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EXECUTIVE SUMMARY
To facilitate future analyses of emotion in naturalistic driving study (NDS) data, a protocol was
developed to rate the emotional content of video samples collected during NDS. The protocol
required data reductionists to observe video footage of the driver’s face and rate their emotional
demeanor in a reasonable amount of time.
The Facial Action Coding System (FACS; Ekman, 1978) was used to guide the development of
the emotion reduction protocol. Similar to FACS, the protocol instructed reductionists how to
classify the driver’s emotion into one of six categories: Neutral/No Emotion Shown, Happy,
Angry/Frustrated, Sad, Surprised, and Other. Once reductionists rated the type of emotion
expressed by a driver, they then indicated the intensity of the emotion expression, using a fourpoint scale derived from the five-point scale used in FACS. Although FACS was used to guide
development, the protocol was developed to capture the overall emotion of the driver, not
necessarily specific facial muscle activations on a frame-by-frame basis.
Seventy-two cases for reduction were selected from previously collected NDS data drawn from
studies of light vehicle drivers and heavy-truck drivers (Blanco et al., in press; Fitch et al., 2013;
Hanowski et al., 2008). Each case was categorized by the experimenters for its specific emotion
and intensity level content. The protocol was applied by two groups of reductionists, experienced
and novice, in order to determine if training level would impact ratings. Results showed that both
experienced and novice reductionists rated cases with similar levels of reliability. Furthermore,
both groups of reductionists exhibited inter-rater reliability that was significantly different than
chance for all rating types.
For both experienced and novice reductionists, accuracy was moderate to good; however, there
was evidence of confusion for certain cases. Specifically, confusion existed when a driver
exhibited low-intensity emotion. Rescoring the accuracy results to estimate if emotional content
was presented by a driver (originally rated as marked or severe emotion present) and or not
presented by the driver (originally rated as no emotion or slight emotion) further improved the
reductionists’ accuracy. Accuracy using rescored data was 85%, suggesting a high degree of
accuracy for detecting emotion reaction. It is expected that future iterations of the protocol will
show improved accuracy with slight modifications.
Future work applying the protocol to other NDS data sets can support the investigation of
emotional cell phone conversation while driving. With further development, the protocol will
ultimately be used to shed additional insight into the safety-critical event (SCE) risk of cell
phone conversations while driving, and has the potential to be developed for use as a generic and
standardized means of classifying the emotions experienced by drivers not only in naturalistic
driving studies, but also in driving studies using other methods, including simulation.
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CHAPTER 1. INTRODUCTION
Naturalistic driving data provide a valuable data set that can be used to study driver use of cell
phones, including how emotions present during a phone conversation may impact driving
performance. There has been little research focusing on the emotional content of conversations in
the driving context, and there are mixed findings in the literature regarding the relationship of
emotion to driving. Emotion has been shown to have both positive and negative effects on
driving performance (Cai & Lin, 2011; Grimm et al., 2007). Emotional conversation has been
reported to lead to driver error and visual tunneling (Briggs, Hole, & Land, 2011). In another
study, Briggs et al. (2011) found that emotional conversation, as exhibited by drivers involved in
a conversation about their fear, increased their mental workload, led to more driving errors in a
driving simulator, and induced cognitive tunneling. Investigating the effect of emotional cell
phone conversation on driver performance and the associated risk of a safety-critical event (SCE)
using naturalistic driving data is desired, but first requires a method for identifying drivers’
emotional state.
FOUNDATION FOR THE PROTOCOL – THE FACIAL ACTION CODING SYSTEM
Significant research exists on how to assess peoples’ emotional expressions by analyzing images
of their face. As early as 1978, Paul Ekman developed the Facial Action Coding System (FACS;
Ekman, & Friesen, 1978). FACS is a detailed, anatomically based coding system that describes
how to categorize facial behaviors by perceiving the activation and relaxation of specific facial
muscles, called action units. The coding scheme has been updated several times, with the latest
version being FACS 2002. Typically, becoming FACS certified requires 100 hours of training
(Hager, 2003e). Furthermore, because of the work involved in identifying specific action units, a
1-minute video typically takes 3 hours to code (Movellan, Frank, Bartlett, & Sejnowski, 2013).
As such, the method is quite laborious.
The FACS manual teaches the specific action units but does not teach what they mean (Hager,
2003a), thus ensuring that FACS coding can be objective without a rater’s biases. However,
under the assumption that facial expressions have a communicative function and convey human
emotion, there is a belief that certain facial expressions are associated with specific emotions
(Hager, 2003c). EMFACS (Emotional FACS) was developed to use the objective scoring of
FACS to identify facial expression (Ekman, Friesen, Irwin, & Rosenberg, 2003). EMFACS
requires the ability to identify the specific action units, their intensity, and their symmetry.
Although EMFACS scoring is not done on a frame-by-frame basis—and can be done in onetenth of the time of FACS—it does require FACS certification to know which action units are
engaged (Hager, 2003b). Nevertheless, Hager, a student and employee of Dr. Paul Ekman,
synthesized decades of research by describing what facial expressions correspond with human
emotions (Hager, 2003c). Although there are numerous types of emotions, scientific research has
shown that people can reliably assign facial expressions to seven categories of emotion (Hager,
2003c): Happy, Sad, Anger, Surprised, Fear, Disgust, and Other. When applying FACS, raters
also assess the intensity of each action unit on a five-point scale: (1) Trace, (2) Slight, (3)
Marked or Pronounced, (4) Severe or Extreme, and (5) Maximum (Hager, 2003d). Each intensity
level possesses criteria that are present in the lower-intensity levels.
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MODIFICATION OF THE CODING SYSTEM
The protocol was originally developed to be applied to a naturalistic driving study (NDS) data
set that had recorded audio of the driver’s voice. However, it was subsequently modified to be
applied to an NDS data set that did not have recorded audio. As such, the first constraint was that
the protocol would need to be applied without knowing the context of the conversation. The
second constraint was that the protocol would need to be applied relatively quickly. This is
because NDS data reduction often involves inspecting thousands of samples under aggressive
timelines and budgets. As such, the protocol was developed to capture an overall emotion by the
driver, rather than facial muscle activations on a frame-by-frame basis. The third constraint was
that there was only one view of the driver’s face available for reduction, and it was taken from
the right side of the driver’s face. Although this constraint was less severe, it may have prevented
the reductionists from perceiving the symmetry of facial expressions.
Of particular interest is the level of training required to successfully and reliably rate a driver’s
emotional state. As previously noted, the FACS certification is intensive. That level of detail
may be unnecessary to make a determination of the overall emotion of a driver in a video
segment. The approach presented below will outline tests between raters of different experience
levels to determine if they exhibit similar ratings. The goal is to develop a protocol that can be
quickly and easily implemented with general agreement across raters. If reductionists can be
given the protocol and implement it reliably and accurately with little training, the protocol will
serve this goal. The following sections present an approach to generating a protocol that can be
quickly implemented with little training along with an initial test of the results of implementing
the protocol on a series of conversations collected in multiple NDSs.
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CHAPTER 2. APPROACH
APPLYING FACS
FACS was used to guide the development of the emotion reduction protocol. Coding the specific
muscle activations on a frame-by-frame basis was beyond the scope of the research projects to
which the protocol was to be applied. Similar to FACS, the protocol instructed reductionists how
to classify the driver’s emotion into one of six categories. Certain categories, such as Fear and
Disgust, were combined into the Other category to simplify the reduction. An “Unable to
Determine” category was also added to allow reductionists to indicate when they were unable to
classify an emotion. The description of the facial expressions was also simplified. It is
recognized that, in doing so, the “Happy” category does not allow reductionists to directly
indicate whether a driver exhibits a social smile (i.e., only the zygomaticus major is activated,
raising the corners of the mouth), or a Duchenne smile (i.e., in addition to the zygomaticus major
being activated, the orbicularis oculi are also activated, squinting the eyes). Note that a
Duchenne smile is said to only be exhibited when true emotion is expressed (Ekman, Davidson,
& Friesen, 1990). Nevertheless, reductionists could capture true expressions of happiness in their
intensity rating. Table 1 shows the emotion reactions and definitions used in the present work.
The full protocol given to reductionists is presented in Appendix A.
Table 1. Driver emotion reaction definitions.
Emotion Category

Operational Definition

Unable to Determine
Cannot tell what emotion the driver is showing e.g., poor video quality
Neutral/No Emotion Shown The driver has a straight face, does not smile or laugh, does not gesture.
The driver smiles or laughs.
Happy
The driver gestures in excitement.
The driver lowers/squeezes eyebrows, wrinkling forehead.
The driver clenches his/her teeth.
The driver yells (opens mouth wide with eyebrows lowered).
Angry/Frustrated
The driver gestures in anger/frustration.
The driver raises his/her upper lip or tightens lips.
The driver has droopy eyebrows (raises inner eyebrows, lowers outer
Sad
eyebrows).
The driver frowns by lowering the outer corners of his/her lips.
The driver’s eyebrows raise.
Surprised
The driver’s mouth opens.
The driver gestures.
Emotion reaction that does not fit into any other category
Other

Once reductionists rated the type of emotion expressed by a driver, they then indicated the
intensity of the emotion expression. The five-point rating scale used in FACS to assess the
intensity of each muscle activation was converted into a four-point scale and applied to the
overall emotion. Table 2 presents the intensity levels and the operational definitions used. It is
recognized that the intensity levels are described in general and not described differently for
different emotion categories. Nevertheless, they serve to identify extreme expressions of emotion
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behind the wheel. It is also possible that other markers of severe emotion (e.g., driver is in tears,
or visibly laughing) that are not listed could have led reductionist to rate emotion as severe.
Table 2. Driver emotion intensity definitions.
Intensity of Emotion

Operational Definition

Unable to Determine
Neutral/No Emotion Shown
Slight (Emotion Somewhat
Shown)
Marked or Pronounced
(Emotion Very Much
Shown)

Cannot tell the intensity of the emotion
The driver has a straight face, does not smile or laugh, does not gesture.
The driver no longer has a straight face.
However, no gesturing or head movement is observed.
The driver no longer has a straight face.
The driver gestures one time in a reserved manner.
The driver moves his head one time.
The driver has wide eyes and a wide open mouth.
Severe (Emotion Extremely
The driver is screaming.
Shown)
The driver gestures wildly, or the driver moves his head frequently.

CASE SELECTION
Cases were drawn from archival naturalistic driving data collected during previous studies
(Blanco et al., in press; Fitch et al., 2013; Hanowski et al., 2008). The cases that were selected
from these data sets had previously been coded using the above emotion reduction protocol. The
previous coding had been conducted by data reductionists and reviewed by senior reductionists
for quality assurance purposes. In the event of disagreement between the two reductionists,
another senior reductionist served as a third rater. This coding provided the classification for
each case to aid in sampling for the current study. A total of 72 test cases were selected from this
previously coded data in order to represent a wide range of emotions and intensities. Table 3
summarizes the initial category and intensity of cases sampled. Although cases were selected to
provide the widest possible range of categories and intensities, the existing data sets did not
contain equal numbers of each category and intensity combination. The sampled cases were as
balanced as possible given the sources.
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Table 3. Number of cases per category and intensity.
Emotion Category

Intensity

Test
Cases

Neutral/No Emotion
Shown
Happy
Angry/Frustrated/Impatient
Surprised
Happy

Neutral/No Emotion Shown

Slight (Emotion Somewhat Shown)
Slight (Emotion Somewhat Shown)
Slight (Emotion Somewhat Shown)
Marked or Pronounced (Emotion Very
Much Shown)
Angry/Frustrated/Impatient Marked or Pronounced (Emotion Very
Much Shown)
Surprised
Marked or Pronounced (Emotion Very
Much Shown)
Happy
Severe (Emotion Extremely Shown)
Angry/Frustrated/Impatient Severe (Emotion Extremely Shown)
Total

Warm-up
Cases
10
2
10
10
8
10

2
3
0
2

10

1

4

0

9
1
72

0
0
10

RATERS
For the current study, each case was coded for both emotion reaction (Table 1) and intensity
(Table 2) by six experienced raters. Six independent experienced ratings were therefore obtained
for each case. Experienced raters were blind to the initial classification of each case. Experienced
raters were defined as data reductionists who had accumulated at least 6 to 12 months of
experience analyzing driver behavior on video and who had worked with earlier versions of the
emotional state and intensity scales. They were retrained with the current version of the scales at
the start of this study.
Cases were then rated by six novice raters. Six independent novice ratings were therefore
obtained for each case. Novice raters were also blind to the initial classification of each event. A
novice rater was defined as a data reductionist with less than 6 months of experience and who
had never before applied emotional assessment scales to driving video. They received their initial
training at the start of this study.
In both groups (experienced and novice), training was limited to asking the rater to read the
protocol, become familiar with the reduction interface (video and survey-type interface), and
code 10 “warm-up” cases. No feedback was provided after these 10 cases were rated unless the
rater had specific questions about the protocol. The number of warm-up cases was limited to
provide the largest number of test cases. The categories for each case are shown in Table 3.
Within the 10 cases, one driver had 3 events, with the remaining 7 drivers having one event each.
Once the practice cases were completed, the 72 sampled cases were presented in an order that
was randomized for each rater. As raters worked through the 72 randomized cases, they could
make notes about observations and go back to previous events if they believed it was necessary
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to provide consistent ratings. The 72 cases include samples from 53 different drivers, with a
range of 1 to 4 events per driver and an average of 1.4 events per driver.
It is worth noting that the intent was to develop a protocol that utilized raters’ innate ability to
determine whether a driver was showing emotion. At the level of detail prescribed by the
protocol, raters might classify subtle emotions as neutral. However, that limitation was deemed
acceptable given that the protocol is intended to be used to identify emotions more generally,
rather than the subtle distinctions between emotional states.
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CHAPTER 3. RESULTS
Results are presented for the initial reliability and validity of the ratings applied by experienced
and novice reductionists. Also presented are subsequent analyses to determine where
inaccuracies occurred, in order to improve future implementations of the protocol. Rater
confidence was collected during the reduction, but it was not included in any analyses or used to
score any ratings.
RELIABILITY
Initially, reliability analyses were conducted to test reliability within each group of raters for
both the emotion category and the intensity of the emotion. Both the emotional category and the
intensity of the emotion were treated as nominal data for the purpose of this analysis. Fleiss’ k
(Fleiss, 1971) was calculated for both experienced and novice reductionists to determine if the
ratings within each group were different from what could be expected by chance. High corrected
reliability scores indicate that raters within a group are rating in a similar fashion, with a
reliability score of 1 indicating perfect agreement between raters and zero indicating no
agreement. Furthermore, reliability within each group serves as an initial test to determine if a
validity assessment is warranted. That is to say, if reliability is less than chance then there is no
reason to assume that raters have provided meaningful or accurate responses.
As shown in Table 4 and Table 5, reliability was significantly different than chance (p < .05) for
experts and novices for both emotion type and emotion intensity. Reliability was moderate for
emotion type for both experienced and novice reductionists. Reliability was lower for intensity
for both experienced and novice reductionists. Experienced and novice reductionists showed
similar reliability estimates, indicating little difference between the two groups. Although overall
reliability was moderate, the reliability analyses provide sufficient evidence to proceed to
validity analyses.
Table 4. Corrected reliability scores for experienced and novice reductionists—Emotion
reaction.
Reductionist Experience Level Kappa
Experienced
.57
Novice
.59

S.E.
.019
.019

p
<.000
<.000

Table 5. Corrected reliability scores for experienced and novice reductionists—Emotion
intensity.
Reductionist Experience Level Kappa
Experienced
.23
Novice
.32

S.E.
.018
.019

p
<.000
<.000

RATER ACCURACY
The following analyses estimate the overall validity of ratings. Typical validity analysis would
test the rated values against a “gold standard” of ratings, such as patient outcomes in the case of
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medical ratings. However, there is not a “gold standard” that can be used to determine the
“ground truth” of the present sample, given that the initial classifications were ratings
themselves, albeit a multi-rater consensus. For the current analysis, validity was estimated via
accuracy, or agreement. Accuracy was estimated two ways: first by comparisons between the
experienced and novice raters, and second by comparison of each group to the initial
classification. The higher the percentage of agreement within the ratings for a case, the higher
the likelihood that the case was rated accurately.
When making comparisons to the initial classification, agreement scores were computed both
across raters and for each case. Results across raters consist of calculations for each rater for
each case (i.e., six ratings for each case). This was defined as raw agreement; it encapsulates any
time raters disagreed with the initial classification. Results computed for each case used the
mode of the six raters to estimate what the overall rating would be for a given case. This was
defined as practical agreement, as a typical video segment would be reviewed by more than one
reductionists for quality assurance purposes. As was the case for the initial classification, the
majority rating would likely be used to classify the case during a typical rating process. Results
for both emotion reaction and emotion intensity are presented.
For comparisons between experienced and novice reductionists, there is no specific basis to
compare any individual reductionist to any other individual reductionist. This means that raw
agreement is not informative for comparing the two groups. For comparison between the two
groups, only practical agreement scores were calculated. If both groups are rating similarly, it
will be reflected in higher practical agreement. The term used for practical agreement between
groups will be inter-group agreement.
Emotion Type Agreement
Raw agreement between raters and the initial classification was computed for both experienced
and novice raters. Raw agreement was calculated across all cases for each rater group.
Experienced and novice raters both showed 66% raw validity. Note that this reflects aggregate
agreement and not identical agreement. Both groups showed disagreement on the same number
of cases but exhibited disagreement on different cases.
Practical agreement for each case was computed for each group. Since the data collected were
nominal, the mode of the raters was used for each case. Again, if the mode of the raters matched
the initial rating, the case was considered to be rated accurately. Both groups showed nearly
identical agreement, with 71% of cases matching the initial rating. Again, although the aggregate
agreement was similar, experts and novices did not show the same agreement for all cases; they
just showed disagreement on the same number of cases (21 cases did not match).
Inter-group agreement was 79%, indicating that the two groups of reductionists showed high
agreement with each other.
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Emotion Intensity Agreement
Overall, raters were not highly accurate in regard to intensity of emotion observed, regardless of
experience level. Raw validity with experts coding for intensity was 45% across all cases.
Novice validity was 47% across all cases.
For practical agreement, ratings for each case were calculated using the mode for each group of
raters, in the same fashion as for the emotion coding. Experts showed 54% of cases as valid;
novices showed 50% of cases as valid.
Inter-group agreement was 64%, suggesting moderate agreement between groups.
SUMMARY AND FURTHER ANALYSIS
Overall, there was little difference between experienced and novice reductionists in regard to
ratings of the emotion types of the selected cases. The agreement shown can be considered good
to moderate for classification ratings. Raters of both experience levels were more accurate when
coding for specific emotion types rather than the intensity of the emotion. Of the 21 cases that
did not match the initial classification, no specific category appears dominant (Table 6). As
shown in Table 7, the majority of the discrepancies occurred for cases that had an intensity rating
of “slight” identified at case selection. This suggests at least one source of confusion among
raters regarding classification: they were only able to reliably determine the type of emotion
when the intensity was categorized as Pronounced or Severe.
Table 6. Cases and classifications showing disagreement between experienced and novice
reductionists—Type.
Emotion
Neutral
Happy
Angry
Surprised
Total

Experienced
Cases

Experienced
Percentage

Novice
Cases

Novice
Percentage

1

1.4%

3

4.2%

7

9.7%

6

8.3%

5

6.9%

5

6.9%

8

11.1%

7

9.7%

21

21

Table 7. Cases and classifications showing disagreement between experienced and novice
reductionists—Intensity.
Emotion
Neutral
Slight
Marked
Severe
Total

Experienced
Cases

Experienced
Percentage

Novice
Cases

Novice
Percentage

1

1.4%

3

4.2%

15

20.8%

13

18.1%

3

4.2%

3

4.2%

2

2.8%

2

2.8%

21

21

9

Although reductionists were able to classify the emotion type satisfactorily, the classification
reliability of intensity was low to moderate. Subsequent analyses were conducted on combined
ratings for intensity in order to provide a better understanding of rating patterns. Table 8 and
Table 9 summarize the results for the collapsed accuracy scores, with further description
provided below.
Table 8. Summary of rescored agreement for experienced and novice reductionists—Type
accuracy.
Source of Ratings
Original Agreement
Severe & Marked
Subset
Severe Only Subset

Experienced Experienced Novice
Novice Inter-Group
Raw Accuracy
Practical
Raw
Practical Agreement
Accuracy Accuracy Accuracy
65.5%
78.4%

70.8%
85.3%

65.5%
76.5%

70.8%
85.3%

79.1%
85.2%

83.3%

80.0%

81.7%

80.0%

100%

Table 9. Summary of rescored agreement for experienced and novice reductionists—
Intensity accuracy.
Source of Ratings
Original Agreement
Present or Ambiguous
Severe & Marked
Subset
Severe Only Subset

Experienced Experienced Novice
Novice Inter-Group
Raw
Practical
Raw
Practical Agreement
Accuracy
Accuracy Accuracy Accuracy
44.7%
73.8%
63.2%

54.2%
81.9%
73.5%

47.2%
71.3%
57.8%

50.0%
76.3%
61.8%

63.8%
83.3%
56.4%

100.0%

100.0%

81.7%

90.0%

88.7%

Given that the data show that ambiguity in lower-intensity cases is the primary source of
disagreement, data were collapsed based on intensity level. The initial four categories were
collapsed into two: Emotion Present (Marked and Severe cases) and Emotion Ambiguous
(Neutral and Slight Cases). The reductionists’ initial ratings were rescored. For a case that was
initially classified as Neutral or Slight, a rating of either Neutral or Slight would be considered
correct. Marked and Severe cases were also rescored such that either Marked or Severe would be
scored as correct. When accuracy was recalculated on the rescored data, experienced
reductionists showed practical agreement with the initial classification on 81.9% of cases (59 of
72; 74% raw agreement) and novice reductionists showed agreement on 76.3% of cases (55 of
72; 71% raw agreement). Inter-group agreement was 83.3% for the rescored intensity ratings.
Based on these results, accuracy for emotion reaction coding was recalculated for the subset of
cases that were classified as Emotion Present (cases classified as Marked or Severe). Accuracy
scores for cases classified as Emotion Present (34 cases total) increased to 85% for both
experienced and novice reductionists (78% experienced and 77% novice raw agreement). Intergroup agreement was also 85% for this subset. Agreement for intensity in cases recoded as
Emotion Present was 74% (63% raw agreement) for experienced and 62% (58% raw agreement)
for novice reductionists. Inter-group agreement was 56.4%.
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Agreement for emotion reaction cases classified only as Severe (10 cases) was 80% for both
experienced and novice reductionists (83% and 81.7% raw agreement, respectively). Inter-group
reaction agreement was 100%. Furthermore, the agreement for emotion present increased to
100% for experienced and 90% for novice reductionists with inter-group agreement at 88.7%.

11

CHAPTER 4. DISCUSSION
The intent of this project was to develop a protocol for reductionists to determine the emotional
content of video segments sampled from an NDS that could be quickly implemented with little
training. The results suggest that raters are reliable at categorizing emotions that are marked or
pronounced, and that this is more reliable than the rating of emotion intensity alone. Practically,
this means that with little training, reductionists are able to reliably assess the emotional content
that is most likely to impact driving performance. The FACS system provides extensive training
on identifying subtle changes in emotion state, and the limited training used here is likely the
explanation for the disagreement for low-intensity emotion cases. Although accurate ratings for
intensity of emotion were only observed in the highest intensity levels, the results are positive
overall. Considering that high emotional involvement is more likely to have an impact on driving
performance, the protocol should allow reductionists to reliably and accurately assess the
emotional content of NDS video segments.
There was little to no difference between experienced and novice ratings in the present iteration,
as evidenced by the similar inter-group agreement and similar agreement with the initial
classifications. This could be due to the nature of the protocol; it was largely driven by innate
ability and less by experience or training with the protocol itself. Furthermore, although
experienced reductionists had involvement with earlier iterations of emotion ratings, they did not
have any prior experience with the current protocol. This may have limited the differences
between the two groups. Overall, inter-group agreements were higher than agreements with the
initial classification. This suggests that the protocol may have improved consistency among the
ratings and may improve future classifications. Still, for analyses where there did appear to be a
difference between experienced and novice reductionists, experienced reductionists showed
higher accuracy and reliability.
While the general results were positive, there is room for improvement. Although the ratings
were significantly different from chance, the general state of agreement was moderate to good
without rescoring the results. This was especially the case for raw agreement and for ratings of
emotion intensity. The most accurate ratings were observed for practical agreement, which
requires multiple ratings to achieve a consensus among raters. While it is likely that cases will be
reviewed by more than one reductionist for quality assurance purposes, improving overall
accuracy will be beneficial for future iterations of the protocol. Based on these results, future
analyses should be conducted using extreme or pronounced cases. Improved agreement may be
observed in future iterations of the protocol as discussed below.
LIMITATIONS AND FUTURE SUGGESTIONS
There are several important limitations to this protocol. The primary limitation is that there was
no ground truth testing set; the accuracy scores were computed as best estimates based on
existing ratings. While naturalistic data collection can capture the state of the driver, it does
make it difficult to determine the exact presence of emotion. A future test of the protocol should
use means to collect a specific “ground truth” sample that is verified. Methods could include
developing a set of categories collected from a study that has captured audio inside the vehicle,
which would allow for the use of conversation content to distinguish between emotion types.
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The second limitation is sample size. Implementing the protocol at the present scale was deemed
an initial test at development. Further analysis of future implementations is necessary to
determine if the results seen here will be generalizable in future studies, as well as initial
comparison to a ground truth subset to determine the validity of this method.
The level of reductionists’ training could be considered a limitation. The intent was to determine
the emotional content of each case; however, reductionists were not explicitly trained in the
FACS system or any other similar system. While this may make the specific categorizations
suspect, it should not detract from the protocol itself. The specific emotional content is not meant
for interpretation; rather, the goal of this protocol was to develop a middle ground when
compared to these more-intensive rating systems in order to relate emotion experienced by a
driver to driver safety and distraction potential.
The results suggested that the largest source of error was for cases in which slight emotion was
exhibited, regardless of the type of emotion. In order to avoid restricting options, adjusting
ratings, as was done here, will continue to alleviate any ambiguity for those rating cases with low
intensity. This should not be problematic, as the focus will be on higher intensity situations that
can be studied for their relationship to SCE risk.
The protocol implemented here gave instructions using only text descriptions. Reductionists’
ratings may become even more accurate if an image depicting a broad spectrum of specific facial
features, similar to Figure 1, is added to the protocol to enhance written descriptions. While the
largest source of disagreement observed here was for lower-intensity emotional content, there
were some cases in which the emotions were categorized incorrectly (e.g., cases categorized as
Happy were rated as Angry). Figure 1 is reprinted from Pollak & Kistler (2002), in which it was
shown to improve emotion categorization for young children. Although data reductionists are a
different target population, this image or a similar one may still be useful to reduce ambiguity
between some facial expressions.
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Figure 1. Chart. Examples of individuals expressing multiple emotions (Pollak & Kistler,
2002).
To conclude, the initial implementation of the protocol was considered successful and can
continue to be improved in the future. The following procedures should be implemented in future
iterations of the protocol:
• Reductionists should still be given the full rating scale for their initial ratings of emotion
reaction and emotion intensity, and this should be used to calculate reliability between
reductionists.
• Each case should be viewed by multiple reductionists, and the mode of the ratings should
be used to classify the case for emotion reaction and emotion intensity.
• It may not be feasible for six reductionists to view each case in future studies. However,
in the event that only two reductionists are able to view each case, cases in which those
two reductionists show disagreement should be decided by a third, independent
reductionist.
• Once reliability is established, categories can be collapsed into Emotion Present and
Emotion Ambiguous categories as described above. These collapsed ratings should serve
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•

as a reliable estimate to determine if extreme or pronounced emotion is present.
Subsequent analyses comparing emotion state to SCE risk should utilize the collapsed
ratings of extreme or pronounced emotion.

Future applications of the protocol are expected to yield insight into the SCE risk of cell phone
conversation while driving. Furthermore, with continued refinement, the protocol has the
potential to be developed for use as a generic and standardized means of classifying the emotions
experienced by drivers, not only within naturalistic driving studies but also in driving studies
employing other methods, including simulation.
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APPENDIX A. PROTOCOL GIVEN TO REDUCTIONISTS
The Emotional Inter-rater Test questions that you will answer are below. All questions will be on the
same page (page 1). Please review and utilize the definitions located in the Appendix of this document in
order to better understand driver emotion and emotion intensity.

1. Emotion: Rate the driver’s emotional state during the 6 second (or 6,000 timestamp) time
period from the START of the event: Please refer to Appendix A for descriptions of different
emotional states:
• Neutral/No Emotion Shown
• Happy
• Angry/Frustrated/Impatient
• Surprised
2. EmotionConfidence: How confident are you in your choice for the driver’s emotional state
during the 6 second (or 6,000 timestamp) time period from the START of the event?
• 5 = Extremely Confident – you are 90%+ certain you are correct
• 4 = Very Confident – you are 70-89% certain you are correct
• 3 = Somewhat Confident – you are 40-69% confident you are correct
• 2 = Slightly Confident – you are11-39% confident you are correct
• 1 = Not Confident At All – you are 10% and below confident you are correct (thus, you are
90% confident that you are incorrect)
3. EmotionalIntensity: Rate the intensity of the driver’s emotional state during the 6 second (or
6,000 timestamp) time period from the START of the event: Please refer to Appendix A for
descriptions of different emotional intensities:
• Neutral/No Emotion Shown
• Slight (Emotion Somewhat Shown)
• Marked or Pronounced (Emotion Very Much Shown)
• Severe (Emotion Extremely Shown)
4. EmotionalIntensityConfidence: How confident are you in your choice for the intensity of the
driver’s emotional state during the 6 second (or 6,000 timestamp) time period from the START
of the event?
• 5 = Extremely Confident – you are 90%+ certain you are correct
• 4 = Very Confident – you are 70-89% certain you are correct
• 3 = Somewhat Confident – you are 40-69% confident you are correct
• 2 = Slightly Confident – you are11-39% confident you are correct
• 1 = Not Confident At All – you are 0-10% confident you are correct (thus, you are 90%+
confident that you are incorrect)
Raters Comments. Please include any comments you may have or should note about the video.
This is a free text response in which we would like you to provide any insightful information
about the video.
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Driver Emotion and Emotion Intensity Definitions
Driver Emotion Reaction Definitions

Emotion

Operational Definition

Neutral/No Emotion Shown
Happy

Angry/Frustrated

Surprised

• The driver has a straight face, does not smile or laugh, does not
gesture
• The driver smiles or laughs
• The driver gestures in excitement
• The driver lowers/squeezes eyebrows, wrinkling forehead
• The driver clenches his/her teeth
• The driver yells (opens mouth wide with eyebrows lowered)
• The driver gestures in anger/frustration
• The driver raises his/her upper lip or tightens lips
• The driver’s eyebrows raise
• The driver’s mouth opens
• The driver gestures

Driver Emotion Intensity Reduction Definitions
Intensity of Emotion
Operational Definition
•

Neutral/No Emotion
Shown

•
•

Slight (Emotion
Somewhat Shown)

•
•

Marked or
Pronounced (Emotion •
Very Much Shown)
•
•

Severe (Emotion
Extremely Shown)

•
•

The driver has a straight face, does
not smile or laugh, does not gesture
Note, will always be selected is
Neutral/No Emotion is selected
above
The driver no longer has a straight
face
However, no gesturing or head
movement is observed
The driver no longer has a straight
face
The driver gestures one time in a
reserved manner
The driver moves his head one time
The driver has wide eyes and a wide
open mouth
The driver is screaming
The driver gestures wildly, or the
driver moves his head frequently
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