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Introduction 

People routinely notice subtle dynamic cues in their 

social environment, yet cognitive mechanisms supporting 

real-world social attention remain poorly specified (for 

reviews, see Frischen, Bayliss, & Tipper, 2007; Graham 

& LaBar, 2012). Most previous studies have been con-

ducted with static pictures, and research on the dynamic 

allocation of social attention has only begun fairly recent-

ly (for reviews, see Kingstone, 2009; Skarrat, Cole, & 

Kuhn, 2012). To our best knowledge, the present experi-

ment is the first to study whether the semantic content of 

a conversation modulates the allocation of visual atten-

tion when an outsider follows conversations (i.e., a third-

person perspective).  

People tend to pay more attention to socially relevant 

vs. irrelevant visual stimuli (Frischen et al., 2007; Gra-

ham & LaBar, 2012). When viewing scenes with social 

content, human observers focus their gaze on people, 

especially on the latter’s eye region (e.g., Birmingham, 

Bischof, & Kingstone, 2007), presumably to detect their 

emotions and intentions (Buchan, Parè, & Munhall, 

2007). Various social features, such as signs related to 

social hierarchy (Maner, DeWall, & Gailliot, 2008), sex-

ual content (e.g., Lykins, Meana, & Strauss, 2008; Num-

menmaa, Hietanen, Santtila, & Hyönä, 2012), social 

approval (DeWall, Maner, & Rouby, 2009), and beliefs 

about other people’s intentions (Garrod & Pickering, 

2009; Nummenmaa, Hyönä, & Hietanen, 2009; Richard-

son, Dale, & Tomlinson, 2009), modulate viewers’ atten-

tion. Both positive and negative emotional information 

attracts observers’ attention efficiently (e.g., Isaacowitz, 
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2005; Kellough, Beevers, Ellis, & Wells, 2008). These 

findings seem to hold well also in natural and dynamic 

situations as shown in recent studies (e.g., Foulsham, 

Cheng, Tracy, Henrich, & Kingstone, 2010; Foulsham, 

Walker, & Kingstone, 2011). 

In natural situations, people are often involved in mul-

tiparty conversations and interactions. Conversants readi-

ly anticipate turn taking as evidenced by overlapping 

utterances between them (Riest, Jorschick, & Ruiter, 

2015). This is predominantly based on the semantic struc-

ture of the conversation, as well as syntactic and prosodic 

cues for predicting turn taking (Riest et al., 2015). Turn 

taking also influences the gaze patterns of uninvolved 

viewers (Hirvenkari et al., 2013). On average, observers 

direct their gaze 74% of the time to the current speaker 

when viewing audio-visual recordings of two persons’ 

conversations (Hirvenkari et al., 2013).  The gaze shifts 

to the current speaker take place approximately 300 ms 

after the onset of speech (Hirvenkari et al., 2013). How-

ever, when following question-answer sequences with a 

more predictable structure, observers often shift their 

attention from one discussant to another even before the 

discussants start to talk or at possible turn completions 

(Holler & Kendrick, 2015).  

 However, on top of the turn-taking behavior, the se-

mantic content of the conversation may modulate atten-

tion allocation in important ways. Studies on one-to-one 

interactions with virtual avatars have shown that the ava-

tars are watched for a longer time when their speech 

expresses negative (as opposed to positive) contents 

(Choi et al., 2010; Schrammel, Pannasch, Graupner, 

Mojzisch, & Velichkovsky, 2009). For example, it can be 

expected that when following other people’s conversa-

tions, an observer’s attention may be guided toward the 

persons referred to in the current utterance or that socio-

emotionally important statements may trigger complex 

viewing patterns across all involved discussants as the 

observer may be interested in seeing others’ reactions to 

such statements. In this study, we examined for the first 

time how socio-emotionally important statements would 

modulate uninvolved observers’ visual attention dynam-

ics when following simple dialogues from video clips. 

We also investigated depression-related effects on this 

task. Depression markedly influences socio-emotional 

functioning (Libet & Lewinsohn, 1973; Segrin, 1992). 

Depression is also associated with an attention bias to 

negative emotional stimuli (e.g., Beck, 2008), a deficient 

activation of positive emotions, and problems in effortful 

high-level cognition of various types (Heller & Nitschke, 

1997). Eye-tracking studies have consistently reported a 

depression-related increase in maintaining the gaze on 

dysphoric contents (Caseras, Garner, Bradley, & Mogg, 

2007; Eizenman et al., 2003; Kellough et al., 2008; Ley-

man, De Raedt, Vaeyens, & Philippaerts, 2011) and a 

reduced orientation toward positive contents (Ellis, 

Beevers, & Wells, 2011; Kellough et al., 2008; Sears, 

Bisson, & Nielsen 2011; for a review, see Armstrong & 

Olatunji, 2012). In real social situations, depressed people 

make substantially less eye contact with others (for a 

review, see Segrin, 1992). However, the effects of de-

pression on attentive tracking of realistic social interac-

tions remain elusive.  

In this study, we investigated the conversation con-

tent’s effects on the viewers’ social attention by analyz-

ing their eye movements. The participants viewed videos 

of conversations where the actors were instructed to 

avoid making nonverbal gestures or giving cues known to 

modulate visual attention (Rigolout & Pell, 2012; 

Schwartz & Pell, 2012). We varied the content so that 

50% of the conversations were matter-of-fact, and the 

other 50% were personal in nature (see the Appendix). To 

clarify this category, all the personal conversations in-

cluded statements related to the other discussant (e.g., “I 

think that your friend is boring”), while the matter-of-fact 

conversations referred to things in general (e.g., “I think 

that the friend is a barber”). Half of the personal conver-

sations began with emotionally negative statements (e.g., 

“I think that your style is tasteless”) and the other half 

with positive statements (e.g., “I think that your style is 

lovely”). We measured the temporal latency of the gaze 

shifts from one discussant to another, the rate that the 

viewers shifted their attention between the discussants, 

and the proportion of time they devoted to watching each 

of the discussants, with respect to turn taking and conver-

sational content.  

We expected that the observers’ gaze behavior would 

be closely tied to the conversation’s structure so that they 

would predominantly look at the current speaker (Ander-

sen, Tiippana, Laarni, Kojo, & Sams, 2008; Buchan et al., 

2007; Gullberg & Holmqkvist, 2006; Hirvenkari et al., 

2013). The interpersonal dialogue was expected to acti-

vate social attention (Choi et al., 2010; Frischen et al., 

2007; Graham & LaBar, 2012; Schrammel et al., 2009) as 

indexed by the increased rate of switching the attention 
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between the discussants, faster shifts of attention from the 

first to the second speaker, or the higher proportion of 

fixations on the second speaker after the interpersonal 

comment of the first speaker. Finally, based on the find-

ings that depressed people showed reduced eye contact in 

social interaction (Segrin, 1992), we hypothesized that 

depressed individuals’ gaze patterns would be less 

aligned with the discussants’ turn-taking behavior as 

reflected by the observers’ delayed gaze shifts in relation 

to turn taking, lower rate of attention shifting between the 

discussants and looking less at the discussants. Addition-

ally, based on the negative bias in depression (Beck, 

2008), the negative vs. the positive valence of the person-

al conversations might especially activate social attention 

among the depressed participants more than in the control 

group. In other words, it might induce a higher proportion 

of fixations on the receiver of the negative statement (the 

second speaker), and possibly also faster shift of attention 

to the second speaker or a higher rate of attention shifts 

between the discussants.  

Methods 

Participants  

Forty-one adult volunteers (37 female, age range: 18–

64, M age: 45.2) who were native Finnish speakers par-

ticipated in the study. The depressed volunteers (N = 25, 

M age = 38.9, SD = 14.6) participated in a psychiatric 

interview administered by a physician independently 

from the study to confirm the diagnosis. The depression 

diagnosis was based on the criteria of the International 

Classification of Diseases and Related Health Problems, 

10
th

 Revision (ICD-10) and the information available 

from each interviewee. Six participants met the criteria 

for mild depression (F32.0). Two were diagnosed with a 

mild dysthymic disorder (F34.1) and 11 with a recurrent 

depressive disorder with a mild current episode (F33.0). 

Two participants met the criteria for moderate depression 

(F32.1), and three were diagnosed with a recurrent de-

pressive disorder with a moderate current episode 

(F33.1). All the depressed participants scored 12 or high-

er on Beck’s Depression Inventory (BDI-II) (Beck, Steer, 

& Brown, 1996), with a mean score of 23.0 (range: 12–

36, SD = 7.2).  

Additionally, 16 participants (M age = 48.6, SD = 

11.2) who neither had current depression nor a history of 

depression or other psychiatric disorders were recruited 

to form a control group. Their BDI scores were 2.5 on 

average (range: 0–8, SD = 3.8). 

The exclusion criteria for all the participants included 

a history of neurological injury or disease, substance use 

or addiction, coexisting bipolar or psychotic disorder, and 

active suicidal ideation. 

Written informed consent was obtained from the par-

ticipants before their participation. The ethical committee 

of the University of Jyväskylä approved the research 

protocol. The experiment was undertaken in accordance 

with the Declaration of Helsinki.  

Apparatus 

Eye movements were recorded by using an Eyelink 

1000 table-mount eye-tracking system (SR Research Ltd., 

Canada) at a 1000-Hz sample rate. A standard 5-point 

calibration-validation procedure allowing a maximum of 

0.3° error was performed in the beginning of the experi-

ment and after 32 trials at the halfway point of the exper-

iment. The stimuli were presented on a Dell Precision 

T5500 workstation with an Asus VG-236 (1920 × 1080, 

120 Hz, 52 × 29 cm) monitor. The participants viewed 

the stimuli at a distance of 60 cm.  

Procedure and Stimuli 

The participants were instructed to watch the video 

clips as if looking at any video or film, with no particular 

task assigned. A drift correction procedure was executed 

between the trials, requiring participant to fixate a target 

placed at the center of the screen until the experimenter 

started the next trial by a key press.  

Figure 1 presents a screenshot from a stimulus video, 

overlaid with eye movements from a single trial. In total, 

128 discussions were created, with each participant 

watching 64 videos in the experiment. The two actors 

were seated beside each other in front of a white wall. A 

high-definition (HD)-quality video recorder (Canon 

Legria HF200) was firmly fixed and zoomed so that only 

the discussants’ heads were visible. Each video consisted 

of the following phases: 2 s of silence, the first line spo-

ken by one discussant, 2 s of silence, the second line 

spoken by the other discussant, followed by 5 s of si-

lence. There were four male actors in each series. All 

combinations of actors with both speaking sequences 

were recorded, and a mirrored version of each clip was 

created. The videos were edited with video editing soft-

ware (Adobe Premiere Pro CS5.5). In the experiment, the 
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videos were played in HD format (resolution 1920 × 

1080, 25 frames/s). The stimulus size corresponded hori-

zontally to 32 visual degrees and vertically to 18 degrees 

(Figure 1). 

 

Figure 1. Screenshot from a stimulus video overlaid with area-

of-interest and fixation position data from a single trial. Faces 

are blurred in this figure for making the actors unidentifiable. 

In the actual stimuli the faces were not blurred. 

 

The Appendix presents the English translations of all 

64 spoken lines used in the study. In each video, two 

discussants present their respective opinions (“I think 

that…”) one at a time. Half of the conversations were 

related to personal issues (e.g., “I think that your style is 

lovely” or “I think that your style is tasteless”), followed 

by a reply (e.g., “I think that my style is lovely” or “I 

think that my style is tasteless”). The other half were 

related to matter-of-fact items (e.g., “I think that the vehi-

cle is a truck” or “I think that the vehicle is a bus”), fol-

lowed by a reply (e.g., “I think that the vehicle is a truck” 

or “I think that the vehicle is a bus”). Among the 32 per-

sonal conversations, 16 began with a positive emotional 

statement and the other 16 with a negative one. The effect 

of this valence factor was analyzed separately. Finally, to 

make the conversations appear more natural, unpredicta-

ble, and contain more meaningful content, in 50% of the 

conversations, the discussants agreed; in the other 50%, 

they disagreed.  

The phonetic lengths of the sentences in different 

conditions were controlled. The presentation order of the 

videos was counterbalanced by the topics, actors, and 

mirrored vs. original video clips. The actors were in-

structed and practiced speaking the dialogues aloud with-

out making any nonverbal gestures, and only such per-

formances were selected for the set of stimuli videos. 

This was confirmed by a random performance (56% 

accuracy against the 50% guessing level) of three inde-

pendent adult raters, who watched the videos with no 

sound and judged whether each conversation was person-

al, matter-of-fact, or they cannot be certain (the last op-

tion was selected for 46% of the cases). 

Eye-movement Data Processing  

Two areas of interest (AOIs) were assigned manually 

to each stimulus video, one corresponding to the left 

discussant’s face and the other to the right discussant’s 

face (Figure 1). These areas covered 82.4% of the fixa-

tions on the data. The timing of each spoken line was 

manually determined by setting the beginning and end 

times of each in the videos on a millisecond scale. In the 

analyses, the conversations were divided into three time 

periods, consisting of the first spoken line (period 1 from 

the start to the end), the duration between the lines (peri-

od 2 from the end of the first spoken line to the start of 

the second spoken line), and the second spoken line (pe-

riod 3 from the start to the end). Four dependent 

measures were selected. Saccadic latency was analyzed 

from the start of each time period to the time point when 

the first saccade was launched from one discussant to 

another. If the time period changed during a fixation, the 

preceding saccade was included. The saccadic rate (per 

second) between the discussants in each time period in-

dexed how often the viewer changed his or her gaze from 

one discussant to another. This measure should reflect the 

overall level of social attention activity at the interper-

sonal level when watching the videos. The proportion of 

fixation on the first vs. the second speaker in each time 

period indexed the comparative duration each discussant 

was looked at for the different time periods. These two 

measures revealed which of the discussants the viewer 

was more interested in at different phases of the conver-

sation. 

Analyses 

Because of the novelty of the experimental paradigm, 

we first provide some descriptive analyses of the gaze 

behavior during the task. The descriptive data show what 

type of attention shifts occurred during the task and how 

they were aligned with the flow of the conversation.  

Each dependent variable was analyzed with separate 

mixed-design analyses of variance (ANOVA) for repeat-

ed measures. For studying the effects of interpersonal 

content, the within-subject factors were the topic of the 

conversation (personal or matter-of-fact) and the time 

period (periods 1, 2, and 3, respectively corresponding to 
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the first spoken line, the silence between the lines, and 

the second spoken line). For studying the effects of the 

conversation valence, the within-subject factors were the 

valence of the first spoken line (positive vs. negative) and 

the time period (as defined in the first ANOVA model). 

Repeated contrasts between successive time periods were 

used. The interesting aspect of the interaction was wheth-

er there would be a significant difference between matter-

of-fact and personal conversations in each of the periods 

(which were studied by paired t-tests), whereas the over-

all level of the dependent variables should conform to the 

main effect of the period in both types of conversations. 

Partial eta-squared (ŋ
2
p ) measures were used for effect size 

descriptions in ANOVA. Post-hoc analyses were per-

formed with paired-sample t-tests, with a significance 

level of p ≤ 0.05. Only significant effects are reported in 

this paper. A between-subject factor (group: depressed 

vs. control) was used in both analyses. Additionally, we 

calculated the correlations between BDI-II scores and eye 

movement measures in each time period. A false discov-

ery rate of 10% was used to adjust the significance level 

of the multiple correlations, without being overly con-

servative (Benjamini & Hochberg, 1995). 

Results 

Descriptive Analysis of Gaze Behavior during the 

TaskTable 1 lists the frequencies of attention shifts from 

the first to the second speaker during the task. These data 

show that the majority of attention shifts were directed to 

the person who started (period 1) or would soon start to 

talk (period 2). Moreover, during the second spoken line, 

relatively few attention shifts were directed away from 

the speaker. Figure 2 shows the histograms of saccadic 

latencies of these attention shifts relative to the onset of 

the time periods. These data indicate that the attention 

shifts to the current speaker were closely aligned with the 

onsets of second spoken line, whereas the attention shifts 

from the current speaker were much more randomly scat-

tered over time. Next, we report the results of the time-

period locked analyses with mean values presented in 

Figure 3. 

 

 

 

Table 1  

Frequencies of attention shifts during each time period. 

 Type of attention shift  

Time period From 1st to 2nd 

speaker  

From 2nd to 1st 

speaker 

Total 

1: First spoken 

line 
288 890 1,178 

2: Between 1,517 123 1,640 

3: Second spo-

ken line 
529 74 603 

Total 2,334 1,087 3,421 

 

 

Figure 2. Histograms of saccadic latencies from 1st to 2nd (left 

panels) and from 2nd to 1st (right panels) speaker in each time 
period. 

Saccadic latency.  

Conversation content. An ANOVA for topic x period 

x group revealed a main effect of the period; F(2, 35) = 

14.32, p < 0.001, ŋ
2
p = 0.450. The saccadic latencies were 

381 ms, 567 ms, and 292 ms for periods 1, 2, and 3, re-

spectively (ps < 0.001). The two-way interaction of topic 

x period, F(2, 35) = 5.06, p = 0.012, ŋ
2
p = 0.224, was sig-

nificant in both planned contrasts between period 1 vs. 2, 

F(1, 36) = 7.00, p = 0.012, ŋ
2
p = 0.163, and period 2 vs. 3, 

F(1, 36) = 6.90, p = 0.013, ŋ
2
p = 0.161. However, the laten-

cies for personal vs. matter-of-fact statements were only 

trend-like longer in periods 1 and 3, whereas in period 2, 

this was reversed, with latencies being trend-like longer 

in matter-of-fact conversations, all p > 0.050. Additional-
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ly, there was a trend for the three-way interaction of topic 

x period x group, F(2, 35) = 2.77, p = 0.077, ŋ
2
p = 0.136, 

indicating that the latencies in period 2 for matter-of-fact 

vs. personal conversations were delayed only in the con-

trol group.  

Valence. An ANOVA for valence x period x group 

only showed a trend toward a main effect of valence, F(1, 

31) = 3.18, p = 0.084, ŋ
2
p = 0.093, and valence x period, 

F(2, 30) = 3.21, p = 0.055, ŋ
2
p = 0.176, with a significant 

contrast between periods 1 and 2, F(1, 31) = 5.78, p = 

0.021, ŋ
2
p = 0.159. The latencies were delayed for negative 

vs. positive conversations during period 1 (463 vs. 327 

ms; F(1, 40) = 6.20, p = 0.017, ŋ
2
p = 0.134). There were no 

significant effects for the group or any of its interactions. 

Post-hoc analysis. Figure 2 shows that in period 1, 

the saccades directed from the second to the first speaker 

were more common and time locked to the onset of the 

first spoken line, whereas the saccades from the first to 

the second speaker were fewer, and their latency was 

distributed more evenly in time. In a post-hoc analysis, 

we studied whether the latencies in both of these types of 

saccades would be subject to semantic modulation. Only 

the saccade latencies from second to first speaker seemed 

to be affected by the semantic content of the conversa-

tion, that is, a 150-ms delay on personal over matter-of-

fact statements and a 200-ms delay on negative over 

positive personal statements. When these more infrequent 

types of attention shifts were removed from the data, the 

effects of conversations on saccadic latencies disappeared 

in period 1, for topic, t(40) = -606, p = 0.548, and for 

valence, t(40) = 0.693, p = 0.493. 

Saccadic rate between discussants. 

Conversation content. In the ANOVA for topic x pe-

riod, a main effect of topic, F(1, 39) = 5.27, p = 0.027, ŋ
2
p 

= 0.119, resulted from the higher saccadic rate for per-

sonal (mean = 0.297) vs. matter-of-fact (mean = 0.277) 

conversations. The main effect of the period, F(2, 38) = 

75.7, p < 0.001, ŋ
2
p = 0.799, resulted from the higher sac-

cadic rate during period 2 (0.465) vs. period 1 (0.263) or 

period 3 (0.134) (ps < 0.001). The result of the two-way 

interaction of topic x period, F(2, 38) = 6.05, p = 0.005, ŋ
2
p 

= 0.241, was significant in both planned contrasts be-

tween period 1 vs. 2 and period 2 vs. 3, F(1, 39) = 4.95, p 

= 0.032, ŋ
2
p = 0.113. The saccadic rate was .040 higher in 

personal vs. matter-of-fact conversations during both 

periods 1, F(1, 40) = 7.27, p = 0.010, ŋ
2
p = 0.543, and 2, 

F(1, 40) = 4.24, p = 0.046, ŋ
2
p = 0.096, whereas during 

period 3, this difference was not present (p > 0.050).  

Valence. There were no significant effects in the 

ANOVA for the valence or the group. 

 

Figure 3. Condition-wise means and standard errors of eye-

movement measures of social attention during each time period. 

Saccadic latency indicates how fast, after the beginning of a 

time period, the participants shift their attention to the other 

discussant. Saccadic rate describes how often the participants 

shift their attention between the discussants. The fixation 

proportion on the second speaker indicates how large is the 

portion of fixations directed to the second speaker in each time 
period. ***p < 0.001, **p < 0.01, *p < 0.05 
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Fixation proportions on first speaker. 

Interpersonal content. In the ANOVA for topic x pe-

riod, a main effect of the topic, F(1, 39) = 7.41, p = 

0.010, ŋ
2
p = 0.160, was due to a slightly higher probability 

of looking at the first speaker during matter-of-fact vs. 

personal conversations (the probabilities were 0.332 and 

0.311, respectively). The main effect of the period, F(2, 

38) = 693, p < 0.001, ŋ
2
p = 0.973, reflected less fixations 

on the current speaker in the later time periods (from 

0.726 during period 1 to 0.225 during period 2 and to 

0.013 during period 3; ps < 0.001). The two-way interac-

tion of topic x period, F(2, 38) = 7.39, p = 0.002, ŋ
2
p = 

0.280, was significant between period 2 vs. 3, F(1, 39) = 

10.97, p = 0.002, ŋ
2
p = 0.220. The first speaker was looked 

at more during matter-of-fact vs. personal conversations 

in period 2 than in period 3 (0.244 vs. 0.206; F(1, 40) = 

11.17, p = 0.002, ŋ
2
p = 0.218).  

Valence. There were no significant effects in the 

ANOVA for the valence x period or the group. 

Fixation proportions on second speaker. 

Conversation content. The ANOVA for topic x peri-

od indicated a main effect of the topic, F(1, 39) = 23.45, 

p = 0.0001, ŋ
2
p = 0.376, which resulted from the higher 

probability of looking at the second speaker during per-

sonal (0.455) vs. matter-of-fact (0.419) conversations. 

The main effect of the period, F(2, 38) = 597.7, p < 

0.001, ŋ
2
p = 0.969, resulted from the increased probability 

of looking at the second speaker from period 1 to period 

3 (the means for periods 1, 2, and 3 were 0.036, 0.487, 

and 0.788, respectively, ps < 0.001). The two-way inter-

action of topic x period, F(2, 38) = 8.80, p = 0.001, ŋ
2
p = 

0.317, resulted from significant planned contrasts be-

tween period 1 vs. 2, F(1, 39) = 18.06, p < 0.001, ŋ
2
p = 

0.316, and period 2 vs. 3, F(1, 39) = 9.09, p = 0.005, ŋ
2
p = 

0.189. This was because the difference between personal 

(0.533) and matter-of-fact (0.441) conversations was 

present only during period 2, F(1, 40) = 24.4, p < 0.001, ŋ
2
p 

= 0.379. There were no significant effects in the ANOVA 

for the group. 

Valence. The ANOVA for valence x period showed a 

significant main effect of valence, F(1, 39) = 4.5, p = 

0.040, ŋ
2
p = 0.103, resulting from the higher probability of 

looking at the second speaker during conversations that 

had a negative (0.456) vs. a positive (0.435) first spoken 

line. There was a nearly significant two-way interaction 

of valence x period, F(2, 38) = 3.08, p = 0.057, ŋ
2
p = 0.140, 

resulting from significant contrasts between period 1 vs. 

2, F(1, 39) = 5.71, p = 0.022, ŋ
2
p = 0.128, and period 2 vs. 

3, F(1, 39) = 5.41, p = 0.025, ŋ
2
p = 0.122, collectively 

indicating that it was the period between the spoken lines, 

F(1, 40) = 6.95, p = 0.012, ŋ
2
p = 0.148, when the second 

speaker was looked at relatively more if the first line had 

a negative (0.555) vs. a positive (0.485) valence. The 

two-way interaction of period x group was approaching 

significance, F(2, 38) = 3.08, p = 0.057, ŋ
2
p = 0.140. The 

nature of this trend was that the members of the control 

group tended to look more at the second speaker during 

period 3 in comparison to depressed individuals.  

Correlations between Eye-movement Measures and 

BDI-II Scores 

 Table 2 presents the correlations between BDI-II 

scores and eye movement measures in each time period 

and Figure 4 presents the scatterplots of selected signifi-

cant correlations. The fixation proportions on the first 

speaker in period 1, r(41) = -0.431, p = 0.005, and period 

3, r(41) = 0.374, p = 0.016, and the fixation proportions 

on the second speaker in period 3, r(41) = -0.396, p = 

0.010, correlated significantly with the BDI scores. These 

correlations indicated that individuals with higher BDI 

scores looked less at the current speaker. The positive 

correlation with the BDI score and the saccadic latency in 

period 1, r(41) = 0.324, p = 0.039, indicated a slower 

shift of attention to the second speaker by individuals 

with higher BDI scores. The BDI correlation with the 

saccadic rate in period 2, r(41) = -0.358, p = 0.021, indi-

cated a smaller number of attention shifts between the 

discussants in period 2.  

Table 2 

Pearson correlations between eye-movement measures and 
BDI-II score. 

 Period 1 Period 2 Period 3 

Saccadic latency 0.324* -0.235 -0.063 

Saccadic rate -0.117 -0.358 -0.173 

Fixation prop.  

1st speaker 
-0.431* -0.074 0.374* 

Fixation prop.  

2nd speaker 
0.288 -0.036 -0.396* 

*p < 0.1, N = 41 
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Figure 4. Scatter plots of selected significant correlations 

between BDI-II scores and means of eye-movement measures in 

different time periods. The bottom panel shows fixation 

proportions on the first speaker when he talks. 

Discussion 

This study’s results show that the semantic content of 

the conversations dynamically modulates the viewers’ 

gaze behavior in important ways. This is in line with 

recent evidence that semantic information is also used for 

predicting discussants’ turn-taking behavior (Riest et al., 

2015). We suggest that the underlying principle explain-

ing this modulation is to predict (Kilner, Friston, & Frith, 

2007) the social consequences of what is being said.   

During the first spoken line, the majority of the atten-

tion shifts were directed from the second to the first 

speaker as soon as he started to talk. Our post-hoc analy-

sis revealed that the latencies of these saccades were not 

affected by the conversation’s content. Thus, it can be 

concluded that these saccades are determined by the dis-

cussants’ turn-taking behavior, as found in previous stud-

ies (e.g., Hirvenkari et al., 2013; Riest et al., 2015). In 

contrast, in some cases, the attention was already shifted 

to the second speaker during the first speaker’s statement, 

and it was these saccades that seemed to be delayed if the 

statement was personal and especially if it was negative. 

The underlying cognitive and/or emotional mechanisms 

explaining this finding are unknown. Future work should 

pursue whether such transient attention capture is caused 

merely by emotional reactions induced by such state-

ments or by the intent to maximize the visual information 

uptake (lip movements and nonverbal gestures) about the 

person saying such things. On the other hand, faster la-

tencies on the second speaker in response to personal and 

provocative statements could also be expected upon see-

ing the earliest emotional responses of the receiver, but 

based on our data, allocating social attention to the cur-

rent speaker seems to be prioritized for the very first, 

before making attentional shift to another discussant.  

However, such attention capture was very short-lived. 

During the same first spoken line and between the lines, 

the saccadic rate between the discussants already in-

creased during personal vs. matter-of-fact conversations. 

Between the spoken lines, the second speaker was fixated 

proportionally more in personal conversations, especially 

when the first spoken line had a negative valence, while 

the first speaker was fixated proportionally more in the 

matter-of-fact conversations. Together, these findings 

showed that in personal vs. matter-of-fact conversations, 

the viewers were relatively more interested in the second 

speaker. This is understandable because in these two-line 

conversations, the first speaker takes the initiative, while 

the second speaker is expected to react. This expectation 

then seems to be especially high when the initiative is 

highly provocative, as is the case during the negative 

personal conversations. One possible reason for paying 
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attention to the second speaker could be that such a prov-

ocation might be responded to aggressively; a threat is 

known to elicit fast attention responses for protective 

purposes (e.g., Kellough et al., 2008). 

The overall implication of these findings is that socio-

emotionally important discussions induce generally more 

social attention. After the highly transient focus of atten-

tion on a person saying important things, people then 

rapidly seem to shift their attention to the receiver of such 

statements. This sequence of visual attention allocation 

may maximize both the linguistic and the social infor-

mation uptake about both the speaker and the listener. In 

a real social situation, it may be crucial to look carefully 

at the speaker to determine if his or her linguistic mes-

sage is associated with some nonverbal gestures, poten-

tially even altering the meaning of the statement. Howev-

er, at the very next moment, observers are already inter-

ested about other people’s reactions to such an important 

message. Fundamentally, cognition involves a continuous 

prediction of the future based on the memory of the past, 

so typically, all cognitive processing is biased toward 

prediction instead of a detailed analysis of current and 

past events, that is, the so-called predictive coding of the 

environment (Kilner et al., 2007). In the social context, 

such predictions are most urgent concerning severely 

negative statements directed to other people as these may 

be responded to aggressively, requiring possible fast 

responses from others (Kellough et al., 2008). Deeper 

processing of what happened can then be reflected on, 

relying on people’s own memories and those of others.  

A descriptive analysis of gaze behavior showed that 

attention shifts between the discussants followed the 

conversational turn taking in a closely timed fashion; 

most of the viewers continued looking at the current 

speaker instead of shifting their attention frequently be-

tween the discussants. These findings are consistent with 

those of previous studies in which people mostly watched 

the current speaker (Andersen et al., 2008; Buchan et al., 

2007; Gullberg & Holmqkvist, 2006; Hirvenkari et al., 

2013). Then, between the lines, our study’s uninvolved 

observers predictably shifted their attention to the second 

speaker, as was recently found in another study (Holler & 

Kendrick, 2015). Such anticipation was not observed in a 

study exploring gaze behavior when watching videos of 

real conversations (Hirvenkari et al., 2013). This result 

suggests that such anticipation occurs only in conditions 

when the turn taking is predictable or when the viewer is 

highly engaged in the conversation, for example, partici-

pating in a real dialogue or required to react to it some-

how (see Holler & Kendrick, 2015).  

Individuals with psychiatric disorders show biases 

when watching socio-emotional pictures. One particularly 

well-documented example is depression-related negativi-

ty bias (e.g., Beck, 2008), in which greater attention is 

allocated to emotionally negative content. Our correla-

tional analyses generally indicated that more depressed 

individuals’ gaze behavior was less aligned with the 

conversational flow, demonstrated by looking less at the 

current speaker, a slower shift of attention to the other 

speaker than to the currently fixated discussant during the 

first spoken line, and less saccadic shifting between the 

spoken lines. In the statistical analysis, we only found the 

depressed individuals’ tendency to look less at the second 

speaker while he was talking, in comparison to the con-

trol participants. A possible explanation for the effects’ 

failure to reach a significant level in the statistical analy-

sis may be that only a subgroup or the most seriously 

affected individuals show clear disturbances in their dy-

namic control of social attention. Overall, these findings 

are in line with the bulk of the studies showing that de-

pressed people are socially less active and make less eye 

contact with other people (for a review, see Scherer et al., 

2013; Segrin, 1992). More specifically, our results indi-

cate that severe depression may weaken people’s atten-

tion capabilities to follow even simple conversations, 

which in turn may contribute to their tendency to with-

draw from social interactions.   

The present study also pinpoints some methodological 

challenges in naturalistic studies of conversations. To 

ensure that the effects would stem from people’s internal 

social representations (the semantic relationship between 

the lines in a dialogue), we did our best to control all 

other possible sources of variation between conditions, 

resulting in stereotypic and inexpressive conversations. 

Moreover, the subjects viewed the videos passively with-

out being involved in the conversations in any way. In 

future studies, researchers may consider adding compre-

hension control questions after some of the videos to 

ensure that viewers are paying attention to what is being 

said during the conversations. These factors may have 

attenuated the present effects of conversational content 

on gaze. The effects of conversational content also seem 

very transient, so future studies may aim to analyze the 

responses at the level of single-word timing. We fully 
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acknowledge that real-life social interaction is much 

more complex than studied here. However, if these find-

ings are also replicated when watching more natural and 

less controlled conversations, researchers can begin to 

grasp what aspects of social interaction are important 

dynamic determinants of social attention.  

Conclusions 

We conclude that eye movements are meaningfully 

associated with the semantic content of speech while 

following dynamic conversations and that a depressed 

patient’s gaze is less aligned with the conversational 

flow. Eye movements while watching naturalistic social 

interactions thus constitute a reliable index of the social 

attention and psychological condition of a viewer. 
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Appendix: Spoken Lines in the Dyadic Conversations

The conversations included all four order-specific combinations of the two spoken lines presented on each row (i.e., AA, BB, AB, and 

BA) for the matter-of-fact conversations. The personal conversation always started with one variant of spoken line 1 by the first 

speaker (either positive or negative adjective valence), followed by one variant of spoken line 2 (either positive or negative adjective 

valence, which was either congruent or incongruent with spoken line 1) as the reply of the second speaker.

Matter-of-fact  Spoken line A Spoken line B 

relationship I think that the relationship is a marriage. I think that the relationship is common law. 

dog I think that the dog is a hound. I think that the dog is a retriever. 

friend I think that the friend is a barber. I think that the friend is a baker. 

wife I think that the wife is an aunt. I think that the wife is a godmother. 

achievement I think that the achievement is collective. I think that the achievement is his. 

work I think that the work is washing dishes. I think that the work is cleaning up. 

child I think that the child wants to sleep. I think that the child wants to eat. 

idea I think that the idea is Markku´s. I think that the idea is Paavo´s. 

car I think that the vehicle is a truck. I think that the vehicle is a bus. 

sister I think that the sister is dark. I think that the sister is blond. 

style I think that the style is comedy. I think that the style is drama. 

father I think that the father is retired. I think that the father is working. 

customary I think that it is customary to rise. I think that it is customary to sit. 

family I think that the family comes from Savonia. I think that the family comes from Lapland. 

brother I think that the brother is a pilot. I think that the brother is a doctor. 

mother I think that the mother is at home. I think that the mother is outside. 

Personal Spoken line 1 Spoken line 2 

relationship I think that your marriage is happy/unhappy. I think that my marriage is happy/unhappy. 

dog I think that your dog is kind/angry. I think that my dog is kind/angry. 

friend I think that your friend is nice/boring. I think that my friend is nice/boring. 

wife I think that your wife is beautiful/ugly. I think that my wife is beautiful/ugly. 

achievement I think that your achievement is significant/insignificant. I think that my achievement is significant/insignificant. 

work I think that your work is important/futile. I think that my work is important/futile. 

child I think that your child is well/not well. I think that my child is well/not well. 

idea I think that your idea is brilliant/rubbish. I think that my idea is brilliant/rubbish. 

car I think that your car is great/a wreck. I think that my car is great/a wreck. 

sister I think that your sister is nice/difficult. I think that my sister is nice/difficult. 

style I think that your style is lovely/tasteless. I think that my style is lovely/tasteless. 

father I think that your father is safe/unstable. I think that my father is safe/unstable. 

customary I think that your behavior is polite/annoying. I think that my behavior is polite/annoying. 

family I think that your family is rich/poor. I think that my family is rich/poor. 

brother I think that your brother is successful/in trouble. I think that my brother is successful/in trouble. 

mother I think that your mother is gentle/strict. I think that my mother is gentle/strict. 

  

 

 

 

 

 

 

 

 

 


