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Temporal-order Iconicity Bias in Narrative Event Understanding and Memory

Incongruence between the narrated (encoded) order and the actual chronological order of events
is ubiquitous in various kinds of narratives and information modalities. The iconicity
assumption in text comprehension proposes that readers will by default assume the
chronological order to match the narrated order. However, it is not clear whether this iconicity
assumption would directly bias the inferred chronology of events and the memory of the
narrated order. In the current study, using non-linearly narrated video narratives as encoding
materials, we dissociated the narrated order and the underlying chronological order of events.
In Experiment 1, we found that participants’ judgments of the chronological order of events
were biased by the narrated order, but not vice versa. In Experiment 2, when the chronological
positions of events were provided during encoding, participants’ judgments of the chronological
order were not biased by the narrated order, rather, their memory of the narrated order of events
was biased by the chronological order. Interpreting the bias under a descriptive Bayesian
framework, we offer a new perspective on the role of the iconicity assumption as prior belief,

apart from prior knowledge about event sequences, in event understanding as well as memory.
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I used to think this was the beginning of your story. Memory is a strange thing. It doesn’t work
like I thought it did. We are so bound by time, by its order.
— Arrival, 2016
As time flows in one direction, events are thereby bound to occur in a fixed order and memories of
events are theorised to be temporarily organised (Davachi & DuBrow, 2015; Eichenbaum, 2013;
Ranganath & Hsieh, 2016). However, when these events are reported as and in narratives they could
become “unbound by time” such that the narrated order and thus the encoded order of events might
not be congruent with the actual chronological order of events in which they occurred. This

dissonance frequently appears in news exposition, social media, daily conversation, or more broadly
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in any information modality that depicts events and when people vicariously experience them.
Researchers have made clear distinction between the structure of events happening in the real world
and the structure in which they are narrated (Bordwell, 2013; Chatman, 1980; Genette, 1983; see also
Cameron, 2008; Cutting, 2016). For example, the Russian Formalists referred to the chronological
order of the events in the story as fabula, and the order they are narrated as syuzhet, while Chatman
(1980) referred to this distinction as story and discourse. In this article, we refer to the order of events
in the story world as chronological order, and the order of events in the narration (i.e., the order
predetermined by the story makers) as narrated order; narrated order is essentially the order
experienced and encoded by the viewers (e.g., Claus & Kelter, 2006; Rinck, Héonel, & Becker, 2001;
Zwaan & Radvansky, 1998).

Having correct representation of the chronological order of narrated events (i.e., the fabula)
is crucial for comprehending events structure, as causes must precede their effects (Lagnado &
Sloman, 2006) and real life events often unfold in a meaningful and structured way (Clewett &
Davachi, 2017; Ekstrom, Copara, Isham, Wang, & Yonelinas, 2011). Thus, misordering the
chronology of events would distort event perception and understanding. In text narratives, with the
help of temporal markers (e.g., temporal connectives such as before and after), readers will construct
a chronologically organised representation of a sequence of events containing flashbacks (Claus &
Kelter, 2006; Foos, 1992). However, temporal markers may not be available in narratives, such as in
films, as films do not have a built-in tense system as language does (Henderson, 1983). In such cases,
the viewers therefore need to infer the underlying chronological order of the narrated events.

In text comprehension research, it is proposed that readers will assume by default that events
in a text are presented in correspondence to the chronological order (Claus & Kelter, 2006; Zwaan,

1996; Zwaan & Radvansky, 1998), that is, the two orders are “iconic”, known as the iconicity
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assumption. Evidence for iconicity assumption is that events narrated out of chronological order will
lead to longer reading time (Mandler, 1986), worse comprehension (Ohtsuka & Brewer, 1992) slower
causal relation processing (Briner, Virtue, & Kurby, 2012), and less accurate in reporting the
chronological order (Baker, 1978) of misordered events, compared to linearly-ordered events.

However, these aforementioned studies have used relatively short text narratives in which
temporal markers (e.g., before and after) were used in depicting events, thereby making chronological
information directly available. The worse performance in misordered sequences compared to
chronological sequences may simply reflect worse memory of the misordered sequences. Thus, it
remains unclear whether the iconicity assumption would directly result in mistaking the narrated order
for the chronological order when the two orders are incongruent.

Alternatively, it is possible that the iconicity assumption would in turn bias the memory of the
narrated order of events, that is, participants might mistake what chronologically earlier for narrated
earlier when the two orders are incongruent. Bower and colleagues (Bower, Black, & Turner, 1979)
let participants remember the presentation order of ordered and unordered action scripts and they
found that actions presented away from their canonical location were positioned less accurately
during rearrangement, and were biased to their canonical location. However, it is not known whether
such bias would also be implicated in the memory for narrative events, of which the chronological
structure is determined in the absence of any canonical scripts.

In the current study, using long video narratives as materials, we tested the role of the iconicity
assumption in event understanding and memory for narrative events, when the narrated order and the
chronological order of events were dissociated. We made the participants encode a non-linear
narrated video narrative. In Experiment 1, no chronological information was explicitly provided. In

Experiment 2, chronological information was provided at the beginning of each event (see Methods).
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At test, participants were instructed to judge the chronological order of events (Experiment 1la and
Experiment 2a) and the narrated order of events (Experiment 1b and Experiment 2b). The narrated
order and the chronological order of a pair of events were either congruent (the event narrated earlier
indeed happened earlier in the narrative) or incongruent. If the iconicity assumption plays a role in
the representation of chronological order of events, judgements on the chronological order would be
biased by the narrated order, leading to lower performance in the incongruent condition compared to
the congruent condition. Alternatively, if the iconicity assumption plays a role in the memory for the
narrated order of events, then we would expect the narrated order judgments of events to be biased

by the chronological order.

Experiment 1

In Experiment 1, the encoding material is a non-linearly narrated video narrative in which the
chronological information of each event is not explicitly provided. In Experiment 1la, we tested
participants’ inference of the chronological order of events. If iconicity plays a role in judging the
chronological order, then the performance in the incongruent condition should be lower than that in
the congruent condition. If the chronological order and the narrated order of events are independently
represented, then performance would not differ between the congruent and incongruent condition. In
Experiment 1b, we tested participants’ memory of the narrated order of events. If iconicity plays a
role in judging the narrated order, then the performance in the incongruent condition should also be

lower than that in the congruent condition.
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Fig. 1. Experiment 1 overview. (A) At encoding, participants watched a non-linearly narrated game
video containing nine chapters (shown in squares). The number in the squares indicates the sequence
order of each chapter in chronology. The colour of the squares indicates in which era in the life of the
main character the chapter is narrated. (B) At test, in each trial, two probe images were presented side
by side. The probe images did not contain the main character or subtitles to discourage participants
from using additional cues to judge the chronological order. Participants were required to choose
either the scene that was chronologically earlier in the story (Experiment 1a) or the scene that was
narrated earlier in the video (Experiment 1b). Trials are either in a congruent condition (the event
narrated earlier indeed happened earlier) or an incongruent condition. Ticks and crosses denote
correct and incorrect choices. (C) In each trial, participants performed an order judgement and

provided a confidence rating of their response on a scale of 1-4.

Method

Participants

32 participants took part in this study (Experiment la: 16 participants, 13 female, mean =
22.1 years, sd = 2.4; Experiment 1b: 16 participants, 13 female, mean = 20.4 years, sd = 1.4). All

participants were nawe to the material and had normal or corrected-to-normal eyesight. The study
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was approved by University Committee on Human Research Protection of East China Normal

University. All participants provided informed consent prior to participation.

Material

The material for encoding was the first nine chapters of a gameplay video of an interactive drama
action-adventure video game Beyond: Two Souls (Dream, Q., 2013). The game begins with the main
character (already in her adulthood) trying to put things in order right up to this moment, starting
from her childhood, which is all mixed up in her head. We kept the original narrated order (play-
order) of the chapters (Fig. 1A). Each chapter depicts an event of the main character, of which three
chapters depicting her childhood, three depicting her adolescence, and the remaining three depicting
her adulthood. The chapters were separated clearly in the video, with their titles briefly shown at the
beginning of each chapter. Subtitles were provided for the participants to better understand the
narrative. We determined the correct chronological order of chapters using the built-in chronological
timeline provided by the gameplay. The duration of the video was 108 min, with each of the nine
chapters ranging between 4 min and 24 min.

The material for the test was a set of 560 still frames extracted from the video, composing 280
image-pairs. The selected probe images did not contain the main character or subtitles to discourage
participants from using additional cues to judge the chronological order. The same set of image-pairs
was used in both Experiment 1a and 1b. On each trial, the two images always come from different
chapters in the video. Half of the trials are in congruent condition (the event narrated earlier indeed
happened earlier) and the other half in incongruent condition (Fig. 1B). In addition to congruence,
the trial selection was further counterbalanced on whether two images come from the same era
(within-era condition) of the main character (e.g., both from childhood) or two different eras
(between-era condition) and the narration distance between the images in the video (7 evenly
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distributed bins, ranging from “11m 02s - 11m 37s” to “81m 50s — 82m 25s”), with the three factors

(Congruence, Era and Narration Distance) fully crossed.

Tasks and procedure

For encoding, participants watched the 108-min video with subtitles on a 21.5-inch, 1920 > 1080
resolution monitor (Dell E2214Hv), with the audio for the video delivered via over-ear headphones
(Sennheiser HD 280 PRO). They were informed that their memory of the video would be tested later.

There was an unfilled 10-min interval between encoding and test, during which participants
were instructed not not to look up relevant content regarding the video. During test, participants
performed either one of two experiment tasks which differed only in their instructional demands. In
each trial, a pair of images were presented side-by-side. In Experiment 1a, participants were instructed
to choose the scene that happened chronologically earlier in the story. In Experiment 1b, another
group of participants were instructed to choose the scene that was narrated earlier in the video (Fig.
1B-C). On each trial, participants were allowed a maximum of 6 s to make a response with the right
index or middle fingers by pressing either the “left arrow” or “right arrow” key on a keyboard.
Following each order judgement, participants reported their confidence level of that order judgement
within 3s, by pressing either one of the four keys “1” (very low) to “4” (very high) with the left hand
(thumb excluded). Trials were separated by a black fixation cross, with jittered ITls sampled from a
distribution of 1.5 — 6.0s.

The test session contained 280 trials, divided into four blocks of 70 trials. The presentation
order of all trials was randomised for each participant, with their left-right response contingency for
the target image counterbalanced within blocks. The presentation was delivered by Psychtoolbox

(Pelli, 1997) implemented on MATLAB (MathWorks, Natick, MA).
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Fig. 2. Order judgement accuracy for the congruent and the incongruent condition in Experiment 1a
(Chronological order task), 1b (Narrated order task), 2a (Chronological order task) and 2b (Narrated
order task). Each grey line represents performance of one participant. Grey dashed lines denote
chance level performance. * p < 0.05; *** p < 0.001.

Results

Experiment 1a

We analysed the judgement accuracy using generalized linear mixed models (GLMMs) with a logit
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link, and RTs and confidence ratings using linear mixed models (LMMs) to conjointly account for
participant- and item-related variance (Baayen, Davidson, & Bates, 2008; Jaeger, 2008; Judd,
Westfall, & Kenny, 2017). Analyses were performed using the Ime4 package (Bates, M&hler, Bolker,
& Walker, 2015) in R (R Development Core Team, 2018). Random effects included by-participant
random intercepts and random slopes for each fixed factor, as well as random intercepts for each
chapter pair and each trial, as trials were nested within chapter pairs. P values were extracted using
the afex package in R (Singmann, Bolker, Westfall, & Aust, 2018). As we did not specifically predict
a linear or quadratic trend of narration distance, we treated narration distance as a categorical variable.

RT data from one participant was discarded for failing to respond within the response window.
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Fig. 3. Experiment 1a results. (A) Accuracy as a function of Congruence and Era. Grey dashed line
denotes chance level performance. (B) (C) Response time and confidence rating as a function of
response accuracy and Congruence condition. Error bars denote within-subject 95% confidence
intervals (Morey, 2008). * p < 0.05; ** p < 0.01.

A GLMM with Congruence (congruent vs. incongruent) and Era (within-era vs. between-era)
as fixed factors revealed a main effect of Congruence, y2 (1) = 5.63, p = .02, odds ratio (OR) = 5.15,

indicating that the accuracy in the congruent condition (estimated marginal mean on the response
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scale [EMM] = .98) was higher compared to that in the incongruent condition (EMM = .90) (Fig.
2A). The extra judgment errors made in the incongruent condition should be caused by bias induced
by the narrated order, thus supporting the iconicity hypothesis that participants would assume the
chronological order to match the narrated order. The Era main effect was not significant, between-
era: EMM = .96, within-era: EMM = .94, »2 (1) = 0.4, p = .53, OR = 1.52. The effect of congruence
was not modulated by Era, Congruency <Era interaction: 2 (1) = 1.36, p = .24 (Fig. 3A).

We further ascertained that the participants were not fully aware of the bias to the narrated
order of their judgments, as reflected by their markedly reduced meta-d’ in the incongruent condition.
Meta-d’ reveals one’s ability in discriminating between correct and incorrect responses, which is the
predicted value of type 1 performance (d’) derived from the observed confidence rating data assuming
observers make optimal use of the type 1 information available to them when performing the type 2
confidence judgment task (Fleming & Lau, 2014; Maniscalco & Lau, 2012). We calculated meta-d’
at individual level in each Congruence condition. Compared to the congruent trials, incongruent trials
were associated with lower meta-d’, t(15) = 3.37, p = .004, Cohen’s d = 0.84, implying that
participants had a diminished ability to discriminate between correct and incorrect responses when
the chronological order and the narrated order conflicted. However, their metacognitive efficiency,
in terms of meta-d’- d’, was not affected by Congruence, t(15) = -0.56, p = .58, Cohen’s d = -0.14.

Moreover, we looked into a specific case in which errors were made in line with the correct
narrated order: the incongruent errors. In LMMs with Congruence and Accuracy as fixed factors, we
found a significant Congruence > Accuracy interaction in both RT (p < .001) and self-reported
confidence (p = .01) (Fig. 3B-C). Compared to the error responses in the congruent condition, the
error responses in the incongruent condition — that is responses made in line with the correct narrated

order — were associated with faster RT (p =.013) and higher self-reported confidence (p = .003).
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Experiment 1b

In Experiment 1b, in the GLMMs, the factor Era was replaced by the factor Narration Distance, which
represented the temporal distance between two frames in the video during encoding. Confidence data
from two participants were discarded, with one misunderstanding the instruction with no confidence
responses elicited, and the other one having a negative meta-d’ value.

In contrast to Experiment 1a, the main effect of Congruence was not significant, y2 (1) = 0.15,
p = .69, OR = 1.12, indicating that accuracy in the congruent condition (EMM = .93) was not
significantly higher than that in the incongruent condition (EMM = .92) (Fig. 2B). The main effect of
Narration Distance was significant, y2 (6) = 35.33, p < .0001. There was no interaction between
Congruence and Narration Distance, y2 (6) = 4.80, p = .57. Follow-up tests did not show any

significant congruence effects in all the seven narration distance levels (all ps > .249) (Fig. 4A).
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Fig. 4. Experiment 1b results. (A) Accuracy as a function of Congruence and Narration Distance.
Grey dashed line denotes chance level performance. (B) (C) Response time and confidence rating as
a function of response accuracy and Congruence condition. Error bars denote within-subject 95%

confidence intervals (Morey, 2008).
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Congruence also did not affect participants’ ability in discriminating between their correct
and incorrect responses, meta-d’: t(13) = 0.056, p = .96, Cohen’s d = 0.01, or metacognitive
efficiency, meta-d’- d’: t(13) = -0.626, p = .54, Cohen’s d = -0.16. Congruence did not affect RT and
confidence in the correct trials (RT: p =.91; confidence ratings: p = .06) or in the incorrect trials (RT:

p = .57; confidence ratings: p =.73) (Fig. 4B-C).

Discussion

In Experiment 1, when chronological information was not provided, we found that participants’
judgments of the chronological order were biased by the narrated order (Experiment 1a), while
judgments of the narrated order were not biased by the chronological order (Experiment 1b).
However, the relatively small number of events and the ceiling effect caused by the high narrated
order performance may obscure the potential bias caused by the chronological order on the memory

of the narrated order. Experiment 2 was designed to address these issues.

Experiment 2

In Experiment 2, we chose another non-linear narrated video narrative as encoding material which
contains more discrete events. Unlike Experiment 1, in this narrative, chronological information is
provided such that participants will be shown the chronological position of each forthcoming event
(see Methods). We anticipated that the bias from the narrated order on the chronological order
judgments should be diminished and we will have more power to detect the potential bias, if any,

from the chronological order on the judgment of the narrated order of events.
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Fig. 5. Experiment 2 overview. (A) At encoding, participants watched a non-linearly narrated film,
with an onscreen timer displaying the exact day in chronology at the beginning of each event. (B) At
test, participants performed the chronological order task (Experiment 2a) and the narrated order task
(Experiment 2b) in succession, with the order of task counterbalanced across participants. (C) In each
trial, two pairs of images were presented side by side, depicting two scenes in the film. participants
either performed a chronological order judgement or a narrated order judgment and provided a

confidence rating of their response on a scale of 1-4.

Methods

Participants

25 participants took part in this study (16 female, mean = 21.4 years, sd = 2.1). Data of two
participants were not registered due to machine fault, leaving with 23 participants for further analysis.
One further participant’s data were discarded in Experiment 2a for chance-level performance in both
the congruent and incongruent conditions. All participants were nawe to the material and had normal
or corrected-to-normal eyesight. The study was approved by University Committee on Human

Research Protection of East China Normal University. All participants provided informed consent
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prior to participation.

Material

The encoding material was a 95-min-long feature length film (500) Days of Summer (Webb, 2009).
The film was narrated in a nonlinear fashion, jumping between days within the 500 days of Tom and
Summer’s relationship (Fig. 5A). The whole film is segmented by the days (1-500) in which each
event took place. Events from 41 days were shown in the film. There is an onscreen timer showing
the day at the beginning of each event. Subtitles were provided for the participants to better
understand the narrative. We determined the correct chronological order of events based on the
onscreen timer provided.

The material for the test was still frames extracted from the film. For each trial, two pairs of
images were presented side by side, representing two scenes from two different days. In each pair,
the two images were aligned vertically and were within 15 s in the film. This manipulation was for
participants to better recall the event shown in the images. The probe images did not contain any
subtitles. Two sets of material, each containing 90 trials, were created. For each task, half of the trials
are in the congruent condition (the event narrated earlier indeed happened earlier) and the other half
in the incongruent condition. The trials in each set were also counterbalanced on the chronological
distance of the events depicted with three levels (short: 1-75 days; medium: 79-178 days; long: 182-
439 days), analogues to the factor Era in Experiment 1, and the narration distance between the scenes
in the video also with three levels (short: 0-6 min; medium: 6-20.1 min; long: 20.4-76 min), with the

three factors (Congruence, Chronological Distance and Narration Distance) fully crossed.

Tasks and procedure
For encoding, participants watched the 95-min film with subtitles on a 21.5-inch, 1920 > 1080
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resolution monitor (Dell E2214Hv), with the audio for the video delivered via over-ear headphones
(Sony MDR-XB450AP).

The mean interval between encoding and test was 75 min (sd = 22 min). In this unfilled period,
participants were instructed not to look up relevant content regarding the video. During test,
participants performed the chronological order task (Experiment 2a) and the narrated order task
(Experiment 2b) in succession, each containing 90 trials from one set of material, with the order of
tasks and the task-set combination counterbalanced across participants. Behavioral data were
acquired during a neuroimaging experiment.

Each task was divided into two blocks with 45 trials each. For each trial, two pairs of images
were presented side by side, representing two scenes from two different days (Fig. 5B). Participants
were asked to either judge the chronological order or the narrated order of the two scenes in each task.
Half of the participants judged which scene was earlier (i.e., narrated earlier in narrated order task
and chronologically earlier in chronological order task), and half the participants judged which scene
was later. Another 15 trials were embedded in each block in which participants were required to judge
which scene was more positive or negative in valence, data of which were not reported here.
Participants were allowed a maximum of 6.5 s to make a response with the right index or middle
fingers via an MRI compatible five-button response keyboard (Sinorad). Following each temporal
order judgement, participants reported their confidence level of that order judgement within 2.5 s,
from “1” (very low) to “4” (very high) with four fingers (thumb excluded) using the left hand. Trials
were separated by a black fixation cross, embedded with an arrow judgment task, with jittered ITls
sampled from a distribution of 2 — 8 s. The visual stimuli were delivered by Psychtoolbox (Pelli,
1997) implemented on MATLAB (MathWorks, Natick, MA), as back-projected via a mirror system

to the participant.
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Results

Experiment 2a

An analogous analysis approach to Experiment 1 was adopted, except that in Experiment 2 the
narration distance and chronological distance were both divided into three levels (short, medium and
long), and that random intercepts for each trial were included but without any nested factor given that

each trial was selected from a different event pair.
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Fig. 6. Experiment 2a results. (A) Accuracy as a function of Congruence and Chronological Distance.
Grey dashed line denotes chance level performance. (B) (C) Response time and confidence rating as
a function of response accuracy and Congruence condition. Error bars denote within-subject 95%

confidence intervals (Morey, 2008).

The main effect of Congruence was not significant, y2 (1) = 2.10, p = .15, odds ratio (OR) =
1.33, indicating that accuracy in the congruent condition (EMM = .80) was not significantly higher
than that in the incongruent condition (EMM = .75) (Fig. 2C). The main effect of Chronological
Distance was significant, y2 (1) = 8.19, p = .02. The accuracy in the long chronological distance

condition (EMM = .85) was higher than that in the short condition (EMM = .71, OR =2.30, z = 3.41,
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p <.002), but not significantly higher than that in the medium condition (EMM = .77, OR = 1.69, z
=2.28, p =.058), and accuracy in the medium condition was not significantly higher than that in the
short condition (OR = 1.35, z = 1.48, p = .303). The congruence effect was not observed in any
chronological distance level (all ps > .16) (Fig. 6A). An alternative GLMM including Congruence
and Task Order as fixed effects also revealed no significant interaction between Congruence and Task
Order (p = .89). These results suggested that participants’ chronological order judgments were not
biased by the narrated order.

Congruence also did not affect participants’ meta-d’, t(21) = 0.192, p = .84, Cohen’s d = 0.04,
or meta-efficiency, meta-d’ — d’: t(21) = -0.928, p = .36, Cohen’s d = -0.19. Congruence did not affect
RT and confidence in the correct trials (RT: p = .17; confidence ratings: p = .92) or in the incorrect

trials (RT: p = .65; confidence ratings: p = .90) (Fig. 6B-C).

Experiment 2b

Accuracy in the congruent condition (EMM = .79) was higher than that in the incongruent
condition (EMM = .57), as revealed by a main effect of Congruence, »? (1) = 18.69, p < .0001, odds
ratio (OR) = 2.88 (Fig. 2D), suggesting that participants’ judgments of narrated order were biased by
the chronological order. Moreover, as predicted, we found a main effect of Narrated Distance, 4 (2)
= 36.03, p < .0001, indicating that accuracy in the long narration distance condition (EMM = .81)
was higher than that in the medium condition (EMM = .67, OR = 2.14, z = 3.11, p < .006), which in
turn was marginally higher than that in the short condition (EMM = .55, OR =1.66, z =2.14, p =.082).
There was a significant interaction between Congruence and Narrated Distance, y* (2) = 25.12, p
<.0001 (Fig. 7A). The congruence effect was observed in the long narration distance condition (OR
=6.47,z=5.20, p <.0001) and the medium condition (OR =2.93, z = 3.02, p <.003), but not in the

short condition (OR =1.25,z =0.65, p =.52). An alternative GLMM including Congruence and Task
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Order as fixed effects revealed no significant interaction between Congruence and Task Order (p
=.97), suggesting that the bias remained the same irrespective of whether the narrated order task was

performed first or otherwise.
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Fig. 7. Experiment 2b results. (A) Accuracy as a function of Congruence and Narration Distance.
Grey dashed line denotes chance level performance. (B) (C) Response time and confidence rating as
a function of response accuracy and Congruence condition. Error bars denote within-subject 95%
confidence intervals (Morey, 2008). * p < 0.05; ** p < 0.01; *** p < 0.001.

Participants’ meta-d” were also lower in the incongruent condition compared to the
congruent condition, t(22) = 4.421, p <.001, Cohen’s d = 0.92. Meta-efficiency, in terms of meta-d’
— d’, were higher in the incongruent condition, t(22) = -2.365, p = .03, Cohen’s d = -0.493. We
observed significant interactions between Congruence and Accuracy in both RT (p = .03) and
confidence (p = .02). Error responses in the incongruent condition were associated with faster
response time (p =.005) but not with higher confidence ratings (p = .22) (Fig. 7B-C). The interaction
between Congruence and Accuracy in confidence was driven by higher confidence with correct

responses in the congruent condition compared to that in the incongruent condition (p = .05).
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Discussion

In Experiment 2, when the chronological positions of each event were provided during encoding,
participants’ judgments of the chronological order were no longer biased by the narrated order
(Experiment 2a), rather, we found that their memory of the narrated order was biased by the
chronological order (Experiment 2b). In light of a previous study showing that memory of arbitrary
action sequences would be biased to the canonically-ordered sequences known as scripts (Bower et
al., 1979), our results generalized such bias to narrative events where chronological information was
provided. The shift of the observed iconicity bias from the chronological order judgment to the
narrated order judgments indicates that the iconicity assumption is implicated in both event

understanding and event memory.

General Discussion

We demonstrated the presence of the iconicity bias in the inference of the chronological order and
also in the memory of the narrated order of events. We showed that participants’ judgments of the
chronological order were biased by the narrated order (Experiment 1a) and their judgments of the
narrated order were biased by the chronological order (Experiment 2b). These results provide direct
evidence that the iconicity assumption (Claus & Kelter, 2006; Zwaan, 1996; Zwaan & Radvansky,
1998) would lead to bias in chronology inference such that participants would assume the
chronological order to match the narrated order, as well as in temporal-order memory such that
participants would assume the narrated order to match the chronological order.

The bias from the narrated order in the chronological order task was observed in Experiment
l1a but not in Experiment 2a. A possible reason is that in Experiment 2a, the chronological positions

of events were provided during encoding, which may help eliminate viewers’ assumption that the two
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orders are congruent. In contrast, the bias from the chronological order in the narrated order task was
observed in Experiment 2b but not in Experiment 1b. A possible reason is that in Experiment 1b the
narrated order task performance is high which might have caused a ceiling effect, whereas in
Experiment 2b wherein the overall narrated order performance did not reach ceiling, we observed a
bias from the chronological order.

The presence of iconicity assumption can be conceived as a kind of prior belief about the
congruence between the chronological order and the narrated order. We adopt a Bayesian framework
(posterior « likelihood x prior) to illustrate the interplay between the two orders, that is, how prior
belief would lead to the bias in judging the chronological order as well as the narrated order.

The chronological order task in Experiment 1a and 2a could be regarded as Bayesian inference.
For instance, assuming event A is narrated earlier than event B, when judging whether A was
chronologically earlier or later than B, one will combine prior knowledge on how likely A happened
before B (when no narrated order information is available, modelled as the prior term), with the prior
belief about how likely the event being chronologically earlier was also narrated earlier (modelled as
the likelihood term), thus giving the posterior odds:

posterior likelihood prior

) _e(eff) rh

alP) el PG

A
B) _ P(AB|D) * P(Congruent) + P(BA|D) * P(Incongruent)
B) P(AB|D) = P(Incongruent) + P(BA|D) % P(Congruent)’
A

A

where vertically arranged B

means A is chronologically earlier than B, and horizontally arranged 4B

means A is narrated earlier than B. D represents the observation that event A and B were narrated.
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The prior term represents inference based on heuristic common knowledge about real-life
experiences, for example, for a given person in a story, a master degree is more likely to be obtained
before a PhD degree than vice versa. In this case it does not contain any information about the narrated
order. The prior odds ratio may vary in each event pair according to the chronological distance or
causal strength between the two events. The likelihood term models the influence from the narrated

order. If the inference of the chronological order happens during online encoding, when the narrated

order is determined, that is, P(AB|D) = 1, then the likelihood term could be simplified to £ c2rgruent)

P(Incongruent)’

which simply represents the subjective belief about the congruence between the chronological order

and the narrated order of events. In the incongruent condition, the contribution of the likelihood would

P(Incongruent)

be inversed to be where P(BA|D) = 1. Assuming the distribution of the prior odds ratio is

P(Congruent)

matched between trials in the congruent and the incongruent condition, the prior belief that favours

P(Congruent)

what being chronologically earlier as also narrated earlier, that is, > 1, would result in the

P(Incongruent)
bias observed in Experiment 1a.

In Experiment 2a, when the chronological positions of events were provided during encoding,
we did not observe any judgment bias caused by the narrated order. It is possible that when

chronological information was available, participants would easily detect the non-linearity of the

P(Congruent)

narrative, thus driving their prior belief to be uninformative such that = 1. Likewise,

P(Incongruent)
knowledge about the characteristics of the narratives’ temporal structure may dynamically update or
even alter the subjective belief or the default assumption on the chronological position of upcoming

events (Dery & Koenig, 2015). An extreme scenario is that the prior belief could be inversed to favour

P(Congruent)

what narrated later as chronologically earlier, that is, < 1, which could be caused by

P(Incongruent)
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gradually learning the temporal structure of the narrative (e.g., Memento®, 2000) or by some heuristic
understanding of narrative schemas (e.g., Arrival?, 2016).
The narrated order task in Experiment 1b and 2b could also be regarded as Bayesian inference:

posterior likelihood prior

P(AB|D) _ P(D|AB) _ P(AB)
P(BA|D) =~ P(D|BA) % P(BA)’

papy  P(5]p) < Pcongruent + P (5|D) « Pincongruent)

P(BA) P (g|D) * P(Incongruent) + P(ﬁ|D) * P(Congruent) .

The likelihood term now represents memory retrieval of the encoding event sequence. In this
case it does not contain any information about the chronological order of events. Unlike the
chronological order task, the narrated order task is an offline memory task. Thus, the role of the prior,
as demonstrated in the model, is determined by both the prior belief about the congruence between

the two orders and the subjective chronological representation of events. Note that when the prior

belief 2Conamvent) g kent constant, the model does not predict the interaction between the Narration

P(Incongruent)

Distance and the Congruence factor. However, it is possible that the prior belief might differ across
different narration distance levels.

By treating the narrated order task as Bayesian inference, we also highlighted the
reconstructive nature of human memory (Bartlett, 1932; Hemmer & Steyvers, 2009) that memory is
subject to biases from general knowledge of everyday experiences. We separated the iconicity
assumption from the role of prior knowledge such as schemas (Bonasia et al., 2018; van Kesteren,
Ruiter, Fernandez, & Henson, 2012) in memory judgment processes, and conceive it as a kind of

prior belief that functions as non-memorial process in recollecting events (Scoboria et al., 2014).
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In the current study, judgments of the chronological order and the narrated order were assessed
at only one time point for each encoding material. Studies using naturalistic materials with varying
delays have found that faster time-dependent decline rates in memory for perceptual details than
memory for central details (Furman, Dorfman, Hasson, Davachi, & Dudai, 2007; Sekeres et al.,
2016). It would be expected that performance in the narrated order task would decline rapidly over
time, as the narrated order is the surface information during narrative comprehension (Gernsbacher,
1985), whereas performance in the chronological order task would be less susceptible or even remain
stable across time, as the chronological order task relies more on prior knowledge. However, memory
decline over time may disrupt the current chronological order task when participants are no longer
able to identify the events depicted in the images. Assessing the bias in question with a reduced overall
task performance would not be trivial; future studies would be required to assess how the prior belief
might be altered as a function of delay length.

While we showed that human participants were able to reconstruct the global structure of a
narrative which was disrupted during encoding (see also Kintsch, Mandel, & Kozminsky, 1977),
event perception and understanding would be considerably hampered when the narrative’s fine-
grained structure is altered (Hymel, Levin, & Baker, 2016). Instead of scrambling the narrative in the
coarse unit of discrete events, with their fine temporal structure preserved, future research could be
focussed on specifying the temporal unit and structure of events and its impact on different aspects
of event cognition (cf. Ferguson, Homa, & Ellis, 2016).

More broadly, we demonstrated the role of a specific kind of prior belief, namely the iconicity
assumption, on event understanding and event memory. This iconicity assumption is implicit in real

life first-person experiences when time flows in one direction and the two orders are always congruent.
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Thus, retrieving real life event sequences could be treated as a combination of the two order tasks,
with the posterior odds being:
posterior  likelihood prior

P(“pl) _r(el*y) #(*))

(" o) P(l7,) 2 (%)

where diagonally arranged A  means A is both chronologically earlier and narrated earlier than B.

’

The likelihood term represents evidence from memory retrieval of the encoding order, that is,

P(e]*p) _ P14B).
P(DlBA) P(D|BA)

and the prior term represents evidence from inference based on prior knowledge, that is,

P(") 7

(%)

The relatively high performance in both tasks suggests retrieving temporal order of
naturalistic experiences could be both supported by actual memory retrieval and inference based on
prior knowledge (Friedman, 1993; Jacques, Rubin, LaBar, & Cabeza, 2008; Lehn et al., 2009). The
iconicity assumption functions as a bridge linking these distinct cognitive processes, and is the basis

for learning event schemas through real-life experiences.
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Notes

1. Inthe film Memento, a series of coloured sequence is shown in reverse order. If the viewers have
identified this temporal pattern of the narrated events, their prior belief should favour that the next event
to be narrated within the coloured sequence is chronologically earlier than the preceding coloured event.

2. Inthe film Arrival, a series of flashforward scenes depicting a mother’s pre-cognition of her daughter’s
birth, childhood and death is easily misinterpreted as flashbacks (Bordwell, 2016). In this case, the
viewers’ belief might also favour that the daughter-related scenes are chronologically earlier than the
previous narrated events, that is, these scenes depict memory of the mother.
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