z-score cri-
terion). To receive a negative classification, the raw-score
average had to be less than or equal to 4.0 and the Z score
had to be less than or equal to -0.5.

For the final step, two amount-of-affect variables were
calculated for each spouse: the number of positive periods
and the number of negative periods. Correlating these scores
with marital satisfaction scores enabled the researchers to
observe a pattern of less positive and more negative affect in
dissatisfied marriages (Levenson & Gottman, 1983).

Amount-of-affect scores were analyzed in a similar manner
to rating dial change scores in the 1994 marital study (i.e.,
in ANOVAs with age and marital satisfaction and correlated
with participants’ mean physiological levels).

~ Rating dial 7 scores were used later to assess the validity
of the rating dial/video recall procedure (Gottman &
Levenson, 1985). For this analysis, dial ratings for 10-s pe-
riods were classified as positive or negative based on the z-
score criterion alone, rather than on a combination of raw
and z scores. Observers used the SPAFF coding system to
categorize couples’ speech units as positive, negative, or neu-
tral, based on a speaker’s verbal content, voice tone, context,
facial expression, gestures, and body movement. Coders’ data
were converted to the proportion of negative affect in each
10-s period (i.e., the number of each spouse’s speech units
coded as negative in the period divided by the total number
of that spouse’s speech units in the period) and the propor-
tion of positive affect in each period. Investigators compared
the agreement between spouses’ affect dial ratings for each
10-s period and observer’s objective coding of the speech
units for both spouses within that period. For example, if a
10-s period were rated negatively by a husband, they pre-
dicted that a greater proportion of his speech units and his
wife’s speech units would be coded negatively by the ob-

server, compared with 10-s periods rated positively by the
husband. Repeated measures ANOVAs were used to test
these hypotheses, and the relations between subjective rat-
ing dial data and objective coding were found to be signifi-
cant in all cases (i.e., for each spouse and for positive and
negative affect).

Lag Sequential Analysis

Lag sequential analysis is a more complex method of analyz-
ing rating dial data that was employed in Levenson and Gott-
man’s first (1983) marital interaction study and in the empathy
study (Levenson & Ruef, 1992) described earlier. In the marital
work (Levenson & Gottman, 1983) this method was used to
study “affect reciprocity,” or patterned exchanges of affect
between spouses. The first steps in this analysis were out-
lined in the previous section on amount-of-affect scores; they
involved classifying 10-s periods as positive or negative. In
the next step, affect-reciprocity scores were calculated for
positive and negative affect at lag 0 (i.e., both spouses gave
the same rating in the same 10-s period) and lag 1 (i.e., one
spouse’s rating in a given 10-s period was matched by the
other spouse’s rating in the following period). A match be-
tween spouses for any given 10-s period required both to
have rated the period positive or negative; neutral ratings
were ot counted as matching either positive or negative
ratings.

Each affect-reciprocity z score was computed by subtract-
ing the unconditional probability from the conditional prob-
ability and dividing by an estimate of the standard error. For
example, the formula for the wife reciprocating the husband’s
positive affect at lag 0 was

(HWPOS/HPOS) ~ (HPOS/90)

SQRT{(HPOS/90) x (1-[HPOS/90])/HWPOS ]

where HWPOS = number of periods in which both the hus-

band’s and the wife’s affect ratings were coded positive, HPOS

=number of periods in which the husband’s affect rating was

coded positive, SQRT = square root, and 90 = total number

of 10-s periods in the 15-min interaction. The formula

(f)or the husband reciprocating the wife’s positive affect at lag
was

(WHPOS/WPQS) — (WPOS/90)

SQRT{(WPOS/90) x (1-[WPOS/90] )/WHPOS})

At lag of one period, the formula for the wife reciprocating
the husband’s positive affect was

(HWPOSI1/HPOS) — (HPOS/90)

SQRT{(HPOS/90) x (I-[HPOS/901)/HWPOS1}

where HWPOS1 = number of periods in which the husband’s
affect rating was coded positive and the wife’s affect rat-

ing was coded positive in the following period. The formula
for the husband reciprocating the wife’s positive affect at lag
1 was

(WHPOSI1/WPOS) — (WP(OS/90)

SQRT{(WPOS/90) x (1-[WPOS/901)/WHPOS1}

Similar formulas were used to compute the z scores for
negative affect reciprocity. These formulas corrected for the
total number of periods that met the positive and negative
coding criteria, and the resultant scores can be seen as indi-
cations of the gain in prediction of one spouse’s affect by
knowledge of the partner’s affect (see Allison & Liker, 1982,
for a discussion of the advantages of alternative algorithms).
Affect-reciprocity z scores were correlated with couples’
marital satisfaction scores to examine the affect patterns in
distressed and nondistressed marriages.

Affect dial data was utilized similarly in the study of the
physiological substrate of empathy (Levenson & Ruef, 1992).
‘The researchers wished to measure participants’ accuracy in
determining the feelings of targets they viewed on videotape.
Instead of computing affect-reciprocity scores, they used lag
sequential analysis to compute rating accuracy scores for
participants at lag 0 and lag 1. In addition, they examined
lag minus 1 (participant matches target’s rating for the fol-
lowing 10-s period) to determine whether participants’ ac-
curacy was based on actually viewing the targets’ behavior,
as opposed to a chance relation between the way participants
and targets used the rating dial.

Formulas for deriving rating accuracy scores were adapted
from the preceding affect-reciprocity formulas, with the sub-
stitution of the target’s data for the spouse’s. For instance,
the formula for a participant’s accuracy of rating positive af-
fect atlag 1 was

(TSPOS1/TPOS) - (TPOS/90)

3

SQRT{(TPOS/90) x (1-[TPOS/90])/TSPOS1}

where TSPOS1 = number of times in which the target’s af-
fect rating was positive in a given period and the participant’s
affect rating was positive in the following period; TPOS =
number of periods in which the target’s affect rating was
positive; and SQRT = square root. Similar formulas were used
to calculate rating accuracy for negative affect at the various
lags. Rating accuracy scores were correlated with an overall
index of physiological linkage, linkage z scores for individual
physiological variables, mean physiological levels and vari-
abilities, and scores on traditional empathy scales.

The researcher who uses the preceding formulas to as-
sess affect reciprocity or rating accuracy should take care to
examine the distribution of z scores computed from them.
In the long-term marriage study (Levenson et al., 1994), these
scores showed greater departure from normality than did the
sequential probabilities themselves, so the investigators made
the decision to use the latter for affect-reciprocity scores. For
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instance, positive affect reciprocity at lag 0 would be the
number of positive periods for which the other spouse also
rated the period as positive (i.e., HWPOS or WHPOS). This
method has the advantage of simplicity and ease of interpre-
tation, but it does not correct for total number of periods
rated positive or negative.

Alternate Rating Accuracy Indices

Percentage Index

In their empathy study, Levenson and Ruef (1992) also used
an index based on the percentage of matching ratings to es-
timate participants’ mean overall level of rating accuracy. This
was done by calculating the percentage of 10-second peri-
ods rated positive by the target person that were also rated
positive by the participant in the same rating period. Simi-
larly, a percentage was computed for participants’ matching
targets’ ratings from the previous rating period (lag 1). Eight
such percentages were derived (for positive or negative af-
fect in the first or second conversation rated and at lag 0 or
lag 1); each served as a simple index of rating accuracy. The
mean level of this accuracy index across participants ranged
from 28 to 43%, with the majority above the chance level
(33%), whereas the performance of individual participants
ranged from 0 to 100% accuracy. Participants’ rating accu-
racy indices were correlated with measures of physiological
linkage between participant and target and with measures of
participants’ cardiovascular arousal.

Mean Square Difference Index

A different rating accuracy index was used to determine
which videotaped marital conversations to use as stimuli in
the empathy study. The researchers wanted to avoid target
spouses whose self-ratings were highly idiosyncratic, because
others probably would not be able to rate them at all. They
had a group of participants rate a number of conversations
using the affect rating dial and then determined agreement
by examining similarity between targets’ and participants’
ratings in two different ways. They took into account both
similarity in mean affect ratings over the 15-minute conver-
sation and similarity in second-to-second variation, using a
simple index based on the mean square differences.

The researchers decided to compare ratings not only in
the same time frame but also lagged by increments of 1 sec-
ond. A maximum lag of 25 seconds in either direction was
chosen to allow for delays in detecting the target’s affect, as
well as anticipation of affect. The difference between the
participant’s ratings and the target’s ratings were calculated
for each lag time, and these differences were averaged, pro-
ducing a mean raw difference score for each lag. The best of
these was called the best raw difference score. The same pro-
cedure was used with z scores to derive the best z difference
score. The average closest raw difference score was obtained
by comparing the participant’s rating for each second with
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all target ratings in the corresponding 50-s window and find-
ing the closest match; these “least differences” were then
averaged. The average closest z difference score was derived
in the same manner, using z scores. The sum of the preced-
ing five variables (best raw difference + best z difference +
average closest raw + average closest z + mean difference) was
divided by the standard deviation of the target person’s rat-
ings to produce an index of rating accuracy. This index al-
lowed the researchers to select for use in the empathy study
those four target spouses whose self-ratings best agreed with
those of the participants.

Spectral Time-Series Analysis

Another approach to making sense of affect rating dial data is
spectral time-series analysis. Unlike time-series regression
based on generalized least squares, spectral time-series analy-
sis allows the researcher to consider all lags simultaneously. It
produces a coherence statistic for each frequency in the over-
. tone series; together, these measure the degree of linear asso-
ciation between two time series. Gottman and Levenson (1985)
used this technique with marital data to support the validity
of their video recall procedure. They examined the relation-
ship between a husband’s and wife’s affect ratings, and in a
second analysis they compared a spouse’s physiological re-
sponses in the interaction session with his or her responses in
the recall session. For each analysis, the two compared series
were considered related if the coherence was significant only
in the frequency range of maximum variance for both series.
As a first step in this analysis, affect rating dial data were
processed as previously described (see the earlier section on
amount-of-affect scores), then each spouse’s 10-s raw-score
data were transformed into a 10-s z-score time series using
the mean and standard deviation for that spouse during that
interaction segment. Next, spectral density functions were
derived for each time series, and the frequency range that
contained the maximum variance for both series was identi-
fied. The coherence spectrum within this frequency range of
maximum overlap was examined to determine whether it was
significant. If it was, the peak value of the coherence within
this band was recorded: if not, zero coherence was recorded.
The investigators then performed a binomial sign test across
couples: the z score for this test determined whether the
number of couples showing significant coherence for a given
measure was significantly greater than chance. They made
the conservative assumption that significant coherences
would be found in half of the couples by chance. Finally, they
reported the averages of the maximum coherence across
couples (analogous to a Pearson 12). Results of these spec-
tral time-series analyses demonstrated coherence between the
husband’s and wife’s self-reports of affect for a given inter-
action; physiological data also reflected coherence between
physiological behavior in interaction and recall sessions.
Although spectral analysis is appropriate for data col-
lected in many experimental contexts, there are certain cir-

cumstances for which it is not adequate. For example, this
analysis should not be used to test for dominance (one
participant’s behavior influencing the responses of another)
and bidirectionality (each participant’s behavior exerting
influence on the responses of the other) because it does not
control for autocorrelation (Gottman & Ringland, 1981). In
cases in which the researcher wishes to test for cross-corre-
lation but suspects that autocorrelation may be a problem,
bivariate time-series analysis is a better choice.

Bivariate Time-Series Analysis

Bivariate time-series analysis attempts to account for as much
of the variance in a given series (e.g., husband’s heart rate)
as is possible by knowledge of its past (i.e., the autocorre-
lation) and then determines how much additional variance
can be accounted for by adding knowledge of the past of the
other series (e.g., wife’s heart rate). In other words, the past
of one series is used to predict the residual from the auto-
regression of the other series (Gottman & Ringland, 1981).
In the marital and empathy studies previously described
(Gottman & Levenson, 1985; Levenson & Gottman, 1983;
Levenson & Ruef, 1992; Ruef, 2001), bivariate time-series
analysis was used with physiological data to control for
cyclicity in each participant’s bodily responses. Also, this form
of analysis was considered appropriate because physiologi-
cal data gathered at different times from the same participant
or from two participants in an interaction are not indepen-
dent observations (Levenson & Ruef, 1992). Bivariate time-
series analysis was not typically used with rating dial data in
these studies, for two reasons: first, cyclicity is not as char-
acteristic of rating dial output; and second, neither the part-
ner nor the target were in the room to influence the
participant’s ratings during the video recall or rating session,
when rating dial data were collected. However, if dyadic study
participants in recall sessions are indeed reliving emotions
experienced at the time of the interaction with their partners,
one could make the case that partner ratings are not inde-
pendent of one another and do merit a bivariate time-series
approach.

This analysis uses the 10-s-period z-score averages (see
the previous section on amount-of-affect scores) to produce
two log-likelihood statistics for each variable obtained from
the participant and the partner or target. These log-likelihood
statistics, denoted Q, have approximately chi-square distri-
butions. For each variable, the first of these statistics repre-
sents the extent to which a participant’s pattern of response
accounts for variance in the partner’s pattern of respornse
beyond the variance accounted for by the partner’s
autocorrelation. The second represents the extent to which
the partner’s pattern of response accounts for variance in the
participant’s pattern of response beyond the variance ac-
counted for by the participant’s autocorrelation. The Q val-
ues can be tested for significance, or they can be converted
to z scores to allow comparison across experimental mea-

sures. For more detailed information on bivariate time-se-
ries analysis, the reader is referred to Gottman and Ringland
(1981).

Future Uses of the Affect Rating Dial

Research participants have used the affect rating dial to rate
their own emotions and the emotions of others in a variety
of experimental contexts, as described previously. However,
many other applications are possible. For instance, the dial
has been utilized to study emotion in marital interaction, but
it would work equally well in studies of other dyads, such as
pairs of friends, therapist and client, or mother and child.
Use of the dial has been limited to adult participants, but its
ease of use makes it appropriate for studies that focus on the
affective experiences of children or adolescents. Participants
have used the dial to rate their own emotions and those of
others; coders could use it in the same manner to rate the
affect of participants.

Although the affect rating dial can provide useful data on
its own, it is used most effectively in combination with other
measures of emotional responding to allow exploration of the
relationship between subjective affect and observed emo-
tional behavior or physiological changes. Data from systems
that quantify emotional behavior, such as the SPAFF or the
Facial Action Coding System (FACS; Ekman & Friesen,
1978), can be paired with rating dial data for this purpose.
Other methodologies that may be used with the dial are those
that measure electrical activity in the brain, such as electro-
physiological measures of prefrontal asymmetry or functional
magnetic resonance imaging (fMRI). For example, Larson,
Sutton, and Davidson (1998) have studied the relationship
of differential brain activation to the time course of recovery
from an emotional challenge, as measured by startle magni-
tude. In future studies, rating dial data collection could be
added to these measures to study the time course of recov-
ery from subjective emotional arousal, and then the patterns
of recovery in different response systems could be compared
for coherence. A continuous measure of subjective affect
would seem a useful addition to this and other studies of
“affective chronometry” (Davidson, 2000).

In addition to dyadic interaction and emotion elicitation
using film clips, the rating dial could be used to evaluate the
effects of other emotion elicitors. Participants could use the
rating dial to give continuous ratings of affect when presented
with emotionally evocative still images or sounds, such as the
International Affective Picture Series (IAPS; Lang, Bradley, &
Cuthbert, 1995) or the International Affective Digitized Sounds
(IADS). Obtaining continuous ratings of subjective emotion
also would be useful when participants are asked to vividly
imagine an emotional scene, such as in personalized script-
driven imagery procedures (Lang, Levin, Miller, & Kozak,
1983; Pitman & Orr, 1986; Pitman, Orr, Forgue, de Jong, &
Claiborn, 1987). Another possible application of the rating dial
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is in research in which participants pose emotional facial ex-
pressions and body postures. Use of the dial under such con-
ditions may prove somewhat challenging, depending on the
difficulty of the pose; in some cases the participant might not
be able to give ratings without interfering with the manipula-
tion. In contrast, the affect rating dial seems especially suited
to studies that use music as an emotion elicitor, because the
emotional content often varies over time in musical selections
and because the aural stimuli and the visual ratings would not
interfere with one another. If not too intrusive, the rating dial
could easily be added to many studies, to give a more imme-
diate and comprehensive rating of participant’s subjective
emotional states than could be gathered from traditional ret-
rospective self-report measures.

Thus far, the discussion of alternate uses of the rating dial
has focused on ratings of general affect, but with a few simple
modifications the dial has been used to measure the level of
a specific emotion such as anxiety, amusement, or sadness
(Levenson et al., 1980; Mauss et al., 2005). In these uses the
dial scale reflects the intensity of the single emotion rather
than a bipolar measure of positive and negative affect. An
example of such an application would be using the dial to
rate subjective anxiety during exposure to feared stimuli in
individuals with anxiety disorders, such as social phobia or
posttraumatic stress disorder.

Rating more than one discrete emotion presents a differ-
ent kind of challenge. As we have seen, an important aspect
of rating dial application is the time frame of data collection:
online versus retrospective (relived emotions). In studies in
which a participant is interacting with a partner or engaged
in any activity that requires a great deal of concentration, then
rating dial data are best gathered retrospectively, using the
video recall procedure. When the experimental task is more
passive, not requiring a great deal of physical activity, speech,
or interaction with others, then online emotion ratings are
more feasible. Because the investigator is asking participants
to rate their emotional state at the same time as they are at-
tending to a stimulus, there are limits on how much infor-
mation they can be expected to process at one time. With
video recall, participants could watch the videotape of their
interaction more than once, giving ratings of different dis-
crete emotions on each pass. With online ratings, the
computerized, mouse-driven affect rating dial could be
programmed to toggle regularly from the measurement of
one emotion to another, perhaps changing the color of the
pointer (e.g., red to blue) to indicate the change. For ex-
ample, the investigator could collect 1 minute of data for
anger, then 1 minute for another emotion, such as sadness.
However, with this kind of sampling one would lose the
continuity of the data stream. There is always a balance
between what a participant can reasonably attend to with-
out becoming distracted from the experimental task at hand
and the level and amount of information the experimenter
wishes to gather. If the rating task is too complex, one risks
distraction and intrusiveness; if too simple, one is left with
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a measure that offers little emotional information and no
continuity of data.

The rating dial also could be modified to measure aspects
of emotion other than valence, such as perceived level of
physiological arousal. Dimensions of metamood (Mayer &
Stevens, 1994; Salovey, Mayer, Goldman, Turvey, & Palfai,
1995), such as acceptance and comfort with one’s emotional
state, could be tracked over the course of an experiment and
related to subjective affect ratings or physiological measures.

Conclusion

In their article demonstrating the validity of the affect rating
dial and the video recall procedure, Gottman and Levenson
(1985) concluded:

We expect that the procedure will also be valid for
other kinds of dyadic interaction besides marital
interaction as long as the interaction produces a
reasonable range of emotional responding. Tt is our
hope that the strength of these findings will provide
other researchers with sufficient confidence in these
procedures to be able to adopt them when a continu-
ous self-report of affect is needed. For those experi-
mental paradigms that differ substantially from ours
or in instances where the amplitude of emotional
responding is suspect, we have provided two
validational techniques—agreement with objective
coders and physiological reliving—that could be
utilized to validate our affective self-report procedures
in other experimental contexts. (p. 159)

Since the time this statement was written the affect rat-
ing dial has continued to play a part in studies of interac-
tion, but it also has been utilized in experimental contexts
that the authors may not have anticipated. These applications
were outlined in this chapter, along with possible future
implementations of the measure.

The years since the affect rating dial was developed have
seen a great expansion in emotion research, including tech-
niques for emotion assessment. We hope that the information
contained in this chapter will be helpful to those investiga-
tors looking for ways to continuously measure subjective
emotion and will stimulate new creative applications and
adaptations of the rating dial.
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