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Kinematics and facial emotion expression
Background
Facial emotion expression and recognition play an important role in successful social
interaction (Ekman & Friesen, 1975), providing cues about others’ affective states to guide
behavior. The last decade has seen the use of facial emotion tracking software to dynamically
adapt and personalize online learning platforms for education, in response to users’
spontaneous expressions (Saneiro et al., 2014). Such platforms use algorithms to detect the
presence and intensity of key facial action units (actions of groups of muscles) typical for
each emotion (Littlewort et al., 2011). However, this relies on the detection of spatial rather
than temporal features. A recent body of evidence suggests that temporal features, such as
whole-body movement kinematics, provide key information about emotional states: faster
(high velocity) body movements are associated with anger and happiness, whilst low velocity
movements are indicative of sadness (Ada et al., 2003; Edey et al., 2017; Michalak et al.,
2009). Although studies have investigated the effect of manipulating the speed of video or
expression-morphing playback on facial emotion recognition (Fayolle & Droit-Volet, 2014;
Kamachi et al., 2001, Pollick et al., 2003), studies have not quantified whether, like wholebody movements, the velocity of face movements is indicative of emotional state.
Although emotion tracking software typically aims to detect spontaneous expressions,
much of our knowledge of movement kinematics comes from the posed expressions of
professional actors. Preliminary evidence suggests that spontaneous and posed expressions
differ with regards to timing and amplitude of facial movements (Schmidt et al., 2006;
Valstar et al., 2006). Moreover, there are data to suggest that different facial regions may be
more or less informative for recognizing different emotions (Bassili, 1979); movement
kinematics may play a role in this. Consequently, the current study aims to investigate a)
whether the velocity of movement of different parts of the face (i.e. face “actions”) differs as
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a function of emotion (happy, angry and sad), and b) whether this relationship differs for
spontaneous and posed expressions.
Method
Forty-two healthy student volunteers (39 female) from the University of Birmingham
gave written informed consent to take part and were reimbursed with a course credit or
monetary incentive for their time. 7 further participants were excluded from analyses either
due to poor registration with the facial tracking system (N = 4) or because of missing data (N
= 3). Participants were seated with their head at the center of a polystyrene frame, positioned
80 cm from the computer monitor (21.5-inch iiyama display) and 1 m from a tripod-docked
video camcorder (Sony Handycam HDR-CX240E).
Participants’ facial movements were recorded during two conditions: 1) Spontaneous
- wherein participants watched videos (selected from a pilot study) that prompted
spontaneous expression of the target emotions happy, sad, and angry; 2) Posed - wherein
participants posed the 3 target emotional expressions following the instruction to move from
neutral, to peak expression, and back to neutral upon detecting a fixation cross along with a
beep (9 seconds duration). The order of emotions was counterbalanced for posed and
spontaneous conditions. Following each video, for the spontaneous condition, participants
rated each target emotion plus surprise and disgust on a scale from 1-10. Recordings for the
spontaneous condition were cropped to a 10-second scene rated, across all participants, as the
most emotionally intense scene for each target emotion.
Data analysis followed a novel pipeline (Figure 1), whereby recordings for each
emotion, for posed and spontaneous (6 videos per participant), were fed into the open-source
software OpenFace (Baltrušaitis et al., 2018) which identifies locations in pixels of 68 2D
facial landmarks, sampled at a rate of 25 Hz. 9 facial ‘distances’ were calculated (following
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the procedure outlined in Zane et al. (2018)) by identifying key points on the face and
calculating the distance between key points (i.e. the square root of the sum of the squared
differentials of the x and y coordinates of each key point). These distances were then summed
to create 5 face “actions”. For example, the distance between points 21 and 22 (Figure 1A),
comprises the eyebrow widen action. Velocity was calculated as the differential of the action
vector and represented as absolute values of each face distance collapsed across all
movements within a given time window. Thus, this is not the onset or speed taken to reach
peak expressions, which may be confounded with the difference in time taken to feel the
emotion. Velocity vectors were low pass filtered at 10 Hz and absolute velocity was
averaged, for each action, across each video.
Results
Emotion induction was successful: emotion rating discreteness (target emotion rating
minus average rating of all non-target emotions) scores for each video were significantly
greater than zero (ps < .001). A repeated-measures ANOVA (RM-ANOVA) with withinsubjects factors of condition (posed, spontaneous), emotion (happy, angry, sad) and action
(eyebrow widen, nose lengthen, lip raise, mouth open, mouth widen) revealed a significant
main effect of emotion [F(2,82) = 6.16, p = .003, ηP2 = .69]. Happy expressions had the
highest velocities (mean [pixels/frame] = 0.37, standard error of the mean [SEM] = 0.01), sad
expressions were the slowest (mean = 0.34, SEM = 0.01) and angry expressions were
intermediate (mean = 0.36, SEM = 0.01). A main effect of action was also observed
[F(4,164) = 92.07, p < .001, ηP2 = .69]: lip raise actions were fastest (mean = 0.47, SEM =
0.02), mouth widen (mean = 0.27, SEM = 0.01) and eyebrow widen (mean = 0.26, SEM =
0.01) were slowest, and mouth open (mean = 0.39, SEM = 0.02) and nose lengthen (mean =
0.39, SEM = 0.02) were intermediate. There was no main effect of condition (p = .97). An
action x emotion interaction indicated that the velocity of eyebrow widening [F(2,82) =
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21.11, p < .001, ηP2 = .34], mouth widening [F(2,82) = 37.36, p < .001, ηP2 = .48], and mouth
opening [F(2,82) = 18.67, p < .001, ηP2 = .31], but not lip raising (p = .84) or nose
lengthening (p = .07), differed as a function of emotion. Velocity of eyebrow widening was
highest for angry (mean = 0.29, SEM = 0.01), lowest for sad (mean = 0.25, SEM = 0.01) and
happy (mean = 0.26, SEM = 0.01), whilst velocity for mouth movements were highest for
happy (mouth widening: mean = 0.31, SEM = 0.01; mouth opening: mean = 0.45, SEM =
0.02), followed by angry (mouth widening: mean = 0.26, SEM = 0.01; mouth opening: mean
= 0.40, SEM = 0.02) and lowest for sad (mouth widening: mean = 0.23, SEM = 0.01; mouth
opening: mean = 0.34, SEM = 0.02). However, a significant interaction between condition,
emotion and action was also observed [F(8,328) = 11.85, p < .001, ηP2 = .23].
Separate RM-ANOVAs, for each action, revealed condition x emotion interactions for
mouth opening [F(2,82) = 15.01, p < .001, ηP2 = .27] and mouth widening [F(2,82) = 28.58, p
< .001, ηP2 = .41]. Post-hoc t-tests revealed velocity of mouth movements during posed
expression production to be highest for happy expressions when compared to both angry
(mouth widening [t(41) = 11.54, p < .001]; mouth opening [t(41) = 4.51, p < .001]) and sad
(mouth widening [t(41) = 11.62, p < .001]; mouth opening [t(41) = 9.63, p < .001]), whilst no
such differences were observed for spontaneous expression production (ps > .05). See Figure
2 for a visual representation of the results.
Discussion
These data demonstrate that face movement kinematics provide important cues about
emotional states. In line with the whole-body literature, anger and happiness were associated
with high velocity face movements, from the eyebrows and mouth areas respectively,
whereas sadness was characterized by low velocity movements. This has important
implications for expression-centered adaptive learning platforms which employ facial
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emotion tracking, such algorithms currently overlook temporal features of facial expressions
which carry useful information regarding emotional states. Emotion tracking algorithms may
benefit from incorporating information about the kinematics of face movements, with a
particular focus on the actions that were found to be significant differentiators of emotional
state (eyebrow widening and mouth widening and opening). However, importantly, in the
current study, mouth movements only differentiated posed, not spontaneous, expressions.
Thus, any algorithm aiming to detect spontaneous emotions should not rely on posed
expression datasets for training purposes.
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Figure 1. Showing (A) 68 facial landmarks tracked by the open-source facial tracking
software OpenFace; (B) a demonstration of one participant’s data video fed into OpenFace
and (C) face distances calculated, adapted from Zane et al. (2018). Face regions of interest in
the current study include eyebrow widening (labelled D2), nose lengthen (labelled D5), lip
raise (labelled D7), mouth widen (labelled D8) and mouth open (labelled D9).
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Figure 2. Graphs to show mean absolute velocity for each target emotion of (A) eyebrow
widening collapsed across production condition, (B) mouth widening and (C) mouth opening.
Error bars represent ±1 standard error of the mean. Bonferroni correction applied for multiple
comparisons. * denotes significance at p < .001.

