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Anneme ve babama, beni her zaman kendi yolumda yürümem için cesaretlendirdikleri için.
(For my mom and dad, for always encouraging me to walk my own path*.)

(*Pun intended.)





“A line is a dot that went for a walk”  
– Paul Klee
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Understanding motion is a crucial ability that both humans and animals possess, holding signi�cant 
survival value (Albright & Stoner, 1995). Perhaps not surprisingly, our brains are adept at detecting 
motion: we can recognize what a person is doing based on the dynamism of bodily movements even 
without other cues (Blake & Shi�rar, 2007). Relatedly, Darwin (1872) pointed out that actions 
speak louder than pictures when it comes to understanding what others are doing (Blake & Shi�rar, 
2007). My aim is not to argue against this but rather to ask how loudly pictures themsel�es can speak 
in conveying actions. My personal curiosity revolves around pictures’ lack of dynamism: how can 
something that cannot move show motion when there is no actual motion? Is it magic?

A�er chasing this question for four years, I can say that it is not magic (spoiler). Given that in two-
dimensional images neither real, physical movement nor the passage of time occurs, expressing 
dynamism in a static medium presents a challenge. However, it is possible to suggest motion within 
and across static images. For example, if we look at Figure 0.1, we see a single panel that depicts a 
kid playing the traditional playground game hopscotch. Even if there is no physical motion here, 
we can still extract some dynamic information by looking at the kid’s posture: she is in the middle 
of a path, and she jumps.

Figure 0.1. A static depiction of a kid playing hopscotch in a single panel. �e �gure was adapted from the 
open-source illustration library, CocoMaterial.

Moreover, static depiction of motion can also extend across a sequence, as illustrated in Figure 0.2. 
In this version, we again see the kid playing hopscotch and understand that she moves through 
jumping. �e di�erence between the two �gures is that this time as we move through the panels, 
we see her depicted at di�erent positions relative to the ground. Each panel demonstrates the kid at 
the starting point, midpoint, and the endpoint, relatively. �us, sequentiality here expresses further 
information about the motion as well: we understand the full path she traverses.
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Figure 0.2. A static depiction of a kid playing hopscotch in a three-panel strip.

As an alternative, if we look at Figure 0.3, it is possible to deduce similar information to Figure 
0.2, but through somewhat di�erent representations. �e latter case represents the path of motion 
and earlier steps of jumping in a more abstract way than using graphics that more directly look 
like real-world representations. If we make a comparison, in Figure 0.3 the �nal position of the 
kid’s posture reveals she jumped to the �nish line, but otherwise, we do not see any postural cue 
of previous positions unlike Figure 0.2. Instead, we see lines trailing behind the kid clarifying the 
path she traversed. In addition, the shape of the path is expressed through the curved lines, from 
which we can understand where earlier steps of jumping occurred. �is information is strengthened 
by the little radiating lines on the ground which mark where the �gure made the impact on, as a 
result of her jump. In other words, without each pose being shown, we can still understand the 
full path being traversed, as well as the earlier moments of action that were not directly depicted 
in the graphics.

Figure 0.3. A static depiction of a kid playing hopscotch in a single panel with additional motion cues like 
motion lines trailing behind the mover or impact stars marking the impact le� by earlier actions.

�at is to say, images do not only create meaning through resemblance. Although common sense 
may suggest that graphics resemble what they mean and thus are easy to understand, as illustrated 
here, these lines and marks do not look like the movement itself unlike the depicted postures. �us, 
the intended meaning might not be obvious to a naïve reader (perhaps even to you). Indeed, recent 
research suggests that the assumed ease of visuals is not always the case (Coderre, 2020; Coderre 
& Cohn, 2023; Cohn, 2020) and there are systematic and patterned ways to create meaning in 
sequential images that can vary across cultures and require exposure (Cohn, 2013, 2023). “Visual 
Narratives as a Window into Language and Cognition” or the TINTIN Project, of which my work 
is a part, investigates this very topic: the systematicity of meaning-making in sequential images. �e 
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project asks questions such as whether there are patterns in meaning-making in visual narratives 
like comics and whether they di�er around the world or connect to the spoken languages of their 
creators. Within this grand project, the main goal of my work is to explore the systematic ways of 
representing dynamic information like motion in static images.

In cognition literature, static motion has been mostly studied from a psychological perspective. 
In other words, previous works focused on processing dynamicity from still images. Experiments 
showed people can extract dynamic information from static photographs by predicting the �gures’ 
future position based on the implied motion (Freyd, 1983, 1987; Kourtzi & Kanwisher, 2000; 
Verfaillie & Daems, 2002). �is was also found for drawn postures (Kawabe & Miura, 2006), 
and younger children, in particular, relied on postural cues when interpreting motion in drawn 
cartoons (Friedman & Stevenson, 1975).

�e extraction of such information from static representations has been suggested to rely on similar 
perceptual mechanisms as real or physical motion, since similar brain areas are activated for both 
(Kourtzi & Kanwisher, 2000; Osaka et al., 2010; Senior et al., 2000; Williams & Wright, 2009). 
�is process has been argued to depend on prior world knowledge and inference generation, which 
might create an expectancy of object motion and thus lead to activation of such areas (Kourtzi 
& Kanwisher, 2000). For example, we can understand the action displayed in Figure 0.1 based 
on our understanding of how animate objects, like people, move. However, as mentioned, not 
all motion representations resemble what they mean, which may necessitate further exposure or 
learning besides general world knowledge. Indeed, when C.-Y. Kim and Blake (2010) used abstract 
paintings implying motion and measured the brain responses, they found activations to such stimuli 
were modulated by observers’ familiarity with these types of paintings. While primary visual areas 
(V1) were activated in a similar fashion for both naïve and experienced observers, the activation in 
motion-related areas was larger for the experienced observers.

Among the cues that are more abstract in the ways they represent motion, motion lines trailing 
behind movers (as in Figure 0.3) have received remarkable attention in literature. Previous works 
established that motion lines help distinguish the direction of motion (Cohn & Maher, 2015; 
Francis & Kim, 1999; Kim & Francis, 1998), increase the impression of motion (Ito et al., 2010), 
and in�uence the perceived speed (Carello et al., 1986; Gillan & Sapp, 2005; Hayashi et al., 2012). 
Also, prior research has indicated similar anticipatory mechanisms for motion lines as for postures, 
where the presence of lines helps people anticipate the future location of movers (Kawabe et al., 
2007). Notably, a developmental trajectory for understanding that motion lines represent motion 
was observed (Friedman & Stevenson, 1975), and people’s exposure to motion lines was also found 
to modulate their brain responses (Cohn & Maher, 2015). However, despite the rich body of work 
on motion lines, there is little consensus on how those lines derive their meaning—e.g., whether 
they are purely rooted in the human visual perceptual processing—which remains a persisting 
question.
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Altogether, while the processing of dynamism from still images has been explored in various studies 
in cognitive psychology, mostly focusing on postural cues and motion lines, other ways of depicting 
motion have not received as much attention in the �eld. Understanding the mechanisms involved 
in the comprehension of static motion requires investigating diverse ways of how motion is implied 
or evoked in static images. Additionally, rather than focusing solely on what motion lines represent 
in isolation, it might be more bene�cial to consider them alongside other motion cues. Some comic 
artists and scholars have discussed such methods for expressing spatiotemporal elements in a static 
medium (Cohn, 2013; Duncan & Smith, 2009; Eisner, 2008; Forceville, 2011; McCloud, 1993; 
Potsch & Williams, 2012), like lines replacing parts of the movers (Cohn, 2013; McCloud, 1993), 
but these techniques have remained empirically understudied.

Given all these considerations, the overarching question in this dissertation is: what are the 
systematic ways to depict motion in static images? �e subsequent research questions are as 
follows: What are the patterned constructions of depicted motion in a visual vocabulary (Chapter 
1)? How do motion lines derive their meaning (Chapter 2)? Do motion cues di�er in their 
e�ectiveness in denoting the speed of movement (Chapter 3)? Do depictions of visual paths in 
visual narratives vary across cultures and/or linguistic systems (Chapter 4)? How do motion cues 
and paths manifest and interact with each other in actual comic books (Chapter 5)? By addressing 
these questions, this work aims to explore the complex nature of static representation of motion 
based on the motion cues, their features, and cultural nuances that potentially underlie the static 
representation of motion and motion events.

To do so, Chapter 1 presents patterned ways of depicting motion in static images as a part of a visual 
vocabulary or lexicon (i.e., a lexical account of static motion). �is chapter aims to demonstrate 
that there are several systematized ways, i.e., lexicalized motion cues and constructions to depict 
motion in two-dimensional images. �is chapter further postulates that such cues encode di�erent 
components of motion, such as path and/or manner (characteristics) of motion, similar to other 
modalities (Talmy, 2000). �ese cues di�er in the explicitness of the direction they convey, the 
speed of motion they represent, and their contribution to the understanding of temporality, among 
other features. �e methodology employed in this chapter is formal theorizing, and this is the only 
section not derived from a journal article.

�en, Chapter 2 introduces the discussion of how motion lines trailing behind movers to indicate 
motion derive their meaning. Are these lines purely perceptual and rooted in the human visual 
system (perceptual accounts), visual metaphors of path marks that we see in nature (metaphorical 
accounts), or part of a visual vocabulary that involves other patterned ways to indicate motion (the 
lexical account)? �e reviewed literature suggests the lexical account, i.e., motion lines being part of 
a broader visual vocabulary as introduced in Chapter 1, that readers need to be exposed to or have 
to learn instead of these lines being purely perceptual, or metaphorical. �e methodology used in 
this chapter is literature review, and this study was published in Cognitive Science (Hac�musao�lu 
& Cohn, 2023).
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Chapter 3 then assesses the hypotheses derived from the lexical account presented in previous 
chapters, related to motion cues’ function to denote fast speed and its re�ection on actual time 
assessments of movement completion. �e methodology applied here is experimentation. �e results 
of this work demonstrate that cues di�er in their e�ectiveness in conveying fast speed, which can 
be modulated by exposure to speci�c visual narrative systems like Japanese manga. In addition, 
participants’ response times for estimating the duration of paths represented by di�erent cues 
indicate an inverse relationship with their conscious speed ratings, in accordance with how physical 
speed and time are inversely proportional. �is study was published in the Journal of Cognition 
(Hac�musao�lu & Cohn, 2025).

A�er establishing that motion cues indeed vary in how the movement they represent—and thus 
the temporality (time duration)—are perceived, Chapter 4 focuses on exploring actual comics 
from around the world. �erefore, the methodology shi�s to corpus linguistics here, and it is the 
case from this chapter on. �is �rst corpus study focuses on 85 comics from the Visual Language 
Research Corpus or VLRC (Cohn et al., 2023) that were annotated for their motion events. �e 
purpose of this work is to investigate potential interactions between paths in spoken languages and 
paths in visual narratives. We observe that the static depiction of motion events in visuals is not the 
same across cultures and is potentially in�uenced by the spoken languages that their creators speak. 
�is study was published in Cognitive Semiotics (Hac�musao�lu & Cohn, 2022).

Finally, Chapter 5 presents a more expansive corpus work on visually depicted motion events, 
across 315 comics from the TINTIN Corpus, to test the lexicalization patterns of cues such as 
their encoding of directionality, speed, and temporality. �is work indicates that di�erent motion 
cues relate to explicitness/implicitness of directionality and speed of motion, as conceptualized in 
earlier chapters. Motion cues also vary in their relationship to implied moments, i.e., of future or 
past action, largely in line with their use of indexical meaning-making. In addition, the last part 
of the chapter investigates broader patterns within the data as through the application of Principal 
Component Analysis. �e results suggest more nuanced ways of depicting visual paths rather 
than a binary division of just explicit or implicit paths. �is chapter was published in Multimodal 
Communication (Hac�musao�lu et al., 2025).

Overall, this dissertation consists of �ve core chapters, framed by a General Introduction and 
General Discussion that function as a conceptual shell around the empirical work. �e chapters 
look at the static representation of motion based on lexicalized visual motion cues to overcome 
the absence of dynamism in two-dimensional images. Altogether, this work not only adds to our 
fundamental understanding of static representation of motion but also has practical applications 
in various �elds such as art, education, and user interface design, which I further discuss in the 
�nal section, General Discussion.
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Abstract

�is work explores the systematic structuring of static movement. To do so, we present a set of 
lexicalized visual motion cues and, building on Visual Language �eory, we argue that these 
lexical items encode distinct aspects of motion events, such as path directionality and manner 
(characteristics) of movement. In addition to the expression of movement, they contribute to 
inferences of time passing. We begin with within-panel constructions (postures, motion lines, 
future lines, back�xing lines, suppletion lines, contour traces, contour tremors, o�set tremors, 
full and partial polymorphism, and impact stars) and proceed with cross-panel constructions that 
require connecting information across panels, and textual cues like sound e�ects. �is is followed 
by the discussion of potential interactions between depicted movement and the spatial arrangement 
of panels. Finally, we compare the distinct feature sets of motion cues, including morphological 
principles (a�xation, repetition, and suppletion) and types of meaning-making they employ such as 
iconicity and/or indexicality. Overall, this theoretical work enhances our understanding of depicted 
motion by illustrating how these static cues express motion direction, speed, and temporality 
within and across a sequence, which can enable viewers to extract the dynamism out of the static 
representations.

Keywords: depicted motion; motion events; visual language theory; visual lexicon
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Introduction

Motion is essential to human cognition and is expressed multimodally (Ünal et al., 2023), across 
spoken languages, sign languages, and gestures (Karen, 2002; McNeill, 1992; Talmy, 2000). Within 
the visual-graphic modality, depicting motion is also a key element of visual storytelling, even 
though it occurs in a static medium. Given that motion is a dynamic concept and intrinsically 
linked to our perception of time, the challenge is how to capture dynamism in static images that 
are two-dimensional and neither moving nor temporally unfolding. Yet, there are some techniques 
that have been used in visual communication to overcome this challenge (Cutting, 2002).

�e most basic method is to depict �gures in poses that they would take in action i.e., postural cues 
or postures (Figure 1.1a). In this way, it is possible to anticipate the future position of the �gure by 
looking at the depicted state (Kawabe & Miura, 2006), as it is the case in static photographs (e.g., 
Freyd, 1983, 1987; Verfaillie & Daems, 2002). However, especially for objects that lack postural 
information, di�erent cues are required to employ such as attaching lines behind them to indicate 
that the object has moved along a path (Figure 1.1b). �ese motion lines (also called speed lines, 
action lines or zip ribbons) have been widely studied in psychology literature over decades: they were 
found to be e�ective in enhancing motion impression and comprehension (Cohn & Maher, 2015; 
Gillan & Sapp, 2005; Ishii & Ito, 2019; Ito et al., 2010; Strickland et al., 2003) by disambiguating 
the direction of motion (Francis & Kim, 1999; Kim & Francis, 1998) and conveying speed (Carello 
et al., 1986; Gillan & Sapp, 2005; Hayashi et al., 2012) .

Figure 1.1. Examples of a) the use of postures to evoke movement in comics, such as the posture of kicking 
and landing, b) the use of motion lines attached behind the moving �gure to clarify the traversed path. Héroe 
Nacional © Arturo Aguirre (2017).

However, other cues appear across visual narratives (e.g., see the parallel straight lines in the 
background in the second panel of Figure 1.1a) whether it is comics, instruction manuals or another 
context, which have not received such empirical attention (de Souza & Dyson, 2008). �erefore, in 

1
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this work we introduce a broader set of motion cues and argue their status as lexical items that are 
encoded in people’s mental lexicons, based on Visual Language �eory (Cohn, 2013b).

Visual Language �eory or VLT (Cohn, 2013b) suggests that meaning-making in sequential images 
operates on similar cognitive principles as those in spoken and sign languages. VLT is built upon the 
Parallel Architecture (Jackendo� & Audring, 2020) in which modality (the channel of expression), 
grammar (combinatory principles) and conceptual structure (meaning) operate in a parallel fashion 
i.e., they are independent structures that are linked to each other. Accordingly, meaning making 
occurs through the mapping between the form and its meaning, in which the form is subjected 
to certain combinatory or morphological principles. Building on this, VLT suggests that just as 
spoken and sign languages rely on structured patterns of sounds and signs produced through verbal 
and visual-bodily modalities, similar combinatory principles apply to sequential images produced 
through the visual-graphic modality. (Cohn, 2013b).

To draw a comparison, consider how units of sound gain meaning in spoken languages. For instance, 
a word unit (e.g., ‘walk’) can stand alone as a meaningful element, while an a�x (e.g., ‘-er’) does not 
carry meaning on its own. �e latter should be attached to its stem or root to gain its meaning and 
create a new concept (e.g., walker). A similar morphological principle also occurs in visuals (Cohn, 
2018). An object can have meaning on its own i.e., as a monomorph or a visual unit that can stand 
alone as an isolatable form. However, two parallel straight lines would not mean anything, unless 
they are attached to a stem i.e., the moving object in this case, as a visual a�x. Once attached, 
together with their stem they form a bound morpheme which can be then mapped to the meaning 
that the object has travelled a path. Other morphological principles such as replacement—either full 
(go vs. went) or partial (sink vs. sank)—, and repetition (I want a lunch lunch [not a sandwich]) are 
also common in visuals as in their verbal counterparts (Cohn, 2018). �ese combinatory principles 
apply for a broader visual lexicon, and here we focus on the visual vocabulary of motion events.

Motion events are a speci�c type of events where objects or �gures changes their location or position 
relative to a ground (Talmy, 2000). �e typical components of motion events are path and manner 
of motion. Paths encode the direction of movement such as its starting point or source (FROM), 
midpoint or route (VIA), and endpoint or goal (TO). Manner information then refers to how a 
mover traverse its path e.g., whether by walking or running, as characteristics of an action (Talmy, 
2000). �rough these components, motion events encapsulate the location shi�s of entities as they 
traverse through space or alter their positions relative to their surroundings. As mentioned, despite 
being a static medium, motion can be also evoked in images that can extend across a sequence as in 
visual narratives like comics. Since VLT postulates that the visual-graphic modality shares cognitive 
principles of meaning-making with other modalities (Cohn, 2013b), visual depictions of motion 
events are also expected to follow such structures encoding di�erent components of motion events.

Based on this, here we identify a set of lexicalized cues denoting distinct aspects of motion events 
such as path and/or manner of motion. We �rst start with within-panel constructions (panel-level 
cues) capable of doing so and a�er that we shi� to cross-panel constructions that require making 
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sequential connections across panels. �en, we discuss textual cues (sound e�ects) and proceed 
with the potential relationship between motion and layout (i.e., spatial arrangement of panels). 
Finally, we present a feature set of motion cues, which renders their capacity to encode various 
aspects of motion, such as directionality and manner, as well as their ability to convey subjectivity 
of perspective, sequential temporality (the temporal order of events or states), and the types of 
meaning-making they employ such as iconicity and indexicality (Peirce, 1902/1955).

Within-panel Constructions

Within-panel constructions include the following cues: postures, motion lines, future lines, 
back�xing lines, suppletion lines, contour traces, contour tremors, o�set tremors, polymorphism 
(full and partial) and impact stars.

1.	 Postures
Postural cues or postures are depicted poses a mover takes in action. Since they can stand alone as 
a meaningful isolable unit, they are monomorphs like a single morpheme. �e use of such a cue in 
comics is shown in Figure 1.1, and a schematic example is shown in Figure 1.2. Postures by default 
depict manner information such as walking, running, or jumping based on the direct resemblance 
or iconicity between their form and the meaning of those poses. �ey might be considered as 
snapshots1 of the current state of the mover because they do not extend across a distance but rather 
show a single moment from which a viewer can infer the larger action (Stjernfelt & Østergaard, 
2013). �is snapshot nature has a re�ection on how they encode paths: since postural cues do not 
denote a prior or future state of the moving event, they do not overtly show the travelled paths. 
However, the direction can be deduced by looking at the direction the �gure faces based on the 
type of event, even if the exact traversal remains undepicted.

Figure 1.2. A postural cue depicting manner of running.

Figure 1.2 shows a �gure depicted in a running posture, which is a monomorph. With this cue, 
viewers can see that person X is running somewhere, and by looking at the direction the �gure is 
facing, they can understand the movement’s direction. However, as mentioned, this alone is not 
su�cient to understand the exact path traversed given that it lacks a depicted starting point/source 
(FROM) or an endpoint/goal (TO). To be able to infer further path information, the image should 
provide additional elements in the scene. For a comparison, consider Figure 1.3.

1 �e idea of snapshot here was inspired from Tenny’s (1987, 77-8) de�nition of events: “We may think of 
an event as a series of snapshots of the objects involved, at points along a timeline.”. I think the notion of 
snapshot �ts to static motion in general and also used by other scholars to refer moments in comics (e.g., 
Stjernfelt & Østergaard, 2013).

1
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Figure 1.3. An alternative scene that shows additional elements like a potential endpoint, the house, next 
to the running �gure.

In Figure 1.3, besides the direction that the mover is facing, we also have a depiction of a house in 
the given scene. Since there is no other depiction, it is likely that viewers would infer the mover 
runs TO the house (i.e., goal). �is prediction might be updated within a sequence if the mover 
is drawn as passing by the house. In that case, the house would become a midpoint (VIA) instead 
of an endpoint (TO).

2.	 Motion Lines
Besides depicted postures, more abstract lines can be used to represent motion in static images. �e 
most common method is to attach motion lines trailing behind a mover to clarify the traversed 
paths, as presented in Figure 1.4 (also in Figure 1.1b). Unlike postural cues, motion lines can 
intrinsically demonstrate the beginning and end of a whole movement (Potsch & Williams, 2012; 
Stjernfelt & Østergaard, 2013) and thus are not just a single photographic moment (Stjernfelt & 
Østergaard, 2013). While the depiction of the mover is a snapshot, lines behind them correspond 
to a series of states and therefore collapse multiple moments together. �ese lines gain meaning by 
being attached to a mover (e.g., the ball in Figure 1.4), which has meaning on its own. �us, motion 
lines function as visual a�xes which attach to a stem of a mover.

Figure 1.4. Diagrammed motion lines trailing behind movers, like the ball here, to clarify the path traversed.

In Figure 1.4, we have line a and line b forming a single a�x of motion lines together i.e., marked 
by 2. �ey are attached to their stem, which is the monomorph ball (1). �e monomorph ball 
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and its a�xed motion lines together form a larger monomorph (5). �rough this depiction, we 
understand that the ball moves FROM place 3 (the starting point of the motion lines) TO place 4 
(the endpoint of the motion lines), with the motion lines showing the entire path. Motion lines as 
a lexical item further indicate the temporal order of continuous events or sequential temporality: 
viewers understand the ball was �rst at the point 3, and then at the point 4. In other words, this 
cue demonstrates where the mover once was.

Furthermore, this correspondence between motion lines and the conceptual path information help 
viewers identify the shape of the path based on the shape of motion lines. �at is to say, motion 
lines also contribute to manner information e.g., curvy motion lines would map onto a curving 
path which conveys manner of bouncing (Hac�musao�lu & Cohn, 2022). �is would be useful 
especially for manner information that cannot be depicted with basic postures or for objects that do 
not have any postural information. In Figure 1.4, the shape of lines was straight. As a comparison, 
consider Figure 1.5.

Figure 1.5. An example of curved motion lines trailing behind its mover, the ball, to indicate manner of bouncing.

Figure 1.5 illustrates curves a, b and curves c, d forming two a�xes of motion lines i.e., marked 
by 2. Together with the monomorph ball (1), they form another monomorph (5). �e midpoint 
between those curved lines indicates the midpoint (VIA6) of the depicted path; in this particular 
case marking where the ball hit the ground. As in Figure 1.4, the ball goes FROM place 3 TO place 
4 again, but this time VIA place 6. Di�erent than Figure 1.4 though, the manner here becomes 
bouncing. �is occurs due to the mapping between the curved shapes of the a�x motion lines and 
the meaning of the curved path (of a bouncing ball). In addition, motion lines can be combined 
with postural cues, as illustrated in Figure 1.6.

1
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Figure 1.6. �e running posture and motion lines combined together.

In this case shown in Figure 1.6, we end up with two possible paths: one denoting an already 
traversed path and one denoting a current snapshot of movement with a possible future endpoint. 
�e former shows the mover goes FROM place 4 (the starting point of motion lines) TO place 5 
(the endpoint of motion lines). Yet, we have another possible endpoint which is the depiction of the 
house (place 6; by the inference). �is re�ects the current place of the �gure might become a new 
starting point (FROM) for the second path while the house might be inferred as the goal (TO) of 
this future path. �us, if taken together, the TO function (i.e., the endpoint of the �rst path, 5) and 
the FROM function (i.e., the starting point of the second path, again 5) merge into a VIA function.

3.	 Future Lines
Another method to suggest motion in static images is to use future lines, like arrows (Figure 1.7). 
Future lines are a�xes placed in front of the mover to index the future path that is going to be 
traversed. In that sense, future lines are semantically opposite of motion lines as they indicate where 
the mover will be in the future instead of showing its previous location. Also, because arrows are 
highly conventional symbols (Cohn, 2013b), the arrowheads of the lines strengthen their function 
of pointing toward the future path. Without the arrowheads, these lines could be misinterpreted 
as motion lines showing movement in the opposite direction (Cohn & Maher, 2015).

Figure 1.7. Future lines like arrows attached in front of the mover, ball, to indicate its future path.

As diagrammed in Figure 1.7, the monomorph ball and its a�x future lines form another 
monomorph. �e beginning of the line is again the starting point (FROM3) and the end of the 
line becomes the endpoint (TO4), but this time of a future path (see the motion lines in Figures 
1.4-6, for comparison).

It is noteworthy to mention that future lines are more common in instruction manuals (e.g., IKEA) 
than in comics or graphic novels. De Souza and Dyson (2008) also discussed arrows as showing 
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the destination of motion while the tail indicates the starting point of motion in the context of 
instructional graphics. It is possible that they belong to a di�erent visual lexicon.

4.	 Back�xing Lines
Another way to convey motion is to set several straight lines in the background (Figure 1.8), which 
is mostly seen in Japanese manga (Cohn, 2023; McCloud, 1993). Since the a�xation is here at the 
back of the mover, they are called back�xing lines. Unlike motion lines or future lines, back�xing 
lines do not disambiguate the direction. �eir shapes typically appear as straight regardless of the 
action, which also suggests their form do not map onto the traversed path. Instead, back�xing lines 
give a subjective sense of fast movement to the viewer, as if the viewer moves at the same speed as 
the depicted mover (McCloud, 1993).

Figure 1.8. Back�xing lines set in the background to indicate fast speed without any direction information.

In Figure 1.8, the monomorph ball (1) and its a�x, back�xing lines (2) form another monomorph 
together. �is gives us the midpoint of action (VIA) i.e., where the mover currently is, and indicates 
a speci�c type of manner information, which is fast speed (Hac�musao�lu & Cohn, 2023; McCloud, 
1993). �e slots for other path segments (FROM and TO) remain open. �at is to say, despite the 
extension of lines across a distance, these lines themselves do not index the direction of motion. 
�is is because they are not attached directly behind or in front of the mover like motion lines or 
future lines. Rather, they set in the background, extending across both behind and front of the 
mover. �erefore, these lines do not correspond to a past or a future path.

Why do these lines appear then and how can they show a single moment in time (i.e., the moment 
of VIA) despite the extension of lines? �is is due to taking the snapshot during a fast movement. 
Similar lines appear when photographing a moving object with a camera moving along a trajectory 
or horizontally from a �xed point (Bordwell et al., 2010). �is phenomenon also occurs when 
looking out from a fast-moving vehicle: as we move with the vehicle while the background remains 
static, lines or blurs appear on the background. �erefore, that also re�ects back�xing lines use a 
subjective viewpoint in their depiction of motion, making it appear as though the viewer is moving 
alongside the depicted mover. Furthermore, these lines or blurs on the background appear regardless 
of direction (e.g., le�, or right), just as back�xing lines do not clarify direction (Figure 1.8). An 
exception occurs when back�xing lines converge into a vanishing point though, which can then 
encode further path information, which has been shown to enhance motion impression (Ito et al., 
2010). Figure 1.9 illustrates this case.

1
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Figure 1.9. An example of converging back�xing lines.

In this type of back�xing lines, the morphology remains the same but based on the correspondence 
between the form and the meaning, it �lls the open slots for other path segments, namely, the 
source (FROM1) and goal (TO3).

5.	 Suppletion Lines
Lines can also cover the movers rather than the background (Figure 1.10) to show fast speed, 
which is also mostly seen in Japanese manga (Cohn, 2023; McCloud, 1993). �ese suppletion 
lines are attached behind their movers like motion lines, but the di�erence is parts of the mover 
are replaced by these lines. �us, suppletion lines use the morphological principle of replacement 
besides attachment.

Figure 1.10. Suppletion lines that replace for parts of their movers, the ball, to indicate fast speed.

In Figure 1.10, we see the ball (1) and its a�x i.e., suppletion lines (2) which together form a larger 
monomorph (5). Although viewers can identify the direction that the mover faces toward due to the 
indexicality of suppletion lines (see the order of places 3 and 4), these lines do not show the full traversal. 
In other words, they do not depict where the action has started earlier or will end later on. Instead, similar 
to back�xing lines, this cue indicates the mover is in the middle of its path, with fast speed.

 �e speed component arises here again due to the sense of a snapshot taken at high speed. In 
photography, similar lines also appear on movers while capturing a fast-moving object, but 
unlike lines on the background, this type of lines occur with a stationary camera (Bordwell et 
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al., 2010). �is di�erence in�uences where the lines appear and thus highlight the di�erence 
between suppletion and back�xing lines: suppletion lines cover the mover itself rather than the 
background, as the viewer remains static (like the camera). Consequently, suppletion lines do not 
use a subjective viewpoint, unlike back�xing lines. Instead, they represent motion speed from an 
objective viewpoint, contributing to directionality, at least to some extent.

6.	 Contour Traces
Contour traces are short lines imitating the contours of the mover attached behind the mover, as 
indicated in Figure 1.11. �e shape of contour traces thus di�ers depending on the shape of the 
movers’ contours.

Figure 1.11. Contour traces which are short lines imitating its mover’s contours to indicate movement.

In Figure 1.11, the a�x contour traces (2) are attached to their monomorph ball (1). Similar to motion 
lines, the lines themselves (2) show where the object shortly before was (FROM/VIA), and the current 
position of the mover (1) shows the relative endpoint (TO). Since they do not extend across a long 
distance, it is not overt whether lines indicate the starting point or midpoint. Based on the length of 
motion lines, both the path traversed, and the time passed might be indexed as being shorter or longer. 
However, with contour traces, the viewer can recognize that there is movement in the given direction, 
but without an indication of whether these lines correspond to the starting point of the action.

Similar lines have previously been discussed as movement lines (Forceville, 2011), but without 
completely di�erentiating them from motion lines, as the term refers to both lines trailing behind 
and parallel to movers. Indeed, contour traces could be considered similar to motion lines, which 
may explain this con�ation. However, there is a key di�erence between the two: motion lines map 
onto the shape of the path, while contour traces take the shape of the mover. In that sense, contour 
traces might be indexing past depictions of movers, as illustrated in Figure 1.12.

Figure 1.12. An illustration showing where contour traces might originate from.

As shown in Figure 1.12, these lines potentially represent an abstracted version of directly repeating 
the mover’s image (i.e., the cue of polymorphism, which we return to later). Rather than duplicating 
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the entire depiction multiple times, the lines could have been simpli�ed over time—perhaps for the 
convenience—since repeating the contours alone suggests where the mover has passed. De Souza 
and Dyson (2008) similarly argued that in instructional graphics, lines replicating the mover’s 
contours can serve as a schematic or abstracted way to indicate previous positions, without fully 
repeating the image. Contour traces are even more abstract than that, as they mirror the shape of 
the contours through curved or straight lines rather than duplicating the full contours.

7.	 Contour Tremors
Short lines imitating the contours of movers o�en surround the mover from both sides (Figure 1.13). 
In this way, they give a sense of repeated action or going back and forth, which is their di�erence 
from contour traces that are just placed behind their movers.

Figure 1.13. Contour tremors that are short lines surrounding both sides of the ball and imitating its contours 
to give a sense of shaking.

In Figure 1.13, the lines (2.1 and 2.2.) work as a�xes2 surrounding the mover. �ey give a sense 
of ‘shaking’ while remaining implicit with regard to the direction of motion. Although these 
lines might correspond to multiple moments, the temporal order remains ambiguous as well. �is 
implicitness in directionality and thus sequential temporality occurs because we cannot say which 
way the mover goes to or returns from (e.g., FROM 2.1/2.2 VIA 1 TO 2.2/2.1). �is might be the 
reason for giving a sense of repeated action and shaking.

Also, contour tremors imitate the mover’s contours instead of the shape of the path, similar to 
contour traces. �us, curved objects would be surrounded by curved lines while straight contours 
would be surrounded by straight lines. Again, this correspondence might suggest a ‘snapshot’ nature 
that got weakened over time due to abstraction, as illustrated in Figure 1.14.

Figure 1.14. An illustration showing where contour tremors might have been derived from.

2 For the a�xes of lines surrounding their stem, the general term circum�xing lines have been used in our 
other works.
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8.	 O�set Tremors
Another cue similar to contour tremors is o�set tremors (Figure 1.15), which also give a sense of 
shaking or repeated action. However, this lexical item is less abstract than contour tremors, as it 
directly repeats the mover itself in the form of intertwined lines, rather than merely repeating its 
contours or imitating them with short lines. We call them o�set tremors because the lines are not 
aligned with each other and thus are o�set.

Figure 1.15. O�set tremors showing the mover shaking through intertwined lines.

As shown in Figure 1.15, the direction of motion and sequential temporality remain implicit with 
o�set tremors, similar to contour tremors. �is results in two possible paths (either FROM 1 TO 
2 or vice versa), and it is unclear whether the movement has a limit, meaning the mover could 
be repeatedly moving back and forth, creating an impression of shaking. �e main di�erence 
between contour tremors and o�set tremors is that the latter lacks a midpoint (no VIA) and they 
are just two snapshots of the mover. Note that drawers might prefer to play with solidness of lines 
such as depicting a prior state with faded or dotted lines, which might increase the explicitness of 
directionality and sequential temporality.

Note that o�set tremors have some resemblance to what de Souza and Dyson (2008) described as 
“overlapping multiples” in instruction manuals, which they suggest are inspired by capturing images of 
a moving subject at regular intervals and superimposes them onto a single frame (chronophotography; 
Marey, 1985) and high-speed photography (Edgerton, 1987). However, this technique involves 
more than two depictions along a continuous line, allowing the trajectory of movement to be traced, 
rather than creating the back-and-forth or vibrating e�ect seen with o�set tremors. �us, it may fall 
somewhere between o�set tremors and polymorphism, which we discuss next.

9.	 Polymorphism
Repetition of movers or their postures multiple times also cues movement (Duncan & Smith, 2009; 
McCloud, 1993). It is worth mentioning that this is slightly di�erent than o�set tremors. �is time 
the mover or parts of the mover are completely repeated, rather than just intertwined lines. �e 
name polymorphism originates from having multiple monomorphs and this type of cue uses the 
morphological principle of repetition. Polymorphism has two subtypes: Full or Partial.

a)	 Full Polymorphism
Full polymorphism, as the name indicates, refers to the repetition of the entire depiction of the 
mover multiple times. If the mover is a �gure, the features of postural cues also apply to them e.g., 
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manner information can be conveyed through the poses and the direction being faced can indicate 
the direction of motion, as demonstrated in Figure 1.16.

Figure 1.16. Full polymorphism showing movement through repetition of the whole �gure. In this particular 
case, it illustrates a main event of jumping through repeating the �gure in three di�erent positions. Williams’ 
(2001) representation of anticipation for a jump was used as a reference for the �rst pose (1).

In Figure 1.16, the mover �rst crouches, which corresponds to the starting point of the path 
(FROM1). �en, they jump which is the midpoint of the path (VIA2) and �nally land which 
corresponds to the endpoint of action (TO3). �is cue of polymorphism requires to map each 
depiction of the mover (1, 2, 3) to a single character (see Klomberg et al., 2023, for details). �at 
is to say, although graphically three di�erent �gures are depicted, we map those onto the same 
character engaging in di�erent actions at separate times. Each of them corresponds to a place given 
that these are multiple snapshots showing where the mover was/is. Because the action extends 
across a distance and makes correspondences with which one occurs �rst, we also understand the 
sequential temporality. However, full polymorphism can also be employed without necessarily 
extending across a distance. Figure 1.17 illustrates that case, for a comparison.

Figure 1.17. An example of full polymorphism that does not extend across a distance. �is particular example 
shows the event of a ballerina spinning from a �xed point.
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In Figure 1.17, the event of spinning occurs from a �xed point. Viewers can interpret each position 
of the mover (1, 2, or 3) as potentially corresponding to a starting point (FROM), a midpoint 
(VIA), or an endpoint (TO), but the exact order—such as which position occurred �rst—is 
unclear. Additionally, this cue might suggest repeated action, like a ballerina spinning multiple 
times, making it di�cult to infer the last position. �is ambiguity complicates the assignment of 
sequential temporality.

b) 	 Partial Polymorphism
It is also possible to repeat only parts of the mover, which is referred to as partial polymorphism. 
�e main di�erence from full polymorphism is that the path is tied to a part of the �gure, rather 
than the entire depiction, as illustrated in Figure 1.18.

Figure 1.18. Partial polymorphism in which only parts of a �gure or object are repeated.

In Figure 1.18, we see that the mover waves their arm. �e general concept of polymorphism remains 
the same: only one arm is moving, rather than the person having multiple arms. As in the spinning 
example in the full polymorphism section, each position of the arm here may correspond to a 
starting point (FROM), a midpoint (VIA), and an endpoint (TO) but because of these multiple 
possibilities, there is no certain directionality and thus no temporal order.

10.	 Impact Star
Impact stars are typically star-shaped bursts used to depict the collision or impact that a mover 
leaves on a surface (see Figure 1.19). �ey do not directly depict motion, but instead represent a 
consequential state of it, similar to �ashes (e.g., to depict a gunshot) illustrating force-dynamic 
interactions between moving objects (Potsch & Williams, 2012)—albeit in a more abstract way. 
In that sense, impact stars operate more like a secondary cue to strengthen the otherwise depicted 
motion.
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Figure 1.19. Impact stars are start-shaped bursts showing collision, marked by 6 and 7. �e illustration is the 
same as Figure 1.5 except for the added impact stars.

For instance, Figure 1.19 illustrates the same depiction of motion shown in Figure 1.5, with the 
addition of impact stars. �e morphology remains similar, with the only di�erence being the 
inclusion of the impact stars (6 and 7), which together form a larger monomorph (8). Similarly, 
the path traversed is identical to that in Figure 1.5, with the added impact stars (6 and 7) marking 
where the ball hits the ground and leaves an impact. �us, the conveyed meaning remains the same: 
the ball goes FROM place 3 VIA place 6, TO place 4 again, but with the addition of the manner of 
impact. Notably, because the manner of impact is associated with completed actions, impact stars 
might primarily mark endpoints—such as when a punch lands on someone’s face.

Impact stars are the �nal cue of within-panel constructions. As we have seen so far, while depicted 
motion may seem straightforward, the combination of various cues to convey meaning reveals the 
complexity of the underlying structure, even within single images.

Cross-panel Constructions

While the cues introduced allow for motion representation within single images, motion can also be 
expressed sequentially or extended across a sequence, which requires making connections between 
panels (McCloud, 1993). We now shi� our focus to cross-panel constructions, which involve several 
variants of what we call Figure-to-Frame constructions. �e term ‘frame’ here de�nes the shape of 
the unit, such as the outer border of panels or any other canvas.

11.	  Figure-to-frame Constructions
Besides individual motion cues, changes in �gures’ positions or background elements across two 
or more panels can cue movement (Duncan & Smith, 2009; McCloud, 1993), what we refer to as a 
Figure-to-Frame construction. Here the movement is not only shown within a single panel but also 
extends across a sequence, where connecting those sequential panels evokes further information 
about the paths traversed. It should be noted that the cues we already discussed, such as motion 
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lines, might also extend across panels, but here we focus on cues represent motion by connecting 
di�erent panels.

�is type of cue has three subtypes. �e Figure-to-frame Foreground construction refers to changes 
occurring in the �gure relative to the frame, while the background remains constant. �e opposite 
can also cue motion when the changes happen in the background with the same �gure repeats i.e., 
the Figure-to-frame Background construction. Additionally, the changes can apply to the size such 
as of the �gure or background relative to the frame, while the rest of the scene was constant i.e., the 
Figure-to-Frame Ratio construction. �ese subtypes may be employed simultaneously as well. For 
example, if there are changes in e.g., both the background and foreground, both subtypes might 
be contributing to motion comprehension.

a)	 Figure-to-frame Foreground
When a �gure’s position relative to the frame (e.g., outer border of a comic panel) changes while 
the background elements remain constant, the viewer can infer that the �gure moved. An example 
is shown in Figure 1.20.

Figure 1.20. Figure-to-frame Foreground construction. It shows a person walking from le� to right, which 
is expressed through the changes in the position of the �gure relative to the frame, which is a comic panel in 
this case. �e scene was adapted from the open-source illustration library, CocoMaterial.

Figure 1.20 illustrates the �gure X depicted at the le� corner (1) of the �rst panel. When we look at 
the next panel, then we see the same-looking �gure (X’) on the right corner (1’) of that panel. �e 
background elements (2 and 2’) are exactly the same in both. To infer motion here, we �rst maintain 
the continuity that person X = person X’ given the little or no change across the graphics (Klomberg 
et al., 2023). �en, the meaning “person X is AT place 2 in the �rst panel, and the identical person 
X’ is AT place 2’ in the second panel makes us infer that person X goes FROM place 2 TO place 
2’. Based on this, time passing is also inferred.

b)	 Figure-to-frame Background
It is possible to generate the same inference if the depiction of the mover remains constant or with 
minimum change, but parts of the background change (Figure 1.21). As in the previous subtype, 
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the inferred meaning arises from making connections across panels. �e di�erence between the 
subtypes is where the changes take place.

Figure 1.21. Figure-to-frame Background construction. It shows a person walking rightwards through the 
changes in the background relative to the frame, while the mover remains constant. �is scene was adapted 
from CocoMaterial as well.

In Figure 1.21, we see that X and X’ are depicted identically, including their positions (1 and 1’) 
across panels. However, the background elements (2 and 2’) change between panels, with some 
overlapping elements to indicate scene continuity (Klomberg et al., 2023). �e meaning here is 
that person X is AT place 1 and person X’ is AT place 1’. Yet, given the changes in the background 
but not in the �gure, we infer that this is the same person moving. �us, the integrated meaning 
becomes: the person X goes FROM place 1 TO place 1’. Time inference is then inferred.

c)	 Figure-to-frame Ratio
Sometimes, �gures may maintain the same position, but their size ratio relative to the frame may 
change, as shown in Figures 1.22 and 1.23
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Figure 1.22. Figure-to-frame Ratio construction. It shows a person walking towards the viewer through the 
changes in the size of the �gure relative to the frame, while background elements remain as constant.

In Figure 1.22, each panel shows an increasingly larger person while the background elements like 
mountains remained the same. As with other examples of Figure-to-frame constructions, we �rst 
establish that the person (X = X’ = X’’) and the background (1 = 1’ = 1’’) depicted across panels 
are identical. From this, we can infer that the person goes away FROM the mountains, TOWARD 
the viewer while the viewer remains static (unless we interpret the �gure’s size change as a literal 
growth due to magic or so). Alternatively, size changes can also apply to the background. If the 
�gure’s position and size stay the same, but the background either shrinks (Figure 1.23a) or enlarges 
(1.23b), this too signals movement.

1
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Figure 1.23. Two examples of Figure-to-frame Ratio construction depicting a person walking, shown through 
changes in the size of the background relative to the frame (comic panel). a) �e background elements shrink, 
and b) the background enlarges, while the mover remains constant in both.

In the example shown in Figure 1.23a, the mountains depicted in the background have shrunk, 
while the moving �gure remained identical in both location and size. Since inanimate background 
elements cannot move, the only possible inference is that the �gure goes away FROM the mountains, 
TOWARD the viewer. Notably, for the background to appear smaller while the �gure stays the 
same, the viewer must be moving with the depicted �gure but in the opposite direction (backwards). 
�us, altering the background size relative to the �gure introduces an additional layer of meaning, 
i.e., subjectivity.

For a comparison, Figure 1.23b shows the reverse case, that the background elements enlarge while 
the mover remains the same. As discussed, if the �gure moves while maintaining its size, the viewer 
must be moving along with the �gure. �us, this version has subjectivity as well; however, in this 
case, the viewer moves forward into the scene rather than backward, creating a sense of immersion.
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Textual Cues

We now turn to a slightly di�erent construction, which is based on written text and can be used 
both within and across panels.

12.	 Sound E�ects
Since physical motion may also produce sound, sound e�ects are part of how movement is depicted 
in static images. While sound does not directly illustrate motion, it o�en accompanies depicted 
motion, similar to impact stars’ function. Like impact stars, sound e�ects can imply a consequential 
state resulting from motion and may mark endpoints, though they can also appear at various points 
along a path. �e positioning of the text (relative to the mover) and the mapping between the text’s 
shape and the path’s shape contribute to the interpretation of depicted paths.

Sound e�ects fall into two categories. �e �rst one is onomatopoeic sound e�ects, which represent 
the sounds produced by an event (e.g., “BOOM”) like onomatopoeic ideophones mimicking actual 
sounds in spoken languages (Dingemanse, 2012). �e second category is descriptive sound e�ects, 
which describe the event rather than the sound itself (e.g., “PUNCH”). �e distinction lies in 
their iconicity; onomatopoeias are iconic, directly resembling the sound coming from the action 
(Dingemanse, 2012). For each type, we begin with a cross-panel construction, as we have just 
discussed, followed by examples of within-panel constructions as well.

a)	 Onomatopoeic Sound E�ects

Figure 1.24. An onomatopoeic sound e�ect. �is particular case shows a person falling and the subsequent 
panel has the sound e�ect “BOOM!”, which substitutes for the rest of the event and marks the endpoint of 
the action. �e falling �gure was adapted from CocoMaterial.

Figure 1.24 shows a two-panel strip using cross-panel construction. In the �rst panel, we see 
the mover X depicted as falling. �e next panel displays the onomatopoeia ‘BOOM!’, as a panel 
substitution for the peak of the depicted event (Klomberg & Cohn, 2022). While the mover’s 
position in the �rst panel indicates the midpoint (VIA1), the onomatopoeic sound e�ect in the 
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second panel marks the endpoint (TO2). As discussed, the part of the path expressed—whether 
it is FROM, VIA, or TO—depends on where the text is placed along the traversal. Figure 1.25 
illustrates a comparison.

Figure 1.25. Another example of onomatopoeic sound e�ects used to convey motion. �e sound e�ect 
“WHOOOOSH!” corresponds to the full path traversed.

�is time, in Figure 1.25, we have a within-panel construction using the onomatopoeic sound e�ect 
“WHOOOOSH!”. Besides it, person X is depicted upside down. Unlike the previous example, 
the �nal position of the mover is directly illustrated in the graphics. Here, the sound e�ect does 
not merely mark the goal but represents the full traversal: the beginning of the text indicates the 
starting point (FROM1), and the end of the text marks the endpoint (TO2), similar to how motion 
lines function. Additionally, the shape of the text is mapped onto the shape of the path traversed, 
adding to the understanding of manner information. �is occurs because the sound e�ect adopts 
the indexical function of its carrier’s tail (such as the tail of a speech balloon), even though the 
carrier itself is not drawn in the scene (Cohn, 2013a).



45

A VISUAL VOCABULARY OF DEPICTED MOTION

b)	 Descriptive Sound E�ects

Figure 1.26. A descriptive sound e�ect. �is two-panel strip illustrates a space rocket �ying and the subsequent 
panel has the sound e�ect “CRASH!”. It marks both shape of the path and path segments like endpoints. �e 
illustration of the space rocket was taken from CocoMaterial.

Descriptive sound e�ects may be processed di�erently from onomatopoeic ones (Manfredi et al., 
2017) perhaps because they are less common (Pratha et al., 2016) but both function similarly in 
representing motion. For example, in Figure 1.26, we see a space rocket positioned at a midpoint 
along its path (VIA1). �e following panel does not depict the mover itself but instead shows the 
descriptive sound e�ect “CRASH!”. While the meaning of ‘CRASH!’ implies that the rocket has 
reached its endpoint, the positioning or shape of the text can be mapped onto the mover’s path, as 
in the previous example. �e path internal to the second panel then suggests that the rocket goes 
FROM place 2 TO place 3. In addition, sound e�ects, particularly descriptive ones, can also encode 
manner information, as shown in Figure 1.27.

Figure 1.27. A within-panel construction of the descriptive sound e�ect “JUMP!”.

�is example shown in Figure 1.27 illustrates a manner-only construction where the descriptive 
sound e�ect does not mark the traversal but indicates manner of jump. �e position and the posture 
of the mover reveals it is an endpoint.

1
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The Relationship Between Spatial Layout And Motion

While reading comics, the viewer’s eye movements also move across panels, and the direction of the eye 
gaze may interact with the conveyed movement. In this section, we turn to this relationship between spatial 
layout—i.e., physical organization of panels relative to each other on a comic page—and depicted motion.

Assemblage Structure
As mentioned, sequential images do not unfold temporally. Instead, they unfold across a spatial 
layout of comic. Our prior work has shown that layout and meaning interact: new pages o�en signal 
new locations (Hac�musao�lu et al., 2023). Similarly, the layout can also interact with the meaning 
of motion events, such as enhancing the motion understanding, or hindering if poorly used. �is 
occurs when the inferred direction of motion is parallel to the assemblage structure i.e., how a 
viewer navigates through panels (Cohn, 2013b). For example, if panels are horizontally arranged, 
that might give a sense of movement in lateral directions e.g., le�-to-right or right-to-le�, based on 
the reading order. Along the similar lines, vertically arranged panels suggest a reading order from 
top to bottom might strengthen the sense of going downwards or falling (Figure 1.28). �is occurs 
through the parallelism between the depicted movement and the reading order, of course if there 
is a suggested movement as in Figure 1.28.

Figure 1.28. An example of when the assemblage structure (how we navigate through panels) is parallel to 
the direction of the suggested movement of �ying and then falling.

In the �ve-panel strip illustrated in Figure 1.28, the assemblage structure (AS) indicates that the 
reading order goes from le� to right (panels 1 and 2) and then top to bottom (panels 3 to 5). Since 
our eyes �rst move from le� to right, this layout supports understanding a path in that direction. 
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In the �rst two panels, the event of ‘going’ is conveyed through postural cues and motion lines as 
well as the changes in the �gure’s position relative to the panel. Next, our eyes move downward, 
following the downward reading order. In this section, the going event is represented by postural 
cues again, and also the impact star in the �nal panel. Altogether, the reading order aligns with the 
direction suggested by these motion cues, and the intended meaning—that the �gure goes FROM 
place 1 VIA places 2, 3, and 4 TO place 5—becomes facilitated.

It is important to emphasize again that there needs to be some sort of a ‘going event’ already and 
then the alignment between reading paths and motion paths reinforces this intended meaning. 
Without such alignment with a depicted movement, the motion inference may be too weak to 
generate solely from the layout’s direction. Instead, the viewer may interpret the scene as frozen in 
time, as illustrated in Figure 1.29a.

Figure 1.29. An example of when the reading path goes from top to bottom and a) there is a less sense of 
movement due to lack of motion cues b) the additional cues are provided.

In Figure 1.29a, the panels are arranged vertically, with the assemblage structure (AS) indicating 
a top-to-bottom reading order. Although our eyes move downward, the �rst two panels contain 
no cues to suggest motion, depicting only the ball suspended in the middle of air. �is repetition 
resembles seeing the same snapshot twice, as if the ball were frozen in time. However, there is a 
horizon line added in the last panel, as a quite schematic version of a Figure-to-Frame Background 
construction. �is minimal change in the background implying a shi� in the ball’s position is the 
only cue that suggests movement. �is example illustrates that layout alone does not cue motion 
unless a going event is depicted through other means, such as motion lines or postural cues (see 
Figure 1.29b for a comparison). When these cues align with the layout, then the likelihood of 
inferring movement increases, as schematized in Figure 1.29b.

1
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Feature Set of Motion Cues

So far, we have introduced each motion cue and discussed interactions between depicted motion 
and spatial layouts of comics. In this section, we summarize the underlying features encoded in 
lexicalized motion cues or constructions and present their distribution across cues in Table 1.1. 
�is approach allows us to observe similarities, distinguish characteristics, and identify patterns 
among the constructions. �e features represented here are as follows: morphological strategy, 
motion direction, across distance traverse, sequential temporality, manner of motion, iconicity, 
reduced iconicity, indexicality, and subjectivity. Each term is explained below.

A�xation
As introduced earlier, motion cues use di�erent strategies or combinatory principles to be 
structured in a way to map onto a meaning. For example, while postures can stand alone as a single 
morphological unit (monomorph), some cues need to be attached to their stem as visual a�xes, such 
as motion lines or impact stars. �us, a�xation refers to the morphological principle of attachment.

Spatial Direction
Spatial direction refers to whether the direction of motion can be identi�ed with the given motion 
cue. For instance, repetition of postures with polymorphism may or may not indicate spatial 
direction while motion lines by the de�nition have directionality by being placed behind a mover3.

Across-distance Traverse
Across-distance traverse shows whether a change in location occurs across a traversal as in motion 
lines. Otherwise, it is merely a snapshot of mover (as in postures) or multiple snapshots (as in 
contour/o�set tremors). Figure-to-Frame constructions also use snapshots, but there, across-
distance traverse is inferred through connecting the sequential snapshots.

Sequential Temporality
Sequential temporality applies when there are multiple moments of action depicted, and the viewer can 
infer the temporal progression or the order of those moments. For example, motion lines index the past 
moments by indicating the previous location of the mover. With motion lines, the viewer can understand 
the mover reached to the current position a�er passing along where the lines mark, thus they hold the 
feature of sequential temporality. By comparison, contour tremors surround the mover from both sides, 
and thus even if there are multiple moments depicted, the order of them remain ambiguous.

Manner
Manner of motion is the characteristics of action employed while traversing a path. It can be directly 
shown in the graphics (through iconicity that we come to next) as in postures e.g., running or 

3 �ere are cases motion lines are used together with polymorphism. Due to the repetition, which depiction 
of the mover is the �rst stem, which is the second and so on can remain ambiguous and in those speci�c 
cases, motion lines may remain insu�cient to clarify the direction.
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pointed out by the shape of motion lines e.g., twirling by curlicue lines. Suppletion and back�xing 
lines show a speci�c type of manner (fast speed), while impact stars, as their name suggests, show 
the manner of impact.

Iconicity
Iconicity4 refers to when the meaning of a sign can be derived by the resemblance of a form and 
its meaning (Peirce, 1902/1955; see also Peirce, 1958). How a picture of a tree refers to a tree, for 
instance, is iconic, because the graphics like lines and shapes referring to tree looks like an actual 
tree. As a comparison, a symbol of a heart does not look like an actual heart shape. �us, the latter 
uses symbolic meaning-making where the meaning is arbitrarily assigned to its sign.

Reduced Iconicity
Iconicity, the likeness between the sign and its object or meaning, has also varying levels (Peirce, 
1902/1955). For example, abstraction can diminish the direct resemblance between the sign and 
its object, a simpler depiction can be used by depicting only the signi�cant features without the 
less relevant details. Over time, these can be conventionalized e.g., across cultures, and the original 
association can weaken (Cohn, 2013b). As an example, back�xing lines and suppletion lines that 
denote fast speed can be associated with lines appearing in photographs while capturing fast moving 
stimuli without evoking direct recognition.

Indexicality
Besides iconicity and symbolic meaning-making types, Peirce (1902/1955) also identi�es 
indexicality, where the connection between the sign and its object uses a causal relationship or 
spatiotemporal contiguity. �at is to say, indexical signs “index” or point to their meaning without 
direct resemblance to their object. We can think of footprints as indexical signs because they do 
not directly look like the action of walking but show a trace of someone’s passage in that location 
or hint at the presence of a walker there. In this way, they also index the direction of the motion. 
Likewise, motion lines index the path that has been traversed by a mover. �ey do not look like the 
action itself but serve as an indication of the mover’s passage along where the lines mark.

Subjectivity
Sequential images also di�er in the ways they place their viewer. Sometimes the viewpoint of the 
viewer overlaps with that of the characters in the scene as in Figure-to-Frame Ratio construction 
e.g., both the viewer and the mover see the mountains as ‘getting bigger,’ as if the viewer is getting 
closer to the mountains, just like the mover. Back�xing lines also use a subjective viewpoint since 
the viewer sees the background from the eyes of the mover, as if they are the one moving.

4 By iconicity, we refer speci�cally to imagic iconicity throughout this dissertation, unless otherwise 
indicated (e.g., when discussing diagrammatic iconicity in Chapter 2).
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�e features summarized in Table 1.1 highlight the distribution of properties across di�erent 
motion cues, o�ering insight into their shared and distinct characteristics. From this analysis, 
certain patterns begin to emerge, suggesting overarching strategies in the representation of motion. 
Some cues consistently align with speci�c features, while others show variability depending on 
their context (marked by the tilt sign).

For example, there appears to be a relationship between indexical a�xes and directionality. Nearly 
all indexical a�xes attached behind or in front of their stem (rather than surrounding both sides) 
convey directionality, as seen with motion lines, future lines, suppletion lines, or contour traces. 
�ese cues help indicate the front side of the mover, which might be particularly helpful for 
inanimate objects that lack postural cues to show where they are facing. By comparison, when an 
a�x surrounds both sides of the mover, as with contour tremors, directionality does not emerge. 
One might question the role of impact stars in this case, given that they do not surround the mover 
from both sides and at the same time lacks directionality. As discussed, impact stars function as a 
secondary cue indicating the result of an action. Directionality, in such cases, can be provided by 
other constructions, such as postural cues or motion lines.

In addition, sequential temporality closely aligns with the features of spatial direction and across-
distance traverse. If the direction along an across-distance traverse is clear, the viewer can also 
understand the temporal order, as seen with motion lines. Since motion lines depict across-distance 
traverse by pointing past locations of the mover, they reveal the sequence of movement, showing 
the mover’s progression to its current position. Postures, on the other hand, can indicate direction 
based on the �gure’s orientation but do not depict across-distance traverse because they represent 
a single snapshot. As such, they do not mark previous or future locations necessary for sequential 
ordering. Repetition of postures can represent multiple moments simultaneously, but sequentiality 
still requires across-distance traverse. For instance, if polymorphism is employed across a distance 
(e.g., crouching, jumping, and landing, as in Figure 1.16), sequential temporality becomes apparent. 
However, as in the depiction of a spinning ballerina which shows movement from a �xed point, 
having multiple moments alone do not guarantee sequentiality. �is ambiguity may lead to a 
perception of repeated action rather than a clear temporal progression, as in spinning (Figure 
1.17) or waving hands (Figure 1.18) examples, but this warrants further testing.

Moreover, the feature of iconicity is closely tied to the encoding of manners. Because manner 
information describes how an action is performed, a direct resemblance between the action and the 
cue depicting it can evoke understanding of these characteristics. Postures, repetition of postures 
or polymorphism, Figure-to-frame constructions and sound e�ects can show this relationship. 
Even when iconicity is reduced, manner information can still be conveyed, as seen with suppletion 
and back�xing lines. However, due to the abstraction involved, this may require some degree of 
exposure or learning, as the resemblance is less immediately recognizable. Whether that is the case 
warrants further testing on processing of such cues. Note that, this is not to say indexical cues do 
not encode manner information. For example, motion lines do so by mapping onto conceptual path 
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information. However, this might be less explicit compared to strong iconicity. Also, indexicality 
might solely encode directionality, as in the cases of future lines.

Overall, these observations provide a foundation for understanding the speci�c patterns of motion 
event constructions and the relationships among di�erent structural properties of motion cues in 
static images.

Conclusion and Closing Remarks

�is work presented a visual vocabulary of motion events based on morphological principles 
(Cohn, 2018). In short, just as spoken and sign languages lexicalize patterns of motion events, 
similar combinatory principles such as a�xation, repetition, or suppletion can also apply 
to visuals. �is can be at a unit level (within-panel constructions) or extend across a sequence 
(across-panel constructions). �e combinatorial meaning of the lexical items presented here can 
also employ di�erent types of meaning-making (iconic and/or indexical) and items di�er in the 
features they encode. Altogether, despite the inherent limitations of two-dimensional images, it 
is possible to depict motion and its distinct aspects in static images through using lexicalized and 
conventionalized cues that go beyond the depiction of postures and the use of motion lines.
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Abstract

Static depiction of motion, particularly lines trailing behind a mover, has long been of interest in 
psychology literature. Empirical research has demonstrated that these “motion lines” bene�ted 
motion comprehension in static images by disambiguating the direction of movement. Yet, there 
is no consensus on how those lines derive their meaning. In this article, we review three accounts 
suggesting di�erent interpretations of what motion lines represent. While a perceptual account 
considers motion lines originating from motion streaks in primary visual cortex, metaphorical 
and lexical accounts propose them as graphical conventions that should be learned—either 
through resemblance to sensory experiences (e.g., natural path marks) or directly being mapped 
to a conceptual category of paths, respectively. To contrast these three accounts, we integrate 
empirical research on motion lines and their understanding. Overall, developmental, pro�ciency, 
and cross-cultural variance indicates that the understanding of motion lines is neither innate nor 
universal, thus providing less support for lines having a purely perceptual origin. Rather we argue 
the empirical �ndings suggest that motion lines are not iconic depictions of visual percepts, but 
rather are graphical conventions indexing conceptual path information, which need to be learned 
and encoded in a visual lexicon.

Keywords: motion lines; motion events; depicted motion; visual perception; visual language
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Introduction

�ough motion is a fundamental part of our understanding of the world, its dynamic nature is not 
easy to capture in static graphic representations like drawings. �is challenge persists when pictures 
are extended across a sequence, like in comics or instruction manuals. However, consistent graphic 
conventions have emerged in order to depict motion, the most prototypical being the use of lines 
trailing behind an object to denote movement (Figure 2.1a-d), which are called motion lines (also 
action lines, speed lines or zip ribbons). Motion lines are conventionalized depictions of motion 
(Cutting, 2002), and they have received considerable attention from the psychological literature 
for the way they clarify the direction of motion (e.g., Francis & Kim, 1999; Kim & Francis, 1998). 
Indeed, motion understanding increases with the presence of lines (Cohn & Maher, 2015; Gillan 
& Sapp, 2005; Ishii & Ito, 2019; Ito et al., 2010; Strickland et al., 2003), as well as the impression of 
speed (Carello et al., 1986; Gillan & Sapp, 2005) and motion lines modulate memory of an object’s 
location in the direction of implied motion (Kawabe et al., 2007).

a) b)

c) d)

Figure 2.1. Motion lines trailing behind a mover, marking the path and it has traversed. a) prototypical parallel 
straight lines b) curved lines c) a single line d) curlicue-shaped lines.

Yet, little consensus exists for how motion lines derive their meaning, and many interpretations of 
their sense-making are diametrically opposed: Are they iconic depictions of motion originating in 
our visual system, or are they metaphoric or conventional representations of a visual vocabulary? 
�is review seeks to adjudicate these di�erent accounts on motion lines and their psychological 
underpinnings by comparing studies from experimental psychology.

How do motion lines derive their meaning?
In this section, we present three di�erent positions regarding how motion lines derive their 
meaning: perceptual, metaphorical, and lexical. We will then turn to empirical �ndings of motion 
line comprehension to compare the validity of these positions.
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Perceptual accounts
A �rst view of how motion lines derive meaning focuses on visual perception. Perceptual accounts 
posit that motion lines are iconic representations of motion as re�ected in our visual system. Burr 
(2000) suggested that motion lines mimic ‘motion streaks’ that occur in our visual �eld. A motion 
streak is a spatial signal oriented in the direction of motion that is created due to neurocognitive 
temporal integration, when objects moved at a su�cient speed (Geisler, 1999). To specify, the 
human brain cannot process the speed of a moving object above a certain threshold simultaneously 
to the movement of the action. �us, these spatial signals or motion streaks are created for visual 
system to integrate temporal information. Motion streaks appear to be detectable by the neurons 
in primary visual cortex (V1) to determine motion direction (Geisler, 1999; Jancke, 2000), which 
is supported by neural simulations and electrophysical data (Geisler, 1999).

�e direction of motion can be also estimated when randomly placed pairs of dots (Glass patterns; 
Glass, 1969) give an impression of motion, even if there is no legitimate motion occurring (Ross et 
al., 2000). �e motion is perceived in the direction of the patterns created by those pairs, suggesting 
that the visual system might be detecting direction based on the ‘pseudo’ streakiness that those pair 
of dots created (Burr & Ross, 2002; Ross et al., 2000). By extension, a similar interpretation could 
be applied to motion lines, as motion lines might disambiguate the direction analogously to motion 
streaks le� by moving objects. Burr and Ross (2002) tested these stimulated streaks of paired dots 
oriented in the same direction against random ones and found that direction discrimination was 
increased only by oriented patterns.

Another perceptually oriented interpretation was articulated by Kim and Francis (1998), who 
proposed that motion lines relate to processes undertaken by a set of neurons that create ‘contour or 
rebound trails’ in the neural pathways in response to moving stimuli. Although there is no correlate 
of motion lines in the optic array (Hagen & Jones, 1978), their account proposed motion lines can 
correspond to these ‘contour trails’ by tapping into similar parts of the visual system. Motion lines 
give the impression of motion by exciting the same visual cells that are stimulated by those trails 
in response to moving stimuli (Francis & Kim, 1999). �eir analysis of a neural network model of 
visual perception (Boundary Contour System or BCS) indicated generated contour trails behind 
the moving stimuli, corresponding to motion lines (Kim & Francis, 1998).

Overall, perceptual accounts suggest that motion lines might be spatiotemporal percepts originating 
from biological foundations of our visual system (Burr & Ross, 2002; Kim & Francis, 1998). By 
simulating a sense of streakiness that clari�es motion direction or tapping into a similar system as 
orientation trails, motion lines are viewed as depicting iconic representations of motion re�ected 
in the visual perceptual system.

Metaphorical accounts
Another approach takes almost the completely opposite interpretation of motion lines than 
perceptual accounts and claims that motion lines are metaphorical depictions. According to these 
metaphorical accounts, pictorial devices are characterized as literal if corresponding to real world 
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objects, and non-literal if they modify the literal depiction of an object by presenting features 
that are not visible (Forceville, 2011; Kennedy et al., 1993). Because motion lines communicate 
non-literal information, they belong to the latter and thus are suggested to be visual metaphors 
(Kennedy, 1982). More speci�cally, motion lines are thought as metaphorical extensions of natural 
path information such as tracks le� by vehicles on mud or wakes le� on the surface of water by 
animals or vehicles. Mud tracks or wakes are natural cases, and thus are considered as literal. Yet, 
if lines are depicted on an empty surface, then they are considered as metaphors borrowed from 
nature because objects do not leave streaks on space naturally (Kennedy, 1982). �us, the extension 
of literal paths to show an abstract depiction of a path would make them metaphorical.

�is metaphorical view has been extended by Forceville (2011), who suggested that the metaphors 
of motion lines can be tied to Conceptual Metaphor �eory (CMT; Lako� & Johnson, 1980), 
which proposes abstract information (the target domain) is comprehended by mapping it into 
phenomenon that can be literally perceived by our sensory system and motor skills (the source 
domain). Since motion lines attempt to depict an everyday experience (Kennedy, 1982) and help 
to visualize non-visible phenomena in a static medium, they are suggested to have embodied 
motivations. Similarly, Szawerna (2017) also proposed that motion lines might be motivated 
by conceptual metaphors or metonymies. For instance, motion lines depict a previous location 
occupied by the moving object (Cohn, 2013), and thus might use the conceptual metonymy of ‘the 
place for the event’ or ‘the part for the whole’ since motion lines show parts of a motion event for 
the reader to comprehend the whole. Juricevic (2018) adopted a similar perspective, and proposed 
further that because of their metaphoricity, motion lines might not be used together with other 
metaphorical cues like repetition of postures.

To sum, metaphorical accounts posit that since moving objects do not leave marks behind them 
without a certain surface to do so (like a muddy road), motion lines are metaphorical depictions 
derived from the natural path marks. Because they make the invisible visible, they can be also 
motivated by conceptual metaphors mapping into sensory experience or conceptual metonymies.

The Lexical account
An additional view considers motion lines as learned graphic conventions (Cohn, 2013; Goodman, 
1968; Kepes, 1944), whether or not they are metaphorical. �e lexical account most prominently 
comes in contemporary research from Visual Language �eory (Cohn, 2013), which suggests that 
drawings are made using conventionalized graphic patterns encoded in visual lexicons in people’s 
minds. In visual lexicons, an encoded graphic structure corresponds to a conceptual structure, 
and these visual lexical items are conventionalized across comprehenders who share common 
patterns. �is would be directly analogous to the encoded phonological structures that correspond 
to conceptual structure in the lexicons of spoken or signed languages (Jackendo� & Audring, 
2020), only here instantiated in the graphic modality. �us, cross-cultural di�erences can arise 
between visual lexicons, just as there are di�erent vocabularies across languages of the world and 
understanding of lexical entries requires exposure to and practice with those conventions.
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In this regard, motion lines are one of many lexical items suggested to be encoded in human memory 
within a broader visual lexicon (Cohn, 2013), as shown in Figure 2.2a-f. Just as in spoken languages, 
some elements in a visual lexicon can stand alone or be isolable (such as a depiction of an object 
or person; Figure 2.2a) while some (such as motion lines) cannot. �ese latter cases require to be 
combined with an isolable form, or a visual morpheme, through combinatorial strategies. In cases 
of motion lines, they have to be attached to their movers i.e., the stem to gain their meaning (Figure 
2.2d). In other words, they use the strategy of a�xation to create a bound morpheme. Without this 
attachment, parallel lines standing alone would not mean anything (Cohn, 2018). Hence, motion 
lines can be considered as visual a�xes, and like in spoken languages, they have to attach to their 
stem (the moving object) to derive their meaning.

a) b) c)

d) e) f)

Figure 2.2. a) Postural cue that can stand alone b) Repetition of (parts of) the mover c) Lines surrounding 
(visual a�x) and imitating the contours of the mover d) Motion lines (visual a�x) attached to its root, running 
�gure e) Suppletion lines replacing parts of the mover f) Back�xing lines attached to the background, behind 
the mover. �e running �gure was adapted from open-source illustration library, CocoMaterial.

Within VLT, graphic depictions can yield various encoded meanings, both related to basic concepts, 
and to metaphorical mappings between concepts (Cohn, 2018). Motion lines are suggested to index 
to conceptual path information, which is a basic ontological conceptual category (Jackendo�, 1990; 
Mandler, 2010; Talmy, 2000). In that sense, motion lines might be using diagrammatic iconicity—
i.e., resemblance of the constituent parts but not necessarily the whole (Peirce, 1902/1955)—to 
a conceptual path which is then abstracted and conventionalized to a symbolic understanding of 
motion. It is also in line with the notion that paths were depicted as messy lines before they became 
simpli�ed and conventionalized as motion lines that are diagrammatic (McCloud, 1993). According 
to this account, it is not surprising that motion lines clarify the path because the lexical schema 
encodes the source of motion at the beginning of the lines, while the endpoint of the lines indexes 
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the current goal position. Altogether, this indicates the trajectory that is being traversed. Also, the 
shape of the lines (as in Figure 2.1) can convey manner of motion (i.e., characteristics of motion), 
which is another component of paths, such as spiral lines indicating the manner of spinning or 
curved lines showing the manner of bouncing (Hac�musao�lu & Cohn, 2022).

Indeed, motion lines (Figure 2.3a) are one of several graphic conventions that depict paths, 
including those to show the path of radiating glow, the path of smells (Figure 2.3b), or the “path” 
of vision (Figure 2.3c). All of these conventions showing di�erent types of paths belong to the 
category of indexical lines (Figure 2.3), and can be considered as highly conventionalized versions 
of arrows (Cohn, 2013). �us, none of these lines would be metaphorical as the lines themselves 
depict the abstract conceptualized path.

Indexical Lines

Path Lines

a) Motion b) Radial c) Scopic

1 2

Figure 2.3. Path lines that belong to the larger category of indexical lines, indicating di�erent types of paths 
e.g., a) motion lines showing path of motion b) radial lines marking e.g., path of glow or steam c) scopic lines 
for path of vision. �e diamond and the co�ee cup drawings are from CocoMaterial, and for the complete 
classi�cation of indexical lines, see Cohn, 2013.

While this interpretation of motion lines as conveying basic conceptual paths is straightforward 
within VLT, it should be noted that the metaphorical and lexical accounts are not incompatible. 
Visual lexical items can use entrenched metaphorical correspondences (Cohn, 2018; Forceville, 
2006), such as gears �oating above a face which evoke a mapping between thinking/mind (source 
domain) and machines (target domain). Nevertheless, in the case of motion lines, it is unclear what 
the source and target domains might be. Since the notion of a path is inherent to the experience of 
movement, a direct mapping between graphics and conceptual paths does not necessarily require 
an additional domain of knowledge as in a metaphorical account (i.e., motion lines are metaphoric 
of what?). �e resemblance between natural path marks and motion lines might arise because they 
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are both tapping into a conceptualized path—one naturally occurring and the other produced 
through graphic convention—rather than one being a metaphor of the other.

Empirical Findings and Discussion

So far, we have introduced three accounts characterizing the primary ways that motion lines are 
conceptualized, some of which are in direct competition about what they entail. To disentangle 
these views, we next turn to experimental and corpus �ndings to provide evidence for how 
motion lines derive their meaning. Here, we �rst summarize the basic psychological �ndings of 
the processing of motion lines, and we then examine developmental and cross-cultural �ndings 
on them.

Psychological Findings
�e psychological literature on motion lines has persisted for many decades. Several studies have 
demonstrated that motion lines enhance motion understanding or help to discriminate motion 
direction. In an ambiguous motion display, Kim and Francis (1998) observed that participants 
reported motion in the direction that motion lines suggested (also see Francis & Kim, 1999), 
implying that motion lines disambiguate the direction of motion. Kawabe and Miura (2008) 
took this further and set motion lines along the same orientation axis but manipulated motion 
direction as rightward and le�ward to eliminate a possible response bias (e.g., reporting movement 
as rightward regardless of perceived direction). �ey con�rmed the e�ect of motion lines on 
ambiguous motion display. In addition, Kawabe and Miura (2006) also examined the e�ect of 
postures and motion lines on memory representation of a visual target by comparing a static human 
posture with or without motion lines. �is builds on work showing postural cues alone help people 
to anticipate future motion directions (e.g., Freyd, 1983, 1987; Verfaillie & Daems, 2002), but the 
presence of lines led to greater memory displacement of the target towards the direction implied, 
intensifying the e�ect of postures alone (also see Kawabe et al., 2007).

In another study, Strickland et al. (2003) compared arrows and motion lines to dynamic display 
of motion and found static cues were e�ective for participants to infer motion even if those cues 
cannot provide the exact information of animated displays. Yet, arrows were found as closer to 
dynamic displays in both their accuracy and processing times than motion lines. �en, Gillan and 
Sapp (2005) presented the same object twice while motion cues (i.e., again arrows and motion 
lines) were placed in between two depictions of the same object. �ey manipulated the distance 
between objects and cues, and participants mostly based the object’s direction on their proximity 
to motion lines. Ishii and Ito (2019) also manipulated motion lines by either adding them behind 
human �gures in public signs or le� the �gures without lines. �ey measured people’s recall rates 
of the meaning conveyed, recall time and the understandability scores. �e public signs were rated 
as more understandable and led to quicker recall times with the presence of lines, but motivated 
by some cases (e.g., dropping objects).
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In response to studies claiming that motion lines were imitative of the visual system, Ito et al. (2010) 
not only compared motion lines to a lack of lines but also to lines showing the reverse direction. 
�ey provided parallel motion lines behind a running �gure, in front of the �gure (i.e., reverse lines), 
and in the background as superimposed behind the �gure (what we call “back�xing lines”, as shown 
in Figure 2.2f), or omitted the lines altogether. Participants rated the motion impression on a scale 
from 0 (no motion) to 10 (vivid motion), and higher ratings were given to normal motion lines 
than reversed or no lines. Lines in the background did not increase the motion impression much, 
similar to no lines condition. Reverse motion lines led to ambiguity since the direction shown by 
running �gure contradicted to the direction suggested by reverse motion lines unless one sees the 
�gure as ‘moonwalking’ (Ito et al., 2010).

Cohn and Maher (2015) also compared normal, omitted, and reversed lines in the online processing 
of visual narratives by measuring self-paced reading times. Panel-by-panel viewing times of visual 
narrative sequences demonstrated that panels with normal motion lines were viewed faster than 
with a lack of lines, while reversed lines yielded the slowest processing. Further measurement of 
electrophysiological brain responses (event-related potentials or ERPs) indicated that both the 
omission of lines and reversed lines evoked a late posterior positivity peaking around 600 ms, which 
is consistent with ERPs indexing updating processes in language such as in case of violations of 
grammar (Kuperberg, 2007) or for actions that are carried out incorrectly (de Bruijn et al., 2007). 
�is �nding implied that the absence of lines demanded similar processing costs as reversed lines, 
which again suggests an enhancement of motion comprehension with the presence of lines.

Altogether, these studies suggest motion lines help people process motion better through clarifying 
the direction of motion. We next turn into additional �ndings that we can use to contrast the three 
accounts against each other.

To begin with, motion lines have been shown to be understood and produced by people with visual 
impairments (Kennedy & Gabias, 1986; Kennedy & Merkas, 2000). At �rst glance this �nding 
might seem against the perceptual account tying motion lines to human visual system, but since 
the motion streak account is based on primary visual cortex, it is hard to know whether the studied 
individuals had intact neurons in primary visual cortices to discriminate direction. However, if 
motion lines are metaphorically understood as an extension from actual path marks, we would 
expect motion lines not to be understood by people with visual impairments. �e lexical account 
on the other hand does not necessarily require seeing, since paths are basic concepts inherent to 
experience of movement that can be accessible to everyone. We acknowledge that the sample used 
in this study would matter though.

In addition, Carello et al. (1986) tested motion lines and other motion cues (e.g., postures, repetition 
of postures etc.) in terms of their e�ectiveness to depict distinct motion events. �ey found that the 
type of event matters for the e�ectiveness of di�erent cues. For instance, although postures were 
critical for the event of running, motion lines surpassed postures in their e�ectiveness for events 
like jumping. If motion lines worked like motion streaks, they would be expected to give the sense 
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of motion comparably across all types of actions, rather than being e�ective for certain types of 
events. However, this study did not ask about motion direction explicitly. We can more precisely ask 
if motion lines were metaphors of actual paths like trails le� in mud, why would motion lines work 
better for jumping, which would leave no path, than for running, which would leave a natural path?

In contrast, in the lexical account, schemas are stored in the brain by mapping graphics onto the 
basic concept of paths, which would not contradict these �ndings. In the case of running, postures 
might be the more conventionalized schema to clarify the path of motion, while for jumping, 
the posture itself does not characterize the direction of motion, and motion lines better mark 
the traversed path. Also, the in�uence of proximity of motion lines on the interpretation of the 
direction of objects (Gillan & Sapp, 2005) would be easily explained by lexical account, since 
motion lines are a�xes which attach to adjacent objects. It is also not surprising that arrows helped 
people more than motion lines, since they are more exposed in general and more explicit in the way 
they index paths, whereas motion lines are considered as highly conventionalized arrows, which 
require extra exposure to gain their meaning according to VLT (Cohn, 2013).

Further evidence comes from Cohn and Maher (2015), which examined brain responses to motion 
lines, reversed lines, and the absence of lines. Here, no di�erences were observed in early epochs 
associated with perceptual processing, unlike what would be expected if motion lines were motion 
percepts. More nuanced localization analysis indicated activations corresponding to classical 
language areas such as Broca’s and Wernicke’s areas (Hagoort & Indefrey, 2014). �ese �ndings 
contrast the expectations of a perceptual account but align with those of both metaphorical and 
lexical accounts. �e activation of perceptual areas only occurred when reversed lines were compared 
to normal or no lines, but not between normal and no lines. �is particular �nding may suggest 
that when the schematic information in a visual lexicon (non-metaphoric or metaphoric) does not 
work as intended, perceptual areas might be activated to disambiguate the incongruent situation.

It is also worth mentioning that motion lines do not always look like parallel straight lines 
orthogonal to the moving object (Cohn, 2013; McCloud, 1993). Shapes of motion lines vary (see 
Figure 2.1) conveying di�erent manner information (curved, spiral, twirling etc.), especially for 
di�erentiating the characteristics of actions such as bouncing or spinning (Hac�musao�lu & Cohn, 
2022; Ito et al., 2010). Alternatively, regular motion lines or back�xing lines can also converge from 
a vanishing point rather than be parallel to the motion, as mostly seen in manga (Ito et al., 2010). 
All of these varieties contrast what would be expected of motion streaks.

Relatedly, some of these additional motion cues have been studied along with regular motion lines. 
Ito et al. (2010) also investigated converging motion lines and converging lines in the background 
(back�xing lines), which are not lateral lines parallel to the moving object. �ose converging lines 
were also found to enhance motion impression despite not capturing the ‘streakiness’ of typical 
motion lines. Moreover, this also occurred for lines in the background, although these back�xing 
lines did not show motion-enhancing e�ect when they were parallel to the motion. �is is a striking 
�nding because the latter, parallel condition, would be expected to enhance motion understanding 
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better since suggested motion streaks in visual processing always appear parallel when tracking an 
object. Yet, lines in the background only helped when they were converging, which is when they 
deviate from what a perceptual account suggests. Again, if motion lines assist motion understanding 
through stimulating motion streaks in our visual system (Burr & Ross, 2002), these converging lines 
would not bene�t comprehension since they do not really imitate motion streaks or contour trails. 
Converging lines also raise questions about metaphoricity: as these lines do not resemble the types 
of trails le� by natural paths, what are these lines metaphors of? Yet, this �nding is in line with the 
premises of a lexical account, since varying shapes of motion lines (e.g., straight, curved, curlicue) 
are suggested to be encoded as di�erent patterns in a visual lexicon (Cohn, 2013) and they simply 
tap into di�erent manner information (Hac�musao�lu & Cohn, 2022).

Other features of motion lines can be also modi�ed, such as their length, quantity, and thickness 
(McCloud, 1993). Although Kawabe and Miura (2008) found motion line length did not impact 
how they disambiguate direction, other research has shown speed ratings or estimations are 
in�uenced by the number (Gillan & Sapp, 2005; Hayashi et al., 2012) and length of lines (Hayashi 
et al., 2012) but not their thickness (Gillan & Sapp, 2005). �ese �ndings altogether imply di�erent 
features of motion lines modify di�erent components of motion, and perceptual interpretation 
remains insu�cient to capture those aspects. Findings about the length and quantity of lines can 
be tied to both metaphorical and lexical accounts though. From a metaphorical point of view, the 
metaphor of “MORE IS HIGHER/BIGGER” (Szawerna, 2017) might motivate drawing more lines 
to indicate higher speed. �ese modi�cations are also applicable to a lexical account. As mentioned 
in the introduction, besides the direction information, motion lines can also convey information 
regarding manner or characteristics of motion. �e manner of ‘fast’ might be also encoded through 
the number of lines, since one could emphasize meaning in visual-graphic modality by repetition, 
as in spoken languages (e.g., She walked fast fast fast!). Yet, understanding these would require 
exposure to visuals (pro�ciency), which we discuss in the next section together with developmental 
and cross-cultural �ndings.

Developmental, Pro�ciency and Cross-cultural Findings
As discussed, psychological studies have established that motion lines aid in motion understanding. 
In this section we synthesize developmental �ndings showing a developmental trajectory for 
comprehension of these lines as depicting motion, pro�ciency-related �ndings, and cross-cultural 
variance, respectively.

An early developmental study on comprehension of motion lines came from Friedman and 
Stevenson (1975). �ey tested children and young adults by using pictures showing motion with 
postural cues, including repetition of postures, and motion lines of various types. Young children 
(preschoolers and �rst graders) understood postural cues as moving but did not di�erentiate still 
images from the ones using motion lines. In addition, young children understood multiple images 
of body parts as moving, but not the motion lines. Understanding that motion lines signaled motion 
developed as children aged, reaching consistency with sixth graders, in which case reliance on 
postural cues declined.
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Brooks (1977) also investigated static motion understanding across children between 8 to 15 years 
old, by presenting them with inanimate objects acting upon other inanimate objects (such as an 
alarm clock kicking a kite) with or without motion lines. Only older children bene�ted from 
motion lines in the recall test. Downs and Jenkins (2001) also tested children’s responses for implied 
motion (with postures and motion lines) or no motion. Regardless of how motion was conveyed, 
third graders were better at identifying motion than kindergarteners, yet their interpretation of 
both postures and still pictures were more accurate than of motion lines.

Additional evidence comes from studies of production. Goodnow (1978) asked children from 
4 to 10 years old to draw two people: one walking slowly and one running fast. All ages used 
postures frequently, but only older ones used motion lines to represent motion. However, a study by 
Matthews (1984) showed that even children at the age of 2 years 2 months used lines to represent 
where the moving object once was. Other production studies suggested using motion lines would be 
dependent on the type of the event (Carello et al., 1986; Matthews, 1984). For instance, a majority 
of children used postures to draw a child playing with a ball or pushing a wagon, while half of the 
youngest children added motion lines when other kinds of events were used (a human and a rocket 
spinning, falling, or �ying etc.), especially for the event of spinning (Pufall, 1979, 1987).

�e component of motion being tested might also matter such as whether it is speed or direction. 
When Carello et al. (1986) tested 2-3 years old children, they mostly indicated that movers depicted 
with lines as faster than those with an absence of lines. It is noteworthy to mention that children 
were not randomly choosing images with extra lines. Authors of this study discussed that children 
were aware that motion lines do not make a �gure running but make it moving faster. In Gross et 
al. (1991), 7-8 years old children also judged drawings with the presence of lines (regular motion 
lines and lines in the background) as faster than identical pictures with no lines, for both walking 
and running events. 9-10 years old children also di�erentiated regular motion lines from lines in the 
background. Yet, when children were asked to produce speed of movement, only a few of them used 
motion lines. In those cases, more lines indicated faster speed (Gross et al., 1991), in line with the 
psychological studies discussed earlier (e.g., Gillan & Sapp, 2005). �us, even if the same children 
judged lines as better conveying speed, they did not use the lines in their drawings, which suggests 
comprehension and production as two distinct processes.

What do these �ndings tell us? First, basic motion perception also develops by age, and di�erent 
developmental trajectories have been suggested depending on which feature of motion is being 
processed e.g., motion detection develops much earlier than direction discrimination (see review 
by Benassi et al., 2021). Since no developmental study discussed above focused on clari�cation 
of direction, it is hard to draw a conclusion. If they did, one could argue that young children 
understand postures better than motion lines because motion detection (cued by postures) develops 
earlier than direction discrimination (cued by rather motion lines).

However, in another study, when motion lines were tested on children with auditory impairments, 
they had lower accurate responses for motion lines, such as lines trailing behind a walking man 
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or circular motion lines drawn around the wheels, compared to their hearing peers (Kennedy et 
al., 1978). Although it is unclear in this study what to attribute the di�erence found between two 
groups, we can at least argue that if static motion understanding was based on knowledge of visual 
perception alone, we would not expect a di�erence between the same-age children to arise. Authors 
of this study tied the di�erence to children’s lack of exposure to verbal metaphors due to their 
impairments (Kennedy, 1982). Because those children might be less exposed to mapping of invisible 
to visible in general, that can be the reason why they did not understand visual metaphors like 
motion lines or repetition of �gures. Yet, this reasoning remains too indirect and as mentioned, it 
is not straightforward why this study would support a metaphorical account. In addition, children’s 
understanding of motion lines improved signi�cantly between the age of 6 and 8 (Kennedy, 1982). 
Children with auditory impairments were not exposed to verbal metaphors a�er a certain period 
of time either, so this might be because of mere exposure to graphic conventions as children age.

�e developmental �ndings provided earlier in this section further inform the metaphorical and 
lexical accounts. For instance, in Friedman and Stevenson (1975), young children did understand 
repetition of body parts as moving, although the repetition of body parts does not occur in real 
perception and would be classi�ed as metaphorical (Juricevic, 2018). �is �nding contrasts the 
claim that children understand neither metaphors nor motion lines, thus motion lines could be 
metaphoric (Juricevic, 2018). Also, the onset of metaphor understanding being found around the 
age of 4 (Rundblad & Annaz, 2010) would not explain how 2-3 years old children consciously rated 
pictures with motion lines as showing faster motion (Carello et al., 1986), but this could be attributed 
to early exposure to graphics that does not require metaphoric understanding, within VLT.

Furthermore, that motion cues di�er based on types of events (Carello et al., 1986; Matthews, 
1984) could be possibly explained by both metaphorical and lexical accounts. Perhaps when postures 
(literal devices in metaphorical accounts) are su�cient to convey the event visually, they might be 
preferred over more complex non-literal devices (motion lines). �en, if the event type cannot be 
conveyed with literal devices e.g., spinning of a rocket, motion lines better clarify the event and 
manner of motion. Yet, the change from the reliance of postures to motion lines as children age 
(Friedman & Stevenson, 1975) remains odd if the event type was the motivating factor behind using 
literal versus non-literal cues. From a visual lexicon perspective, the emergence of di�erent visual 
lexical entries for di�erent types of events would not be surprising. Motion lines are visual a�xes 
which gain meaning together with their stem (a moving �gure), and this stem also contributes to 
the holistic meaning, either with su�cient meaning on its own or compositionally with the motion 
lines. Since understanding and production of those lexical entries also requires exposure, both 
developmental and event-type related di�erences would be expected.

Related to exposure, it is also noteworthy that besides age-related developmental di�erences, there 
are also pro�ciency-related di�erences in understanding of motion lines. In Cohn and Maher 
(2015), an e�ect of comic reading expertise arose both behaviorally and to brain responses. People 
with greater comic reading experience tended to process reversed lines longer than less pro�cient 
people in reading comics and seemed better at tolerating an absence of lines than people who are 
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not exposed to visual narratives. In other words, higher pro�ciency led to comprehension of no 
lines as similar to having normal motion lines while less �uent people engaged in more updating 
processes for no lines as it was the case for anomalies, or reverse lines. Since the e�ectiveness of 
motion lines would not di�er across people drastically assuming they had normalized vision, the 
e�ect of �uency on behavioral and brain responses challenges the notion that motion lines have 
purely biological roots in visual perception. �ese �ndings show ample evidence for the lexical 
account but would not directly go against the metaphorical account since learning visual metaphors 
would also require exposure.

Finally, people without exposure to motion lines in their cultures have trouble comprehending 
that these lines depict motion (Duncan et al., 1973; Kennedy & Ross, 1975; Winter, 1963). Such 
�ndings confound purely perceptual accounts, which would expect universality of visual perceptual 
mechanisms. Yet, cross-cultural variance in understanding of motion lines would not contradict 
metaphorical or lexical account since exposure of these graphic cues or devices would be necessary 
in both cases. In addition, cultures vary in the proportions of cues they use to convey motion (e.g., 
Hac�musao�lu & Cohn, 2022; McCloud, 1993). �is may also be in�uenced by the patterns that 
their linguistic systems use to convey motion verbally. For instance, comics written by authors 
whose spoken languages con�ate both path and manner information together also had more motion 
lines than comics from languages that separates these two semantic components in their linguistic 
systems (Hac�musao�lu & Cohn, 2022). Altogether, production of motion cues di�ers beyond 
the in�uence of developmental abilities, which can also suggest a di�erence in schemas stored in 
people’s minds who are exposed to di�erent cultures or spoken languages.

Summary and Conclusion

To summarize, motion lines support motion comprehension in two-dimensional images by 
clarifying the direction of path and/or modifying the conveyed speed. However, theories di�er 
about how those lines derive their meaning, namely perceptual, metaphorical, and lexical accounts. 
In comparing these views, we presented �ndings related to cognition, development, and pro�ciency, 
including cross-cultural research. �ese �ndings are summarized in Table 2.1 for their implications 
on each of the accounts on motion line comprehension.



71

THE MEANING OF MOTION LINES: A REVIEW

Table 2.1. Studies about motion lines and whether their �ndings support (�), go against (X), or remain 
ambiguous (~) in relation to the corresponding theoretical account. Absence of any symbol means the given 
�nding is neither evidence speci�c to that theory nor contradicts that.

Study Main Findings PerceptualMetaphoricalLexical

Kim and Francis (1998)
Francis and Kim (1999)

Motion lines disambiguate the motion 
direction in ambiguous motion display.

�

Kawabe and Miura (2006)
Kawabe et al. (2007)

Motion lines biased memory in the 
direction implied by the lines.

�

Strickland et al. (2003) Static motion cues like motion lines 
and arrows helped people infer static 
motion, but arrows were more e�ective 
than motion lines.

�

Gillan and Sapp (2005) Motion lines clari�ed the motion 
direction based on their proximity to 
the depicted objects.

�

Ishii and Ito (2019) �e presence of lines helped both 
understanding and recall of motion, 
motivated by some cases such as 
dropping objects.

�

Ito et al. (2010) Besides the e�ect of normal lines over 
reverse or no lines, converging lines 
enhanced motion impression.

X X �

Cohn and Maher (2015) Motion lines enhanced motion 
processing and activated brain responses 
similar to language processing. 
Pro�ciency modulated responses, with no 
implication of early perceptual areas.

X �

Kennedy and Gabias (1986)
Kennedy & Merkas (2000)

Motion lines were also understood 
and produced by people with visual 
impairments.

~ X �

Carello et al. (1986) Event type in�uenced the e�ectiveness of 
motion cues such as postures being more 
e�ective for the event of running while 
motion lines were chosen for jumping.

~ �

McCloud (1993)
Cohn (2013)

Motion line depiction varies cross-
culturally, and do not always look like 
parallel straight lines.

X � �

Hayashi et al. (2012) �e number and length of motion lines 
a�ected speed impression.

� �

Friedman and Stevenson (1975)Young children did not understand 
motion lines as showing movement 
while they understood postures and 
repetition of �gures. Reliance on 
postures declined as children age.

~ X �
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Table 2.1. Continued

Study Main Findings PerceptualMetaphoricalLexical

Brooks (1977) Only older children bene�ted from 
motion lines.

~ � �

Downs and Jenkins (2001)�ird graders were better at identifying 
motion than kindergarteners, but both 
groups had lower accuracy for motion lines 
compared to postures and still images.

~ � �

Goodnow (1978) Only older children used motion lines 
to indicate motion.

~ � �

Matthews (1984) Even children around 2 years used 
motion lines to represent an object’s 
previous location.

~ �

Pufall (1979, 1987) Besides using postural cues overtly, 
children added motion lines for speci�c 
events such as spinning.

~ �

Carello et al. (1986) – 
Experiment 5

2-3 years old children rated lines as showing 
faster movement than lack of cues.

X �

Gross et al. (1991) 7-8 years old children judged drawings 
with lines as faster for both walking 
and running events. However, fewer 
of the same children used lines in their 
drawings if asked to convey speed.

� �

Kennedy et al. (1978) Children with auditory impairments 
did not understand motion lines 
compared to their hearing peers. Both 
groups improved from the age of 6 to 8.

X ~

Winter (1963)
Duncan et al. (1973)
Kennedy and Ross (1975)

People who are not exposed to visual 
systems in their cultures had di�culties 
in motion line understanding although 
they understood objects of the lines.

X � �

Hac�musao�lu and Cohn 
(2022)

Motion cues di�ered cross-culturally 
and with the in�uence of authors’ 
linguistic systems.

�
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As discussed, perceptual accounts tie motion lines to biological roots of the human visual system 
and thus would predict understanding of motion lines to be universal and innate part of vision. 
Nevertheless, the reviewed research suggests this phenomenon seems neither innate nor universal, as 
shown in Table 2.1. Developmental �ndings support a trajectory for comprehension of these lines as 
a learned convention for depicting motion, while studies of pro�ciency suggest di�erences between 
individuals based on familiarity, along with cross-cultural variance for their use and comprehension. 
Both metaphorical and lexical accounts acknowledge that motion lines are learned by experience, 
either with particular meaning or with exposure to particular visual languages.

Especially with the pro�ciency-related �ndings and cross-cultural variance in understanding or 
producing motion lines, the comprehension of motion lines is not likely to be purely perceptual. 
Perhaps in case schematic information is insu�cient to derive meaning, perception might help 
to disambiguate the situation, but the literature reviewed does not suggest motion lines as merely 
biologically motivated. �e evidence provides more support for motion lines being graphical 
conventions. Yet, for a metaphorical account, people with visual impairments understanding and/
or producing motion lines do not follow if those lines are borrowed from the natural path marks 
that we see in real world. Also, events that are more related to natural paths not being chosen with 
motion lines, and �ndings about motion lines contrast with those of other suggested metaphors 
(such as repetition of body parts).

Compared to these accounts, the lexical account can explain both developmental and pro�ciency-
related cross-cultural �ndings, but also why motion lines that look like neither natural paths nor 
motion streaks (Ito et al., 2010) still bene�t motion impression. From this perspective, studies 
�nding that the speci�c types of events matter for which motion cues being used (e.g., Carello et al., 
1986; Ishii & Ito, 2019) can be also explained since di�erent motion events might require di�erent 
components of motion (e.g., manner/speed or direction). �ese components are encoded within 
lexical schemas according to VLT (Cohn, 2013), and they further explain cross-cultural variance 
found in both depictions themselves and comprehension of those depictions.

In conclusion, based on the �ndings reviewed here, we argue that motion lines and other motion 
cues are likely to be stored as schemas in people’s mental visual lexicons (as in the next chapter), 
similar to the encoded forms in the vocal and bodily modalities. �is raises further questions about 
interactions between modalities, such as to what extent individuals’ linguistic systems in�uence 
the way they convey or process information in the visual-graphic modality. Altogether, aggregating 
these �ndings challenges the assumed universality of static depictions of motion, and therefore 
provides insights for both psychological and linguistic studies of graphic information, and to their 
applications by practitioners such as in visual communication and arts.
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Abstract

Despite pictures being static representations, they use various cues to suggest dynamic motion. 
To investigate the e�ectiveness of di�erent motion cues in conveying speed in static images, we 
conducted 3 experiments. In Experiment 1, we compared subjective speed ratings given for motion 
lines trailing behind movers, suppletion lines replacing parts of the movers and back�xing lines 
set in the background against the baseline of having no extra cue. Experiment 2 was a replication 
of the �rst experiment with an addition of several motion lines considering the e�ect of quantity 
on conveyed speed. Experiment 3 then examined the actual time assessments of each cue and bare 
objects indicated for movers to complete their paths. Our results showed that motion cues vary 
in their e�ectiveness in depicting speed, with some in�uence from pro�ciency in reading manga. 
Motion lines, which index the path being traversed, remained less e�ective than suppletion and 
back�xing lines, which we argue encode the speed component of motion rather than directionality. 
However, adding more motion lines intensi�ed the perceived speed of the movers. �ese static cues 
also in�uenced the actual time durations individuals indicated for �ctitious motion events, in line 
with the subjective speed ratings. Altogether, our results suggest that di�erent aspects of motion 
can be captured by di�erent cues, and that the e�ectiveness of cues might be modulated by exposure 
to such patterns, in line with the premises of a visual lexicon view.

Keywords: visual language; visual lexicon; subjective speed; depicted motion; motion events
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General Introduction

While pictures are inherently static, it is possible to convey dynamic information such as motion 
despite their two-dimensional nature. Depicting �gures in poses or postures (Figure 3.1a) may 
convey an action that gives a sense of movement (Kourtzi & Kanwisher, 2000), while other 
methods include drawing lines trailing behind a mover, attaching several lines to the background, 
or replacing parts of the mover for lines (Hac�musao�lu & Cohn, 2023). Among these cues, motion 
lines (also called action or speed lines)—the lines drawn behind the movers to indicate a traversed 
path—have received attention from various disciplines such as psychology, art, and linguistics (Burr, 
2000; Carello et al., 1986; Cohn & Maher, 2015; Cutting, 2002; Hac�musao�lu & Cohn, 2022; 
Kawabe & Miura, 2008; Kim & Francis, 1998; McCloud, 1993). Prior works have shown that 
motion lines enhance motion comprehension through clarifying the direction or path of motion 
(Francis & Kim, 1999; Kawabe & Miura, 2006) and in�uence the perceived speed (Carello et al., 
1986; Gillan & Sapp, 2005; Hayashi et al., 2012). However, other motion cues in static images 
remain understudied, and such cues have not been compared against each other for their relative 
e�ectiveness in conveying motion or speed.

First, motion lines index a traversed path (as in Figure 3.1d), with the beginning of the lines marking 
the starting point of action and the end of the lines indicating the endpoint, relative to the mover’s 
current position. In this sense, motion lines can depict several moments at once. Previous research 
showed that, compared to no depicted motion lines, the presence of lines enhances comprehension 
of motion (e.g., Cohn & Maher, 2015; Ito et al., 2010), clari�es otherwise ambiguous directions 
of motion (Francis & Kim, 1999), and in�uences memory for the location of a given object in 
the direction suggested by motion lines (Kawabe et al., 2007). Besides path information, motion 
lines can also modify manner or characteristics of motion, such as speed (Hac�musao�lu & Cohn, 
2022). �ese intuitions even extend to children, who judged the depiction of runners as faster when 
presented with lines than without lines (Carello et al., 1986) and similar �ndings have been shown 
for interpretations of walking �gures (Gross et al., 1991).
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Figure 3.1. Lexical items that give a sense of movement in two-dimensional images a) postural cue b) repetition 
of (parts of) the mover c) contour lines mimicking the mover’s contours d) motion lines trailing behind the 
mover e) suppletion lines covering parts of the mover f) back�xing lines set in the background, behind the 
mover (Hac�musao�lu & Cohn, 2023).

However, despite children’s interpretations, the understanding that those lines express motion does 
not come for free. Children progress across a developmental trajectory in understanding motion 
lines as a cue for movement (Brooks, 1977; Goodnow, 1978) beyond basic postural information 
(Friedman & Stevenson, 1975). Likewise, cross-cultural research has suggested that people without 
exposure to motion lines do not understand them as signaling motion (Duncan et al., 1973; 
Kennedy & Ross, 1975). Also, people who are experienced comic readers tolerate a lack of lines 
better than people who are less exposed to comics and thus motion lines (Cohn & Maher, 2015).

�e advantages of lines for motion perception led to the idea that motion lines act analogous 
to motion streaks found in primary visual cortex that disambiguate the motion direction (Burr, 
2000; Burr & Ross, 2002). Yet, comprehension of motion lines varies based on pro�ciency and 
cross-cultural exposure, going against the idea that motion lines are purely biologically based visual 
percepts. Other work has emphasized motion lines as learned metaphors (Forceville, 2011; Kennedy, 
1982). However, neither perceptual nor metaphorical interpretations have considered further cues 
that are used to convey motion. Hence, despite being no consensus on how motion lines derive their 
meaning (see a review by Hac�musao�lu & Cohn, 2023), they are likely to be stored in people’s 
visual lexicon together with other motion cues (Cohn, 2013) suggested by developmental and 
cross-cultural research.

A broader visual lexicon is suggested to involve several lexical items (Figure 3.1a-f) to convey motion 
(Cohn, 2013; McCloud, 1993). For instance, movement can be depicted through attaching several 
parallel lines to the background, behind a moving �gure or object (as in Figure 3.1f). Like motion 
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lines, these “back�xing lines” also gain meaning through being attached to a root or stem i.e., set 
in the background. While motion lines clarify the path traversed by indexing where the object once 
was, these lines only depict the mover in the middle of action, at a single moment. All a viewer would 
understand is that the mover is at the midpoint of the path’s trajectory, without any indication of a 
starting point or an endpoint. �us, the direction of motion remains unclear (e.g., it might be from 
le� to right, or vice versa). �is is the case unless a postural cue indicates the direction being faced, 
as in Figure 3.1f, which does not rule out an interpretation that the �gure is running backwards, 
against the postural direction.

If not direction, what do back�xing lines tell us? Back�xing lines, mostly seen in Japanese manga, 
were argued as giving a subjective sense of speed as if their viewers move at the same speed as 
the mover being depicted in static images (McCloud, 1993). �is might be akin to seeing the 
background being blurred to look like parallel lines if viewed from inside of a fast-moving vehicle. 
Since the traveler moves at the same speed as the vehicle, the background would seem like parallel 
lines. Similar lines also appear in the background when a moving object is captured by a camera 
that follows the object’s trajectory or rotates horizontally from a �xed point (Bordwell et al., 2010). 
�us, the form of back�xing lines arguably has a resemblance to its meaning, i.e., it is iconic (C. S. 
Peirce, 1902/1955), but which is subtle and conventionalized as a lexical item in a visual vocabulary 
over time. Given that, the “reduced” iconicity of back�xing lines might also help them to convey 
speed information, in addition to back�xing lines indexing only a midpoint of a path.

Only a few studies have examined the psychology of back�xing lines. Ito et al. (2010) compared 
�gures with back�xing lines, motion lines, and no lines in terms of their e�ectiveness in conveying 
motion. Back�xing lines did not enhance the impression of motion unless they converged into a 
vanishing point. �is �nding might be related to an inability of typical parallel/lateral back�xing 
lines to express the motion direction along with the sense of speed. By comparison, if they converge, 
the vanishing point shows where the mover comes from, and the expanded lines clarify the future 
direction even without any postural information. By comparison, parallel back�xing lines might 
have remained ine�ective in depicting motion. However, this study did not test their e�ectiveness 
in denoting speed.

Another study examined back�xing lines directly in relation to speed. Gross et al. (1991) asked 
both 7-9 years old children and adults to judge running and walking �gures with motion lines, 
back�xing lines, and no lines. Across two experiments, children di�erentiated back�xing lines 
from no lines, but adults only did so when more realistic pictures were used in Experiment 2. �is 
result was discussed as children attributing extra meaning to the lines in the background that 
adults did not do. While adults considered lines in the background as background elements e.g., a 
wall, children assumed they were similar to motion lines. Yet, some children actually reported that 
these are devices seen in cartoons, suggesting they might have greater exposure to back�xing lines, 
rather than assuming a resemblance that is not there. Adults interpreting these lines as background 
elements might then hint their lack of exposure to back�xing lines used mostly in Japanese manga. 
Adults only relied on lines in the background of realistic scenes to depict speed, which might also 
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hint at the iconicity of back�xing lines, that is reduced due to abstraction and conventionalization 
as discussed. Altogether, back�xing lines do not function to clarify the direction of motion but 
their function to denote speed remains less studied.

Besides attaching lines to the mover or to the background, another method to signal motion is 
to replace parts of the mover for lines (as in Figure 3.1e). �ese relatively short “suppletion lines” 
cover parts of the mover (Hac�musao�lu & Cohn, 2023) and are also mostly associated with 
Japanese manga (McCloud, 1993). Like motion lines, suppletion lines are also attached to the 
mover, orthogonal to the motion direction, but unlike motion lines, these lines typically do not 
extend across a distance since they cover parts of the mover itself. As a result, the starting point of 
the action’s path information remains unclear. Instead, similar to back�xing lines, suppletion lines 
depict the mover in the middle of action at a single moment. Since suppletion lines do not mark 
the full path being traversed either, their function may remain as conveying speed rather than the 
path information.

Also, as with back�xing lines, suppletion lines are likely to have some degree of reduced iconicity. 
Suppletion lines are a graphic e�ect similar to motion blurs that result from capturing the motion of 
fast objects with a camera that cannot record the object at that speed (Navarro et al., 2011). In other 
words, blurring appears on photographs of moving objects because the camera itself is static but the 
thing being captured is in motion, and suppletion lines are akin to a line-based graphical depiction 
of this blurring. Like how direction is less overt in suppletion lines, directionality can remain 
ambiguous in blurs (Cutting, 2002). Given these, we might say speed is inherent to both suppletion 
lines and back�xing lines. However, despite their potential to convey motion in static images, 
compared to the many studies on motion lines, there is no empirical research on suppletion lines.

To sum up, several cues depict motion in static images, but most research has investigated only 
motion lines, with few studies comparing across motion cues. �erefore, we conducted three 
experiments to compare how all three motion cues and bare objects convey speed. In the �rst two 
experiments, participants assessed the speed of graphic objects based on the cues attached to them 
(Experiment 1) and the quantity of lines depicted (Experiment 2). In Experiment 3, we asked 
whether di�erent cues would result in variation of participants’ actual response times for assessing 
the speed of graphic objects. Altogether, these studies aimed to assess whether di�erent motion cues 
in�uence the conveyed speed and thus time duration di�erently. Overall, we predicted di�erences 
to arise between motion cue types, especially compared to depictions of movers with only objects 
and no additional cues.
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Experiment 1: Speed-time judgment of motion cues 1

Our �rst experiment aimed to assess the relative judgement of speed conveyed by di�erent motion 
cues. Previous research demonstrated that motion lines trailing behind movers can modify their 
perceived speed. Even young children rated running �gures as faster if presented with lines (Carello 
et al., 1986). Older children also produced lines to depict fast movement (Goodnow, 1978) and 
both children and adults judged moving �gures with the presence of lines as faster compared to 
without lines, regardless of the stimuli type (Gross et al., 1991).

Back�xing lines, however, led to mixed results. When more cartoony stimuli were used, children 
chose motion lines over no lines and judged both motion lines and back�xing lines as fast. Adults 
on the other hand rated motion lines as showing faster action than back�xing lines. In photograph-
like stimuli, again both 7- and 9-year-olds judged the presence of lines (either type) as faster than 
lack of lines, and it was the case regardless of the movement type. Also, both age groups viewed 
running �gures with motion lines as faster than with back�xing lines, but for walking �gures only 
older children did so. Adults again preferred motion lines over back�xing lines for photographic 
stimuli, but only for �gures in running posture while the presence of lines did not matter for 
walking �gures (Gross et al., 1991).

Given these limited and mixed �ndings, Experiment 1 compared motion lines (two parallel lines) 
and back�xing lines in terms of their ability to denote speed. To eliminate the additive e�ect of the 
posture (e.g., walking vs. running) on perceived speed, we used objects instead of animate �gures. 
In addition to motion lines and back�xing lines, we also added suppletion lines that replace parts 
of the movers to depict motion.

We expected objects shown on its own with no extra motion cue to be the slowest. �is is because 
objects would be in a frozen state without any cue on them, given that they do not have postural 
information inherent to indicate motion direction or speed. �en, because motion lines index the 
traversal of a path and clarify motion direction rather than showing the object in the middle of 
presumably fast action, we expected them to be less e�ective in conveying speed than back�xing and 
suppletion lines. In other words, given that back�xing and suppletion lines show the object in the 
middle of action without marking a full path, we predicted them to encode the speed component 
of motion better than motion lines. Finally, while no prior research compared back�xing and 
suppletion lines, objects with suppletion lines might be perceived faster than ones with back�xing 
lines, because the former depicts the motion from an objective viewpoint, i.e., viewers remain 
constant with suppletion lines, as opposed to back�xing lines that create the sense of a viewer 
moving at the same speed as the object. �is aspect of suppletion lines could potentially heighten 
the assessed speed.
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Methods

Design and Stimuli
We created 16 single panels showing a mover and its goal using free images from cocomaterial.com. 
Stimuli consisted of di�erent types of balls (e.g., football), objects (e.g., glass) land-based motor 
vehicles (e.g., cars) and food (e.g., fruits). Each type of mover constituted 25% of the stimuli. Based 
on the type of the mover, appropriate goals were selected such as a goalkeeper for balls and a monkey 
with open hands for fruits. Note that the presence of the goal itself might suggest movement by 
default, but this was intentional because otherwise it would not be an action scene and there would 
not be any so-called movers.

To test the e�ect of motion cues on subjective speed judgment, we varied the base stimuli showing 
objects alone (object-only condition, Figure 3.2a) in three ways, by 1) adding two straight parallel 
lines trailing behind the mover (motion lines, Figure 3.2b), 2) replacing parts of the objects for lines 
(suppletion lines, Figure 3.2c), 3), or attaching parallel lines in the background behind the mover 
(back�xing lines, Figure 3.2d). Constant distances were maintained both between the le� border 
of the panel and the edge of the mover and the distance between the mover and motion lines. Also, 
the same number of lines were used with suppletion lines, but depending on the contour shape of 
the object, lines were accordingly attached in di�erent places.

Altogether, our design resulted in 4 motion cue types. We manipulated all panels (16) for all 
conditions (4), resulting in 64 stimuli in total. With a Latin Square Design, we prepared 4 lists to 
prevent participants seeing the same scenario in di�erent conditions (e.g., if an apple appeared with 
motion lines, it did not appear with suppletion lines). �is resulted in 16 stimuli per list. For each 
panel, the task was to indicate how fast the object moves using a Likert type scale from 1 (extremely 
slow) to 7 (extremely fast). We programmed all experiments in PsychoPy version 2022.2.4 (J. Peirce 
et al., 2019) and randomized trials per participant.

Participants
We recruited 25 participants1 during the 2022 Dutch ComicCon on a voluntary basis (female: 
13, male: 11, other: 1, mean age: 25.28, range: 18-47). �e experiment was approved by Tilburg 
University’s Research Ethics and Data Management Committee (on 11 November 2022 with the 
approval code REDC2022.63). All participants gave their informed written consent prior to the 
experiment stating that they can withdraw from the experiment any time without consequences.

To assess participants’ comic reading expertise, we used the Visual Language Fluency Index 
(Coderre & Cohn, 2023; Cohn, 2020). An average score for this metric would be 12, where scores 
below 7 are considered low, and those exceeding 20 are deemed high. In this experiment, VLFI 

5	 Sample size was determined to be 30 based on prior literature (Carello et al., 1986; Gross et al., 1991) but 
due to the inclusion criterion of age (18+), we could only recruit 25 people for Experiment 1.
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scores of our participants indicated an average-level �uency, with a mean score of 14.43. Participants 
were also asked to indicate the languages they speak and their �uency in those languages.

Figure 3.2. Motion cues of a) object-only condition where no additional cue appeared to indicate motion on 
the object itself b) motion lines as two parallel straight lines trailing behind the mover c) suppletion lines d) 
back�xing lines (in Experiments 1 and 2) and e) several motion lines (Experiment 2). Each panel comes with 
the rating question in the original trials. Stimuli were adapted from CocoMaterial images.

Procedure
Participants took the experiment at a booth at the Dutch ComicCon by sitting in front of a laptop 
(screen display size 14 inches). A�er signing the informed consent and �lling in the demographics 
forms (VLFI and language ability), participants began the experiment. �e �rst screen welcomed 
them and provided instructions for the experimental task. Instructions were also explained verbally. 
To start the experiment, participants were instructed to click on the space bar and that the task was 
to rate how fast they think the object is moving toward its goal by clicking on the corresponding 
number on the keyboard. Once participants gave their rating on the subjective speed for the 
subsequent panel, they proceeded to the next panel automatically. A�er the completion of all trials, 
they received a thank you message on the screen with a brief explanation about the manipulations. 
We also debriefed participants verbally.

Data Analysis
We measured the speed judgment ratings (1 = extremely slow, 7 = extremely fast) and response 
times (measured in milliseconds) for each panel. Both ratings and response times were averaged 
across conditions per each participant. To remove the outliers, we used the method of Median 
Absolute Deviation or MAD (Howell, 2005) in which the average distance of each data point 
from the median was computed. We subtracted median + 2.5 MAD from raw response times and 
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excluded response times exceeding this threshold. �e data for all experiments can be found at its 
DataverseNL repository, https://doi.org/10.34894/S8LC85.

To examine the e�ect of cues on average speed ratings and response times respectively, we conducted 
two Linear Mixed-E�ects Models, and we set motion cue type (object only, motion lines, back�xing 
lines, suppletion lines) as the �xed factor and items and participant id as random factors. In case of 
a signi�cant main e�ect, our planned contrasts compared motion lines to object only, back�xing 
and suppletion lines to motion lines, and suppletion lines to back�xing lines. E�ect sizes (Cohen’s 
d) for each contrast were calculated dividing the contrast estimates by residual’s standard deviation. 
Finally, we looked at the relationship between overall VLFI scores and/or �uency in reading manga 
and each dependent variable through correlation analyses in an exploratory fashion. All analyses in 
all experiments were conducted using Je�reys’s Amazing Statistics Program or JASP (JASP, 2024).

Results

Ratings
�e �rst analysis examined average subjective speed ratings, and showed a main e�ect of motion cue 
type, F(3, 293.94) = 77.057, p < .001. Planned contrasts revealed that suppletion lines and back�xing 
lines were both rated as conveying faster motion than motion lines (all zs >7.6, ps <.001, ds = 1.18) 
as in Figure 3.3, but they did not di�er from each other (p= 0.970, d = - 0.01). Also, motion lines 
led to higher speed ratings than the object-only condition (Figure 3.3), z = 5.1, p <.001, d = 0.79.

Our exploratory correlation analysis found no relationship between participants’ �uency in reading 
comics and their subjective speed ratings (r = 0.085, p = 0.406).

Response Times
We then examined the response times of motion cues, but found neither a main e�ect of cue 
type (F(3, 304.28) = 0.768, p = 0.513) nor a relationship to participants’ �uency scores (r = 0. 075, 
p = 0.463).
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Figure 3.3. Subjective speed ratings (1= extremely slow, 7 = extremely fast) averaged across each motion cue 
type. Each gray dot represents averaged ratings per participant while the red dot indicates the overall mean, 
and error bars show the standard errors. Asterisks (*) highlight the signi�cant di�erences that arose between 
the tested contrasts.

Discussion
�is experiment investigated the subjective perception of speed conveyed by di�erent graphic 
motion cues. Overall, movers presented without any cue on them were judged as the slowest 
(see Figure 3.3) while both suppletion lines and back�xing lines were rated as conveying faster 
speed than motion lines. �ese results con�rm our expectation that motion cues di�er in their 
e�ectiveness in conveying speed. Moreover, no di�erence arose between response times for di�erent 
cues, suggesting that the di�culty of making these judgements was similar across cues and it was 
the case regardless of participants’ �uency in reading comics.

�e lower speed judgments given to objects with no extra cue substantiates that objects lacking a 
postural cue would only seem in a frozen state and thus be perceived as the slowest. Also, motion 
lines were judged to convey faster speed than only objects presented alone. �is �nding supports 
the idea that motion lines clarify the direction of motion, but do not necessarily denote faster speed. 
By comparison, back�xing and suppletion lines that depict movers in the middle of action without 
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marking the traversed path were rated as showing the fastest speed. �is is also in line with our 
reasoning that these cues are likely to have reduced iconicity to convey faster speed, since they do 
not necessarily disambiguate the motion direction or mark the paths being traversed.

 Overall, Experiment 1 con�rmed the e�ect of motion cues on perceived speed as found in prior 
works (Carello et al., 1986; Gross et al., 1991) as well as the di�erences between motion cues in 
their functions to depict speed component of motion. However, one di�erence between these cues is 
that motion lines in this experiment used fewer lines than suppletion and back�xing lines. Indeed, 
the number of lines has been shown previously to modulate the perceived speed (Gillan & Sapp, 
2005; Hayashi et al., 2012). Also, motion lines can vary from the two parallel straight lines used 
here, such as their shape or the number of lines being used. Relatedly, the mixed results found in 
the comparison of motion lines and back�xing lines would be further clari�ed with the addition 
of more lines. In particular, multiple motion lines have in some cases been found to be interpreted 
as faster than back�xing lines (Gross et al. 1991). Since more lines might add up on the bare e�ect 
of having only two lines, Experiment 2 explored how an increase in the number of motion lines 
would re�ect in their e�ectiveness in expressing speed relative to other motion cues.

Experiment 2: Speed-time judgment of motion cues 2

Our second experiment aimed to compare the perceived speed of di�erent motion cues and motion 
lines with varying amounts of lines. In prior work, higher speed ratings were given as the number 
of motion lines increased, but other cues like thickness of lines had no e�ect (Gillan & Sapp, 
2005). In addition, Hayashi et al. (2012) used a prediction-motion paradigm in which they asked 
participants to estimate the speed of a ball that appeared on the screen for a standard duration with 
di�erent number of motion lines attached, before disappearing and reappearing when participants 
pressed a button. �e number of lines a�ected the speed estimations. However, because 5 motion 
lines resulted in quicker reaction time—and thus faster assessed speed—than a single line, but did 
not di�er from 8 lines, their results did not indicate whether a linear relationship held between the 
number of lines and higher speed judgments, or if it merely involved exceeding a certain threshold 
of lines. Indeed, when children were asked to represent speed by drawing a slow- versus fast-moving 
person, not many children used motion lines but when they did, they depicted the faster person 
with a greater number of motion lines (Gross et al., 1991).

Given that motion lines mark the path being traversed, the presence of only two lines would 
be enough to clarify the direction. �e addition of more lines might then add up on the speed 
component that is not directly captured by typical (only two) motion lines. Intensi�ed meaning 
by the addition of more lines would be also in line with the linguistic notion that “MORE IN 
FORM = MORE IN MEANING” (Lako� & Johnson, 1980). Relatedly, similar to spoken 
languages, repetition can emphasize meaning in the visual-graphic modality (Hac�musao�lu & 
Cohn, 2023) such as multiple heart shapes between a couple intensifying the strength of their love 
compared to having only one heart shape.
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Experiment 2 therefore sought to con�rm that more motion lines would lead to greater perceived 
speed, particularly relative to back�xing and suppletion lines. We again compared all stimuli with 
motion cues to one another and motion lines to objects presented alone. We predicted several 
motion lines to result in higher speed ratings than fewer motion lines. We had no prediction for 
whether the increase in the number of motion lines would minimize the di�erences found between 
motion lines and other cues.

Methods

Design and Stimuli
�e design was almost identical to Experiment 1, but we added one more motion cue (i.e., several 
motion lines) to assess the possible e�ect of quantity of motion lines on speed ratings. Here, instead 
of two parallel straight lines, four lines trailed behind the movers (see Figure 3.2e). Since the number 
of motion cue types increased to 5 in this experiment, to maintain equal numbers of stimuli per 
list, we increased the number of each mover to 5 as well (i.e., adding one more ball, object, vehicle, 
and food supplement). In total, 80 stimuli were created resulting in 16 stimuli per list.

Participants
Experiment 2 was conducted in a lab at Tilburg University with ethics approval from the REDC 
(obtained on 20 March 2023 with the approval code REDC 2023.11). 30 participants were 
recruited through the participant pool, in exchange for course credit (female: 15, male: 15, other: 0, 
mean age: 21.4, range: 18-30). �eir VLFI scores showed an average-level �uency in comic reading, 
with a mean score of 13.46. Participants were again asked to indicate the languages they speak and 
their �uency in those languages.

Procedure
Other than the change to a lab setting, the experimental procedure was identical to Experiment 1.

Data Analysis
A�er outlier removal (MAD), Linear Mixed-E�ects Models were conducted on ratings and response 
times. Again, we set the motion cue type as the �xed factor but this time with 5 levels (object 
only, motion lines, several motion lines, back�xing lines, suppletion lines). Items and participants 
were used as random factors to eliminate the possible e�ect of strips and individual di�erences 
on dependent variables. In case of a signi�cant main e�ect, our planned contrasts targeted each 
cue against one another. Objects alone were compared to motion lines. Exploratory correlation 
analyses were then performed on overall VLFI scores and/or �uency in reading manga and each 
dependent variable.
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Results

Ratings
In the analysis of subjective speed ratings, we found a main e�ect of motion cue type, F(4, 
477.38) = 78.333, p < .001. As shown in Figure 3.4, planned contrasts revealed that suppletion 
lines were rated as showing faster motion than both back�xing lines (z= 3.4, p = .003, d = 0.47) 
and several motion lines (z= 2.7, p = .019, d = 0.38). In turn, several motion lines conveyed faster 
speed than motion lines (z = 2.8, p = .019, d = 0.39) while motion lines were more e�ective in 
conveying speed than objects alone (z = 10.7, p < .001, d = 1.48). However, back�xing lines did 
not di�er from several motion lines (p = 0.498, d = 0.09) and their di�erence from motion lines 
did not reach to the signi�cance level (p = .064. d = 0.30).

Exploratory correlation analysis revealed no relationship between the ratings and VLFI, r = -0.025, 
p = 0.760.

Figure 3.4. Subjective speed ratings (1= extremely slow, 7 = extremely fast) given in Experiment 2 averaged 
across each motion cue type. Each gray dot represents averaged ratings per participant while the red dot 
indicates the overall mean, and error bars show the standard errors. Asterisks (*) highlight the signi�cant 
di�erences that arose between the tested contrasts.
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Response Times
A main e�ect of motion cue type showed response times di�ered across participants based on the 
cues, F(4, 492) = 3.4, p = .009. Our planned contrasts indicated participants spent longer time to rate 
objects with back�xing lines than with several motion lines (z = 2.9, p = .026, d = 0.40) and motion 
lines (z = 3.05, p = .018, d = 0.13). None of the other cues varied from each other, all ps > 0.171.

We found no correlation between participants’ general �uency scores and their response times 
(r = 0.083, p = 0.315) while further exploratory analysis on �uency speci�c to manga readership 
yielded a positive correlation (r = 0.216, p = .008). �e more people read manga while growing up 
and currently, the longer it took for them to rate the given motion event scenarios in Experiment 
2. Speci�cally, more �uent manga readers showed a trend toward having longer response times to 
rate motion lines (r = 0.355, p = .055).

Discussion
�is experiment looked at the perception of speed conveyed by di�erent motion cues by further 
exploring several motion lines attached behind the objects. Like in Experiment 1, motion cues 
di�ered in their e�ectiveness in depicting speed while objects presented alone were perceived as the 
slowest (Figure 3.4). In addition to Experiment 1, the presence of more motion lines led to greater 
speed ratings than just having two lines trailing behind movers, in line with the expectations. Yet, 
several motion lines were not as speedy as suppletion lines but were comparable to back�xing lines. 
Finally, participants took longer to rate back�xing lines compared to both types of motion lines, but 
participants with greater exposure to Japanese manga tended to take a longer time to rate motion 
lines but not back�xing lines.

Furthermore, the addition of lines behind the movers was consistent with the prior work showing 
faster speed judgments as the number of lines increased. Given that two parallel lines would be 
enough to index the path being traversed already, extra lines might have highlighted the speed 
component of motion. �is would align with how repetition can also be used to intensify meaning 
in other modalities (Hac�musao�lu & Cohn, 2023). Also, the increase in the number of motion 
lines made them comparable to back�xing lines, unlike just having two motion lines in Experiment 
1. Yet, several motion lines were still judged to be slower than suppletion lines. �is con�rms the 
e�ectiveness of suppletion lines in conveying speed despite being less o�en used in comics than 
motion lines (Hac�musao�lu & Cohn, 2022).

However, back�xing lines in this experiment also led to inconsistent results. While they were 
as fast as suppletion lines in Experiment 1, here they were rated as slower than suppletion lines. 
More unexpectedly, their di�erence from (only two) motion lines did not reach signi�cance. �is 
could be due to pro�ciency-related di�erences observed for the processing of back�xing lines in 
Experiment 2 which was not present in Experiment 1. As corpus studies have shown that back�xing 
lines are more prevalent in manga (Cohn, 2023) and they convey speed from a subjective viewpoint 
by drawing the viewer into the scene, exposure or lack of exposure to such cues might in�uence 
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how fast they are perceived depending on the sample. �is may not have been fully captured by the 
individual correlations we conducted here.

To resolve this discrepancy, we merged data from Experiments 1 and 2, excluding several motion 
lines, and added manga readership as a �xed factor and participants as a random e�ects factor in 
the model. Here, suppletion lines were perceived as faster than back�xing lines (p = .010, d = 0.27), 
which, in turn, were faster than motion lines (p < .001, d = 0.68). Additionally, manga readership 
yielded an interaction where, as shown in Figure 3.5, individuals with greater exposure to manga 
rated back�xing lines as faster compared to those with lower �uency in manga readership. �e 
opposite pattern was observed for motion lines. �is additional �nding suggests that �uency in 
manga can modulate the perceived speed of back�xing lines and motion lines, while the e�ectiveness 
of suppletion lines remained consistently the highest.

Figure 3.5. Y-axis shows the subjective speed ratings (1= extremely slow, 7 = extremely fast) and x-axis shows 
participants’ �uency scores in reading manga (higher numbers indicate greater �uency levels) when the data 
from Experiments 1 and 2 were combined. Each line corresponds to a motion cue type that were present in 
both experiments (i.e., back�xing lines, motion lines, object only, suppletion lines). �is graph shows the 
magnitude of the di�erence found between back�xing lines (blue line) and motion lines (yellow line) changes 
depending on participants’ experience levels in reading manga.
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Experiment 3: Speed-time judgment of motion cues 3

Experiments 1 and 2 indicated that participants view motion cues as conveying di�erent speeds of 
movement. Given this, we next asked: Does the �ctive speed of motion cues a�ect the real-life timing 
of judging their speed? We adapted the design by Hayashi et al. (2012) who measured participants 
response times as an indication of speed estimation (see Experiment 2 introduction), who showed 
that estimation of cue speed was in�uenced by both the number and length of motion lines. 
�ey found movers with only one motion line led to slower response times and thus slower speed 
estimations than having more lines. Di�erence in speed estimations also emerged based on the length 
of line, as shorter motion lines resulted in longer reaction times thus slower speed than long ones.

Based on this, we presented objects at the starting point and then at the midpoint of a path and 
asked participants to indicate when they think the objects would complete their paths or arrive 
at their targets. We again compared di�erent motion cues (motion lines, several motion lines, 
back�xing lines and suppletion lines) relative to having objects presented alone. Given that time 
and speed are inversely proportional to each other, we based our predictions on our �ndings of 
speed judgments in Experiments 1 and 2. Speci�cally, we expected suppletion lines to be perceived 
the fastest and thus they would involve the shortest time estimations. Also, because we found more 
motion lines to show faster movement in Experiment 2, here we expected several motion lines to 
yield shorter time estimations than motion lines. In turn, motion lines might take shorter than 
having objects only since the latter was by far the slowest in other experiments. Finally, because 
back�xing lines were judged as fast as suppletion lines in Experiment 1 but not in Experiment 2, 
they might place in between suppletion lines and several motion lines.

Methods

Design and Stimuli
We created 20 three-panel strips showing a person throwing a ball to another person, again using 
images from cocomaterial.com. As in Figure 3.6, the �rst panel depicted a person holding and 
about to throw a ball (the starting point or source), the second panel showed the ball in the middle 
of the air, and once the participants pressed a button the �nal panel showed the moment that the 
ball reaching its goal i.e., another person catching it. �is time the aim was to measure participants’ 
subjective judgment of how long it would take the mover to reach its goal. In that sense, we adapted 
the design of Hayashi et al. (2012) to retain the source/goal images on screen instead of making 
them disappear until participants responded. Since in real settings, visuals (e.g., comic panels) do not 
disappear, our adapted design aimed to be closer to the naturalistic way that visual communication 
operates. Also, to eliminate possible confounds of the possible relative speeds of di�erent objects 
on subjective time estimation (e.g., cars move faster than apples), we only used di�erent depictions 
of balls as stimuli in this experiment.

To test the e�ect of motion cues on participants’ time estimation, we again used the same cues as 
in Experiment 2 (motion lines, several motion lines, suppletion lines, back�xing lines) in addition 
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to the object-only condition (no extra cue). Also, since the event of throwing a ball creates a 
curving path (instead of straight), curvy lines were used instead of straight lines in motion lines 
conditions (only two lines and several). �e other depictions of motion types were similar to those 
in Experiments 1 and 2 given that back�xing and suppletion lines appear straight in actual comics 
regardless of the nature of the action. We manipulated all strips (20) for all conditions (5), and thus 
created 100 stimuli in total to result in 20 stimuli per list. �e task was to determine when the ball 
would reach its goal (see the procedure below).

Participants
We again recruited participants from the participant pool, with the requirement that they did not 
take part in Experiment 2. �e study was approved by the REDC (same approval as Experiment 
2), and 30 participants participated in Experiment 3 for course credit (female: 21, male: 9, other: 
0, mean age: 20.63, range: 18-25). �eir �uency in comic reading was around average, with a mean 
of 11.58. �e procedure of collecting language data was identical to prior experiments.

Procedure
Experiment 3 also took place in the same lab setting as Experiment 2. Participants provided their 
written informed consent prior to the experiment and received the instructions on the screen. �e 
task was slightly di�erent than the previous two experiments. Participants received 3-panel strips 
instead of a single panel, with each panel being viewed one at a time in the middle of the screen. 
At the �rst panel they viewed a character on the le� side of the panel with a ball. �e second panel 
then showed the ball in the middle of the air. �e time passage between the �rst and second panel 
(Stimulus Onset Asynchrony or SOA) were kept constant as 1000 milliseconds for all stimuli. Next, 
participants were instructed to press the spacebar when they thought enough time passed for the 
ball to reach the goalkeeper. �ey clicked on the spacebar when they thought the ball would reach 
its goal and response times were measured. A�erwards, we debriefed participants both verbally 
and by providing the explanations on the screen.

Data Analysis
In this experiment, response time was measured between Panels 2 and 3, which indicated the 
participants’ subjective time estimation. Outliers were removed by using the method of MAD. To 
test the e�ect of motion cue type (object only, motion lines, several motion lines, back�xing lines, 
suppletion lines) on the estimated time durations, we conducted a Linear Mixed-E�ects Model 
with motion cue type set as �xed factor and items and participant id as random e�ects factors. In 
case of a signi�cant main e�ect, our planned contrasts compared each cue against one another. 
Objects alone were compared to motion lines. Again, additional correlation analysis was performed 
on VLFI scores and/or �uency in reading manga and the estimated time durations.
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Figure 3.6. �e design of Experiment 3. Between the �rst two frames showing the starting point (panel 1) 
and midpoint (panel 2) of the action, SOA was always constant as 1000 ms. Participants then pressed a button 
to indicate when the object would reach its endpoint (panel 3), and we measured the real time estimates given 
for each cue between panels 2 and 3. �e �gure illustrates object-only condition.

Results
A main e�ect of motion cue type showed that subjective time estimation di�ered based on cues, F(4, 
488.88) = 12.913, p < .001. Planned contrasts then demonstrated that both suppletion (z = -5.65, p 
< .001, d = -0.78) and back�xing lines (z= -4.23, p < .001, d = -0.59) led to shorter time estimation 
than motion lines but did not di�er from each other (p = 0.336, d = -0.19), as shown in Figure 3.7. 
Suppletion lines also resulted in shorter time estimation compared to several motion lines (z = -2.98, 
p = .014, d = -0.41) while several motion lines took less time than motion lines (z = -2.6, p = .034, 
d = -0.37). Finally, several motion lines did not di�er from back�xing lines (p = 0.336, d = 0.22), 
and motion lines and objects presented alone were comparable to each other (p = 0.866, d = -0.02).

A negative correlation between estimated time duration and �uency in reading comics (r = -0.207, 
p = .010) indicated that more �uent people estimated shorter subjective time passage for the given 
motion events.
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Figure 3.7. Estimated time durations averaged across motion cue types. Each gray dot represents each 
participant’s averaged time estimates per condition, while the red one shows the mean, and error bars show 
standard errors. Asterisks (*) highlight the signi�cant di�erences that arose between the tested contrasts.

Discussion
Our �nal experiment examined the subjective estimation of the duration of movement based on 
di�erent motion cues. We found cues di�ered in how they in�uenced the estimated time durations: 
�rst, suppletion lines were perceived as faster than motion lines regardless of their quantity, 
indicated by shorter time durations, while back�xing lines were found to be faster than motion 
lines but comparable to suppletion lines. Greater number of motion lines again led to faster speed 
than only two lines and was comparable to back�xing lines. In addition, a negative relationship 
appeared between time estimations and participants’ �uency in reading comics suggesting that more 
experienced comic readers indicated shorter time passage for the given motion events, regardless of 
the type of cue being used. �is might suggest an overall ease of processing speed comprehension 
that comes with greater �uency.

Overall, these results were in line with both Experiments 1 and 2. More speci�cally, both 
suppletion and back�xing lines led to shorter time estimations—indicating they were perceived 
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faster—than motion lines. Yet, suppletion and back�xing lines were not di�erent from each 
other, as in Experiment 1. In addition, the increase in the number of motion lines was again 
perceived as showing faster movement than having only two lines and this increase made them 
comparable to back�xing lines but not to suppletion lines, as in Experiment 2. Di�erently than 
prior experiments though, objects presented alone were comparable to motion lines when it comes 
to actual assessments of time duration.

�e possible explanation why motion lines did not di�er from cue-less objects here might come 
from the change in the design itself. Unlike Experiments 1 and 2, in this experiment we also had a 
depiction of the starting point, or the source of action, shown by extra postural cue i.e., the person 
throwing the ball. Since the ball was shown at the starting position �rst and then in the middle 
of air, it might have seemed less “frozen” compared to objects directly presented in the middle of 
action without the presence of a source in other experiments (see Figure 3.6). �e postural cue of 
throwing marking the cause of action and the change in the position of the ball together might 
have diminished the sense of having no extra cue.

Furthermore, our results align with Hayashi et al. (2012) who showed shorter response times 
indexing faster speed estimates for more lines (5 or 8) compared to having a single line. We also 
found shorter time durations for two lines than several motion lines. In addition to the number 
of lines, they also examined the length of motion lines in their paradigm and observed slower 
estimations for shorter lines. Here we did not manipulate the length of motion lines, but the length 
of suppletion lines was shorter than the motion lines we used. Despite this, suppletion lines found 
to be the fastest, which might also strengthen the notion that they function di�erently than motion 
lines in the ways they encode distinct components of motion.

Additionally, although back�xing and suppletion lines were kept straight to capture their 
naturalistic context, while motion lines were curved to re�ect the nature of the throwing action 
in this experiment, e�ectiveness of the former two cues over motion lines aligned with earlier 
results. �is supports the idea that the shape of motion lines corresponds to the shape of the path, 
while the number and type of lines encode the speed component.

In sum, perceived �ctional speed led to di�erences in actual assessments of time. �us, our results 
do not only demonstrate motion cues vary from each other in terms of how they convey speed of 
movement but also the speediness of cues a�ects the real-life judgments of that speed.
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General Discussion

In this study we examined how motion cues convey speed of movement. In Experiments 1 and 
2, we compared subjective speed ratings given for di�erent cues i.e., motion lines trailing behind 
movers—either as two (Experiment 1) or also several lines (Experiment 2)—back�xing lines set 
in the background, and suppletion lines replacing parts of movers. We also measured response 
times and took into account participants’ �uency in reading comics, speci�cally manga. �en, 
in Experiment 3, we examined the duration of movement indicated by participants for movers 
to complete their path, again based on di�erent cues attached to the movers. In all experiments, 
motion cues intensi�ed the perceived speed compared to having no extra cue, but they di�er from 
each other in their e�ectiveness in doing so. Especially suppletion lines (in all experiments) and 
back�xing lines (in Experiment 1 and 3) were found to be cues conveying the fastest speeds. When 
we compiled the ratings data, we observed that the di�erence in speed ratings for motion lines and 
back�xing lines was in�uenced by participants’ �uency in reading manga. We further discuss the 
general �ndings below.

To begin with, motion lines were deemed to convey more speed than bare objects (Experiments 1 
and 2). �is �nding is in accordance with Carello et al. (1986) and Gross et al. (1991) who showed 
the presence of lines made the movers look like they move faster. Here we found this was also the 
case for objects without any additive e�ect of postures as our stimuli were all symmetrical objects, 
substantiating the e�ectiveness of motion lines over lack of lines. However, motion lines did not 
go beyond being faster than objects presented alone compared to other cues. Furthermore, they 
did not even di�er from bare objects when the path can be clari�ed by other means such as the 
presence of source and goal (Experiment 3). Since the change in the mover’s position across panels 
also signals motion in comics (McCloud, 1993) and the presence of the thrower indicated the 
cause of object’s movement in Experiment 3’s design, the path could be inferred already without a 
need to have any lines. When that was the case, the advantage of having motion lines over no lines 
disappeared, supporting that motion lines are more an indicator of direction or path of motion but 
do not inherently encode fast speed per se.

We also considered the possible e�ect of the number of motion lines on the magnitude of speed. 
Prior literature showed that more lines resulted in faster speed ratings (Gillan & Sapp, 2005) and 
shorter response times indexing faster speed estimates (Hayashi et al., 2012). Indeed, increasing 
the number of motion lines led to higher speed ratings compared to having only two lines. �is was 
also re�ected in actual assessments of time: participants estimated movers to complete their path 
in a shorter time duration if more motion lines were attached to them. Altogether, these �ndings 
suggest while mere presence of motion lines clari�es the direction, their quantity is what modulates 
the speed. �us, akin to the ways that spoken languages allocate conceptual dimensions about 
motion into di�erent words or morphemes (Talmy, 2000), di�erent graphic dimensions of lines 
might also be tapping onto di�erent conceptual components of motion (Hac�musao�lu & Cohn, 
2023) whether it is direction/path or speed.
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While motion lines index the path being traversed, other cues do not specify directional 
information, such as back�xing and suppletion lines. Both of these cues depict objects in the 
middle of a path without clarifying the previous location of the objects and they involve “reduced 
iconicity”—to some extent they resemble to the blurring that appears due to fast speed in real life 
settings. Based on this rationale, we expected them to encode fastness inherently compared to 
motion lines. In line with our expectations, motion lines were judged as conveying slower speeds 
than suppletion lines in all experiments, pointing the function of suppletion lines to denote fast 
speed. Interestingly, while Hayashi et al. (2012) found that shorter length of motion lines resulted 
in slower speed estimates, suppletion lines having the shortest length in our design were still found 
to be the fastest. �is again highlights the di�erence in the ways motion lines and suppletion lines 
function. Back�xing lines were also e�ective in denoting fast speed and surpassed motion lines 
in general. �us, these �ndings establish that motion cues function di�erently and vary in their 
e�ectiveness in depicting fast speed.

Whether any increase in the number of motion lines would make them closer to back�xing and/
or suppletion lines was another open question. Our �ndings demonstrated that the increase in the 
number of motion lines did not make them convey as fast a speed as suppletion lines, but the di�erence 
found between back�xing lines and motion lines vanished. As mentioned, this may explain why 
motion lines were judged to convey speed faster or comparable to back�xing lines in Gross et al.’s 
(1991) �ndings, because in their design, they compared back�xing lines with multiple motion lines 
(even more than our several motion lines). Also, given that suppletion lines were still the fastest in 
spite of the increase in number of motion lines but back�xing lines were not, we might conclude the 
latter remained relatively less salient than suppletion lines in their e�ectiveness in depicting speed. 
�is �nding also rules out the possibility that suppletion lines simply show faster movement because 
they (still) have more lines than several motion lines because back�xing lines had the most lines in our 
experiment. �e saliency of suppletion lines also aligns with our reasoning that viewers might assess 
the speed relatively faster when an objective viewpoint is adopted compared to back�xing lines that 
depict the movement from a subjective viewpoint (McCloud, 1993). Altogether, although the quantity 
of lines adds up on the speed component, in line with the notion “MORE IN FORM = MORE IN 
MEANING” (Lako� & Johnson, 1980), we can conclude it is not the only determiner of perceived 
speed. Several factors might operate in determining speed such as which component of motion is 
encoded within a cue (e.g., directionality), its reduced iconicity, and/or subjectiveness.

It is also worth noting that our �ndings indicated a re�ection of �ctive speed into actual time 
assessments in Experiment 3. Although we retained the duration between the starting point and 
the midpoint of action always constant, participants indicated the duration for the rest of the path 
di�erently based on the cues attached to the movers. �us, �ctitious motion cues in�uenced the 
time it takes for individuals to respond. �eir indications were in accordance with the subjective 
speed ratings given in Experiments 1 and 2. Namely, participants were faster to respond to the 
cues judged to convey faster speeds, and slower for the ones rated as conveying slower speeds. �ese 
results suggest an embodiment of motion cues in which the static representation of speed sponsors 
real-life assessment of that speed.
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Finally, we also assessed individual di�erences in �uency in reading comics and manga in all three 
experiments. We did not �nd a robust relationship between people’s �uency in reading comics 
and their processing of the cues in all experiments, yet in Experiment 2, exposure to manga (while 
growing up and currently) was found to be related to participants’ response times. �ey took longer 
time to rate the cues overall. Response times in this experiment also showed back�xing lines were 
processed longer compared to either type of motion lines overall, but for manga readers there was a 
reverse trend. �is might be due to manga using back�xing lines in greater proportion than other 
comics, leading to manga readers having an easier time assessing these familiar cues. �ese �ndings 
overall are consistent with other results showing that both general and type-speci�c pro�ciencies 
in visual narratives modulate their processing (Cohn, 2020).

In addition, when data from Experiments 1 and 2 merged together to further explore the 
inconsistencies in the e�ect of back�xing lines, we found �uency in manga readership modulated 
speed ratings for some motion cues. Speci�cally, people who read manga rated back�xing lines as 
conveying faster speed while their ratings for motion lines indicated slower speed compared to people 
with lower �uency in manga readership. �ese relationships are in accordance with corpus studies 
showing that back�xing lines are more common in manga (Cohn, 2023) while motion lines are used 
across various comic styles (Hac�musao�lu & Cohn, 2022). �is prevalence might make motion lines 
that correspond to the paths traversed less e�ective as speed cues for people who are used to cues that 
encode faster speed. Altogether, these pro�ciency-related �ndings align with prior studies where 
expertise with the patterns from particular comics a�ect comprehension (Cohn, 2020), and might 
explain the mixed results for back�xing lines in the literature as discussed earlier (Gross et al., 1991).

In conclusion, motion cues di�er in their e�ectiveness in depicting speed of motion. �ough motion 
lines have been studied extensively, less research has been given to other cues that are suggested to 
be part of a broader visual lexicon (Cohn, 2013; Hac�musao�lu & Cohn, 2023). �ese �ndings 
further raise questions about the origin of motion lines being purely biological or metaphorical 
since these accounts do not consider other cues that we investigated here. While it remains unclear 
how di�erent cues vary in their e�ectiveness in depicting speed from a perceptual or metaphorical 
view, our �ndings are in line with premises of a visual lexicon view postulating di�erent aspects 
of motion (e.g., speed vs. direction) being captured by di�erent features of cues (Hac�musao�lu & 
Cohn, 2023). As discussed, the presence of motion lines gives the direction, while their quantity 
in form can modulate the speed. Suppletion and back�xing lines on the other hand do not index 
the path traversed overtly but rather are suggested to convey speed component of motion. Also, 
the e�ectiveness of back�xing lines over motion lines in conveying speed can be modulated by 
people’s exposure to manga, further reinforcing the learned lexical characteristics of such motion 
cues. Future research can further look into the nature of the relationship found between number 
of lines and perceived speed (Gillan & Sapp, 2005) and use converging back�xing lines (Ito et al., 
2010) as a contrast since they also have directionality i.e., clarifying the future direction. Altogether, 
this study provides insights into overcoming the challenges of static depiction of speed.
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Abstract

Languages use di�erent strategies to encode motion. Some use particles or “satellites” to describe a 
path of motion (Satellite-framed or S-languages like English), while others typically use the main 
verb to convey the path information (Verb-framed or V-languages like French). We here ask: might 
this linguistic variation lead to di�erences in the way paths are depicted in visual narratives like 
comics? We analyzed a corpus of 85 comics originally created by speakers of S-languages (comics 
from the United States, China, Germany) and V-languages (France, Japan, Korea) for both their 
depictions of path segments (source, route, and goal) and the visual cues signaling these paths and 
manner information (e.g., motion lines and postures). Panels from S-languages depicted more path 
segments overall, especially routes, than those from V-languages, but panels from V-languages more 
o�en isolated path segments into their own panels. Additionally, comics from S-languages depicted 
more motion cues than those from V-languages, and this linguistic typology also interacted with 
panel framing. Despite these di�erences across typological groups, analysis of individual countries’ 
comics showed more nuanced variation than a simple S-V dichotomy. �ese �ndings suggest a 
possible in�uence of spoken language structure on depicting motion events in visual narratives 
and their sequencing.

Keywords: visual language; motion events; linguistic typology; linguistic relativity; comics
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Introduction

Languages di�er in how they might describe the same situation but typically use a limited set of 
structural options. One di�erence identi�ed across languages is the pattern for encoding the path 
of motion events, i.e., the direction of the movement of an object relative to the ground or another 
object (Slobin, 2004; Talmy, 1985). Similarly, sequencing in visual narratives, like comics, also 
di�ers in conveying situations with motion events (Cohn, 2013; McCloud, 1993). �us, we ask 
whether the cultural systems of visual narratives di�er in their paths and whether the depictions 
of paths are a�ected by the languages of their authors.

Paths in Spoken Languages
�e path of motion can be segmented into di�erent components: source (i.e., starting point of an 
object along the path), route (i.e., the traversal of the path itself), and goal (i.e., the endpoint of an 
object along the path). �e object moves from the source to the goal and passes along a route (Figure 
4.1). �ese semantic components give the path information while manner characterizes the action 
or how the object moves (e.g., running, crawling, climbing).

�ese semantic components vary in how they manifest in di�erent languages. Talmy’s (1985) classic 
typology posits that languages use two di�erent lexicalization patterns to map the path of motion. 
In languages like English, German, and Dutch, manner is typically encoded in the main verb while 
the path information is encoded through additional particles or “satellites” associated with the 
verbs. �ese languages are thus called “Satellite-framed” or “S-languages.” �us, path changes can be 
conveyed easily while the main verb slot is available for the manner information, as shown in Figure 4.1.

Figure 4.1. �e lexicalization pattern of motion events in Satellite-framed (S) versus Verb-framed (V) 
languages and hypothesized mapping to a visual representation. Solid lines depict how the main verb would 
correspond to a visual depiction, while dashed lines indicate other aspects of path constructions.

In contrast, languages like Turkish, French, and Japanese typically use the main verb (e.g., to enter, to 
pass, to exit) to encode the path information. �ey are thus called “Verb-framed” or “V-languages.” 
To express the manner information, V-languages then require additional phrases or subordinate 
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clauses (e.g., Spanish en courant, ‘by running’). Manner is expressed outside the main verb since the 
path verb occupies the main verb slot, as in Figure 4.1. �en, the attachment of manner phrases 
must occur for all path segments (e.g., for source, goal, or route individually); otherwise, the manner 
information (running) would only apply to the path segment it is used for.

However, lexicalization patterns of motion events might di�er based on the type of motion, instead 
of applying to all motion events equally (Özçal��kan, 2015). �e key is whether the motion involves 
crossing a spatial boundary, which refers to motion into, out of, or over a bounded region. Manner 
verbs can appear in V-languages if there is no traversal of a spatial boundary e.g., She ran toward 
the house. With a bounded region such as going into a new place, then V-language speakers need 
path verbs for the change of location e.g., She entered the house by running as opposed to She ran 
into the house (Aske, 1989; Özçal��kan, 2015; Slobin & Hoiting, 1994).

�uestions also persist whether all languages could be classi�ed within the binary of S- or 
V-languages. Slobin (2004) proposed a third group of equipollently-framed languages, such as 
Chinese, which express path and manner equivalently through serial verb constructions. More 
recent works have shown variations in motion event constructions within groups and even within 
speci�c languages (e.g., Naidu et al., 2018). �ese and other observations led to proposals for 
classifying the construction types rather than classifying whole languages (e.g., Fortis & Vittrant, 
2016). For instance, Zlatev et al. (2021) showed that grouping languages based on constructions 
yielded four clusters, but groupings changed based on the comparison criteria. �us, di�erent 
clusters could potentially arise from comparing di�erent constructions.

Within the S-/V-language dichotomy, motion event lexicalization patterns have been shown to 
place di�erent costs on comprehenders. �e auxiliary verb leads speakers of V-languages to tend to 
leave out manner, whereas in S-languages, the manner information is highly accessible, and actions 
become more salient compared to V-languages (Slobin, 2003). In line with this, Berman and Slobin 
(1994) showed cross-cultural variation when children described a pictorial storybook. Children who 
spoke V-languages described the visuals by using path verbs and expressed manner only if necessary. 
In contrast, children who spoke S-languages used more diverse and �ne-grained manner verbs. 
S-language speakers also described the manner of motion in their mental imagery more vividly 
than V-language speakers, who habitually described the physical and emotional setting (Slobin, 
2003). Similarly, novels from S-language writers use more detailed manner of actions compared to 
novels written by V-language writers, and translations of narrative texts from S-languages (English) 
to V-languages (Spanish) have been shown to replace manner with path verbs or omit manner 
entirely (Slobin, 2000).

Moreover, Kita and Özyürek (2003) demonstrated cross-linguistic variation in gestural 
representations of motion events. �ey found that S-language speakers were inclined toward 
using one gesture that con�ates both manner and path information, whereas V-language speakers 
preferably used separate gestures for each component. �us, parallels arise between the way 
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information is packaged in languages and the gestures of those speakers (see Özyürek et al., 2005 
for replications with di�erent motion events).

�ese �ndings imply the e�ects of linguistic typology on comprehension and interactions with 
other domains. �us, our primary question is whether these typological di�erences in spoken 
languages also in�uence the representation of motion events that people draw. For convenience, 
we here retain the original S/V typological classi�cation of languages while acknowledging that 
more nuances may arise within languages on a constructional basis. To forecast our questions 
below, we wonder how paths in visual narratives within our corpus would relate to the original 
S/V classi�cation and how they would deviate from it.

Paths in Visual Narratives
Visual narratives like comics provide a particularly compelling place to look at paths, since they 
both show motion events in single images (within a panel) and extend across sequences. In addition, 
Visual Language �eory (Cohn, 2013) has argued for parallels in the structure between spoken 
languages and graphic communication. �is theory proposes that, just as spoken or signed languages 
are fundamental human abilities to express meaning produced in a spoken or bodily modality 
and governed by a system of combinatorial principles, structured sequential drawings use similar 
principles in the mapping of graphics and meaning. Conventionalized systems of drawing can thus 
be deemed “visual languages,” which vary across cultures using shared structures among a particular 
group, similarly to the cross-cultural diversity of spoken languages. Highly codi�ed visual languages 
appear in comics of the world, which o�en use systematically consistent graphics and patterned 
methods of narrative sequencing, and which then combine with written language (Cohn, 2013; 
McCloud, 1993). �us, Japanese manga uses a “Japanese Visual Language” that systematically 
di�ers from the “American Visual Language” used in comics from the United States (Cohn, 2013, 
2020). To what extent cross-cultural systems vary and overlap is an ongoing topic of analysis.

As in the challenge of conveying motion events in spoken languages, several strategies are used 
to depict dynamic events in two-dimensional static images (Cutting, 2002). For instance, visual 
depictions show motion through the postures that �gures take in actions (Figure 4.2a), and static 
representations implying motion are suggested to be processed similarly to dynamic events (Kourtzi 
& Kanwisher, 2000). A �gure’s depicted posture can create a prediction of the �gure’s upcoming 
action even in static images (Kawabe & Miura, 2006). �is knowledge of visual postural depictions 
aids the comprehension of motion, even at younger ages (Friedman & Stevenson, 1975).
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Figure 4.2. Visual cues i.e., a) postures, b) a�xes (motion lines), c) back�xing lines, d) suppletion lines, and 
e) repetition that are used to convey motion.

Beyond postural cues implying motion events, graphics also depict paths directly using motion lines 
(also called speed lines or action lines) where a line trails behind a moving object to show the path it 
has traversed (Cohn, 2013; McCloud, 1993) (Figure 4.2b). Like a�xes in languages, motion lines 
cannot stand alone and thus must be attached to their stems i.e., the moving object (Cohn, 2013).

Across motion lines, the source of the path information appears at the starting point, and the goal 
at the endpoint (Figure 4.3a). In that sense, motion lines can directly indicate the traversal, making 
it possible to depict a change of location over a spatial boundary, unlike postural cues. Also, manner 
of the visual path is usually encoded through the shape of the middle part of the line, the route. 
For example, as in Figure 4.3, a bouncing object uses curved lines with midpoints along the route, 
implying the previous states where the ball impacted the ground. Spinning objects then might show 
a spiraling line. Also, all three path segments can be drawn at once, as in Figure 4.3a. Alternatively, 
each path segment could be isolated to its own panels (Figure 4.3b) or use binary combinations 
(e.g., Source – Route as in Figure 4.3c or Route – Goal).
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Figure 4.3. a) All segments (Source, Route, and Goal) of a path in a single panel. b) Path segments isolated 
to their own panels or c) an example of binary combinations. �e curved lines show the route and manner 
of bouncing.

Motion lines can imply the speed of a moving �gure (Carello et al., 1986; Cutting, 2002), by 
modulating the length and number of the lines (Hayashi et al., 2012), again re�ecting the manner 
information. Also, several motion lines can attach to the background (i.e., back�xing lines; Figure 
4.2c), which gives a sense that the viewer moves with the object, while the background is “blurred” 
(Ito et al., 2010; McCloud, 1993). In contrast, certain parts of an object can be replaced with motion 
lines (i.e., suppletion lines; Figure 4.2d), making it seem like the object itself is blurred through 
its motion (Cohn, 2013). Finally, parts of a �gure (e.g., hands) can be repeated to demonstrate 
the motion (e.g., depicting multiple hands to give the sense of waving, as in Figure 4.2e). While 
back�xing lines, suppletion, and repetition all convey motion, in these cases, path information 
remains more implicit in contrast to the overt paths conveyed by motion lines.

Because motion lines directly show the path of a motion event, they may aid the comprehension 
of depicted motion in single images (Brooks, 1977; Friedman & Stevenson, 1975). Motion lines 
help people better understand the path of motion and remember the direction of a moving object 
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compared to the objects depicted without lines (Geisler, 1999; Kawabe & Miura, 2006). Also, the 
presence of lines, including back�xing lines, depicts motion better than both no lines and lines 
moving in the wrong direction (Ito et al., 2010). Further, Cohn and Maher (2015) found shorter 
self-paced viewing times for comic panels with normal motion lines than no lines, and even longer 
times to reversed lines. Yet, neural responses to scenes where motion lines were erased were found to 
activate comparable processes as reversed lines, suggesting that the motion lines were helpful beyond 
having no lines. �is e�ect was modulated by participants’ comic reading expertise, supporting the 
notion that motion lines are conventionalized in a “visual vocabulary”.

Unlike postural cues, the comprehension of motion lines develops as children age. Younger children 
can have trouble comprehending motion lines and only interpret them as symbolic representations as 
they age, at which point they rely on motion lines more than postural cues (Friedman & Stevenson, 
1975). However, postures and motion lines together contribute to comprehension better than 
each does alone (Kawabe & Miura, 2006). Furthermore, similar to variations across languages, 
the representations of motion lines vary cross-culturally, such as Japanese manga and American 
comics using di�erent depictions of motion (Cohn, 2013; McCloud, 1993, 1996). Finally, people 
who are not exposed to motion lines in their cultures have di�culty comprehending that they 
depict motion (e.g., Kennedy & Ross, 1975), and their understanding is further modulated by 
experience (Cohn & Maher, 2015).

Cross-cultural research in visual narratives has also demonstrated di�erences in the framing 
structure of panels (Cohn, 2013, 2020). Because panels of comics act as “attentional units”, 
highlighting di�erent aspects of a scene, panels can be categorized based on the number of primary 
characters they depict (Cohn, 2013). Panels are categorized as Macros if they depict multiple active 
entities, Monos if depicting a single active entity, Micros if showing less than one active entity, 
and Amorphic panels if depicting no active entities. Since scenes can be framed in these di�erent 
ways, this could a�ect how motion events are segmented. Prior work has found that American and 
European comics use Macros more than any other panel type. However, Asian comics typically use 
as many if not more Monos than Macros, and greater frequencies of Micros, reinforcing a focus 
on certain parts rather than full scenes (Cohn, 2013, 2020). Nevertheless, these framing-type 
tendencies cut across the linguistic typology of motion events, such as French (a V-language) and 
German (an S-language) comics, which share a similar framing structure. �us, it remains an open 
question whether attentional framing might a�ect how motion events are represented.

To summarize, various graphic devices act as visual cues to convey motion events, implying path 
and manner information. However, whether these cues might be in�uenced by how paths are 
encoded in their drawers’ native languages remains unknown. Given that both verbal and visual 
representational systems express paths, might the typological distinctions of S- and V-languages 
constrain how motion events and paths manifest in visual narratives?

As described above, studies of verbalized motion events have o�en relied on visual narratives as 
elicitation stimuli. For example, the pictorial narratives of Frog, where are you? (Mayer, 1969) have 
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been used in tasks with participants from various cultures to verbalize what they see in the given 
visual narratives (e.g., Berman & Slobin, 1994; Naidu et al., 2018; Slobin, 2000). Nevertheless, 
in using visual narratives as stimuli, the structures of the depicted paths could a�ect elicitation 
results if that book depicted paths in a particular way that is (in)consistent with a given linguistic 
typology. Such variation potentially originating from the visuals themselves has not been considered 
in this research.

In addition, visual narratives have been used as a context to investigate linguistic typological 
di�erences. Molés-Cases (2020a, 2020b) conducted a multilingual corpus study on the translation 
of manner in the text of comics. Here, manner was usually omitted in translations from S-languages 
to V-languages, but the omission of manner in the text was sometimes compensated through visual 
codes (i.e., drawing the manner information). �us, the manner information, omitted in the text, is 
not lost in the translation through the aid of the visual language. �is corpus study showed evidence 
for the multimodal role of graphics in minimizing the consequences of the e�ect of language 
typology on translations.

While these works have used visual narratives to study typological di�erences in S- versus 
V-languages, they do not address how this information is encoded in the visual narratives themsel�es, 
rather than how people verbalize what they see in those depictions or structure the accompanying 
text. To this end, Tversky and Chow (2017) carried out the �rst analysis of motion event typologies 
in visual narratives by focusing on the depiction of action in panels from S- versus V-languages 
comics. �ey asked native English (S-language) and Japanese (V-language) speakers to rate panels 
along a scale of depicting action versus scene-setting in S-language comics (English and Mandarin) 
and V-language comics (Japanese and Italian). Higher action ratings were given to comics in 
S-languages than in V-languages. �eir results suggested an e�ect of language typology on the 
depictions and salience of actions in visual narratives.

Instead of using action-ratings as a proxy for motion events and paths, here we look at path segments 
directly in 85 comics and examine cues (i.e., a�xes of motion lines, postures, suppletion, back�xing 
lines, and repetition) signaling path and manner of motion. We also consider the attentional 
framing structure of the comics’ panels. We hypothesized that overall, comics from S-languages 
would depict more path segments than comics from V-languages based on �ndings that S-language 
speakers tend to mention more path segments than V-language speakers (Slobin, 2005). �e saliency 
found in S-languages of encoding both the motion and manner in the main verb should be especially 
salient in routes, where manner is typically represented (as diagrammed in Figure 4.1). In contrast, 
V-languages focus their main verb on motion and path information, so they should have less focus 
overall on routes (Figure 4.1). �us, we further expected a greater proportion of routes in S- than 
V-languages. However, since V-languages isolate manner into a second verb, we also predicted that 
when routes are shown, they may be segmented into their own panels more o�en in V-languages 
than in S-languages (as in Figure 4.3b). Finally, because sources and goals are equally salient across 
language typologies, we hypothesized that there would be no di�erence in the representation of 
sources or goals across comics.
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We also hypothesized di�erences in the visual devices signaling motion, or “motion cues.” Since 
motion events have been suggested to be more salient in S-languages than in V-languages (Slobin, 
2003), we predicted that more cues would appear in S-language comics than V-language comics. 
Speci�cally, motion lines are expected to be used more o�en in S-languages since routes, and manner, 
are typically conveyed through motion lines. Yet, since manner can be omitted in V-languages—or 
isolated in a secondary verb—V-language comics are not expected to rely on motion lines as much. 
Instead, we predicted that V-language comics would depict postures more o�en than a�xes of 
motion lines because postures imply motion without showing boundary-crossing directly and leave 
out �ne-grained manner information made overt by a�xes.

Finally, we expected a relationship between attentional framing structure (i.e., segmentation of 
panels) and the routes. Because panels’ framing can vary across cultures, this could a�ect how 
motion events are represented across panels. Speci�cally, because V-languages separate manner 
from motion, we predicted V-language comics might use more segmented scenes (such as with a 
focus on Mono panels, as in Figure 4.3b) than S-languages where the motion and manner are kept 
together (such as with a focus on scene-level depictions in Macro panels, as in Figure 4.3a). Given 
the relationship between manner and routes, we predicted that routes would correlate with a trade-
o� between Macros (S-languages) and Monos (V-languages).

Method

Materials
We selected 85 comics annotated within the Visual Language Research Corpus (VLRC; Cohn 
et al., 2023) for aspects of motion events and their visual cues. More information regarding the 
corpus and its data can be found at http://www.visuallanguagelab.com/vlrc. �ese comics were 
representative of books from S-languages (China, Germany, the United States) and V-languages 
(France, Japan, Korea), as listed in Table 4.1. Within our selection from the United States, our 
analysis focused on mainstream comics (i.e., the superhero genre) and US manga or Original English 
Language (OEL) manga, which are works written by English speakers but drawn in Japanese 
manga style (i.e., using the Japanese Visual Language). Prior corpus analysis has suggested that the 
storytelling of US manga is balanced between patterns resembling structures from US mainstream 
comics, with which they share a country and market, and Japanese manga, which their visual style is 
imitative of or in�uenced by (Cohn, 2020). �ese books thus provide an interesting place to analyze 
the crossing of authors who speak an S-language (English) but with Japanese Visual Language, 
which originally aligned with a V-language (Japanese).
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Table 4.1. Types and or�g�ns of com�cs �ncluded �n our sample from the V�sual Language Research Corpus.

Comic Type Country LanguageLanguage 
Typology

Average 
Pages

Total 
Panels

Total 
Books

Dates

Chinese Manhua China Mandarin S-language28 935 6 2002-2005

French Bande dessinéeFrance French V-language20 2343 10 1985-2013

German Comics Germany German S-language29 1680 8 1987-2010

Japanese Manga Japan Japanese V-language19 2898 15 2003-2013

Korean Manhwa Korea Korean V-language22 2227 15 1987-2007

US Mainstream ComicsUnited States 
of America

English S-language21 2873 15 2004-2014

US Manga United States 
of America

English S-language24 3348 16 1991-2006

Areas of Analysis
We analyzed each book through two primary dimensions: path segments and motion cues. 
Exploratory analyses also examined attentional framing structure. Four annotators blind to 
the hypotheses of the study independently annotated books across all areas of analysis. Coders 
completed coursework on Visual Language �eory along with training in the speci�c �elds of 
annotation. All annotators had to reach a threshold of 80% agreement on practice books for 
annotations before annotating the actual corpus.

Path segments
Path segments were coded for the number of sources (i.e., the starting point), routes (i.e., the 
midpoint or path itself), and goals (i.e., the endpoint) per panel. Panels could also have path 
segments isolated to their own panels (e.g., Source-only). We recorded the total path segments 
per panel and then divided this by the number of panels per book to derive the mean number of 
instances. �en, these means for each book were averaged across annotators for the �nal analyses.

Motion cues
�e second area of analysis identi�ed the motion cues implying the path and manner of motion. 
�ese graphic devices included a�xes of motion lines, back�xing lines, postures, suppletion, and 
repetition, as in Figure 4.2. Prototypical motion lines were coded as a�xes, while the lines set 
behind a �gure in the background as back�xing lines. �e postural cues were identi�ed as the poses 
indicative of the character’s actions. �e replacement of certain parts of a �gure with motion lines 
was coded as suppletion and repetition of all or parts of a �gure to convey motion as repetition. 
We recorded each instance of a visual cue, and the mean number of motion cues was calculated in 
the same way as for path segments. We also computed the sum of all cues used in each panel and 
averaged them per book.
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Attentional framing structure
Finally, attentional framing structure of panels was annotated in line with previous research 
(Cohn, 2013, 2020). Prior work (Cohn, 2020) has identi�ed one of the most salient aspects of 
characterizing framing of a comic as the ratio of panels showing scene level information (Macros, 
i.e., panels depicting multiple active entities) or individual characters (Monos, i.e., panels with 
one active entity). We thus characterized each book’s framing by subtracting the average of Mono 
panels for a given book from its average of Macro panels. �is resulted in a continuum where 
higher scores indicated a comic with more Macros and lower (or negative) scores indicating more 
Monos. �is relative score aimed to characterize the degree to which panels throughout a book 
may or may not segment scenes into parts, which might be relevant for how motion events would 
be depicted across panels.

Data Analysis
Our main analyses looked at path segments (Source, Route, and Goal) and motion cues (A�x or 
motion lines, Back�xing lines, Posture, Suppletion, and Repetition). Path segments isolated to their 
own panels (Source-only, Route-only, and Goal-only) were also examined. We analyzed path segments 
by using Repeated Measures ANOVAs with three levels (i.e., Source, Route, and Goal) of within-
group factors and typology (S- and V- languages) or country (US mainstream comics, US manga, 
China, Germany, France, Japan, and Korea) as the between-group factor. We compared the proportion 
of isolated paths to overall segments (i.e., Source-only %, Route-only %, and Goal-only %) between 
typologies through Independent Samples t-tests. Independent Samples t-test also compared the total 
number of motion cues (collapsing all cues) per panel in S- versus V- languages comics. For further 
analyses, we only included the most prototypical cues, namely a�xes (motion lines) and postures, 
because low frequencies were observed for back�xing lines (3%), suppletion (2%), and repetition 
(.06%). �us, Repeated Measures ANOVAs were conducted with main motion cues (A�xes/Motion 
lines and Postures) as within-group factors and typology or country as the between-group factor, with 
pairwise comparisons in cases of signi�cant main e�ects and interactions.

For additional relationships, we conducted a linear regression with a�xes (motion lines) and 
postures as the predictors on the dependent variable of routes and a follow-up correlation analysis 
to examine the relationship between those two cues on the condition of routes. An Independent 
t-test and a One-way ANOVA compared the Macro-Mono ratio between language typologies and 
countries, respectively. Finally, through correlation analyses, we looked at the relationship between 
Macro-Mono di�erence and routes for S- and V-languages separately.

Results

Path segments

Typology
We began by investigating path segments (Source, Route, Goal) between language typologies (S- 
and V-languages). We found main e�ects of both path segments (F = 75.7, p < .001) and language 
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typology (F = 11.4, p < .001), and an interaction between them (F = 5.7, p = .011). Overall, routes 
were depicted more o�en than goals and sources, while goals were used more than sources (all ts > 
4.2, all ps < .001), as indicated in Figure 4.4a.

Comics from S-languages used more path segments than comics from V-languages (t = 3.3, p = .001), 
see Figure 4.4b. �is di�erence primarily arose because S-language comics used more routes than 
V-language comics (t = 4.5, p < .001) but did not di�er between their sources or goals (all ps > 0.2). 
However, within those path segments, V-language comics segmented routes isolated into their own 
panel at a greater proportion (M = 0.714) than S-language comics (M = 0.596) (t = 3.2, p = .002, as 
in Figure 4.4c), which also occurred for isolated sources and goals (all ts > 2.2, all ps < .035).

Figure 4.4. Path segments a) across all comics, b) averaged across typology, and c) for the proportion of path 
segments segmented into their own panel. Each dot represents a comic.

Country
We next examined path segments between countries. Main e�ects appeared for path segments 
(F = 100.5, p <.001), and country (F = 6.2, p <.001), and an interaction occurred between them 
(F = 3.5, p =.001). Path segments were used extensively in Chinese manhua than all other countries 
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(all ts > 3.3, p �  .019) except for German comics (t = 1.4, p = 1.000). German comics had more path 
segments than all V-language comics (all ts >3.4, all ps � .016), except for French comics (t = 1.9, 
p = 0.589). Speci�cally, more routes were depicted in Chinese manhua than all other countries (all ts 
> 4.1, all ps � .007) excluding German (t = 1.6, p = 1.000) and French comics (t = 3.1, p = .276), as 
in Figure 4.5. Routes were also depicted more in German comics than in Japanese manga (t = 5.06, 
p < .001) and Korean manhwa (t = 4.5, p = .001).

Figure 4.5. Routes averaged across countries. Each dot represents a comic.

Motion cues

Typology
We �rst examined the total number of motion cues (collapsing A�x/motion lines, Back�xing lines, 
Posture, Suppletion, and Repetition) across typology. Regardless of the cue type, comics produced 
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by S-language speakers had more cues depicted per panel (M = 0.306, SD = 0.207) than comics 
from V-languages did (M = 0.161, SD = 0.139), t = 3.7, p < .001 (Figure 4.6a).

We then looked at a�xes (motion lines) and postures speci�cally between language typologies. 
Main e�ects appeared of both motion cues (F = 5.7, p = .019) and language typology (F =14.5, p < 
.001). Cues were depicted more in S-language comics than in V-language comics (t = 3.8, p < .001), 
and overall postures were used more than a�xes (t = 2.3, p = 0.019).

Post-hoc comparisons indicated that S-language comics used a�xes (t = 3.7, p < .001) more than 
V-language comics while their postural cues did not vary (t = 2.2, p = .087), see Figure 4.6b. A 
trend appeared for using postures over a�xes within V-languages (t = 2.4, p = .058), while within 
S-language ones, no di�erence arose between the two cues (t = 0.8, p = .402).

Figure 4.6. a) �e mean number of cues (i.e., collapsing postures, a�xes or motion lines, back�xing lines, 
suppletion, and repetition) used per panel per book across typology b) a�xes (motion lines) and postures 
averaged across typology. Each dot represents a comic.

Country
We observed a main e�ect of country (F = 10.3, p < .001), and an interaction between motion 
cues and the country (F = 2.07, p = .002). Similar to path segments, cues were depicted more o�en 
in Chinese manhua and German comics than in all other countries (all ts > 3.6, all ps < .007), 
excluding French comics (ps > .135). However, cues in French comics varied from Japanese manga 
(t = 3.09, p = .035) and Korean manhwa (t = 3.06, p = .036) although all are V-language comics. 
Post-hoc comparisons demonstrated Chinese manhua and German comics used a�xes more than 
other countries (all ts > 3.5, all ps < .034), indicating their greater frequency of cues came from 
a�xes (Figure 4.7a). However, only French comics and Korean manhwa di�ered from each other 
in postures (t = 3.8, p = .014), see Figure 4.7b.
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Figure 4.7. a) Main motion cues (a�xes/motion lines and postures) averaged across countries of S-languages 
and b) V-languages. Each dot represents a comic.
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Linear Regressions and Correlations

Motion cues and Routes
We next conducted a linear regression with routes as the dependent variable and a�xes (motion 
lines) and postures as predictors, resulting in a signi�cant e�ect (F = 137.9, p < .001, R2

 = .771). 
Both a�xes (t = 10.3, p < .001) and postures (t = 9.4, p < .001) were found to be predictors of 
routes. Follow-up analysis showed a negative correlation between a�xes and postures on routes. 
Although both cues predict routes, they do not tend to occur together on depictions of routes (r 
(83) = -0.414, p < .001). In other words, the more that motion lines were used to depict routes, the 
fewer that postural cues appeared on those routes and vice versa.

Attentional framing structure
Our �nal analysis examined how motion events interacted with attentional framing structure (i.e., 
how much information is depicted in a single panel). We examined the ratio between Macro panels 
(i.e., framing multiple active entities) and Mono panels (i.e., framing a single active entity) across 
typologies (as in Figure 4.8a), and an e�ect near the threshold of signi�cance appeared (t = 1.9, 
p = .056), implying that S-language comics tend to have more Macros (M = 0.099, SD = 0.257) 
while V-language comics have more Monos (M = -0.007, SD = 0.248).

We next looked at the relationship between framing and routes (Figure 4.8b) and observed a positive 
correlation (r (38) = .380, p = .016), suggesting that V-languages with more macros also depicted 
more routes. However, we found no relationship between the Macro-Mono ratio and routes for 
S-language comics (p = .303).

Macro-Mono ratios also di�ered between countries (F = 5.6, p < .001), as in Figure 4.8c. German 
comics had the largest skew towards Macros, which were greater than all Asian comics i.e., Chinese, 
Japanese, and Korean (all ts > 3.2, all ps � .025). French comics were the next most Macro heavy, 
which varied from both Japanese manga (t = 3.7, p = .005) and Korean manhwa (t = 3.2, p < .027). 
Finally, US mainstream comics also di�ered from Japanese manga (t = 3.1, p = .033) while US 
manga did not (t = 1.7, p = .560).



124

CHAPTER 4

Figure 4.8. a) �e di�erence between Macros and Monos averaged across typology b) �e relationship 
between this ratio and routes for S- and V-languages c) Macro-Mono ratio averaged across countries. More 
positive numbers indicate more Macro panels, while more negative numbers indicate more Mono panels. 
Each dot represents a comic.

Discussion

We asked whether the depiction of motion events in visual narratives varied based on authors’ spoken 
languages as S-languages (e.g., English) or V-languages (e.g., Japanese). We therefore examined path 
segments and motion cues across 85 comics from around the world (English, German, Mandarin 
as S-languages; French, Japanese, Korean as V-languages). In line with our predictions, S-language 
comics depicted more routes than V-language comics, but routes in V-languages were more o�en 
segmented into their own panels than the routes in S-languages. In addition, more cues appeared 
in panels from S-language comics, primarily motion lines signaling the routes and the manner 
information, compared to V-language comics. Finally, a relationship between attentional framing 
and routes within V-language comics further supported that V-languages align with greater 
segmentation of visual narratives in general, but when they do not, they depict more routes. We 
elaborate on these �ndings below.

We �rst focused on routes, as the locus of the motion and manner of a visualized path. Overall, 
the routes (i.e., encoding the path itself) were depicted more o�en than goals, and goals were used 
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more than sources. In spoken languages, goals are more salient than their sources (e.g., Regier & 
Zheng, 2007), which was also the case in our corpus. �e importance of routes over goals might 
be peculiar to visual narrative systems, in which motion lines, showing the traverse of an object, 
are bene�cial in comprehension of motion (Cohn & Maher, 2015).

We next turned to whether linguistic typology varied this distribution of path segments. Since 
S-languages con�ate both motion and manner into the main verb, we had predicted greater 
proportions of routes in comics from those languages, and indeed comics from S-languages used 
routes more o�en than comics from V-languages. Given that V-language speakers tend to leave 
out manner completely (Özçal��kan, 2015; Slobin, 2003), having fewer routes in comics from 
V-languages is also in line with the typological di�erences of their authors. S- and V-language 
comics did not di�er in their sources or goals, consistent with how both typologies give salience 
to source and goal information. Nevertheless, we also expected more routes segmented into their 
own panel in V-language comics than S-language comics, in line with V-languages’ expression of 
manner in a secondary verb or through other constructions, like prepositional phrases or adverbial 
clauses. �is also was the case. Altogether these results suggested that the salience of paths in visual 
narratives aligns with the expectations from linguistic typologies of motion events.

Greater proportions of isolated routes appeared in V- than S-language comics, as was predicted since 
manner is typically isolated in a secondary phrase in V-languages. However, greater proportions 
of isolated sources and goals also appeared for those comics, which was not predicted, despite the 
expected �nding of no di�erence overall between sources and goals across typological groups. 
Perhaps V-language authors are inclined to isolate routes, which might lead them to isolate other 
path segments as well. Alternatively, depicting sources or goals alone would imply a path without 
showing a change of state. As mentioned, it was proposed that V-language speakers had to use path 
verbs, especially in case of a change of state (Özçal��kan, 2015; Slobin, 2004); thus, segmenting 
those components might have been habituated and, in turn, re�ected on the depictions of paths.

However, the properties of visual narratives themselves may also interact with how motion events 
are represented. In this regard, we had also considered the possible in�uence of attentional framing 
of visual narratives (i.e., how much information is depicted in a single panel) on the segmentation 
of motion events. We observed a trend of using more Macro panels (i.e., depicting multiple active 
entities in a single panel) over Mono panels (i.e., depicting one active entity in a single panel) in 
S-language comics and the reverse in V-language comics. Such framing arose from a Western-Asian 
division in visual narratives, which might have led to the isolated framing of sources and goals in 
V-languages. However, in V-language comics, routes also correlated with Macros, which would 
not segment motion events into separate panels. �us, for V-language authors, using Macro panels 
might have reinforced the depictions of overall routes, although they were also inclined to isolate 
those routes more o�en. Such �ndings may suggest constructional patterns for visually depicting 
motion events that cut across both path segments and attentional framing, potentially also with 
motion cues, to which we now turn.
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Overall, S-language comics used more motion cues than V-language comics in their panels. In 
addition, greater amounts of motion lines in S-language comics supported our prediction that 
a�xes would be more salient in S-language comics than in V-languages, as motion lines convey 
the routes and thus the manner information. However, both S- and V-languages used postures 
comparably. As expected, we observed a trend toward using postures over a�xes in V-language 
comics, suggesting di�erent strategies might be preferred to characterize paths with a possible 
in�uence of linguistic typology. Moreover, both postures and a�xes predicted routes although 
they do not tend to be depicted together. �is �nding suggests a possible trade-o� between these 
two cues signaling routes. It would also support the idea that motion events are emphasized by 
particular cues alone, such as motion lines, rather than being depicted together with other types 
of cues (Juricevic, 2018).

�is possible trade-o� implies that V-language comics might use postures for cueing path 
information more indirectly than the overt paths of motion lines. �is could then align with the 
notion that V-language speakers do not usually express the action saliently. Instead, they tend to 
mention the environmental setting, which might help paths to be inferred (Slobin, 2005), or to 
mention a �gure at two sides of a boundary (e.g., outside of the house and then inside of the house) 
implying the boundary (e.g., the moment of going into the house) has been crossed (Özçal��kan, 2015).

For further nuance to these �ndings, we then looked at path segments and their cues broken 
down by their countries. In line with Chinese manhua and German comics having the most path 
segments, especially routes, they also used the most cues, particularly motion lines conveying the 
manner information. Although di�erences along the linguistic classi�cations were supported, we 
also found intra-typological variations. For instance, US comics (both mainstream and manga) 
had fewer path segments, speci�cally routes, than Chinese manhua despite both being classi�ed 
as S-languages. �is is consistent with the �ndings of Tversky and Chow (2017) that action ratings 
for Chinese comic panels were higher than for English comic panels. �ese results could come from 
Mandarin itself, which was proposed as a third “equipollent” framing type (Slobin, 2004) because it 
uses constructions in line with both S- and V-languages. Indeed here, Chinese manhua used equal 
amounts of postures and a�xes/motion lines, unlike the trade-o�s in cues found in other countries.

In addition, US comics more resembled the V-language comics in our corpus, with motion lines 
used less frequently in both types of US comics compared to other S-languages. �ese might be 
due to the in�uence of Japanese manga on US comics overall. In our corpus, the publication date 
of US mainstream comics was between 2004 and 2014 (see Table 4.1). Japanese manga’s in�uence 
on US comics started in the 1980s, including the production of US manga by English (S-language) 
speakers in manga style (Cohn, 2020). Indeed, US manga were similar in routes compared to US 
mainstream comics. Also, in framing structure, lower rates of Macro panels occurred in both types 
of US comics (particularly US manga) than European comics, trending more like Japanese manga 
(Cohn, 2013, 2020). Such in�uences of manga on US comics of all types may thus have a�ected 
their depiction of motion events.
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Similar to US comics, French comics also had paths between S- and V-languages. Speci�cally, 
the comparable routes to S-language comics could relate to our �nding suggesting a relationship 
between attentional framing structure and routes for V-language comics. �e more Macro panels 
V-languages had, the more routes were depicted. French comics indeed had more Macro panels than 
Mono panels, similar to other European comics (Cohn, 2013), and this might have allowed greater 
depictions of routes. While French comics also depicted more cues than other V-language comics, 
they were mostly postures, in line with predictions about how V-languages would depict paths. 
�e trade-o� between motion lines and postures on routes could explain why French comics had 
comparable routes to S-languages (Chinese and German) despite not relying as much on motion lines.

�e diversity of intra-typological di�erences in these visual narratives might also relate to recent 
views proposing construction-based classi�cations of motion events beyond the S- versus V-language 
dichotomy (Zlatev et al., 2021). As described above, Mandarin has been described as “equipollently 
framed” using constructions across the S/V-language divide (Slobin, 2004), in line with our �ndings 
of more routes and equal amounts of visual cues. In addition, Blomberg (2014) demonstrated that 
French speakers preferred manner verbs (e.g., French sauter, ‘ jumping’) in speci�c situations such as 
vertical motion events (e.g., jumping down) despite being a typical V-language in other dimensions. 
Analogously, when we looked at the segmentation of scenes, French clustered with German comics, 
despite di�ering in their motion cues. Perhaps the typologies of visual narratives might similarly 
group based on constructions in their motion events, which would be consistent with the overall 
constructional framework of Visual Language �eory (Cohn, 2013). Further research will thus 
need to investigate whether we can characterize such motion event constructions more speci�cally 
within visual narratives and whether they again might align with the constructions for motion 
events in spoken languages.

Altogether, these results provide evidence that the graphic depictions of paths in visual narratives 
align with those in spoken languages, possibly interacting with visual narrative speci�c properties. 
Given these di�erences across visual narratives, our results raise concerns with using pictorial 
storybooks as an elicitation tool to study spoken languages. Many psycholinguistic studies 
examining motion events have used visual narratives to sponsor verbalized descriptions and linked 
those �ndings to participants’ spoken languages. However, our �ndings show that visual narratives 
are not “neutral” in their structures, which indeed may di�er from each other in systematic ways. 
Motion events in Frog, where are you? (Mayer, 1969) might have in�uenced experimental �ndings, 
having been produced by a speaker of an S-language. Since visual structures might di�er based 
on di�erent cultures and languages, it is worth considering those structures in visual narratives 
themselves.

While we have found evidence for a relation between the linguistic typology of motion events 
and visual narratives in this corpus, our current annotations remain limited for characterizing 
such structures. For instance, our primary analysis focused on routes, as the locus of motion and 
manner information in graphic form. However, future work can better identify the nature of the 
event, length of a path, and types of manners (e.g., twirling, spinning). We might predict that, 
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because S-languages collapse manner into the main verb, perhaps they depict more diverse and 
�ne-grained manners than V-languages comics. Also, cues signaling manner itself (e.g., impact 
stars) and characteristics of motion lines (e.g., curly, or straight; multiple or a few) are indicative 
of the manner information such as several or longer lines re�ecting faster actions (Hayashi et al., 
2012). Such information will be annotated in future corpus analyses.

In addition, while our work focused on corpus analysis of motion events in visual narratives, 
experimental work could examine cross-cultural comprehension of these graphic motion events. 
Given our �ndings, we might ask whether motion lines a�ect the comprehension of motion events 
based on the spoken languages that people speak. Is the advantage of motion lines over postures 
found in motion comprehension (Friedman & Stevenson, 1975) homogenous or modulated by 
linguistic typology? Might processing of (un)segmented motion events vary cross-culturally? 
Answers to these, among several possible questions, might also shed light on aforementioned 
concerns about using visual narratives as elicitation stimuli in spoken language typology studies.

Finally, our results raise further questions about the wider connections between graphic 
representations and linguistic typologies. Our �ndings suggest that the depiction of motion events 
across visual narrative sequences aligns with, and might be in�uenced by, the linguistic typologies 
of languages spoken by their authors. If substantiated further, this implies a permeability between 
expression in the verbal and graphic modalities similar to �ndings that linguistic representations 
might in�uence gestures (e.g., Özyürek et al., 2005). �ese results thus raise questions about what 
other aspects of linguistic typology might manifest in the structures of visual narratives and 
whether such in�uence is bidirectional, with representations from the graphic modality, in turn, 
in�uencing speech. �us, while previous works prevalently have used visual narratives as tools to 
study the relationship between language and thought, they can provide valuable insights as objects 
of study in their own right.
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Abstract

Representing motion in static images is a challenge due to the limitations of two-dimensional visual 
media. Such motion depictions are common in visual narratives, yet no studies have extensively 
analyzed their properties. �is study examines how lexicalized visual cues contribute to motion 
events by analyzing 315 comics across three studies. Study 1 focuses on the frequency of motion cues 
and path segments, revealing that midpoints of paths were depicted more frequently than endpoints 
or starting points, consistent with prior corpus �ndings. Study 2 then explores how di�erent cues 
relate to the explicitness of direction, manner of speed, and temporality. While most cues were 
associated with explicit paths, others, like partial repetition of postures, were more implicit. Also, 
back�xing and suppletion lines showed no positive relationship with any kind of paths but related 
to speed of motion. Cues that rely on indexicality also related to implied moments of action. Finally, 
Study 3 used Principal Component Analysis to uncover broader patterns in the data, revealing 
more nuanced groupings of properties of motion events than a binary explicit/implicit distinction. 
Overall, this study o�ers new insights into the ways static images convey dynamic information by 
showing they are systematized in a visual vocabulary.

Keywords: depicted motion events; path and manner; static motion; visual language theory; visual lexicon
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General Introduction

While expressing motion is a fundamental aspect of human communication cutting across 
modalities (Ünal et al., 2023), representing motion through the visual-graphic modality, such as in 
static images, is challenging due to the inherent limitations of a two-dimensional medium. Despite 
this, there are systematic ways to depict motion (Cutting, 2002), such as drawing �gures’ postures in 
the middle of an action (Figure 5.1a) or adding motion lines behind objects to indicate the path they 
have traveled (Figure 5.1b). Both postural cues and motion lines have been studied in psychology 
literature for their role in implying motion in static images (e.g., Friedman & Stevenson, 1975; 
Kawabe & Miura, 2006). However, other systematic ways to represent motion in static images, 
such as those used in comics, have received less empirical attention. �erefore, this work aims to 
investigate a broader set of motion cues to identify the componential patterns that are systematically 
used to depict motion. More speci�cally, through a corpus analysis of comics, here we examine 
whether certain cues relate to di�erent aspects of motion events.

Motion events—when entities change location or position over time—include components such as 
path directionality (starting point/source, midpoint/route, or endpoint/goal) and the characteristics 
or manner of motion (Talmy, 2000). Various visual cues draw out these features in static images 
in di�erent ways. As mentioned, the baseline method is showing �gures’ postural cues for actions, 
which conveys basic manner information like running (Figure 5.1a). �ese depicted postures show 
a snapshot of a single moment instead of pointing to earlier/future moments of action. �is means 
that the full traversal is not represented in the graphics, but the snapshot-nature of postures do help 
people deduce upcoming action positions (Kawabe & Miura, 2006) as seen with static photographs 
(e.g., Freyd, 1983; Kourtzi & Kanwisher, 2000). �us, it is possible to understand the direction 
through the aid of postural cues (e.g., in Figure 5.1, the running person is going to the right, not 
the le�).
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Figure 5.1. Lexicalized motion cues. (a) Postures, (b) motion lines trailing behind movers, (c) full 
polymorphism or full repetition of �gures in di�erent positions to represent motion, (d) partial polymorphism, 
(e) back�xing lines set in the background to show speed, (f) suppletion lines replacing parts of the movers 
to indicate speed, (g) circum�xing lines surrounding movers to indicate vibration, (h) future lines pointing 
toward a future state, and (i) impact stars showing collision or impact resulting from movement. Numbers 
correspond to multiple moments implied at once, accompanied by question marks if the exact order remains 
ambiguous. �e running �gures were taken from the open-source illustration library, CocoMaterial.

�e other common method, motion lines represent the traversed path by marking both the start 
(source) and end (goal) points of a path, as the numbers indicate in Figure 5.1b. Unlike postures, 
they inherently collapse multiple snapshots into a single representation to show where the object 
once was and where it currently is. �us, they not only mark the past location(s) of the mover but 
also index the direction. �e shape of motion lines also varies, contributing to di�erent manner 
information that may not be captured by postures, such as spinning or bouncing (Hac�musao�lu 
& Cohn, 2023), or by objects that do not possess postural information.

Motion lines have been studied extensively for how they clarify the direction of motion (Francis 
& Kim, 1999; Kim & Francis, 1998), aid motion comprehension (Cohn & Maher, 2015; Ito et 
al., 2010), and convey manner of speed (Carello et al., 1986) with an increase in their numbers 
(Gillan & Sapp, 2005; Hayashi et al., 2012). However, there is little consensus on how these lines 
derive their meaning (Hac�musao�lu & Cohn, 2023). Some accounts suggested they re�ect the 
signals or motion streaks that disambiguate the direction in visual perception (Burr, 2000; Burr & 
Ross, 2002), while others proposed they act as metaphors for actual path marks (Forceville, 2011; 
Kennedy, 1982). �ese accounts treat motion lines as isolated cues, whereas motion lines are better 
understood as part of a broader set of motion cues.
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Indeed, several motion cues or constructions in static images are conventionalized as items in a 
visual vocabulary. �is idea builds upon Visual Language �eory (VLT) (Cohn, 2013), which 
posits that pictures are structured using principles similar to those of spoken or sign languages. 
According to VLT, people cognitively encode patterned schemas (i.e., items of a visual vocabulary) 
through exposure. Parallel to spoken and sign languages, these lexical items represent patterned 
correspondences between form (graphics) and meaning, and use certain combinatorial strategies— 
such as a�xation, repetition, suppletion (Cohn, 2018). For example, postures can stand alone 
morphologically as a meaningful unit while motion lines need to be attached to their stem i.e., a 
mover, to gain a meaning of movement as a visual a�x. Also, the lexical items can use di�erent 
types of meaning-making such as iconicity i.e., resemblance between the sign and its object as in 
postures and/or indexicality i.e., when the sign points to its meaning as in motion lines (Peirce, 
1902/1955). In spoken languages, main verbs or particles can encode motion paths or manner 
information depending on the linguistic system used (Figure 5.2a illustrates one method). Likewise, 
di�erent components of motion can be also encoded in di�erent visual lexical items or parts of a 
single item (as in Figure 5.2b). Motion lines are one such encoded lexical item, but several others 
also highlight di�erent aspects of motion.

Figure 5.2. Path and manner information conveyed in verbal and visual-graphic modalities. a) An example 
of how some spoken languages encode such information through prepositions and main verbs, respectively. 
b) A visually depicted path with the use of motion lines, including all path segments (source, route, and goal). 
While lines correspond to the full path traversed, their shape conveys the manner of bouncing, and the impact 
star attached to the ball marks the endpoint.

Another lexicalized motion cue is polymorphism in which postures repeat either fully (Figure 
5.1c) or partially (Figure 5.1d) to give a sense of movement, which denotes multiple moments 
at once (indicated by multiple numbers in Figure 5.1). �is cue of full polymorphism, where 
multiple poses extend an action across a distance, can convey direction, with each pose potentially 
ordered temporally (see Figure 5.1c). However, the order might remain ambiguous, like in some 
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partial polymorphism (e.g., the waving hand in Figure 5.1d) where the repeated poses render the 
directionality and order of moments less sequentially distinct.

Moreover, some lines deviate from typical motion lines. Parallel straight lines set in the background 
or back�xing lines (Figure 5.1e) depict the mover in the middle of a path, without showing a past 
or future moment of action. �ey also do not inherently show direction because movers appear in 
front of the lines and thus the motion could be either le�ward or rightward. Rather, back�xing 
lines denote fast speed and they do so from a subjective point i.e., making it seem as if viewers also 
move as fast as the depicted mover (McCloud, 1993).

Lines can also replace parts of movers by using suppletion lines, which, like back�xing lines, depict 
the mover at a midpoint in their path, with fast speed (Figure 5.1f). Unlike motion lines, they do 
not show the source of the action nor imply an endpoint, thus the full traversal is not shown or 
indexed in the graphics. However, these lines can index the direction that the mover heads toward.

Both back�xing and suppletion lines are akin to the streaks or blurs which appear either on the 
background or on the objects themselves respectively, while capturing a fast-moving stimulus with 
a camera (Hac�musao�lu & Cohn, 2025). �eir shapes typically appear straight, which also tells 
us these lines do not correspond to the paths themselves, in contrast to the shapes of motion lines, 
which can indicate varying shapes of the paths depending on di�erent manner of motion (e.g., a 
curved motion line implies a curved path).

 In addition, short lines can surround movers to give a sense of movement (Figure 5.1g). �is cue of 
circum�xing lines remains more implicit in conveying motion as they do not extend across a distance 
but just imitate the contours of the movers. Similar to partial polymorphism, they convey multiple 
moments at once by corresponding to multiple states (1,2, and 3 in Figure 5.1g) of a mover. When 
attached to both sides, they indicate back-and-forth movement without specifying the direction 
and thus without a certain temporal order.

�e inverse structure of motion lines appears in future lines (Figure 5.1h), which are arrows attached 
in front of movers to clarify a path yet to be traversed, thereby indexing the direction toward a 
future moment instead of past. �us, they also collapse multiple moments, as numbered in Figure 
5.1. �ese lines with arrowheads might be more apparent in instruction manuals or guidelines (de 
Souza & Dyson, 2008).

Finally, impact stars, a visual a�x of a star-shaped burst, marks where the motion le� an impact in 
the past, as in Figure 5.1i. While impact stars do not show paths directly, they show a resultative 
state of action and imply a past moment with their indexicality. In that sense, they serve as secondary 
cues that reinforce the otherwise conveyed action. For example, motion lines depict the path of 
a bouncing ball, and this can be complemented by impact stars to index where the ball hit the 
endpoint (see Figure 5.2b for an example).
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To sum up, similar to how path or manner information is encoded in main verbs or particles 
depending on the linguistic system (Talmy, 2000), visual cues also encode such components of 
motion in di�erent lexicalized patterns (Hac�musao�lu & Cohn, 2023). Our prior corpus work 
(Hac�musao�lu & Cohn, 2022) analyzed some of these cues and path segments (source, route, and 
goal; Figure 5.2) within the Visual Language Research Corpus or VLRC (Cohn et al., 2023) which 
included 85 comics across East Asia, Europe, and North America annotated with properties of 
motion events. In that work, we observed that midpoints or routes (see Figure 5.2) were depicted 
more o�en than sources or goals, and both postures and motion lines were correlated with routes, 
without being depicted together. In addition, although we did not test this in the corpus, we argued 
that motion lines show paths more overtly, because they mark the starting/end points of action, 
while other lines remain more implicit in how they depict paths.

Given these preliminary �ndings and the features of other cues that remain unexamined, this 
work aims to replicate prior results in a new corpus and then to explore the structural patterns of 
depicted motion events. We speci�cally ask: Do motion cues di�er in their relation to explicitness 
or implicitness of paths (RQ1)? Do higher number of motion lines, back�xing lines, and suppletion 
lines relate to faster action (RQ2)? Do cues having indexicality like impact stars relate to implied 
moments of action (RQ3)? Are there any overarching patterns for the clustering of certain motion 
cues and path segments with explicit or implicit paths (RQ4)?

We address these questions by using the TINTIN Corpus consisting in total of 1,030 annotated 
comics from 144 countries or territories around the world. Within the TINTIN Corpus, 315 
comics had complete annotations for motion events. Along with the cues and path segments 
annotated in the VLRC, annotation schemes in the TINTIN Corpus also include more �ne-
grained annotations of visually depicted motion events (e.g., more types of cues, number of motion 
lines, mover types etc.). �us, to investigate how motion events manifest in sequential images, all 
analyses of motion events look at this sub-selection of the TINTIN Corpus.

We begin by establishing whether motion cues and path segments vary in their frequencies in the 
TINTIN Corpus, as found in the VLRC (Study 1). We then query the relationship between motion 
cues and paths in more depth based on the research questions we posed above. To do so, we explore 
the relationships between cues and explicitness of direction, speed, and temporality, respectively 
(Study 2). Finally, we use an automated dimension reduction method, Principal Component 
Analysis, to uncover broader patterns of motion events (Study 3).
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General Methodology

Materials
�e complete TINTIN Corpus includes 1,030 comics from 144 countries or territories gathered 
using convenience sampling with the primary criterion being global coverage (Cohn et al., Under 
Review). Within the total corpus, 315 comics from 81 countries were fully annotated for motion 
events (see the map in Figure 5.3).

Figure 5.3. �e map shows a gradient of the number of books annotated with motion events schemes. �e 
darker the color, the more books come from the marked region.

Procedure
Motion events in the TINTIN Corpus were annotated using the Multimodal Annotation So�ware 
Tool or MAST (Cardoso & Cohn, 2022). MAST provides various tools to de�ne or draw regions 
around areas of interest (e.g., objects) within an uploaded document, in our case a comic page 
(Figure 5.4), or to elaborate on content, such as using the arrow tool to indicate the direction of 
motion. �e coder can then select these regions and annotate them with speci�c classi�cations.
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Figure 5.4. An example of the MAST annotation screen. �e bar on the top displays the tools to annotate 
comics, and the right side of the screen shows the annotations. �e comic annotated here is Courage © Pangyi 
U Sein (1971).

�e analysis of motion events with MAST was carried out by 8 coders who used the VLT: 
Morphology: Motion Events (v.2) and the VLT: Semantics: Path Structure (v.2) annotation schemes 
(Hac�musao�lu, 2024a, 2024b). Each coder was trained in both schemes and implemented in 
practice comics until their annotation abilities were su�cient for annotating the actual corpus. 
Annotations were double-checked and discussed weekly as a group.

�e annotation scheme VLT: Morphology: Motion Events (v.2) (Appendix 1; Hac�musao�lu, 
2024a) was used to annotate the motion cues (postures, motion lines, circum�xing lines, back�xing 
lines, suppletion lines, future lines, impact stars, partial polymorphism) as well as their properties, 
if applicable (quantity of lines, line shape, and impact star shape). For instance, the number of 
motion lines was annotated as either a single line, double lines, or several lines. A�er annotating 
the morphology of cues, coders used the scheme VLT: Semantics: Path Structure (v.2) to annotate 
the meaning (Appendix 2; Hac�musao�lu, 2024b). �is scheme included annotations for the mover 
type (object or �gure), path segments (source/starting point, route/midpoint, goal/endpoint), paths 
(explicit or implicit), manner of action, and physical paths such as tracks le� on mud by vehicles. 
Coders used the arrow tool to indicate direction of motion in case the path being traversed was explicit.

Regions could be annotated with multiple annotations. For instance, if the mover is depicted at a 
starting point, the region drawn around the mover was annotated with both mover type and the 
path segment source. However, if the mover was at a midpoint or endpoint, but the starting point 
of the action is depicted in the scene, then that would be only annotated as the path segment source 
(see the depiction of the source in Figure 5.2 without the mover ball). Finally, MAST also enables 
annotators to add notes when some visual sign was not listed in the annotation scheme, which could 
be used to specify annotations of moving objects as “vehicles”, or to specify manner as “driving” in 
cases where movers were depicted as four-wheeled vehicles.
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Areas of Analyses
�e overall areas of analyses were motion cues (postures, motion lines, circum�xing lines, back�xing 
lines, suppletion lines, impact stars, future lines), path segments (source/starting point, route/midpoint, 
goal/endpoint), explicitness of paths (explicit or implicit), manner of movements (walk, run, drive), 
quantity of motion lines, and mover types (object or �gure). In addition to these annotated variables, 
we computed a new variable, implied moments of action, by looking at whether a path segment is 
annotated without a mover (like a future goal depicted in the scene that the mover has not reached yet).

�e �rst, baseline study sought to establish frequencies of motion cues and path segments averaged 
per book out of total number of pages. �en, Study 2 investigated the relationship between cues and 
paths at the panel level. Speci�cally, we looked at 1) out of all cues, which ones relate to explicit and 
implicit paths 2) whether back�xing lines, suppletion lines, and motion lines (double and several 
lines) relate to manner of walking, running, and driving, and 3) out of all cues, which ones relate to 
implied (future/past) moments of action. Finally, in Study 3, we searched for overarching patterns 
in the motion events data by looking at instances of motion cues, path segments, explicitness of 
paths, implied moments in which a path segment appear without a mover, and mover types at 
the panel level. �e data for all studies are accessible in its DataverseNL repository, https://doi.
org/10.34894/ABSVR8.

Study 1: Frequencies of motion cues and path segments in the 
TINTIN Corpus

Study 1 looked at the frequencies of motion cues and path segments across the books in the 
TINTIN Corpus. Our prior work using the VLRC indicated there are more postures and motion 
lines than all the other cues i.e., polymorphism, back�xing lines, suppletion lines and circum�xing 
lines (Hac�musao�lu & Cohn, 2022). Here, we expand our selection of motion cues to include 
impact stars and future lines. We expected to replicate �ndings that postures and motion lines 
appear the most across comics.

Analysis of the VLRC also showed that routes are depicted more o�en than goals which were more 
frequent than sources (Hac�musao�lu & Cohn, 2022). Midpoints are important for conveying 
motion because they help a viewer to deduce upcoming endpoints. Experimental work has shown 
that viewers can estimate the upcoming position by looking at the postures of movers in the middle 
of actions and that holds for motion lines as well (Kawabe & Miura, 2006). �us, postures and 
motion lines showing routes (Hac�musao�lu & Cohn, 2022) make it possible to comprehend static 
motion which would otherwise be di�cult (Cohn & Maher, 2015). We therefore expected to 
replicate �ndings from the VLRC that routes are more predominant than other path segments in 
the TINTIN Corpus.
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Methods

Areas of Analysis
Here we analyzed motion cues (postures, motion lines, circum�xing lines, back�xing lines, 
suppletion lines, impact stars, partial polymorphism, future lines) and path segments (source or 
starting point, route or midpoint, goal, or endpoint).

Data Analysis
We summed all instances of each cue or path segment within a book and divided that total by the 
number of annotated pages in the book. �is yielded a mean score for each cue or segment per book, 
providing the average number of occurrences per page.

For the Analyses of Variance (ANOVAs), we log-transformed the data to reduce skew. We added 1 
to the mean values before applying the logarithm to handle cases where the mean was zero since log 0 
is unde�ned. �is adjustment ensured that zero values remain zero a�er transformation (because 
log 1 is 0), allowing us to include all data points in the analysis. We compared the proportions of 
motion cues and path segments per page across books using two repeated measures ANOVAs. 
We applied a Greenhouse-Geisser correction if sphericity was violated and in case of main e�ects 
and/or interactions found, we proceeded to Post-hoc analyses with Bonferroni corrections. While 
reporting, F-statistics and degrees of freedom were rounded to two decimal places.

Results

Motion cues
As shown in Figure 5.5, the �rst analysis found di�erences in the frequency of motion cues 
(postures, motion lines, circum�xing lines, back�xing lines, suppletion lines, impact stars, partial 
polymorphism, future lines), F(3.08, 967.69) = 473.72 p < .001, �2 = 0.719. Post-hoc analyses 
indicated postures occurred the most (all ts > 33.79, all ps < .001), followed by motion lines and 
circum�xing lines which appeared more than all other cues (all ts > 6.95, all ps < .001) but did not 
di�er from each other (p = 1.000). Impact stars and back�xing lines appeared in books more o�en 
than future lines (all ts > 3.25, all ps < .033) but their frequencies of occurrence did not di�er from 
each other (p = 0.805) and were comparable to suppletion lines (all ps > 0.44). Impact stars were 
also depicted more than partial polymorphism, t = 3.41, p =. 018.
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Figure 5.5. �e Y-axis shows the log-transformed values, averaged across the total number of pages per book, 
for each motion cue represented on the X-axis. Each gray dot shows a comic. �e larger red dots indicate the 
mean with error bars representing standard deviations.

Figure 5.6. �e Y-axis shows the log-transformed values, averaged across the total number of pages per book, 
for each path segment represented on the X-axis. Each gray dot shows a comic. �e larger red dots demonstrate 
the mean with error bars representing standard deviations.
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Path segments
Next, as in Figure 5.6, di�erences were also found between path segments source, route, and goal, 
F(1.18, 369.79) = 802.14, p < .001, �2 = 0.601. Post-hoc analyses revealed there were more routes 
than sources (t =36.4, p < .001) and goals (t = 32.66, p < .001) per book, per page. In turn, goals 
appeared more o�en than sources, t = 3.74, p < .001.

Discussion
�is study analyzed the frequencies of motion cues (postures, motion lines, circum�xing lines, 
back�xing lines, suppletion lines, impact stars, partial polymorphism, future lines) and path 
segments (source, route, and goal) by calculating their average occurrences per page in each book. 
Overall, we largely replicated prior �ndings of variations in the proportions of motion cues and 
path segments.

First, as in Figure 5.5, postures occurred the most, followed by motion lines and then circum�xing 
lines. �e rest of the cues did not di�er from each other, except that there were more impact 
stars than partial polymorphism. �ese �ndings align with our earlier corpus study of the VLRC 
(Hac�musao�lu & Cohn, 2022). Yet, the addition of future lines and impact stars in the TINTIN 
Corpus revealed fewer future lines than all other cues, but comparable in proportion to partial 
polymorphism and suppletion lines. �is reduced frequency of future lines may be due to the nature 
of the corpus, as they may be more peculiar to a visual lexicon speci�c to instruction manuals or 
guidelines, which would require a comparative corpus.

�e frequencies of path segments also di�ered (Figure 5.6). Routes appeared more o�en than goals, 
which appeared more than sources, again in line with earlier �ndings (Hac�musao�lu & Cohn, 
2022). �is reinforces the notion that routes showing the midpoint of an action might be more 
essential to convey motion in static images, given that the future position of a mover can be deduced 
from the postures and motion lines (Kawabe & Miura, 2006).

Study 2: Motion cues and path relations: directionality, speed, 
and temporality

Having established the general tendencies of motion cues and path segments, we next asked about 
the relationship between motion cues and components of motion such as directionality, speed, and 
temporality. As introduced earlier, cues might encode di�erent aspects of motion events such as 
path (e.g., direction) or manner (e.g., speed) of motion, akin to spoken languages (Hac�musao�lu 
& Cohn, 2023). Some cues directly mark the paths traversed, making it possible to convey the 
direction more overtly (explicit paths) while others can indicate a sense of movement in which the 
direction remains ambiguous (implicit paths) (Hac�musao�lu & Cohn, 2022). Along these lines, 
cues may show a snapshot of movement (e.g., postures) or index past (e.g., motion lines) or future 
moments (e.g., future lines) of movement. Besides directionality, certain cues are associated with 
a speci�c manner information i.e., speed of motion.
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�ese features were discussed for individual cues throughout the introduction, but they are 
summarized in Figure 5.7. To further scrutinize these relationships, we turn to the data in the 
TINTIN Corpus.

Figure 5.7. A summary of the features that each cue is suggested to encode based on a lexical account of motion.

We �rst asked whether motion cues di�er in explicitness or implicitness of paths. Psychological 
experimentation has shown that both motion lines and postures help disambiguate motion 
direction (e.g., Kawabe & Miura, 2006). Also, preliminary analyses of a subset of the TINTIN 
Corpus has indicated postures related to both explicit and implicit paths, while motion lines 
predicted only explicit paths (Degen, 2023). However, the remaining cues have not been tested 
yet, thus our hypotheses for them were built upon the theorized lexicalization patterns alone (Figure 
5.7). Namely, we hypothesized that explicit paths would relate to cues which aid in understanding 
direction (postures), or which directly index paths traversed (motion lines) or to be traversed 
(future lines). On the other hand, implicit paths would be related to cues that indicate multiple 
positions without a speci�c order (such as partial polymorphism and circum�xing lines), that do 
not overtly depict paths but instead show movers at a midpoint with fast speed (such as back�xing 
and suppletion lines), or that mark a point of collision along a path without showing the full 
traversal (impact stars).

�e second question was whether certain cues are associated with fast speed, as suggested by 
psychological experiments. In experimental work, both suppletion and back�xing lines were 
rated as indicating faster movement compared to motion lines and bare objects (Hac�musao�lu 
& Cohn, 2025), a result that manifested in response times for time duration assessments of when 
participants thought the static object would reach its goal. Additionally, more motion lines resulted 
in higher speed ratings and shorter time durations, aligning with prior research (Gillan & Sapp, 
2005; Hayashi et al., 2012). Krajinovi� et al. (2024) also found more lines were attached to running 
�gures than walking �gures in the TINTIN Corpus—again as a primary di�erence related to 
speed. Based on these �ndings, we hypothesized that cues encoding faster movement (back�xing, 
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suppletion lines, and higher numbers of motion lines) would be related to faster actions, such as 
running or driving, as opposed to slower actions, like walking.

Finally, we also examined how motion cues convey temporality. Given that temporality goes along 
with the markers of previous or future locations, we hypothesized cues that index past (motion 
lines and impact stars) or future locations (future lines) of movers would be associated with implied 
moments of action. In contrast, cues showing a single snapshot in time (postures, back�xing lines, 
and suppletion lines) would not be linked to past/future moments of movement.

Methods

Areas of Analysis
To explore the features of motion cues, we here analyzed whether the paths are explicit (the direction 
of motion is represented in the depictions or can be understood) or implicit (the direction remains 
ambiguous). We used annotations of manner of movement as a proxy for speed, since walking and 
running share similar postures and primarily di�er in speed, following the approach taken by 
Krajinovi� et al. (2024). In addition to walking and running, we also included driving as a manner 
of movement in the current study.

Finally, to analyze the temporality of motion cues, we considered regions annotated with path 
segments but not with movers as implied moments of past/future action. As explained in the 
procedure, if the mover was at the starting point, the same region could be annotated with both 
mover and source (Figure 5.8a). If the mover was annotated at the mid/endpoint, then a depicted 
source would be annotated on a di�erent region (Figure 5.8b). We classi�ed the latter case as an 
implied moment. Another example of implied moments could be motion lines showing where the 
object once was. Lines themselves were annotated without the mover as they show a past moment. 
Finally, if there was a depicted goal but the mover was not there yet, this counted as an implied 
moment of future (Figure 5.8b).
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Figure 5.8. Two illustrations showing where the mover appears at a path segment or where past/future 
moments along a path are implied: a) �e mover is at the starting point/source, midpoint/route, and endpoint/
goal, with the same region annotated as both the mover and the corresponding path segment. b) Besides the 
mover at the midpoint of its path, this scene also depicts the starting point already passed, the past route 
represented by motion lines, and the intended endpoint. Depicted prior or future states not annotated as 
movers were “implied moments” of action.

Data Analysis
To assess the relationships between cues and directionality, speed, and temporality, respectively, 
counts of each instance per panel were used in Generalized Linear Mixed Models (GLMM). Each 
model was speci�ed using the Poisson family with a log link function, appropriate for the count data. 
Books were used as random e�ect factors in all analyses to account for the nested data structure.

�e �rst model aimed to investigate directionality, where counts of explicit paths were the dependent 
variable and cue type (postures, motion lines, circum�xing lines, back�xing lines, suppletion lines, 
impact stars, partial polymorphism, future lines) were �xed e�ects. �en, the same analysis was 
conducted with implicit paths being the dependent variable.

Next, to examine speed, we focused on whether di�erent manners (walking, running, driving) 
were related to speci�c speed cues (i.e., motion lines—only two or several, back�xing lines, and 
suppletion lines). To do so, we ran three GLMMs: each model included counts of speed cues as 
�xed e�ects and counts of walking, running, and driving were dependent variables, respectively.

For the �nal feature, temporality, we again added counts of all cues as �xed e�ects and counts of 
implied moments as the dependent variable to the model.
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Results

Directionality
We began our analyses by looking at the relationship between directionality—its explicitness or 
implicitness—and motion cues. �e �rst GLMM investigating which motion cues relate to the 
occurrences of explicit paths demonstrated signi�cant e�ects of all cues (all ps < .015), except 
for back�xing (p = 0.213) and suppletion lines (p = 0.141). As in Table 5.1, �xed e�ect estimates 
further revealed that postures, motion lines, circum�xing lines, impact stars and future lines were 
positively associated with the explicit paths at the panel level. Among all signi�cant relationships, 
only the one between partial polymorphism and explicit paths was negative (t= -5.8, p < .001). �at 
is to say, panels with partial polymorphism were less likely to depict explicit paths.

Table 5.1. Fixed e�ect estimates for motion cues in the GLMM analysis. �e table includes estimates, standard 
errors (SE), t-values, and p-values for each cue, and asterisks (*) highlight their statistical signi�cance in 
relation to the explicit paths.

Term Estimate SE t p-value

Intercept -0.745 0.031 -23.790 < .001

Postures 0.391 0.007 55.971 < .001*

Motion Lines 0.135 0.011 12.485 < .001*

Circum�xing Lines 0.033 0.010 3.338 < .001*

Back�xing Lines 0.060 0.048 1.259 0.208

Suppletion Lines 0.049 0.033 1.494 0.135

Impact Stars 0.104 0.025 4.201 < .001*

P. Polymorphism -0.109 0.019 -5.802 < .001*

Future Lines 0.563 0.209 2.686 0.007*

�e second model looking at which motion cues relate to the occurrences of implicit paths in 
comic panels found signi�cant e�ects of postural cues, motion lines, circum�xing lines, back�xing 
lines (all ps < .024) and almost partial polymorphism (p = .058). Fixed e�ect estimates (Table 5.2) 
revealed panels with postural cues and circum�xing lines were likely to have implicit paths (all ts > 
2.02, ps <.02). In contrast, motion lines (t = -5.33, p < .001) and back�xing lines (t = -2.29, p = .022) 
were negatively associated with implicit paths in a comic panel.
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Table 5.2. Fixed e�ect estimates for motion cues in the GLMM analysis. �e table includes estimates, standard 
errors (SE), t-values, and p-values for each cue, and asterisks (*) highlight their statistical signi�cance in 
relation to the implicit paths.

Term Estimate SE t p-value

Intercept -0.751 0.041 -18.381 < .001

Postures 0.068 0.011 5.938 < .001*

Motion Lines -0.139 0.026 -5.332 < .001*

Circum�xing Lines 0.031 0.013 2.351 0.019*

Back�xing Lines -0.154 0.067 -2.295 0.022*

Suppletion Lines -0.104 0.063 -1.661 0.097

Impact Stars -0.073 0.043 -1.680 0.093

P. Polymorphism 0.084 0.041 2.028 0.043*

Future Lines -0.542 0.475 -1.140 0.254

Speed
To unravel the relationship between cues and speed, our models targeted the relationship between 
cues conveying speed (double and several motion lines, back�xing lines, and suppletion lines) and 
manner of movements with varying levels of speeds. �e model with manner of walking found 
signi�cant e�ects of all cues (all ps < .001). However, �xed e�ect estimates (Table 5.3) demonstrated 
all relationships found were negative (all ts < -3.8, all ps < .001). In other words, panels depicting 
walking tend to have fewer motion lines (either type), back�xing lines, and suppletion lines.

Table 5.3. Fixed e�ect estimates for selected speed cues in the GLMM analysis. �e table includes estimates, 
standard errors (SE), t-values, and p-values for motion lines (double and several), back�xing lines, and 
suppletion lines. Asterisks (*) highlight their statistical signi�cance in relation to the depictions of manner 
of walking.

Estimate SE t p-value

Intercept -1.838 0.054 -34.055 < .001

Double Motion Lines -0.606 0.138 -4.394 < .001*

Several Motion Lines -1.115 0.156 -7.130 < .001*

Back�xing Lines -2.694 0.374 -7.195 < .001*

Suppletion Lines -1.369 0.360 -3.803 < .001*

�e second model with manner of running also found signi�cant e�ects of all cues in the model 
(all ps < .043). Fixed e�ect estimates (Table 5.4) revealed that these relationships were all positive 
(all ts > 2.15, all ps > .032). �at is to say, panels with depiction of running �gures are likely to 
contain these speci�c speed cues.
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Table 5.4. Fixed e�ect estimates for selected speed cues in the GLMM analysis. �e table includes estimates, 
standard errors (SE), t-values, and p-values for each speed cue, and asterisks (*) highlight their statistical 
signi�cance in relation to the depictions of manner of running.

Estimate SE t p-value

Intercept -3.437 0.107 -32.191 < .001

Double Motion Lines 0.161 0.075 2.161 0.031*

Several Motion Lines 0.295 0.070 4.216 < .001*

Back�xing Lines 1.051 0.097 10.817 < .001*

Suppletion Lines 0.434 0.072 6.008 < .001*

�e �nal model with manner of driving found signi�cant e�ects of back�xing lines, suppletion 
lines and several motion lines (all ps < .049), but not double lines (p = 0.455). As in Table 5.5, �xed 
e�ect estimates for signi�cant relationships were all positive (all ts > 2.31, all ps < .035), re�ecting 
that panels depicting the manner of driving were likely to have back�xing lines, suppletion lines 
and several motion lines as well.

Table 5.5. Fixed e�ect estimates for selected speed cues in the GLMM analysis. �e table includes estimates, 
standard errors (SE), t-values, and p-values for each speed cue, and asterisks (*) highlight their statistical 
signi�cance in relation to the depictions of manner of driving.

Estimate SE t p-value

Intercept -10.469 0.864 -12.111 < .001

Double Motion Lines -0.167 0.232 -0.717 0.473

Several Motion Lines 0.403 0.174 2.320 0.020*

Back�xing Lines 1.009 0.234 4.315 < .001*

Suppletion Lines 0.438 0.206 2.123 0.034*

Temporality
As mentioned, cues vary whether they show a single moment in time or index future or past 
moments of action. �us, we next delved into the relationship between implied moments and cues. 
�is model with implied moments showed a signi�cant e�ect of all cues (all ps < .044) except for 
postural cues (p = 0.814) and back�xing lines (p = 0.507). As listed in Table 5.6, all relationships 
found were positive (all ts > 2.3, all ps <.022), except for the one between suppletion lines and 
implied moments (t = -6.66, p < .001). �is �nding suggests that panels depicting suppletion lines 
were less likely to have implied moments of action.
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Table 5.6. Fixed e�ect estimates for motion cues in the GLMM analysis. �e table includes estimates, standard 
errors (SE), t-values, and p-values for each cue, and asterisks (*) highlight their statistical signi�cance in relation 
to the implied moments.

Term Estimate SE t p-value

Intercept -1.746 0.059 -29.430 < .001

Postures -0.004 0.017 -0.226 0.821

Motion Lines 0.428 0.012 34.291 < .001*

Circum�xing Lines 0.038 0.016 2.421 0.015*

Back�xing Lines 0.048 0.070 0.685 0.493

Suppletion Lines -0.305 0.046 -6.660 < .001*

Impact Stars 0.086 0.026 3.314 < .001*

P. Polymorphism 0.279 0.043 6.553 < .001*

Future Lines 0.595 0.257 2.317 0.021*

Discussion
�is section explored the variance in motion cues, speci�cally their relationship to path 
directionality, speed, and temporality. �e results indicated that cues varied in their association 
with explicitness or implicitness of directionality. Also, back�xing and suppletion lines were 
associated with faster action, similar to the higher number of motion lines. Finally, we also observed 
variation in cues’ relationships to implied moments. Figure 5.9 summarizes these �ndings and 
speci�cs of each are discussed below.

We began our analyses by looking at cues’ relationship to explicitness/implicitness of paths. �e 
�ndings were largely in accordance with the hypothesized patterns. First, both postures and motion 
lines were related to explicit paths at the panel level, in accordance with experimental �ndings 
(Kawabe & Miura, 2006). Postures were also linked to implicit paths, following preliminary corpus 
�ndings (Degen, 2023). Also, a positive relationship appeared between future lines and explicit 
paths, as expected. Meanwhile, partial polymorphism showed a negative association with explicit 
paths but positive with implicit paths, aligning with its ambiguous directionality.
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Figure 5.9. A summary of the statistical analyses with positive (marked with the color green) and negative 
(marked with the color black) associations found between each cue and features of explicitness or implicitness 
of the direction, fast speed, and implied moments of action. �e color gray indicates no association was found, 
while uncolored cells denote that no test was conducted.

We also observed unexpected patterns. For example, impact stars yielded a positive relationship with 
explicit paths despite not directly depicting a path. As discussed, impact stars serve as a secondary 
cue to strengthen otherwise depicted movement. Because they reinforce primary motion cues like 
postures or motion lines which can disambiguate the direction, this might have led to an association 
with explicit paths. Also surprisingly, circum�xing lines showed a positive association with both 
explicit and implicit paths. We had argued these lines convey a sense of shaking without specifying 
the direction. However, circum�xing lines sometimes appear one-sided, behind the movers (referred 
to as contour traces) and then can index where the mover faces. �erefore, this association with both 
types of paths might stem from annotations not distinguishing between single- and double-sided 
circum�xing lines. Future annotations might consider examining this distinction.

Regarding speed, we argued that back�xing lines, suppletion lines, and the number of motion 
lines encode fast speed. Our results indicated back�xing and suppletion lines were likely to appear 
together with faster action, running and driving, in comic panels. �e opposite was the case for the 
slowest action we investigated, walking. Also, the number of motion lines mattered in terms of the 
speed of motion they represent as we observed several lines related to the fastest action here driving, 
but not double lines. �is �nding supports that the number of lines encode the speed, supporting 
experimental (Hac�musao�lu & Cohn, 2025) and other corpus �ndings (Krajinovi� et al., 2024).

Finally, we turned to cues’ relationship to implied moments based on their indexical nature. In line 
with the theorized lexicalization patterns, cues indeed di�ered in their association with temporality. 
As expected, cues indexing travelled paths (motion lines) or future paths (future lines) appeared 
in panels together with implied moments of action, as did impact stars marking the impact le� 
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in the past. In addition, panels with circum�xing lines and partial polymorphism tended to have 
implied moments. �is was not hypothesized but might be arisen from cues’ multi-snapshot nature 
(Figure 5.1d-e), even if these cues do not specify the order of those moments as future/past (Figure 
5.7). Moreover, panels with suppletion lines were less likely to have implied moments of action, 
going along with the notion that suppletion lines do not mark where the previous place was, or an 
upcoming place would be.

In conclusion, motion cues di�ered in the ways they relate to visually depicted motion events such 
as directionality, speed, and temporality (as summarized in Figure 5.9). Yet, some cues showed no 
positive relationship to either implicit or explicit paths, such as suppletion and back�xing lines. 
�ese �ndings raised further questions about whether a binary classi�cation is su�cient to explain 
the depiction of paths. �us, we proceeded into an exploratory dimension reduction analysis to 
further explore the underlying components of visual motion events in our corpus.

Study 3: Principal components of visual depictions of motion events

We have so far looked at the basic overview of some properties of motion events (motion cues 
and paths) in the TINTIN Corpus and tested the relationship between them. Building on these 
analyses, which examined individual cues and their relationships in isolation, our focus now 
shi�s to identifying general patterns of depicted motion events within our corpus data, without 
prede�ning any relationships. Are there general properties of motion events that can be revealed 
through this corpus data? To test this question, we employed a dimension reduction method, 
Principal Component Analysis (PCA) and explored the underlying structure of visual depictions 
of motion events. PCA results in new variables called principal components (PCs) which are linear 
combinations of the original variables. PCs are independent of each other and ordered by the amount 
of variation they capture in the present dataset, with the �rst PC explaining the most variation, 
the second PC explaining the second most, and so on (see a review by Black et al., 2022). �is 
approach has been used in corpus linguistics to examine topics like the covariance of sound elements 
(e.g., Brand et al., 2021) and in the study of comics to classify page layouts (Bateman et al., 2021).

A key advantage of this approach is its ability to uncover latent dimensions of variation without 
the need to pre-specify the dimensions of comparison, as emphasized by Bateman et al., (2021). 
�is method would allow us to uncover properties and relationships within the data that may 
not be apparent through manual inspection alone. �rough this automated analysis, we seek to 
identify commonalities and distinctions in the representation of motion cues and paths and uncover 
the broader patterns underlying depicted motion. Overall, this approach o�ers a complementary 
perspective to analyses we have conducted in the earlier sections, by aiming to identify whether 
overarching patterns and groupings would arise.
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Methods

Areas of Analysis
In this study, we explore the potential groupings of movers (object or �gure), motion cues 
(postures, motion lines, circum�xing lines, back�xing lines, suppletion lines, impact stars, partial 
polymorphism, future lines), path segments (source, route, goal), the explicitness of paths (explicit 
or implicit), and implied moments.

Data Analysis
We calculated the total number of each instance of interest per comic panel. We used JASP version 
0.19.1.0 (JASP, 2024) where the number of components was decided automatically based on the 
parallel analysis of principal components. �e rotation method was set as orthogonal, varimax and 
the data was decomposed based on correlations to explore the co-occurrences of di�erent variables 
in the data.

Results

Principal Components
�e model resulted in �ve principal components (PC), �²(40) = 37211.19, p < .001. A�er the 
rotation, the �rst PC accounted for 18.4% of the total variance, which was followed by PC2 (17.1%), 
PC3 (10.7%), PC4 (8%) and PC5 (7.7%). �e total variance explained by the model was 61.9%.

We applied a threshold of 0.5 based on the cumulative contribution of variables with the highest 
loadings to each PC to prevent the interpretation of too small loadings, as suggested by Brand et 
al. (2021). Based on this cut-o� point, as marked with di�erent colors in Figure 5.10, PC1 included 
postural cues, mover (�gure), explicit paths, and routes. PC2 consisted of routes, implied moments, 
motion lines, and mover (object). PC3 included implicit paths and sources and PC4 included impact 
stars and goals. �e �nal component, PC5 included suppletion and back�xing lines. Circum�xing 
lines and partial polymorphism were not associated with any component because their loadings did 
not exceed the cut-o� value. Figure 5.11 shows the components a�er the threshold has been applied.
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Figure 5.10. �e component loadings of each variable on the �ve principal components derived from the PCA. 
�e �rst column lists the variables, and the cells with color represent loadings that exceeded the threshold of 
0.5 (lilac for PC1, orange for PC2, gray for PC3, yellow for PC4, and green for PC5). Unique variables that 
are not associated with any component due to not meeting the threshold are marked with asterisks.

Interpretation of Components
�e calculation of PCs are automatically done based on the data but the components identi�ed by 
this analysis need to be further interpreted since it is primarily a descriptive approach. �us, we 
now delve into the interpreation of each component.

PC1: Explicit Routes
�e variables postural cues, mover (�gure), explicit paths, and routes loaded onto the �rst 
principal component (PC1). In previous work, postural cues have been found to correlate with 
routes by depicting �gures in the midst of paths (Hac�musao�lu & Cohn, 2022), while in Study 
2, we observed �gures’ postures are related to explicit paths, in line with how they allow readers to 
anticipate the upcoming position (Kawabe & Miura, 2006). Altogether, PC1 can be interpreted 
as representing Explicit routes, where the direction of motion is directly shown in the graphic 
representation based on the resemblance between moving �gures’ depicted poses and their 
corresponding meanings.
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Figure 5.11. A radar chart showing the principal dimensions of visually depicted motion events in the 
TINTIN Corpus.

PC2: Indexical Routes
Like PC1, PC2 also involved routes. In this component though, routes grouped with implied 
moments, motion lines, and mover (object). In Study 2, motion lines were related to implied 
moments of action. Previous corpus works on motion events have also shown that motion lines 
correlate with routes (VLRC: Hac�musao�lu & Cohn, 2022) and are used more o�en for moving 
objects than for �gures (TINTIN Corpus: Krajinovi� et al., 2025). Because inanimate objects are 
not expected to move autonomously and do not have inherent postural cues to indicate motion 
or direction, they require extra cues to indicate their movement, such as motion lines clarifying 
the path traversed through their indexicality. Also, this component linked to neither explicit nor 
implicit paths. �us, the second component can be classi�ed as indexical routes, which cut across 
explicit and implicit paths.

PC3: Sources
�e third principal component included sources and implicit paths. Despite being the least 
frequently depicted path segment (VLRC and Study 2 here), sources do appear in comics. A key 
aspect of visually depicted sources is that the path remains mostly implicit. �is occurs because the 
direction is not known at the starting point of the path, and without subsequent action depicted in 
the same panel, the reader cannot determine the direction of movement. �erefore, this component 
can be designated as Sources, characterized by the implicitness of directionality.

PC4: Goals
PC4 consisted of goals—the last path segment—and the cue of impact stars. As discussed earlier, 
impact stars represent the collision resulting from an action, such as depicting a �st reaching another 
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person in a boxing scene or a ball hitting a wall. �us, they have been argued to mark endpoints, 
and here they grouped together with goals. In that sense, this component can be categorized as 
Goals, with impact stars serving as their markers.

PC5: Speed Only
�e �nal PC involved back�xing and suppletion lines, without any associated path segments. As 
mentioned, these two cues do not indicate where the action starts or ends but rather suggest fast 
speed in the middle of an action. It is important to note that suppletion lines also have indexicality 
and can contribute to directionality to some extent. However, this component primarily captured 
their function in denoting speed, grouping them with back�xing lines. Both cues’ e�ectiveness in 
depicting speed has been con�rmed by experimental work (Hac�musao�lu & Cohn, 2025), and 
we also observed that they were positively related to faster movements but not to paths in Study 2. 
�us, PC5 can be classi�ed as the Speed-only component.

Discussion
In the �nal study, we sought to understand broader patterns in the representation of motion within 
static images by investigating whether certain cues, path segments, and implied moments align with 
explicit or implicit paths of di�erent mover types. An automated analysis of the data resulted in 
�ve dimensions: Explicit routes, Indexical routes, Sources, Goals, and the Speed-only component. 
We further discuss the implications of this analysis below.

We previously argued that paths are divided into two as explicit and implicit paths. Explicit paths 
were conceptualized as where the direction is understood either by looking at the cues or directly 
shown in the graphic representation as in postures. Implicit paths were when the traversal of the 
movers is not shown or occurs o�-panel, and the direction remains ambiguous. However, not every 
cue was associated with either of these paths in Study 2, suggesting this binary classi�cation may 
not be su�cient to capture the nuances of visual depictions of motion events. PCA provided more 
nuanced ways of how paths and motion cues aligned.

First, our analysis split routes into two di�erent groupings: As in PC1, representation of action 
through �gures’ postures encodes the direction, and it becomes explicit. As in PC2, routes can 
be also conveyed through motion lines that index past moments of action, especially to depict 
movement of objects that lack any postural cue to suggest motion. We had argued motion lines 
explicitly disambiguate the motion direction (Hac�musao�lu & Cohn, 2022), and Study 2 showed 
they related to explicit paths. Yet, in this analysis explicitness only aligned with postures. �is 
may suggest even though direction can be understood by motion lines, they do not show direction 
through iconicity or represent the mover in action, unlike postures. �us, PC1 and PC2 together 
suggest di�erentiation of explicit paths between the direct graphical representation and indexed 
meaning. Indexical paths or routes may therefore be another class besides explicit and implicit 
paths, i.e., mostly depicting objects in the middle of a path.
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�en, each of other two path segments, sources and goals, formed their own groupings. Sources 
clustered with implicit paths, in line with how the direction of motion cannot be understood if 
the rest of the action has not been depicted yet (see Figure 5.8a, the �rst panel). �e other side 
is goals—when the action has already been completed. �us, they made a grouping with impact 
stars, which strengthen results of an action and thus o�en mark endpoints. Altogether, so far each 
path segment made its own grouping while routes, the most prominent segment of depicted paths 
(Hac�musao�lu & Cohn, 2022) as con�rmed in Study 1, resulted in two di�erent groupings based 
on the mover type.

Finally, back�xing and suppletion lines did not cluster with any path segment, just as they did not 
relate to either type of path in Study 2. Indeed, these cues remain unique in the ways they depict 
motion: like motion lines, both are visual a�xes to indicate movement, but unlike motion lines, 
they do not correspond to the path itself. Instead of marking starting or endpoints, they denote 
the speed of action, as found in our experimental work (Hac�musao�lu & Cohn, 2025) and Study 
2 here. �ese �ndings again suggest they rather depict fast speed, and this component captured a 
more nuanced pattern of static motion.

General Discussion

�is study examined motion cues and path segments (sources, routes, and goals) of visually depicted 
motion events in 315 comics from across the globe. Study 1 con�rmed that midpoints (routes) were 
depicted more o�en than both starting (sources) and endpoints (goals) of actions. �en, Study 2 
showed that motion cues di�er in their relation to path directionality, speed, and temporality. 
Finally, a principal components analysis of depicted motion (Study 3) revealed that visual paths 
may go beyond a merely explicit or implicit classi�cation.

Study 1 con�rmed earlier corpus �ndings (85 comics) about the frequencies of motion cues and path 
segments (Hac�musao�lu & Cohn, 2022). To summarize, routes were depicted more o�en than 
goals, which were more frequent than sources. �is suggests that sequential images have structured 
patterns for depicting movers mostly in the middle of paths, whether through their poses or other 
motion cues. At the same time, these patterns may also be shaped by broader cognitive mechanisms, 
such as that endpoints are more focused and remembered than starting points, a constraint which 
appears in attention, memory, and spoken languages (Papafragou, 2010; Regier & Zheng, 2007).

In addition, Study 2 revealed that motion cues vary in conveying di�erent aspects of motion. 
While most cues were related to the explicitness of the direction, partial polymorphism was 
linked to implicit paths, consistent with how this cue does not overtly indicate the direction. Also, 
circum�xing lines and postures were associated with both explicit and implicit paths, suggesting 
that the relative position of circum�xing lines to the mover and the action types of postures may 
determine how these cues encode directionality. However, neither back�xing nor suppletion lines 
showed a relationship with explicit or implicit paths, and if they do, it was a negative relationship. 
�is motivated us to conduct Study 3, discussed in detail shortly.
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Besides directionality, speed of motion was also systematically related to certain cues. Panels 
of walking �gures were negatively related to any speed cue (motion lines, back�xing lines and 
suppletion lines), while those cues were likely to appear together with the depictions of running 
and driving. �ese results strengthen earlier �ndings on back�xing/suppletion lines and fast speed 
(Hac�musao�lu & Cohn, 2025). Here we similarly show a relationship between increased number 
of motion lines and faster speed, as running was related to both double and several lines but the 
fastest action, driving, had a relationship with only several lines. Study 2 also revealed insights 
about temporality inherent to motion events. As argued, cues indexing a past moment of action 
(e.g., motion lines, impact stars, future lines) or repeating multiple poses appeared together with 
implied moments, con�rming that it is possible to convey multiple moments at once in static images. 
Altogether, Study 2 indicated that di�erent cues encode distinctive features of motion events.

Finally, in Study 3 we applied an automated analysis to search for broader patterns in motion 
events data. �is analysis revealed �ve underlying dimensions of motion events data, dividing each 
path segment (source, route, and goal) into separate components, and classifying a speed-only 
component with back�xing and suppletion lines with no associated path segments, as a manner-only 
construction. Moreover, these dimensions involved two distinct types of routes. More speci�cally, 
routes can be explicit for �gures through the aid of their postures, while they can be indexical 
through motion lines for objects that require extra cues to clarify the path they travel.

�is di�erentiation of routes, based on the types of movers, aligns with the idea that inanimate 
objects lacking any postural cue to suggest movement are not expected to move autonomously. As 
a result, objects require additional morphological markings, such as motion lines, i.e., a “Mark the 
unexpected” principle (Krajinovi� et al., 2025). �is �nding could further explain why postures 
and motion lines do not tend to occur together in comics (Hac�musao�lu & Cohn, 2022; Juricevic, 
2018) despite both being associated with routes (Hac�musao�lu & Cohn, 2022). Although the lack 
of co-occurrence had been explained as a mismatch between “metaphoric” motion lines and “literal” 
postural cues (Juricevic, 2018), our �ndings suggest they can both indicate action in the middle 
of a path, and their use might rather be motivated by the type of the mover and corresponding 
morphological principles. Altogether, Study 3 o�ered a more integrative classi�cation of semantical 
features of depicted motion events.

In conclusion, despite the constraints of a two-dimensional medium, it is possible to depict motion 
and temporal elements in individual images within a sequence, similar to other modalities. �ese 
insights go beyond the well-studied cues of postures or motion lines to suggest di�erent strategies 
or cues contribute to varying aspects of depicted motion, whether it is direction or speed. �us, 
this work sheds light on whether motion lines are merely perceptual, are metaphorical extensions 
of natural path marks, or are motion cues as a part of a broader visual lexicon. Our �ndings here 
support the lexical account, as it reinforces that a range of semantic features manifest in di�erent 
morphological cues, not a lack of structure (perceptual) or a global metaphor about motion 
(Hac�musao�lu & Cohn, 2023).
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If you have read my work up to this point, you may know my opening sentence: depicting motion 
in static images is a challenge! �is is because physical movement is dynamic, referring to changes 
in objects’ positions over time, but two-dimensional images lack such dynamism and temporality 
inherent to physical movement. As mentioned repeatedly, this challenge has been approached 
through strategies such as depicting �gures in poses showing them in the middle of action (postural 
cues) or attaching lines behind movers (motion lines). Both postural cues and motion lines help 
viewers anticipate the upcoming position of movers (Kawabe & Miura, 2006), and motion lines 
enhance the impression (Ito et al., 2010) and understanding of motion (Cohn & Maher, 2015) 
by disambiguating the direction (Francis & Kim, 1999; Kim & Francis, 1998). Motion lines 
also enhance the perceived speed (Carello et al., 1986) with an increase in their numbers (Gillan 
& Sapp, 2005; Hayashi et al., 2012). However, postures and motion lines are not the only ways 
of representing motion in static images, which formed my �rst research question: what are the 
systematic ways of depicting motion in static images?

To explore this question, we formalized a set of motion cues as lexical items—both within-and 
across-panel constructions—that depict path (e.g., direction) and/or manner (characteristics) of 
motion (Talmy, 2000). For instance, postures can stand alone as meaningful units by depicting 
�gures in action using iconicity (Peirce, 1902/1955), where manner information is also conveyed 
by default, such as running or jumping. Although the exact traversal cannot be deduced from the 
graphic representation with postural cues, the direction the �gure is facing can inform the viewer 
about the direction of motion. �is also follows from experimental works showing that people 
recalled the position of a static depiction of a moving �gure as further than it was actually shown, 
due to the anticipation of the future direction (e.g., Kawabe & Miura, 2006).

Unlike postures, motion lines are visual a�xes attached to their stem, the mover, and gaining their 
meaning as bound morphemes (Cohn, 2018). �e direction information comes from the presence 
of lines which indexes the starting and endpoints of paths, while their shape conveys information 
about the manner of path, such as bouncing. �e main function of motion lines might be to enhance 
direction understanding, although their number may in�uence the perception of the movement’s 
speed. �is again contributes to manner information. All in all, varying conceptual components 
of motion can be captured by di�erent lexical items, if not component parts of a single lexical item.

Many other motion cues exist though: future lines, suppletion lines, back�xing lines, contour 
traces, contour tremors, o�set tremors, polymorphism, impact stars, �gure-to-frame constructions, 
and sound e�ects. Although some of these cues or constructions were discussed by others (e.g., 
McCloud, 1993), the richer analysis here has argued that motion cues vary in the morphological 
principles they use, their signi�cation (indexical and/or iconic), the parts of motion they encode (ex. 
direction or speed), and their contribution to sequential temporality (the order of the moments of 
action). �us, this work provides a more comprehensive and systematic inventory of static depiction 
of motion, making it possible to empirically study the argued patterns.
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Also, despite the substantial body of research on motion lines in the literature, there has been 
little consensus on the basic grounding of what motion lines represent or how they derive their 
meaning. As discussed in Chapter 2, perceptual accounts tie motion lines to motion streaks in 
the primary visual cortex (Burr, 2000; Burr & Ross, 2002), which are the signals the brain uses to 
disambiguate motion direction (Geisler, 1999). �e streakiness of motion lines is suggested to be 
captured by the visual system like motion streaks, helping to disambiguate the direction (Burr & 
Ross, 2002). In contrast, other scholars argue that motion lines are metaphors for path marks seen 
in nature (Forceville, 2011; Juricevic, 2018; Kennedy, 1982). However, motion lines might not be 
purely perceptual. For instance, they do not always look like motion streaks, as their shapes are not 
limited to being straight parallel lines. �ey are not likely to be metaphors either, e.g., they do not 
always look like path markings nor are always used for actions leaving path marks. In addition, as 
described throughout, there are many motion cues, but perceptual and metaphoric interpretations 
rarely account for cues beyond motion lines.

Note that, following our literature review, a recent study demonstrated that chimpanzees’ judgments 
of global motion direction were in�uenced by the direction suggested by motion lines, paralleling 
�ndings in human adults (Tomonaga & Imura, 2024). �is may imply an evolutionary basis for at 
least the processing of basic, straight motion lines. However, while this is an intriguing �nding, the 
general implications of the literature still hold: both the reviewed literature and the studies provided 
throughout rather suggest a lexical account, which posits that motion lines and other motion cues 
are stored as schemas within people’s mental visual lexicons (Cohn, 2013). �is can explain varying 
shapes of motion lines, features of other motion cues, and their diverse usage for various actions.

Following this, Chapter 3 explored the e�ectiveness of motion cues in denoting speed. More 
precisely, in Chapters 1 and 2, we argued that lexical items encode di�erent components of motion. 
�e results of the experiments then suggested motion cues indeed vary in how they represent speed: 
motion lines were rated as more e�ective than objects presented alone, while both back�xing lines 
in the background and suppletion lines replacing parts of movers received higher speed ratings. 
When the numbers of motion lines increased, the perceived speed escalated, consistent with the 
literature (Gillan & Sapp, 2005; Hayashi et al., 2012). �is was also re�ected in time assessments 
for movers to complete their static paths. People indicated a shorter amount of time to complete 
the static paths if the movers were presented with cues showing faster action.

Moreover, speed judgements to cues were a�ected by the visual narrative systems that people were 
familiar with, suggesting that pro�ciency with certain motion cues a�ects the way that they are 
interpreted. �is �nding builds on earlier research showing that familiarity with speci�c comic 
patterns shapes their comprehension (Cohn, 2020). In sum, this chapter established variability in 
the e�ectiveness of motion cues in expressing speed in static representations, and consequently, the 
temporality they convey. Since this was open to in�uence of people’s exposure to certain graphical 
systems, these �ndings altogether support that graphic cues di�er in their depicted motion, and 
these lexicalization patterns require some exposure to learn.
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�e lexical account would also suggest interactions between di�erent modalities, given a multimodal 
perspective of language more broadly (Cohn, 2023; Cohn & Schilperoord, 2024). �us, Chapter 
4 examined whether the languages that comic creators speak in�uence the ways they draw motion 
events by analyzing 85 comics within VLRC. First, regardless of typological di�erences between 
languages, midpoints of paths (i.e., VIA) appeared more in sequential images than goals, which were 
depicted more frequently than sources. �is �nding indicates that visuals have their own structural 
preferences, but also follow cognitive universals such as source/goal asymmetry, which occurs in 
perception and in spoken languages (Papafragou, 2010; Regier & Zheng, 2007)

In addition, alignment did appear between the paths in sequential images and the motion event 
typology of their creators’ spoken languages. More speci�cally, when creators speak a Satellite- or 
S-framed languages which encode the manner of motion in the main verb and direction in particles 
(Talmy, 2000), their comics tend to use more routes (midpoints) with motion lines where the 
manner information can be deduced from the shape of the lines. On the other hand, comics drawn 
by creators who speak a Verb- or V-framed language, i.e., languages that encode the direction or 
path information in the main verbs (Talmy, 2000) and express the manner in secondary phrases 
only if necessary (Slobin, 2003), use fewer midpoints overall. More interestingly, when the latter 
group depicted midpoints, they mostly isolated them in their own panels akin to how the manner 
information is isolated in secondary verbs or phrases in their native linguistic systems.

However, this study also showed inter-typological similarities. For example, French and German 
comics that share characteristics of how much information is given in a comic panel (Cohn et al., 
2012) resembled each other, despite the fact that their creators’ languages come from di�erent 
typological classes of motion events. Altogether, this chapter suggests visuals are not as neutral as 
once thought, and there may be a potential in�uence of spoken languages on visual depictions of 
motion events, besides the e�ect of the visuals’ own structural properties.

Chapter 5 then looked at motion events annotated in 300+ comics within the TINTIN Corpus. 
�is chapter �rst sought to replicate the structures found in the visual depictions of motion events 
in prior corpus work (Chapter 4), and then to explore the motion cues’ features that are theorized 
to vary, such as directionality, speed, and temporality (Chapter 1). �e results hinted at midpoints’ 
importance in static images (Freyd, 1983, 1987; Kourtzi & Kanwisher, 2000), along with source/
goal asymmetry, all of which was also observed in prior corpus analyses (Chapter 4). �erefore, 
these shared �ndings across two corpora again suggest that visuals do not only follow cognitive 
universals or domain-general tendencies but also have their own systematic patterns.

Chapter 5 continued by exploring the relationship between aspects of motion events and motion 
cues, such as the explicitness of direction, speed, and temporality. As was argued theoretically 
(Chapter 1), this corpus analysis showed that both motion lines indexing traversed paths and 
postures depicting movers in the middle of actions were related to the explicitness of direction. 
�is aligns with �ndings that both cues aid predicting the future positions of static movers (Kawabe 
& Miura, 2006). In addition, impact stars and future lines—which were not annotated in the 
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VLRC (Chapter 4)—also showed positive associations with explicit paths. Especially the �nding 
with future lines is not surprising given that they also mark paths similar to motion lines, just in 
the opposite direction i.e., a future path. �ey might be even more e�ective in expressing direction 
than motion lines because they have arrowheads, similar to how arrows led to better performance 
in displaying motion compared to motion lines (Strickland et al., 2003).

 Furthermore, postures were also related to cases where the direction remained ambiguous, implicit 
paths, as well as their partial repetition in which the order of repeated action might not be overt. 
�ese �ndings suggest that actions’ postures might disambiguate their direction depending on 
the context. �e cue of circum�xing lines (including both contour traces and tremors presented 
in Chapter 1) was associated with both explicit and implicit paths. �e placement of these lines 
relative to the mover’s contours—whether one-sided or both-sided—may contribute to this dual 
association, suggesting the importance of di�erentiating between contour traces and tremors in 
future annotations.

Moreover, these corpus results in Chapter 5 complemented the experimental work presented in 
Chapter 3 by demonstrating that both back�xing and suppletion lines were associated with faster 
actions (running and driving) but negatively associated with slower actions (walking). An increased 
number of motion lines was also related to faster actions: several lines were associated with driving, 
while double lines were not. �is result also aligns with the �ndings from Chapter 3, which showed 
that a higher number of motion lines (compared to just two lines) led to a higher perceived speed. 
Furthermore, we observed variability in how motion cues related to temporality. Cues that index 
multiple moments simultaneously were linked to implied moments of action, such as motion lines 
indicating where the mover once was or impact stars marking an impact previously le� on a surface.

Also, just as the binary distinction between S- and V-framed languages may not adequately capture 
all the nuances in how spoken languages represent motion events (Fortis & Vittrant, 2016; Naidu 
et al., 2018; Zlatev et al., 2021), the binary distinction between explicit/implicit paths in visuals 
may also be too simplistic. For example, neither back�xing nor suppletion lines showed a positive 
relationship with explicit or implicit paths. �erefore, the last part of Chapter 5 employed an 
automated method, PCA, to classify possible groupings within the motion events data.

�is approach reduced the data into �ve components: Explicit routes, indexical routes, sources, 
goals, and a speed-only component. Di�erent cues and mover types grouped across these 
components, revealing more nuanced ways of depicting motion in static images. Rather than 
simply categorizing depicted paths as explicit or implicit, this analysis clustered routes of graphical 
conventions as explicit using iconicity (representing directionality through postures) or as using 
indexicality (indicating previously traversed paths and clarifying direction). Notably, the mover 
type in�uenced this classi�cation. Animate objects with postural information used iconic, explicit 
routes, while inanimate objects, lacking postural information, belonged to indexical routes depicted 
by motion lines. Additionally, the two other path segments, sources and goals, formed distinct 
groupings based on their implicit nature and endpoint markers (impact stars), respectively. Beyond 
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directionality, a speed-only component emerged as an independent dimension in the motion events 
data, classifying the speed cues (back�xing and suppletion lines) that were not associated with 
explicit/implicit paths.

Implications and Recommendations

Key Insights
What do all of these �ndings tell us when combined? �e main takeaway is that there are systematic 
and patterned ways of depicting motion in static images, extending beyond mere perceptual 
interpretations. �e patterns discussed in Chapter 1 suggest that these cues employ principles of 
meaning-making similar to those of other modalities. As in spoken languages, di�erent parts of 
these signs encode varying components of motion, akin to how verbs or particles encode direction 
or manner based on the linguistic system used (Talmy, 2000). Both the experimental work in 
Chapter 3 and the corpus results in Chapter 5 support this notion. �e �uency-based di�erences 
in perceiving speed represented by visual cues in Chapter 3, along with the interaction between 
spoken language typology and visually depicted paths in Chapter 4, further suggest the encoded 
nature of patterns motivating visually represented motion events. �ese �ndings also challenge the 
view that motion cues are merely simplistic global metaphors, that can be universally understood 
(Potsch & Williams, 2012). �e �nal chapter builds on these �ndings as well, by demonstrating 
that di�erent parts of depicted motion events may correspond to distinct components of motion, 
aligning with their lexicalization patterns as argued.

In addition, the works presented here suggest that �ndings regarding the involvement of perceptual 
areas in processing implied motion should be interpreted alongside variations arising from exposure 
to systematic patterns in visual languages. As discussed in the General Introduction, imaging studies 
have shown that both implied motion in photographs and physical motion can activate similar 
neural areas (e.g., Freyd, 1983, 1987; Kourtzi & Kanwisher, 2000), a �nding also observed for 
graphics in manga (Osaka et al., 2010). However, the e�ect of reversed motion lines on processing 
di�culties has been shown to be modulated by comic expertise (Cohn & Maher, 2015), as was 
the perceived speed of back�xing lines and motion lines in our experimental work (Chapter 3). 
When considered together, interpreting motion in static images also involves learned knowledge 
about graphical systems, rather than the expectancy of object movement based solely on general 
world knowledge, as opposed to earlier arguments (Kourtzi & Kanwisher, 2000). �us, the overall 
�ndings of this dissertation postulate that the underlying structure of depicted motion operates 
as part of a broader system of meaning-making, combining sensory input with lexical processing 
shaped by experience.

�e pro�ciency-related �ndings and suggested patterns provide further insights into practical 
implications. Contrary to earlier assumptions that visuals are transparent and universally 
understood (Coderre, 2020; Cohn, 2020), this dissertation suggests that motion cues may not 
be intuitive to all readers, particularly those lacking familiarity with the conventions of visual 
narratives. �is also raises questions about cognitive research relying on abstract motion cues, which 
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may lead to misunderstandings of the visual representations used. �is is likely because, if lexical 
patterns exist, we cannot expect everyone to interpret them the same way across di�erent contexts, 
such as instruction manuals, educational materials, or �eldwork materials.

Altogether, theoretical, experimental, and corpus �ndings presented here all reinforce that there 
are systematic, patterned ways to depict motion, but which are also open to cultural or linguistic 
in�uences. �erefore, depicted motion is more complex than merely attributing it to perception 
or global metaphors; rather, its roots lie in a combination of visual perception, semiotics, language, 
and culture.

Limitations and Suggestions
As part of scienti�c practice, it is important to re�ect on the limitations of the presented work and 
consider ways they could be improved. A limitation worth noting is the lack of interrater agreement 
calculations in the corpus studies presented. Ideally, at least 10% of a corpus should have been 
annotated by the same people to assess their level of agreement. Given that coders underwent training 
and practice sessions and were blind to the hypotheses at stake, averaging annotations across coders 
may be acceptable for the analyses reported in the last chapter. Furthermore, weekly discussions and 
adequacy checks during the annotation process may have partially compensated for the lack of double 
annotations. However, this limitation is particularly relevant for typological studies, where coders 
speak di�erent languages which could in�uence how they conceptualize e.g., segmentation of depicted 
motion events. �is is a factor that should be reconsidered in future research.

Another potential improvement could involve using a forced-choice paradigm in the experimental 
design of Chapter 3. While the �ndings were robust across three studies, this alternative approach 
might better control the in�uence of question framing. By asking participants to choose between 
two scenarios using di�erent motion cues (e.g., which one seems faster) rather than presenting a 
single cue with a rating question, this method would help prevent participants from assigning speed 
ratings even when no motion cue was present.

Also, a broader issue in the literature concerns the cultural variability in interpreting motion lines 
(Duncan et al., 1973; Kennedy & Ross, 1975; Winter, 1963). While this aligns with the theoretical 
framework advocated here, these references o�en come from quite old studies, leaving questions 
about whether participants failed to understand motion lines or the task itself e.g., due to language 
barriers. Although this is not a limitation of the present work, I �nd it important to acknowledge 
this limitation within the broader literature of this �eld. It would be valuable to investigate this 
further to determine the extent to which pro�ciency plays a role.

Future Research
In addition to addressing these limitations, the �ndings also raise several new questions for future 
research. As emphasized throughout, the static representation of motion is not limited to the use 
of postural cues and motion lines. �e lack of empirical research on other cues does not negate 
their existence nor their potential contributions to motion in di�erent ways. �erefore, more 
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research is needed to scrutinize these features further. �e very �rst chapter of the theory section, 
in particular, introduced questions that could be explored experimentally, similar to our work on 
speed (Chapter 3). We tested some of the hypotheses derived from the �rst chapter using corpus 
linguistics methods (in Chapter 5), which primarily provide insights into patterns within static 
images. While these production-based studies help address a gap in the literature introduced in the 
general introduction, new questions have arisen about how comprehenders process these patterns, 
especially with respect to di�erent cues.

To begin with, Chapters 1 and 5 suggested not all cues depict direction as overtly as motion lines do. 
�is could be assessed through experimentation, such as comparing back�xing lines to motion lines 
in conveying directionality. Also, the literature demonstrated that back�xing lines enhance motion 
impression if they converge into a vanishing point (Ito et al., 2010). Whether this e�ect also applies 
to directionality as argued is a question that warrants further investigation. Additionally, our corpus 
�ndings suggested that postural cues relate to both explicit and implicit paths, raising the question 
of whether the nature of the action in�uences how e�ectively postures clarify motion direction.

�e relationship between motion cues and temporality is another area of interest. Future research 
could investigate how participants interpret the number of moments conveyed by di�erent cues 
and whether cues encoding directionality facilitate sequential temporality as argued. Also, while 
multiplying postures across spatial distances (e.g., crouching, jumping, and landing) could indicate 
sequential motion, whether repetition from a �xed point (e.g., such as spinning) suggests repeated 
action is yet to be explored.

Building on arguments presented in Chapter 1, the spatial layout of comics may play a role in how 
viewers interpret motion, warranting further analysis of how alignment between action and layout 
impacts comprehension. For instance, the action of falling could be depicted across vertically or 
horizontally arranged panels to see how this a�ects people’s impression of motion i.e., falling is 
a vertical action and should match a vertical layout, compared to a mismatch with a horizontal 
layout. Additionally, direct misalignments between the direction suggested by the cues and the 
reading paths may be explored as semantic mismatches, which could be studied with neuroimaging 
techniques like an Electroencephalogram or EEG.

Practical applications could also bene�t from such research, especially since the e�ectiveness of 
motion cues across di�erent types of visual narratives remains underexplored. For instance, future 
lines or arrows, commonly used in instruction manuals (de Souza & Dyson, 2008), and motion 
lines di�er in how they represent paths. While motion lines are less frequently found in instruction 
manuals, research could explore whether traversed paths depicted by motion lines are easier to 
process than untraveled paths represented by future lines. Such insights could help determine which 
cue is more e�ective in enhancing motion comprehension in di�erent contexts.

Moreover, the infrequent combination of motion lines together with postures (Juricevic, 2018) 
might be further explored. Does using motion lines together with postural cues place extra 
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processing costs on comprehenders? For example, processing motion lines attached to objects 
might remain cognitively more e�ective than for moving �gures, given that postures alone can 
disambiguate the direction. Previous research showed motion lines and postures together aid 
motion comprehension the most (Kawabe & Miura, 2006), but what about di�erent types of 
action postures or di�erent types of cues? As a byproduct of the lexicalization process, not every 
visual representation might be accessible to everyone, but are there more accessible features than 
others like iconicity? Future research can explore such questions.

Based on the results, instruction manuals like those provided by IKEA (which I barely understand) 
could bene�t from combining di�erent cues to improve accessibility, depending on the features 
or type of action required. Finally, previous work has suggested that graphics and visual narratives 
may involve processing di�erences by neurodivergent people (Cohn, 2020), and the extension 
of these issues to the comprehension of static motion remains as an open question. In the 
context of instruction manuals, this type of research can be essential to provide manuals that 
accommodate diverse cognitive needs, avoiding ableist or neurotypical-oriented assumptions of 
visual communication.

Concluding Remarks

In conclusion, depicting motion in static images has been extensively studied, with postural cues 
and motion lines receiving the most attention, while other techniques have remained empirically 
understudied. �is dissertation has sought to address the challenge of representing dynamism in 
a static medium by exploring a broader range of techniques. By adopting a lexical account, this 
work has demonstrated that motion can be systematically represented in static images through 
cues and constructions that encode direction, manner, and temporality in a visual vocabulary. At 
the same time, the �ndings derived from both experimental and corpus linguistics methods have 
highlighted that depicted motion is far more intricate than previously acknowledged. Prevailing 
views of relatively simple explanations such as perceptual or metaphoric interpretations alone may 
have obscured this complexity involved in visually depicted motion events. �rough the analysis of 
systematic and patterned motion constructions, this work not only clari�es the complex structure 
behind depicted motion but also demonstrates that the challenge of conveying dynamic information 
in static images can indeed be overcome.
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Introduction

Conveying motion in a static, 2D representation can be a challenge given that graphic representations 
themselves do not move. Several conventionalized techniques help readers understand motion events. 
In Visual Language �eory (Cohn, 2013), these graphic techniques constitute di�erent lexical items 
within the broader visual vocabulary used by visual languages. Like other languages, the lexicon 
of visual languages “morphology” which can be structured using various combinatorial strategies 
(a�xation, reduplication, suppletion), and these all manifest in the representations of motion.

One way of combining elements is a�xation (e.g., kick+ed), where a morpheme (-ed) attaches to 
its stem (kick). A moving object—a “mover”—in a picture can be thought of as the root or stem 
(like kick) while the lines attached behind the mover (motion lines) are a�xes (like -ed). Little 
star-shaped bursts (impact stars) are then attached to their collides. �ose lines or stars do not 
have a meaning on their own. �us, they cannot stand alone but must be attached to their stems 
to gain meaning. Circum�xing lines surrounding a mover to convey motion also use a�xation 
similar to verbal a�xes attached around their stems (e.g., en+light+en). Lines can also be attached 
to the background to create a sense of movement as if the reader also moves at the same speed as 
the mover (back�xing lines). Substitution (e.g., catch => caught) is also possible with visuals. Parts 
of a mover can be replaced for lines to indicate movement (suppletion lines). 

Iconic visual cues can also convey motion, such as postural cues, the poses that a mover takes while 
in an action. Finally, another combinatorial strategy used in both spoken and visual languages is 
to repeat items (e.g., I am not sick-sick). All or parts of a mover can be depicted multiple times in 
di�erent postures to indicate movement (polymorphism).

Altogether, visual languages use multiple combinatorial strategies to depict motion. We will turn 
into speci�cs of this annotation scheme and the functions of these visual cues below.

Annotations

Motion Cues
�is is an annotation class of motion cues which are visual signs or depictions signaling motion. 

Motion Lines. Lines trailing behind a mover to show the path it has traversed, or where the mover once was. 

Future Lines. �ey are like motion lines, but instead of being attached behind a mover to show a 
past state, future lines project forward from a mover for a path that will be taken.
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Circum�xing Lines. Lines following or surrounding a mover, o�en parallel to its contours. �ey 
can indicate shaking, but typically they just show (unspeci�ed) movement. 

Back�xing Lines. Lines in the background set behind a mover to imply its motion as if the 
background is blurred or as if the reader also moves at the same speed as the mover.

Postural Cue. Postures are the depicted poses that a �gure takes in action to imply motion such 
as each pose in the image below. �ey apply for any �gure with depicted body parts (including 
non-human things)

Suppletion Lines. Suppletion occurs when all or part(s) of the mover is replaced with lines to 
imply its motion.

Partial Polymorphism. Partial polymorphism or repetition occurs when parts of the mover are 
repeated to show its motion.
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Impact Stars. Impact stars are small, (typically) star-shaped “bursts” to show an impact le� on the 
ground or collision. �ey might vary in their shapes.

Shape
Sometimes di�erent graphic representations are used for what are otherwise the same morpheme. 
Variation in shape of a morpheme can sometimes lead to change in meaning, but this is not always 
the case. �is annotation class covers variation in the shapes of impact stars (subclass 1) and the 
shapes of lines (subclass 2; applied for motion lines, future lines, and circum�xing lines).

Impact Star Shape.
Radial Lines. Straight lines converging toward a center point to show an impact or collision.

Star. Star-shape bursts to show an impact or collision.

Other. Any other encountered shape of impact on the ground that is not listed within the options. 
�e shape should be speci�ed in the “Notes” �eld for annotations.
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Line Shape.
Straight. A straight shaped line that is extended across a distance.

Curved. A curved shaped line that is extended across a distance. 

Twirl (curlicue). A circular shaped line that is extended across a distance.

Spiral. A circular shape that encircles a center axis. 

Circum�xing (surrounding). Curved lines around an object or a �gure.

Arrow. A path line with arrowhead(s). 

Zigzag. A zigzagging- or Z-shaped line.

Ribbon. Ribbon-shaped motion lines (i.e., motion lines with color shaded in-between the lines).

Other. Any other encountered shape of lines that is not listed within the options. �e shape should 
be speci�ed in the “Notes” �eld. 
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Quantity of Lines
�is annotation class is to annotate quantity of lines (i.e., motion lines and future lines).

A Single Line. A single line trailing behind or projecting forward from a mover.  

Double Lines. Double lines trailing behind or projecting forward from a mover.

Several Lines. �ree or more lines trailing behind or projecting forward from a mover.
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Introduction

Knowledge of motion and paths are fundamental human concepts, and manifest in all human 
expressive systems like speech, bodily signs, and drawings. Graphic representations have consistent 
ways to map this basic knowledge of paths into visual form, which have been shown to di�er 
cross-culturally in contexts like comics (Cohn, 2013; Hac�musao�lu & Cohn, 2022). In order to 
tackle the question of motion depiction graphic representations, this annotation scheme targets 
the semantics of path structure.

Paths are conceived as the direction of motion relative to the ground or another object, and they 
have three main components (e.g., Talmy, 1985). �e source refers to the starting point of a path, 
the route is the mid-point, or the path traversed, while the goal is the endpoint of a path. �ese path 
components can also be depicted in visuals along with the manner information, which speci�es 
the properties or nature of the motion or action (i.e., climbing versus crawling) or the path (i.e., 
straight versus bouncing). �e latter is typically conveyed through visual cues (see the annotation 
scheme: Visual Language �eory: Morphology: Motion Events). 

Postural cues and/or repetition of postures can covey manner information, such as by showing 
poses that a �gure takes while running, climbing, swimming. We call this “manner of movement” 
since, in those cases, the manner information (e.g., �ying) is understood by looking at the moving 
�gure or object (i.e., mover). However, manner can also be understood by looking at the shape of 
lines trailing behind the mover (motion lines). �ose lines can vary in shapes (e.g., straight, curved, 
spiral) and quantity (e.g., double lines, several lines). �e shape of lines might di�erentiate action, 
e.g., twirling versus spinning, while the number of lines might suggest a higher speed. We call those 
cases “manner of path” (like zigzagging) as it is understood by looking at the shape of a path (like 
zigzag- or Z- the shape of lines). 

While motion lines and other visual morphology are visual conventions that convey paths, there are 
also physical paths that can be seen in real life, such as tracks (e.g., footprints) le� behind vehicles 
or wakes le� on the water by ships. �ose physical paths may or may not convey manner of path 
information, e.g., straight-lined tracks can indicate a straight manner of path, while dust clouds 
le� behind a car might not show the shape of the path overtly. 

Given that graphic representations are static do not unfurl temporally, it is not possible to show 
every single snapshot of a movement. �is, by default, requires inferring actions that are not 
depicted directly, whether this occurs within a single image or extended across a sequence of panels. 
For instance, if the pose of a �gure changes from one panel to another, we infer that the �gure has 
moved. In sequences of images like in visual narratives, some motions remain implicit in their 
nature. Based on the postures or cues in a picture, paths can be depicted as about to occur (since 
we can predict the upcoming state), or some parts of a path can occur o�-panel. �ese implicit 
paths contrast the explicit paths which are overtly signaled by motion lines (showing where the 
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object once was) or by postural cues (e.g., a posture of running) that depict the direction of motion 
based on where the mover is facing.

In conclusion, paths and motion are basic conceptualizations that arise independent of expressive 
modalities, and visual languages encode this information in a variety of ways that depict path of 
motion, the explicitness of a path, and manner information. We will turn into speci�cs of this 
annotation scheme below. Because the path traversed may or may not extend across panels, within-
panel paths and cross-panel paths can be analyzed using Relations in MAST.

Annotations

Mover
�is is to annotate a moving �gure or object.

Figure. A moving �gure whose postures can be potentially depicted. �ey do not have to be humans, 
but there should be a body (or at least some parts of a body). 

Object. A moving thing that is an object (e.g., a ball). Vehicles are also annotated as objects but can 
be speci�ed as ‘vehicle’ in the “Notes” �eld. 

Manner
�is class targets manner information, which are characteristics of an action specifying how the 
object/�gure moves. It consists of two subclasses. Subclass 1 is to annotate manner of movement 
(such as walking, running, climbing) indicated by the depiction of a mover itself (e.g., by postures). 
Subclass 2 is to annotate manner of path (such as spinning, zigzagging) indicated by the shape of 
lines (such as spiral and zigzag-shaped lines) trailing behind the mover (motion lines and some 
physical paths). To understand if there is manner information, you can ask “Do I know how this 
�gure/object mo�es?” For instance, if the mover goes to X, “Go” does not specify the manner. Does 
the mover walk, run, or crawl to that place? If we do not know the characteristics of the action, 
then there is no manner information, or it is implicit. 

Manner of Movement
If there is manner information understood by the depiction of mover. 

Walk. �e motion of walking understood by corresponding postures (sometimes depicted with 
repetition).

Run. �e motion of running understood by corresponding postures (sometimes depicted with 
repetition).

Jump. �e motion of jumping understood by corresponding postures (sometimes depicted with 
repetition).
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Climb. �e motion of climbing understood by corresponding postures (sometimes depicted with 
repetition).

Other. Any other encountered manner of movement that is not listed within the options (e.g., 
swimming, �ying). Type of manner should be speci�ed in the “Notes” �eld as Swim, Fly etc.

Manner of Path 
If there is manner information understood by the shape of a path, that is typically depicted with 
motion lines. If there are no lines indicating the shape of a path, then it should be annotated as 
unmarked.

Straight. A straight motion, o�en shown by straight motion lines or some physical paths that do 
not specify other characteristics (shape) of the path traversed. 

Curving. An arc-shaped motion, o�en shown by curved motion lines (or some physical paths). 

Spinning. �e motion of spinning (i.e., turning or whirling around an axis), o�en shown by spiral 
motion lines.

Twirling. A spiraling motion across a path (i.e., turning around across a distance), o�en depicted 
by twirl motion lines. 

Bouncing. A repetition of arc-shaped paths with midpoints at each downslope showing the motion 
of bouncing, typically depicted by curved motion lines, o�en with impact stars.
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Shaking. �e sense of vibration conveyed by short lines imitating the contours of movers like 
circum�xing lines. 

Unmarked. Motion depicted with no cues to indicate the shape of the path (e.g., motion lines). In 
this case, the shape of the path is unmarked.

Other. Any other encountered manner of path that is not listed within the options. Type of manner 
should be speci�ed in the “Notes” �eld. 

Path
�is class is to annotate explicitness of a path i.e., whether it is shown overtly or implied (by 
occurring o� panel and/or being depicted as about to occur).

Explicit Path. A path that is shown overtly indicating the direction of motion. �e arrow tool should 
be used to mark the direction behind the mo�er. Explicit paths may be depicted with lines trailing 
behind the mover (motion lines and some physical paths), but they can also be cued by postures 
alone (e.g., where a running person faces the direction).  

Implicit Path. A path that is implied but not directly shown such as a path that occurs o� panel (so 
that the traversed direction remains unknown) or a path that is about to occur (e.g., preparatory 
actions). For instance, the example below gives no clue whether this air balloon is ascending or 
descending. Imagine that you saw these two �gures on their way to get into the balloon in the �rst 
panel, and then you get this example below as the next panel. It gives no prior information regarding 
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where the balloon previously was, unlike the example above. �us, the path information remains 
implicit. Implicit paths should be annotated on the mover. 

Path Segments
If a path is identi�ed, it can be broken into segments (i.e., source, route, and/or goal). �ese can be 
annotated on the mover but also on places without the mover (e.g., when someone throws a ball to 
a wall, the wall can be annotated as a goal while the mover ball is still on the route).

Source (FROM). �e starting point of a path. It can be a starting point that is shown but has already 
passed (as in example below), or the mover itself can be at the source position. 

Route (VIA). �e middle part of a path or the space traversed by the path. It is typically shown by 
motion lines and some physical paths. However, a mover itself can still be on the route, as shown 
in the example below. Both should be annotated separately: motion lines showing the past state is 
one route, the mover itself is another route if is not at the goal position yet.

Goal (TO). �e endpoint of a path. Typically, the goal will be understood when the mover arrives at 
the endpoint, as shown in the example, but sometimes the goal position might be depicted without 
the mover being there yet.
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Physical paths
�ese are natural paths that can be seen in real life such as footprints le� on the sand, wakes le� 
on the water by a duck etc.

Tracks. Trails that are le� by a mover as imprints into a surface (e.g., footprints by people or animals).

Trail. Trails on earth such as those created by the wheels of a vehicle. 

Dust. Dust le� behind a mover due to its movement.

Wake. Trails on the surface of water such as those le� behind a ship or a duck. 

Bubble Trail. Trails le� inside water such as by bubbles. 

Contrail. Trails in air such as those le� behind a plane.

Other. Any other encountered physical or actual paths that are not listed within the options. �ose 
cases should be speci�ed in the “Notes” �eld.
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Relations

Within-panel Paths
�ese are the paths with at least two of the three path segments (e.g., source-goal or goal-route), that 
occur within a single panel. We combine those path segments occurring within a single panel using 
a relation of Within-panel Paths. In the example below, we see the starting point of jumping (i.e., 
air balloon) for the stick �gure. �ey are on the route. �us, we have a within-panel path relation 
here that should be composed of one source and one route. If we see where they would land, then 
we would also have an annotated goal included this relation.
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Cross-panel Paths
�ere are also paths that start in a particular panel but continue in later, not necessarily juxtaposed, 
panels. Some paths can even continue in later pages. We combine those paths occurring across 
panels using a relation of Cross-panel Paths. In the example below, the upper panel shows two 
routes: the motion lines show the past route, while the mover (the air balloon) is still on the route. 
�e next panel shows the mover at the end point. �us, this Cross-panel Path relation would have 
a Route-Route-Goal across these two panels. �is relation may also include within-panel paths in it 
e.g., if two path segments were depicted in a single panel but the same path continues in upcoming 
panels. All should be included by this relation. 
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ENGLISH SCIENTIFIC SUMMARY

Understanding motion is a vital aspect of human cognition. �e human brain is capable not only of 
detecting actual physical motion but also of inferring motion from static representations. While the 
processing of implied motion in images is well established in cognitive psychology, previous research 
has primarily focused on depicted poses or postures of �gures in action, or on motion lines drawn 
behind moving entities. �ere are other ways to depict motion in static images that have received 
relatively little or even no empirical attention. Especially in the context of visual storytelling, for 
instance, in sequential images such as comics, artists employ a wide range of visual techniques to 
convey motion, that are suggested to be structured and systematic. Yet, these techniques have not 
been extensively or empirically studied. �is dissertation aims to address that gap through the 
overarching research question: What are the systematic and patterned ways to depict motion 
in static images? To answer this and a series of related sub-questions, this work draws on insights 
from cognitive linguistics, semiotics, and visual perception, and uses di�erent methods including 
formal theorizing, literature review, experimentation, and corpus analyses.

Chapter 1 introduces a visual vocabulary of static motion grounded in Visual Language �eory and 
identi�es constructions for representing motion both within individual panels and across sequences. 
Within-panel constructions range from basic postural cues to more abstract markers, including 
motion lines attached behind movers, back�xing lines attached to the background, suppletion lines 
replacing parts of movers, lines mimicking the contours of movers (if one-sided: contour tremors; if 
double-sided: contour traces), impact stars showing impact as a result of motion, repeated depictions 
that do not align with each other (o�set tremors), and direct repetition of movers (full or partial 
polymorphism). In addition to these cues or constructions, making connections across panels 
with cross-panel constructions also plays a role in expressing motion, such as changes in the size 
or placement of �gures relative to the frame (foreground/background constructions) re�ecting 
movement along a path. Textual cues such as sound e�ects also contribute to motion expression, 
not only through the meaning of the text but also through its graphical form, for instance, when 
the tail shape of the text carrier corresponds to the shape of the path. A feature set of within- 
and cross-panel constructions shows that such constructions vary in the motion components they 
encode (e.g., directionality, speed, temporal order of moments, and path segments: source, route, 
and goal), as well as in how they relate form to meaning, such as through visual resemblance and/or 
indexical reference. Furthermore, the sequencing of panels can in�uence motion comprehension, 
either facilitating or hindering it depending on their spatial arrangement.

Chapter 2 focuses on the second research question: How do motion lines derive their meaning? 
It reviews somewhat competing theoretical accounts—perceptual theories linking motion lines 
to biological artifacts in the visual system, metaphorical accounts proposing analogies with real-
world path marks, and the lexical account introduced in Chapter 1, which frames motion lines as 
conventionalized items of a broader visual vocabulary. �e chapter summarizes and integrates basic 
psychological �ndings on the processing of motion lines, as well as developmental, pro�ciency-
related, and cross-cultural �ndings. For instance, �ndings suggest that motion lines vary in shape 
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and usage, as well as in how their directionality (e.g., based on proximity to the mover) and speed 
(e.g., based on quantity) are perceived. In addition, they are not understood in the same way by 
everyone, with age-related and �uency-related di�erences in interpretation. �ese patterns cannot be 
fully explained by perceptual or metaphorical accounts alone. Rather than being purely perceptual 
artifacts or just visual metaphors, motion lines are better understood as part of a structured visual 
lexicon. �is conclusion supports the need to analyze motion lines in relation to other cues rather 
than in isolation.

Chapter 3 addresses the third research question: Do motion cues di�er in their e�ectiveness in 
denoting speed? Drawing on the lexical account, this chapter tests whether certain cues inherently 
represent faster actions, even in the absence of real movement. If so, viewers should perceive faster 
speeds and shorter durations for paths represented with such cues, given the inverse relationship 
between time and speed. �e experimental results support this prediction: suppletion and 
back�xing lines denote faster actions than motion lines. �ese cues show movers in the middle of a 
path, and with fast action, as they re�ect motion blur–like e�ects—either on the mover (suppletion) 
or the background (back�xing), depending on the observer’s viewpoint. �e number of motion 
lines also a�ects perceived speed, reinforcing earlier �ndings in the literature. �ese �ndings are 
apparent in both subjective speed ratings given for cues and the estimated time durations for the 
completion of depicted paths. Notably, exposure to manga can moderate these e�ects, especially 
for the di�erence between the ratings of motion lines and back�xing lines, suggesting a role for 
learning and visual �uency.

Chapter 4 turns into actual comics and examines 85 works from East Asia, Europe, and North 
America within Visual Language Research Corpus to address the fourth research question: Do 
depictions of visual paths vary across cultures and linguistic systems? Drawing on motion 
event typology, the chapter compares comics from Satellite-framed (S-framed) languages, which 
typically encode manner or characteristics of action in the main verb and path information in 
satellites (e.g., verb particles), and Verb-framed (V-framed) languages, which encode path in the 
main verb and manner in secondary elements. �e results �rst indicate that midpoints of action are 
essential to the visual sequencing of events, and endpoints appear more o�en than starting points, 
regardless of the S/V dichotomy. In addition to these general tendencies, typological patterns 
also appear: S-framed comics depict more midpoints, using cues that convey manner information, 
either through basic features (postures) or more �ne-grained ones (motion lines). �ey also tend 
to use postures over motion lines, which typically encode basic manner information. In contrast, 
V-framed comics include fewer midpoints and path segments overall, but when they do appear, 
they are more o�en isolated in separate panels. �is may re�ect the typological tendency to avoid 
expressing complex boundary-crossing events (e.g., entering or exiting) in a single clause. At the same 
time, inter-typological similarities also emerge, for example, between German and French comics, 
which share a similar type of panel framing. �is suggests shared structural visual conventions that 
transcend typological boundaries.
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Chapter 5 adopts a broader corpus-based approach, analyzing over 300 comics from around the 
world (TINTIN Corpus) and addressing the ��h research question: How do motion cues and 
path components manifest and interact in actual comic books? �is chapter �rst con�rms 
earlier �ndings regarding the uneven frequency of motion cues and path segments and then, 
building on Chapter 1, tests the lexicalization patterns associated with each cue. Primary �ndings 
indicate that cues di�er in their association with explicitness and implicitness of path directionality, 
and not all cues convey paths. �e latter group includes suppletion and back�xing lines, which 
are instead associated with speed. Motion lines can also contribute to faster action depending on 
their number. �ese results align with the experimental �ndings in Chapter 3. In addition, cues 
that remain implicit in their implied directionality also largely remain implicit in the temporal 
unfolding of action. 

Finally, an automated analysis was used to group cues, path directionality and segments, mover 
types, and temporality into coherent categories. �is approach complements the individual analysis 
by con�rming patterns, such as speed denoted by suppletion and back�xing lines, and by revealing 
further patterns—for instance, goals marked by impact stars, routes by motion lines or postures 
(depending on the mover type), and sources o�en being implicit. Overall, this last chapter suggests 
more nuanced ways of depicting motion in images.

Altogether, this dissertation shows that motion can be represented in static images through 
systematic and patterned ways. However, these patterns do not appear to be purely universal in their 
usage or in their interpretation. �e results suggest that cultural conventions, linguistic typology, 
and visual exposure to such patterns play a role in shaping both the production and comprehension 
of motion cues, aligning well with the notion of a visual vocabulary. Overall, this work provides 
a comprehensive framework for empirically studying the visual representation of motion and 
demonstrates that conveying dynamicity in static form is de�nitely possible, although the structure 
behind it is more complex than previously assumed. �us, it opens up many empirically testable 
directions for future research, with potential applications in contexts such as instruction manuals, 
educational materials, and/or user interface designs.
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Het begrijpen van beweging is een essentieel aspect van menselijke cognitie. De menselijke hersenen 
zijn niet alleen in staat om fysieke beweging waar te nemen, maar ook om beweging af te leiden uit 
statische representaties. Hoewel de verwerking van geïmpliceerde beweging in beelden uitgebreid 
is onderzocht binnen de cognitieve psychologie, hee� eerder onderzoek zich voornamelijk gericht 
op de houdingen of poses van �guren in actie, of op bewegingslijnen achter bewegende entiteiten. 
Er bestaan echter ook andere manieren om beweging in statische beelden weer te geven, die relatief 
weinig of zelfs geen empirische aandacht hebben gekregen. In het bijzonder in de context van visuele 
storytelling, bijvoorbeeld in sequentiële beelden zoals strips, gebruiken tekenaars een breed scala aan 
visuele technieken om beweging weer te geven, waarvan wordt gesuggereerd dat ze gestructureerd 
en systematisch zijn. Dit is echter nog niet uitgebreid en empirisch onderzocht. Dit proefschri� 
beoogt deze leemte te vullen met de overkoepelende onderzoeksvraag: Wat zijn de systematische 
en gelexicaliseerde manieren om beweging in statische beelden weer te geven? Om deze en 
verwante deelvragen te beantwoorden, combineert dit werk inzichten uit de cognitieve taalkunde, 
semiotiek en visuele perceptie, en maakt het gebruik van diverse methoden waaronder theoretische 
analyse, literatuuronderzoek, experimenten en corpusanalyses.

Hoofdstuk 1 introduceert een visuele woordenschat van statische beweging, gebaseerd op de 
Visual Language �eory, en identi�ceert constructies voor het weergeven van beweging binnen 
afzonderlijke panelen van strips en over sequenties heen. Binnen-panel constructies variëren van 
basale cues door middel van lichaamshouding tot abstractere markeringen, zoals bewegingslijnen 
achter �guren (motion lines), lijnen op de achtergrond (back�xing lines), lijnen die delen van de 
�guur vervangen (suppletion lines), lijnen die de contouren van de �guur volgen (zoals contour 
tremors of contour traces), impactsterren die botsing of impact tonen (impact stars), verschoven 
herhaling van �guren (o�set tremors), en volledige of gedeeltelijke herhaling (polymorphism). 
Naast deze visuele cues spelen ook connecties over panelen heen een rol in het uitdrukken van 
beweging, bijvoorbeeld via verandering in grootte of positie van �guren in verhouding tot het 
frame (foreground/background constructions), wat beweging langs een pad weerspiegelt. Tekstuele 
elementen zoals geluidse�ecten dragen ook bij aan de uitdrukking van beweging, zowel via hun 
betekenis als via hun gra�sche vorm, bijvoorbeeld wanneer de staart van een tekstballon het pad 
van de beweging nabootst. De verzameling van binnen- en over-panelconstructies laat zien dat deze 
cues verschillen in welke bewegingscomponenten ze coderen (zoals richting, snelheid, temporele 
volgorde, en padsegmenten: bron, route en doel), evenals in de manier waarop ze vorm en betekenis 
relateren—bijvoorbeeld via visuele gelijkenis of indexicale verwijzing. Bovendien kan de sequentie 
van panelen de interpretatie van beweging vergemakkelijken of juist belemmeren.

Hoofdstuk 2 richt zich op de tweede onderzoeksvraag: Hoe verkrijgen bewegingslijnen (motion 
lines) hun betekenis? Het hoofdstuk bespreekt deels concurrerende theoretische benaderingen—
perceptuele theorieën die bewegingslijnen koppelen aan biologische artefacten in het visuele 
systeem, metaforische benaderingen die analogieën trekken met reële bewegingssporen, en de 
lexicale benadering zoals geïntroduceerd in Hoofdstuk 1, waarin bewegingslijnen worden opgevat 
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als conventionele elementen binnen een visuele woordenschat. Het hoofdstuk vat psychologische 
bevindingen samen over hoe bewegingslijnen worden verwerkt, evenals ontwikkelings-, ervarings- 
en cultuurgerelateerde verschillen in interpretatie. Bevindingen suggereren bijvoorbeeld dat 
bewegingslijnen variëren in vorm en gebruik, evenals in hoe hun richting (op basis van nabijheid 
tot de beweger) en snelheid (op basis van hoeveelheid) worden waargenomen. Daarnaast worden ze 
niet door iedereen op dezelfde manier begrepen, met lee�ijdsgebonden en vaardigheidsgebonden 
verschillen in interpretatie. Deze patronen kunnen niet volledig worden verklaard door puur 
perceptuele of metaforische modellen. Bewegingslijnen zijn dus beter te begrijpen als onderdeel 
van een gestructureerd visueel lexicon. Dit benadrukt het belang van analyse van deze lijnen in 
samenhang met andere visuele cues.

Hoofdstuk 3 behandelt de derde onderzoeksvraag: Verschillen bewegingscues in hun 
e�ectiviteit bij het aangeven van snelheid? Op basis van de lexicale benadering wordt getest of 
bepaalde visuele cues inherent snellere acties representeren, zelfs zonder echte beweging. Als dat 
zo is, zouden kijkers hogere snelheden en kortere duur inschatten voor paden die met dergelijke 
cues worden afgebeeld, gezien de omgekeerde relatie tussen tijd en snelheid. De experimentele 
resultaten bevestigen deze voorspelling: suppletion en back�xing lines representeren snellere acties 
dan traditionele bewegingslijnen. Deze cues tonen �guren midden in een pad en geven snelle 
actie weer, vergelijkbaar met motion blur-e�ecten—a
ankelijk van het gezichtspunt van de 
toeschouwer ofwel op de beweger (suppletion), ofwel op de achtergrond (back�xing). Ook het aantal 
bewegingslijnen beïnvloedt de waargenomen snelheid. Deze e�ecten bleken zowel in subjectieve 
snelheidsbeoordelingen als in geschatte tijdsduren van paden. Opvallend is dat eerdere blootstelling 
aan manga deze e�ecten kan modereren, wat wijst op het belang van visuele geletterdheid.

Hoofdstuk 4 richt zich op strips uit Oost-Azië, Europa en Noord-Amerika (85 in totaal, binnen 
de Visual Language Research Corpus) en onderzoekt de vierde onderzoeksvraag: Verschillen de 
representaties van bewegingspaden tussen culturen en taalsystemen? Op basis van Talmys 
typologie worden strips uit Satellite-�amed (S-framed) talen, waar manier van bewegen in het 
hoofdwerkwoord en pad in satellieten wordt gecodeerd, vergeleken met Verb-�amed (V-framed) 
talen, waar pad in het werkwoord en manier van bewegen in secundaire constructies voorkomt. 
De resultaten laten zien dat actie-middelpunten het vaakst worden afgebeeld, gevolgd door 
eindpunten, met startpunten als minst frequent. Naast deze universele tendensen verschijnen ook 
typologische patronen: S-framed strips beelden meer middelpunten af, vaak met cues die de manier 
van bewegen overbrengen, zoals lichaamshouding of bewegingslijnen. V-framed strips bevatten 
minder padsegmenten, maar wanneer ze die gebruiken, worden ze vaker geïsoleerd in aparte 
panelen. Dit weerspiegelt mogelijk de neiging van zulke talen om complexe grensoverschrijdende 
gebeurtenissen (zoals binnengaan of verlaten) niet in één zin te coderen. Tegelijkertijd zijn er ook 
inter-typologische overeenkomsten, zoals tussen Duitse (S-framed) en Franse (V-framed) strips, 
die wijzen op gedeelde visuele conventies die typologische grenzen overstijgen.

Hoofdstuk 5 verbreedt het perspectief met een corpusanalyse van meer dan 300 strips wereldwijd 
(TINTIN Corpus), gericht op de vijfde onderzoeksvraag: Hoe komen bewegingscues en 
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padsegmenten tot uiting in daadwerkelijke stripboeken, en hoe interacteren ze met elkaar? 
Dit hoofdstuk bevestigt eerdere bevindingen over de ongelijke verdeling van cues en padsegmenten, 
en test vervolgens de lexicalisatiepatronen van elke cue. De bevindingen tonen aan dat cues 
verschillen in hun mate van expliciete richting en dat niet alle cues paden weergeven. Zo worden 
suppletion en back�xing lines vooral geassocieerd met snelheid, en bewegingslijnen met richting—
waarbij meer lijnen een hogere waargenomen snelheid geven. Deze resultaten komen overeen met 
de bevindingen uit Hoofdstuk 3. Cues die impliciet blijven qua richting, blijken ook impliciet 
in temporele structuur. Met een geautomatiseerde analyse groepeerden we vervolgens de cues, 
bewegingsrichting, padsegmenten, beweger-types en temporele markers in betekenisvolle clusters. 
Deze analyse bevestigde eerdere patronen en bracht nieuwe aan het licht, zoals doelen gemarkeerd 
met impactsterren, routes met bewegingslijnen of lichaamshoudingen (a
ankelijk van de beweger), 
en bronnen die vaak impliciet blijven.

Samenvattend toont dit proefschri� aan dat beweging in statische beelden kan worden weergegeven 
op systematische en gestructureerde manieren. Deze patronen zijn echter niet universeel in hun 
gebruik of interpretatie. De resultaten suggereren dat culturele conventies, talige typologieën en 
visuele ervaring met dergelijke patronen een rol spelen in zowel de productie als de interpretatie 
van bewegingscues. Dit sluit goed aan bij het idee van een visuele woordenschat.

In het algemeen biedt dit werk een uitgebreid kader voor het empirisch bestuderen van de 
visuele representatie van beweging en laat het zien dat het mogelijk is om dynamiek over te 
brengen in statische vorm—maar dat de onderliggende structuur complexer is dan eerder werd 
aangenomen. Daarmee opent dit onderzoek de deur naar veel empirisch toetsbare vervolgvragen, 
met mogelijke toepassingen in contexten zoals handleidingen, educatief materiaal en/of 
gebruikersinterfaceontwerp.
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Hareket etmeyen, iki boyutlu bir görselde �gürler ya da nesneler nas�l hareket ediyormu� gibi 
gösterilebilir? Özellikle çizgi romanlardaki ard���k görüntülerde bunu s�kça deneyimleriz: Bir 
karakterin ko�tu�unu, süper kahramanlar�n dövü�tü�ünü ya da bir nesnenin havada uçtu�unu 
“görürüz”. Gerçekte ise hiçbir �ey hareket etmez. Peki, bu nas�l mümkün?

Asl�nda bunu sa�laman�n birçok yolu var, ancak literatürde bu yöntemler deneysel veya somut 
verilere dayal� olarak yeterince incelenmemi�tir. Bu nedenle, dört y�l� a�k�n doktora sürecimde, 
hareketin dura�an görüntülerde nas�l iletilebildi�ini ve bu anlat�m�n sistematize olmu� belirli 
örüntülere sahip tekniklere dayan�p dayanmad���n� ara�t�rd�m.

�lk olarak, görsellerde hareket hissi uyand�rmak için kullan�lan görsel ipuçlar�n� incelemekle 
ba�lad�m. Bunu, kelimelerin zihnimizde bir sözlükte kay�tl� olmas� gibi dü�ünebiliriz. Ancak bu 
sefer sözlükteki ö�eler kelimeler de�il; görsel i�aretler ve yap�lard�r. Örne�in, karakterlerin belli 
hareket pozlar�nda donmu� �ekilde resmedildi�ini dü�ünelim. Bunu bir videodan al�nm�� ekran 
görüntülerine benzetebiliriz: Hareketin tamam� görünmese de, zihnimiz bu donmu� görüntüye 
bakarak önceki ve sonraki anlar� tahmin edebilir.

Di�er yöntemler ise daha soyut biçimlerde hareketi gösterir. Bunlardan baz�lar�, hareket eden 
nesnelerin arkas�nda b�rak�lan, arka plana eklenen ya da nesnenin bir k�sm�n� kaplayan çizgilerdir. 
Bu i�aretler tek bir karede (panelde) yer alabilece�i gibi, çizimlerin ard���k s�ralanmas�yla da hareket 
hissi aktar�labilir. Örne�in, bir karakterin konumu paneller aras�nda de�i�irken di�er her �ey sabit 
kal�yorsa, bu bize hem hareket hem de zaman geçi�i hissi verir. Nas�l ki konu�tu�umuz diller, 
hareketin nerede ba�lad���n�, nas�l ilerledi�ini ya da nerede sona erdi�ini anlatmam�za olanak tan�r 
ve hareketin �ekline dair bilgi verebilir; dura�an görüntüler de bu yönleri ifade etmek için benzer 
�ekilde sistematik yollar sunar.

Sonras�nda, bu yollar� anlamak için teorik çerçevede geli�tirdi�imiz hipotezleri daha derinlemesine 
incelemek üzere çe�itli yöntemler kulland�m. Deneyler yürüttüm ve dünyan�n dört bir yan�ndan 
toplad���m�z çizgi romanlar� analiz ettim. Bu çal��malarda elde etti�imiz bulgular, görsel hareket 
ipuçlar�n�n rastgele ya da yaln�zca sanatsal tercihlere dayal� olmad���n� ortaya koydu. Bu i�aretlerin 
kendi içinde belirli yap�lar� oldu�unu; örne�in baz� ipuçlar�n�n izleyicide daha h�zl� hareket ya da 
daha k�sa zaman alg�s� yaratabildi�ini gördük. Ortada ne gerçek bir hareket ne de �ziksel bir h�z 
olmas�na ra�men, farkl� görsel yöntemlerle farkl� h�z alg�lar� olu�turmak mümkündü.

Ancak bu alg� her zaman evrensel de�ildi. Görsellerin “ne görüyorsak onu anlatt���” yönündeki 
yayg�n varsay�m�n aksine, insanlar�n belirli çizim türlerine (örne�in Japon mangas�na) ne kadar 
a�ina olduklar�, bu i�aretleri nas�l yorumlad�klar�n� etkileyebiliyordu. Ayr�ca, hareketin görseller 
arac�l���yla nas�l aktar�ld���n�n kültürler ve diller aras�nda da de�i�iklik gösterdi�ini gözlemledik. 
Bakt���m�z derlemde, farkl� dillerden gelen çizgi romanlar hareketi betimlemek için farkl� görsel 
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stratejiler kullan�yor; bu farklar da büyük ölçüde, bu dillerde hareketin sözel olarak nas�l ifade 
edildi�iyle örtü�üyordu.

Görsel Dil Laboratuvar�’nda yürüttü�üm bu çal��malar, hareketin �ziksel olarak var olmad��� 
dura�an bir karede bile etkili bir �ekilde aktar�labilece�ini ve bunun rastlant�sal de�il, sistematik 
ve yap�sal yöntemlere dayand���n� ortaya koydu. Ancak bu yöntemlerin herkes taraf�ndan 
evrensel biçimde anla��laca�� varsay�m� yan�lt�c� olabilir; çünkü bulgular�m�z, bu i�aretlerin 
yorumlanmas�n�n onlara olan a�inal�k, yani görsel okuryazarl�k gerektirebildi�ini de gösterdi.

Özetle, hareket olmadan da hareketi göstermek ve bunu somut bir �ekilde incelemek mümkün, 
ancak bu san�ld��� kadar basit bir süreç de�il. Son olarak, doktora çal��malar�m yaln�zca görsel 
hikâye anlat�m�n� anlamak için de�il; ayn� zamanda e�itim materyalleri, kullan�c� arayüzleri, gra�k 
tasar�m gibi alanlarda da dura�an görüntülerle hareketi daha etkili biçimde aktarabilmek için 
önemli bir temel sunuyor.
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made things better. Your artsy soul, our mutual existential and cultural complaints, and your talent 
for laughing at my jokes (and noticing when I laugh without understanding) have added so much. 
�ank you m�çm�ç. 

Will, my Wilhelminapark neighbor, foster cat partner, my dear dostum. I quickly felt close to you 
(maybe because you showed o� your Turkish), and since then we’ve stuck together. I truly enjoy 
our connection because I know I can talk about anything with you, as long as it’s not during your 
me-time, and you’ll understand. From dreaming about alternative careers to discussing the universe, 
nothing is o�-limits. �anks for being you. I can bring you baklava for life if you want.
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You may not know, but most of our Tilly meetings with colleague-friends happened at LOC 
Brewery. First, thanks, LOC, for being “the bar” of my personal TV show (delulu). And speaking 
of this, Ana strikes again, this time with a plus one. Ana, you joined our lab closer to the end, and 
despite how good I am at pattern recognition (I can’t be humble here), there was no way I could 
have predicted we’d become best pals. With you, neither place nor time matters. We just enjoy our 
own way of being, which surprisingly happened to be in similar ways. I love diving straight into 
deep topics with you and ignoring norms. �anks for giving me the taste of that (if not smell). And 
Xavier, regardless of whether Portekizliler Türk or not, you defy categories. Someone being both 
an astrophysicist and also creative and empathic, well, even my imagination wouldn’t invent that. 
You are one of the sweetest and the humblest people I’ve ever met (please be sassier though). �ank 
you both for being part of my life. I’ll never forget our little “family home” and the moments we 
shared at a conference in Sicily. (Since I wrote this, I’ve also had little family-home moments in 
Berlin. How lucky am I?)

From another department at Tilburg University, my friend Ceren inspired me with both her 
academic skills and the girl power she carries within. �anks, Ceren, for spreading the latter among 
us and for going deeper with topics, whether related to our academic life or beyond. Also, thanks 
for bringing Tosties to my life!

As you can see, Tilburg University gave me lots of good memories. �ings have not started there 
though. I would like to thank my Master’s supervisor, Prof. Martijn Meeter for encouraging me 
since we met, listening to me venting about PhD life occasionally and sharing his wisdom with 
me. Also, thanks Ada, my friend from our crazy Master’s, for always supporting me by all means. 
You taught me that people don’t need to be alike to love each other. I think this is simply beautiful. 
Now, let’s go even further back, way before the Netherlands, to my Bachelor’s at Koç University. 

At that time, I didn’t know where life would take me. I just knew I loved learning, learning, and 
learning. My brain was thirsty for information. �is curiosity brought me to where I am now, but 
not on its own. �ere are people I must acknowledge, because so much of this journey stems from 
those times. 

I would like to thank my professors Tilbe Göksun for encouraging me to pursue a Master’s in 
Cognitive Neuropsychology, and Sami Gülgöz, who deeply fed my love of learning. I remember 
thinking, “I want to be like Sami Hoca.” My friend Mete has also always inspired me with his 
unique mind and the classes we took together shaped my journey. I further noticed my passion for 
exchanging knowledge when I studied for exams with Cemre, my dear friend and very �rst �atmate. 
�ank you, Cemre, for always believing in me. Someone else who pushed me toward this career 
(speci�cally neuropsychology) was �eyma. We met a�er PSYC210 when I was lost about where to 
leave an assignment. My brain isn’t great at navigating spaces but excels at being confused. Luckily, 
�eyma was there. �eymik, thanks for holding my hand metaphorically and physically since then. I 
wouldn’t trade the ease of being myself with you (and now with Umut, too) for anything. �ank you.
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My Koç years came to an end, and the moment arrived to step into the unknown: I decided to 
move to the Netherlands. Suzi witnessed both my Bachelor’s years and my transition here. Suzi, 
you made it possible to have a home together in a country where I knew almost no one. Stepping 
outside my comfort zone was really hard, but you gently pushed me, sometimes with poetic words, 
and showed me I was stronger than I thought. I’ll never forget what we built together. It is precious.

Although we were at Koç together, I also got to know Betül and Eylül in my “new” country. Betül, 
you are the rational, direct one I need because I don’t always feel grounded. Our friendship ranges 
from academic debates to fortune-telling, and I love that. Plus, you brought Tim, adding art and 
creativity to the mix. What a combo! Together with Eylül, you became my sisters here (I am an 
only child, if you do not know, so it means a lot). Eylül, thank you for your support, both academic 
and emotional. You taught me that closeness doesn’t depend on physical presence. Whenever we 
meet again, we continue right where we le� o� with deep talks and some mutual longing for our 
home’s old times. �e latter hurts though.

I should say, a�er moving, I gained some more chosen family in the Netherlands. �anks to all of 
you for always hosting me in Randstad. Mert Bereket, who knew that someone I just happened to 
see at our housewarming would turn into someone I’d burn houses for? You’re good at triggering 
me, but even better at making me grow with your surprisingly wise words, reminding me that I’m a 
true katana and shouldn’t settle for being easygoing. Few know this, but I started doodling seriously 
thanks to you. You helped me see my need and desire to create1 and perhaps not surprisingly, you 
were the one accompanying my artwork with your music at my very �rst exhibition. �ank you 
for giving me this. Plus, life with you turns into a big party: thank you for the Las Vegas nights 
(and the heaviest Tikkies).

Sinanc�m, I can’t express how comfortable I feel sitting on your couch (or now garden) and laughing 
at random things that only we �nd hilarious. It’s rare to have that, and indeed, you are rare. Also, 
thank you for encouraging me to work together at your place, and bringing Nisan into my life. 
Nisan, one may have thought I’d be more like a görümce, but no, you became more like a sister to 
me. �ank you for making me comfortable all the time. Also, Irmak 2, you were such a sürpriz 
yumurta to my PhD life. I would not guess that we would have our little Irmo world if someone had 
asked me a few years ago, but here we are. It is �lled with cooking, mutual care, some neurospices, 
and Penny by our side. �ank you for being there. And Volkan, you know, I usually second-guess 
myself a�er some social interactions like “Are these people secretly mad at me?”, but never with you. 
I know you’d not judge but stand by me. �at means a lot. �ank you.

Getting near to the end, I want to thank people who transcend location and time. P�nar, we met 
when I was 14 and you told me I talked too much. Since then, I have never stopped talking to you, 

1 Alongside doodling, I kept writing on the side during my PhD for newsletters and magazines (no papers!). 
�anks to the 20lik, Alara Demirel, and Mina Kocaman for keeping my love of writing alive. And since 
I thought writers might enjoy a little footnote… here you go.



210

and you �rst became my college roommate and then some kind of life partner. We went through so 
many crises together, life-changing events both good and bad, and our connection has helped me 
grow. I feel so lucky to have you. Umur, thank you for being another partner in crime, making me 
laugh and making me feel loved. I could not have recharged during my PhD without our regular 
calls. �en, I would like to thank another person who has known me for a long, long time. Pehli, 
you were there when I �rst decided to do a Master’s in the Netherlands, when I moved to the 
Netherlands, when I went to my interview for this position, and… yes, you were always there in the 
most critical years of my life. You always picked me up when I fell down, literally or mood-wise. You 
taught me a lot about love, life, and myself. I cannot express how much it meant and still means to 
me, but I guess you know. Also, you helped me with the �gures in my very �rst papers (Chapters 2 
and 4). �is should de�nitely be acknowledged!

AND my paranymphs… Jan, we carpooled for years, and driving isn’t something I do o�en in the 
Netherlands, but at home. So, it somewhat felt like home, and during those times, you saw me at 
my sleepiest, most random, most excited. I’ve been especially fond of our wonderfully random talks, 
academic ones included, and I’m grateful to you for being such a big part of my PhD life. I always 
knew I could count on you, so it’s no wonder I asked you years before �nishing to be my paranymph 
(plus, my impatience). �ank you! My paraperi, Gizo�um, you are proof that you can make best 
friends a�er your 20s, and that they can be the funniest, smartest, and most stylish ones. You took 
care of me many times, made me laugh, made me think, and among all, what I treasure the most 
became your kucak. Yes, the physical hug is great, but it is more than that: it embraces me as I am, 
whispers that I can do this, and holds me through hours of crying. Literally. �ank you for standing 
by me, especially in the most di�cult times, and now also at my ceremony!

Speaking of my ceremony, thank you in advance to everyone, colleagues, friends, and my extended 
family, who are willing to support me during my defense. I am not able to list everyone here because 
my brain is already cooked from categorizing, but you should know this means the world to me!

Yes, I should get to the end. Bar��ko, my personal amusement park and the funniest person I’ve 
ever known. Despite all the problems, unexpected turns, and inconveniences that drive me crazy, 
you’ve reminded me that there’s joy in my heart. A�er years, I �nally found myself thinking, “Life 
is not too bad.” Seeing your spark and recognizing my own feels like a real gi�. I feel lucky to have 
re-met you and to rediscover all the things we share in common that went unnoticed for over ten 
years (I still don’t understand how). �anks, universe, for arranging my Team Rocket. Of course, 
a Team Rocket would not be complete without a Siamese cat. My can�m ablac�m Marto, you are 
one of the strongest souls. �ank you so much for comforting me with your “mrrrrs” when I was 
losing my mind while �xing my chapters. I love you, Roket Tak�m�. Also, funnily, I �nished my 
dissertation at Ormanc�lar, and now I’m �nishing my acknowledgments here too. �ank you, 
Bar��, for bringing into my life a place where I can �nally hyperfocus while being by the sea. You 
expand my world in every sense. 
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Finally, my nuclear family. Sevgili annem, anac���m, +31 senelik yol ve 8 sene ki�isel ev arkada��m, 
�ahs�na münhas�r birici�im, komedi tufan�m, �ehirler de�il ülkelere s��maz�m, ezber bozduran�m. 
Sen olmasayd�n, nerede ne yap�yor olurdum acaba? Mesela, sen o s�n�rlar�n�n ötesindeki vizyonunla 
bana daha 3 ya��nda ilk karikatür kitab�m� almasayd�n veya “çok s�k�c� ya s�nava çal��mayaca��m” 
buhran�mda s�navda ç�kacak konular� oturup bana okumasayd�n (maalesef, ya�and�). Her �eyi geç, 
ya sen benim macerama ortak olmasayd�n? Kal�plar� k�r�p bir �eylerin ötesini hayal edebildiysem, 
hepsi senin bana verdi�in cesaret sayesinde (ve tabii genlerin). Sevgili babac���m; yüre�i güzelim, 
s�rt�m� yaslad���m a�ac�m, köküm, akl�n� akl�ma katt���m, 12 ya��ndan beri e�itim u�runa 
ayr� ya�ad���m. Sana güvenemeseydim, istedi�im yerlerde okuyup gerekti�inde de ne istedi�imi 
bulabilmek için durup soluklanabilme lüksüm olur muydu? �kinize de minnettar�m. Sizi çok 
seviyorum.

Ve sevgili kendim. Yoran�m, yorulmayan�m, sonsuz merakla ta�an�m ve kafas�na koydu�unu 
yapan�m. Ba�ard�n!

—Irmak Hac�musao�lu
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Meet Nazbük, Nazar Bükücü or Bender of the Evil Eye. �ough small and adorable, Nazbük 
is �ercely brave. On top of their head is a little antenna that absorbs lingering bad vibes, which 
helps keep people safe. �anks to Nazbük, you are less likely to trip over nothing, spill co�ee on 
your favorite clothes, or fall victim to those random moments when everything goes wrong for no 
reason. �at is the quiet magic of evil-eye protection, and Nazbük �ghts hard to spread the magic.

How do I know all this? Nazbük �rst appeared to me when I was desperate and drained of 
motivation. �ey �oated near me, glowing so brightly that I could hardly see what was happening. 
�en their little antenna began to tremble… and suddenly I was not worried about not working 
enough anymore. Since then, Nazbük has never le� me alone. �ere were others to protect too, of 
course, but in their world, time and space do not quite work like ours, so I have been lucky.

Nazbük was born from an old belief shared across many Mediterranean cultures: the nazar, the 
negative energy thought to stem from bad intentions. To ward it o�, people o�en wear or carry 
the iconic blue eye bead, believing that others’ attention with bad vibes will be drawn to the bead, 
not to them. You might be thinking: “Aren’t you a scientist?” Well, yes, but I like it when di�erent 
things can co-exist. So, just in case, I created Nazbük to give myself a little extra protection while 
working on this book.

And now that you are holding it, you are protected too. �




