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Abstract

We investigate when infants exhibit knowledge of the

familiar size of well-known objects and whether this knowl-

edge is affected by stimulus format, that is, whether the

stimuli are presented as real objects or matched pictures.

Infants (130 7- and 12-month-olds) saw everyday objects

such as sippy cups and pacifiers in their familiar size and

novel sizes (larger or smaller than the familiar size) placed

pairwise within infants' reach. We used a preferential-

looking paradigm to investigate whether infants are able to

discriminate familiar from novel sizes. Although, infants of

both age groups looked longer toward real objects that

were smaller or larger than the familiar size, there were no

looking preferences for the pictures. These results suggest

that although 7- and 12-month-olds demonstrate familiar

size knowledge for real objects, this understanding does not

generalize to pictorial representations of those objects.
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Highlights

• We investigated under which conditions 7- and 12-month-olds

exhibit knowledge of the familiar size of objects.
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• By presenting real objects and matched pictures within reach,

we found that infants of both age groups show familiar size

knowledge, but only for the real objects.

• The activation of familiar size knowledge in infants seems to be

dependent on stimulus format and actability.

1 | INTRODUCTION

Throughout our lives, we encounter thousands of real objects. Among other things, we learn that specific objects

have a typical physical size, which we will refer to as “familiar size.” For example, we all know that an apple is typ-

ically about 7–8 cm in diameter, even though its retinal size may vary based on its distance. Imagine seeing an

apple that is much larger or smaller than usual. Adults would be puzzled when they encounter an apple that is as

large as a watermelon or as small as a pea, but infants might not be as surprised because they encounter a variety

of objects that differ from their familiar size. For instance, in their daily lives, infants see toy cars or stuffed ani-

mals that are much smaller or larger than their real-world counterparts. However, infants (and adults) are not only

surrounded by real objects, but also by pictorial representations of these objects; in pictures, the sizes of objects

can differ even more dramatically from their familiar sizes. For example, in children's picture books, the image of

an apple and a cat may both be rendered at the same physical size on a page even though their familiar sizes dif-

fer by several orders of magnitude from each other and differ from the representational size on the page. More-

over, unlike real objects, cues to physical size cannot be inferred from touch on pictures. Nevertheless, infants

are confronted with the challenge to learn the familiar size of objects through their experiences as this ability is

crucial for our everyday lives. For example, in deciding whether it is safe to cross the street or not, children or

adults may rely on their knowledge of the familiar size of cars in order to estimate the car's distance. The present

study seeks to investigate when infants start to show familiar size knowledge of daily objects and whether this

knowledge occurs for pictorial representations as well as real, tangible objects.

1.1 | Size processing in infants

To learn the familiar size of objects, size constancy has to be present in infants. Size constancy enables the percep-

tion of an object as having a constant physical size despite changes in retinal image size (based on distance). This in

turn allows us to easily recognize an object from different distances. Previous studies suggest that by the age of

4 months, infants are able to perceive that objects maintain the same physical size despite changes in their viewing

distance (Day & McKenzie, 1981; Granrud, 2006; McKenzie, Tootell, & Day, 1980; Slater, Mattock, & Brown, 1990),

suggesting that they understand the relationship between physical size and distance.

Another indication that infants perceive the physical size of an object accurately from early on is that they

show specific preferences for different physical sizes. Throughout the first year of life, infants direct their first

looks toward physically larger objects when they view objects of different sizes simultaneously (Guan &

Corbetta, 2012; Libertus et al., 2013; Newman, Atkinson, & Braddick, 2001; Sensoy, Culham, &

Schwarzer, 2020). Shortly after birth, infants also spend more time looking at physically larger objects

(Cohen, 1972; Fantz & Fagan III, 1975; Slater et al., 1990). With increasing age and developing abilities, infants'

size preference for the largest object decreases (Guan & Corbetta, 2012; Libertus et al., 2013; Newman

et al., 2001). For example, infants who are experienced in reaching prefer to look at smaller, more graspable

objects that they can manually interact with compared to children less experienced at reaching, who prefer larger
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objects (Libertus et al., 2013). Thus, from the first months on, infants can successfully differentiate between dif-

ferent physical sizes of objects and understand their constancy.

1.2 | Familiar size

Prior research has shown that adults have knowledge of familiar size and consider it when estimating the distance of

an object from themselves (Gogel, 1969; Gogel & Da Silva, 1987; Haber & Levin, 2001; Hastorf, 1950;

Ittelson, 1951; Predebon, 1987). Knowledge about the familiar size of objects has been observed for both real

objects and pictures (Bolles & Bailey, 1956; W. C. Gogel & Da Silva, 1987; Hastorf, 1950; Ittelson, 1951; Smith,

1953; Wagner, 2012).

However, familiar size is not only relevant for estimating the distance of an object, but also thinking about it and

acting upon it. For instance, we understand what big and small mean in relation to an object (e.g., we know that a

retinally small building is physically bigger than a retinally larger car). The size of an object also determines how we

interact with an object (e.g., we can pick up a small needle by using a pincer grip, but we have to use both our arms

to move around a piece of furniture). Generally, familiar size seems to be an important organizing principle in behav-

ioural and neural object representations (Gabay, Leibovich, Henik, & Gronau, 2013; Gliksman, Itamar, Leibovich,

Melman, & Henik, 2016; Konkle & Caramazza, 2013; Konkle & Oliva, 2012b; Paivio, 1975). When an object is recog-

nized, the familiar size of an object is automatically activated by adults and 3- to 4-year-old preschoolers (Henik,

Gliksman, Kallai, & Leibovich, 2017; Julian, Ryan, & Epstein, 2017; Konkle & Oliva, 2012a; Long, Moher, Carey, &

Konkle, 2019). Patients with visual agnosia, who show severe impairments in object recognition, can still recognize

real, tangible objects when the objects' physical sizes match their familiar sizes (Holler, Behrmann, & Snow, 2019).

Hence, familiar size cues might trigger top-down object information and enhance object recognition.

Even though familiar size knowledge is important for our daily lives, studies investigating infants' familiar size

knowledge are rare. These few studies found evidence that by the age of 4 months, infants show familiar size knowl-

edge of depicted human faces, as measured by looking times (Tsuruhara, Corrow, Kanazawa, Yamaguchi, &

Yonas, 2014). By 7 months of age, infants use the familiar size of a human face to estimate its distance to themselves

and reach for the face they perceive to be closer (Yonas, Pettersen, & Granrud, 1982). Shortly thereafter, at 9 months

of age, infants also demonstrate familiar size knowledge of human bodies (Heron & Slaughter, 2010).

However, as human faces and bodies are special for infants (Frank, Vul, & Johnson, 2009; Johnson, Dziurawiec,

Ellis, & Morton, 1991; Libertus, Landa, & Haworth, 2017; Peelen & Downing, 2007; Reid et al., 2017; Slaughter,

Stone, & Reed, 2004; Southgate, Csibra, Kaufman, & Johnson, 2008), infants' sensitivity to the familiar size of faces

and bodies may not generalize to common objects. To our knowledge, only two studies have tested infants' familiar

size knowledge of objects. Granrud, Haake, and Yonas (1985) investigated infants' familiar size knowledge of novel

objects that infants encountered for the first time in the experiment. Five- and 7-month-old infants were familiarized

with two novel objects of different sizes. Then, these objects were presented at the same size and distance in a mon-

ocular and binocular condition. In the binocular condition, there were no differences between 5- and 7-month-olds'

reaches toward the objects. However, in the monocular condition, the 7-month-olds reached more often to the

object that had been smaller in the familiarization phase and was thus later perceived as closer. Hence, 7-month-olds

remembered the familiar size of a recently encountered object for a short duration of time.

Sensoy et al. (2020) investigated 7- and 12-month-olds' familiar size knowledge of two common objects—sippy

cups and pacifiers. This allowed them to investigate infants' familiar size knowledge that is acquired through infants'

own daily experiences with these objects. They used a preferential-looking-paradigm and presented a familiar-sized

object next to a larger- or smaller-than-familiar-size version of the same object out of infants' reach. The 12-month-

olds looked longer at the objects that were smaller or larger compared to the familiar-sized ones, indicating that they

have familiar size knowledge. The 7-month-olds, however, did not show such a visual preference, in contrast to

Granrud et al. (1985). One reason for the divergent results may be that Granrud et al. (1985) presented objects
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within reach, whereas Sensoy et al. (2020) presented objects out of reach. There are indications that infants' object

processing is enhanced when infants are able to manually interact with objects (e.g., Jovanovic, Duemmler, &

Schwarzer, 2008; Kaufman, Mareschal, & Johnson, 2003; Möhring & Frick, 2013; Wilcox, Woods, Chapa, &

McCurry, 2007). Having objects within reach allows infants to visually and manually explore the objects.

This provides infants with the opportunity to experience the same information in more than one modality and link

visual and manual information to each other, which consequently could lead to a more in-depth and elaborated

object processing. Real objects within reach might be more likely to engage the dorsal visual stream, which is linked

to the planning and controlling of actions (Erlikhman, Caplovitz, Gurariy, Medina, & Snow, 2018; Freud, Behrmann, &

Snow, 2020; Goodale & Milner, 1992; Milner & Goodale, 2008). Consequently, the opportunity to manually interact

with objects might specifically enhance size processing as it is necessary for successfully grasping the objects. This in

turn might help infants to recognize the familiar size more easily.

1.3 | Real objects versus pictures

When considering whether infants have knowledge about the familiar size of objects, it is reasonable to ask whether

this knowledge depends on the format of the objects, real objects, or matched pictures. Recent research in adults

has indicated that neural and behavioural processing of real objects and pictures differ, indicating a processing

advantage for real objects. In a functional magnetic resonance imaging (fMRI) study in adults, Snow et al. (2011)

showed that repetition suppression (the reduction of fMRI responses with repeated stimulus presentations) is wea-

ker or even absent for real objects compared to matched pictures of these objects. They argued that real objects are

processed longer or more deeply than pictures, perhaps because only real objects afford actions such as grasping.

Consistent with this suggestion, Marini, Breeding, and Snow (2019) showed that, compared to pictures, real objects

elicited a stronger neural correlate of automatic motor preparation in an electroencephalography (EEG) study.

Behaviourally, recall and recognition performance is better for real objects compared to pictures in healthy partici-

pants (Snow, Skiba, Coleman, & Berryhill, 2014) as well as in patients with visual agnosia (e.g., Chainay &

Humphreys, 2001; Hiraoka, Suzuki, Hirayama, & Mori, 2009). In addition to the opportunities they provide for inter-

action, tangible real objects also stimulate multiple senses, which improve 3-year-olds' performance on an executive

task compared to pictures (Beaucage, Skolney, Hewes, & Vongpaisal, 2020). Thus, affordances, actability or multisen-

sory processing might provide the basis for the real-object advantage.

The processing advantage for real objects can also be observed in infant studies. Carver, Meltzoff, and Daw-

son (2006) showed that 18-month-olds are able to differentiate between familiar and unfamiliar toys both with real

objects and with pictures. However, with real objects, the differentiation occurred in an early exogenous sensory

component (N2), whereas with pictures, the differentiation occurred in a middle latency attention component (Nc).

The authors conclude that the discrimination between familiar and unfamiliar occurs earlier and faster with real

objects compared to pictures. Rose, Gottfried, and Bridger (1983) showed that 12-month-olds' recognition for

real objects is less dependent on encoding time than their recognition of pictures. Even 5-month-olds' recognition

performance might be better for real objects than pictures (Ruff, Kohler, & Haupt, 1976). However, it is possible that

the 5-month-olds did not fully recognize the pictures because they could not perceive monocular depth cues prop-

erly, an ability that seems to develop between 5- and 7-months of age (DeLoache, Strauss, & Maynard, 1979; Dirks &

Gibson, 1977; Gottfried, Rose, & Bridger, 1977; Jowkar-Baniani & Schmuckler, 2011; Kavšek, Granrud, &

Yonas, 2009; Kavšek, Yonas, & Granrud, 2012; Rose et al., 1983; Slater, Morison, & Rose, 1984).

One reason for a processing advantage for real objects in infants could be that real objects are more attention-

grabbing than pictures of the same objects. Infants as young as 5 months spontaneously look longer at real objects

compared to pictures (DeLoache et al., 1979). Even after being habituated to a real object, 7- and 9-month-olds

showed a strong visual preference for the real objects that they were habituated to compare to a photorealistic pic-

ture of the same object (Gerhard, Culham, & Schwarzer, 2016). In the same study, infants also spent more time
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looking at the real objects than at the pictures on the initial exposure trials. In a recent study, Gomez, Skiba, and

Snow (2018) found that real objects are also more attention-grabbing than pictures for adults. Interestingly, when

the real objects were presented behind a barrier or out of reach, this effect disappeared. This suggests that real

objects are processed differently depending on whether they are in or out of reach, which might be linked to the

possibility to interact.

In sum, previous research shows that infants can discriminate between real objects and pictures and that they

can recognize familiar objects when presented as pictures (DeLoache et al., 1979; Gerhard et al., 2016). However,

that does not necessarily indicate that they fully understand the characteristics of pictures compared to real objects.

For example, infants at 9-months attempt to grasp depicted objects (DeLoache, Pierroutsakos, Uttal, Rosengren, &

Gottlieb, 1998), with more realistic pictures evoking more attempts at interaction (Pierroutsakos & DeLoache, 2003).

On the other hand, 9-month-old infants show different manual exploration behaviours toward a real object and a

picture of the same real object, indicating that they perceive the different affordances of real objects and pictures to

some extent (Shuwairi, 2019; Yonas, Granrud, Chov, & Alexander, 2005; Ziemer, Plumert, & Pick, 2012; Ziemer &

Snyder, 2016). As they gain experience with pictures, infants increasingly make fewer attempts to manually explore

the depicted objects and make more communicative pointing gestures toward the represented objects

(Pierroutsakos & Troseth, 2003). Thus, it appears that infants need to learn that actability differs between real

objects and pictures, despite the similarities in colour, form and size between the two formats. Thus, it seems that

infants develop an increasingly differentiated and correct knowledge that the same stimulus presented as a real

object or a photograph has both similarities and differences.

1.4 | The current study

The aim of the current study was two-fold. First, we wanted to investigate whether presenting real common objects

within reach and giving the chance to manually interact with these objects enables younger infants (7-month-olds) to pro-

cess and recognize the familiar size of the objects. Sensoy et al. (2020) presented real objects out of reach and found that

only 12-month-olds, but not 7-month-olds showed familiar size knowledge of common objects. Granrud et al. (1985),

however, showed that 7-month-olds are sensitive to the familiar size of objects, which were presented within reach.

Therefore, in the present study, we used the same method as Sensoy et al. (2020), but presented objects within reach.

Second, we wanted to examine whether stimulus format—presenting real objects or matched pictures—would

influence infants' recognition of the familiar size of common objects. Studies on adults' and pre-schoolers' familiar

size knowledge have shown that the familiar size of objects is activated when real objects and also pictures of those

are recognized (e.g., Gabay et al., 2013; Gliksman et al., 2016; Henik et al., 2017; Ittelson, 1951; Konkle &

Oliva, 2012a; Long et al., 2019). However, to our knowledge, there are no infant studies that tested whether infants

are also sensitive to familiar size when looking at pictures of objects.

Therefore, we presented common real objects (a sippy cup and a pacifier) to one group of 7- and 12-month-old

infants and visually matched pictures of the same real objects to another group of 7- and 12-month-olds, with all

stimuli presented within reaching distance. On each trial, two real objects or two pictures were presented side-by-

side: one was at the familiar size and the other was at a novel size, either 50% larger or 50% smaller than the familiar

size. We measured the amount of time each infant spent looking toward each of the two stimuli. Although Sensoy

et al. (2020) found that only 12-month-olds showed a preference to look longer toward the novel-sized objects, here,

we expected that with the objects placed within reach, infants of both age groups may be able to distinguish novel

from familiar sizes. For pictures, however, there were two possible predictions. By one view, if infants can infer phys-

ical size from the display, they should also show a preference for novel-sized objects in pictures. Sufficient informa-

tion is available to infer true object size because the objects were depicted at the same physical sizes as their real

counterparts, and because infants could determine the distance based on full visual cues and manual interactions

(including proprioception and size comparisons with the hand as a reference; Linkenauger, Leyrer, Bülthoff, &

SENSOY ET AL. 5 of 17
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Mohler, 2013). By another view and as mentioned above, if infants do not fully understand that the size depicted on

the picture matches the familiar size of the real-world counterpart of that object, then the size of depicted objects

may have little or no effect on their behaviour.

2 | MATERIAL AND METHODS

2.1 | Ethics statement

The present study was conducted in accordance with the German Research Foundation's Research Ethics Guidelines.

The local ethics committee of the of the Psychology department of the Justus-Liebig University Giessen approved

the study. For each infant, informed consent was obtained from the parents prior to their participation.

2.2 | Participants

The final sample consisted of 130 healthy and full-term 7- and 12-month-old infants. In a between-subjects design,

infants of the two age groups were randomly assigned to two different stimulus formats. Real objects were presented

to 31 7-month-olds (mean age = 7 months 12 days; SD = 9 days; 16 girls) and 33 12-month-olds (mean

age = 12 months, 13 days; SD = 9 days; 16 girls). Pictures were presented to 33 7-month-olds (mean age = 7 months,

14 days; SD = 9 days; 19 girls) and 33 12-month-olds (mean age = 12 months, 14 days; SD = 8 days; 16 girls). In addi-

tion, 14 7-month-old and 8 12-month-old infants were excluded from the final sample due to fussiness (12) (crying or

trying to crawl on the table), experimenter error (7) (missing recording, pictures upside down) or parental interference

such as pointing at the objects or making comments about the size of the objects (3). We based our sample size on the

sample size of the thematically related study by Sensoy et al. (2020). Infants were recruited from public birth records in

Giessen and surrounding areas. After the participation, each infant was rewarded with a certificate and a small gift.

Parents were asked whether their baby uses a pacifier and a sippy cup with handles on a daily basis to make sure

that all participating infants were familiar with our stimuli. Additionally, parents were asked to indicate the number

of months that an infant had had experience with a pacifier or sippy cup, which we used to define exposure time.

We conducted a statistical test to ensure that infants assigned to the real objects group and those assigned to the

pictures group did not differ with regard to their experiences with pacifiers and sippy cups. Specifically, we con-

ducted a repeated-measures ANOVA on Exposure Time as a function of Stimulus Identity (pacifier vs. sippy cup) as a

within-subjects variable and Age (7 vs. 12-month-olds) and Stimulus Format (real objects vs. pictures) as between-

subjects variables. We found significant main effects for Stimulus Identity, F(1, 126) = 146.97, p ≤ .001, ηp2 = .54,

and Age, F(1, 126) = 59.04, p ≤ .001, ηp2 = .32. There were no other significant main effects or interactions (all

Fs < 2). Infants of both age groups were more familiar with pacifiers (M = 6.7 months, SD = 3.8 months) compared

to sippy cups (M = 3.2 months, SD = 2.4 months) and the 12-month-olds were more familiar with both objects

(M = 4.2 months, SD = 1.8 months) than the 7-month-olds (M = 3.4 months, SD = 1.9 month). Thus, there was no

difference in exposure time between infants in the real objects and pictures groups.

2.3 | Stimuli

As in Sensoy et al. (2020), we used pacifiers and sippy cups because these objects are highly familiar for infants.

Moreover, pacifiers and sippy cups have a specific familiar size because they are only used for a specific age range. A

commercially available pacifier and sippy cup were first 3D-scanned and then 3D-printed. 3D-scanning and -printing

allowed us to ensure that all stimuli had an accurate shape and that the form and material were constant regardless
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of physical size. Stimuli were printed in three different sizes: familiar sizes, “maxi” sizes, and “mini” sizes (see Figure 1).
The familiar size was identical to the physical size of the purchased pacifier and sippy cup. Maxi-sized objects were

50% larger than the familiar size and mini-sized objects were 50% smaller. The familiar-sized pacifier was 3.50 cm

high � 5.50 cm wide, the maxi-sized was 5.25 cm high � 8.25 cm wide and the mini-sized was 1.75 cm high

� 2.75 cm wide. The familiar-sized sippy cup with its handles was 11.20 cm high � 10.80 cm wide, the maxi-sized

was 16.80 cm high � 16.20 cm wide and the mini-sized cup was 5.60 cm high � 5.40 cm wide. All stimuli were

sanded and primed to prepare them for colouring. Water-based acrylic paint without solvents was used for colouring.

All stimuli were coated with acrylic gloss varnish. All materials were non-toxic and safe for children.

For the pictures-group, we took pictures of the different-sized objects with a digital single-lens reflex (DSLR)

camera (Sony EOS 1200D). The pictures were taken from the infants' point of view in the lab so that the viewpoint

as well as the lighting conditions were the same for the pictures and real objects. The pictures were colour- and size-

matched to the real objects using a raster graphics editor (GIMP 2.8). Because pictures are typically rendered on a

background on printed pages (as in books), we printed the pictures on a grey background. The size of the background

was matched to the size of the depicted object and thus differed between depictions; however, the relation of the

background and depicted object was the same for all pictures.

Presentation on a rectangular background (as opposed to showing pictures as flat cut-outs) also ensured that the

physical edges did not convey form and the object could not be interacted with in the same way as a real tangible object.

Lastly, to give the pictures a similar glossy finish as the real objects, we laminated all pictures. Pictures were presented

upright in a clear stand-up display. Using a clear stand-up display allowed us to match the viewpoint in the real object and

picture condition, so that the apparent shape of the stimuli between the real object and picture condition was matched.

2.4 | Apparatus and procedure

All infants were tested in individual sessions of about 30 minutes. Infants were seated at a table on their caregiver's

lap. The first experimenter sat across of the infant on the other side of the table, while a second experimenter stood

F IGURE 1 Sippy cups (in the back) and pacifiers (in the front) as real objects in the three different sizes. From left

to right: mini, familiar and maxi size. The 2 Euro coin serves as real-world size reference

SENSOY ET AL. 7 of 17
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behind the infant. The first experimenter was responsible for the stimulus presentation. The first experimenter was

instructed to look at the infant with a steady friendly face and not at the stimuli during presentation to avoid

experimenter-induced bias. The second experimenter recorded the duration for each trial with a stopwatch. One

camcorder was placed in front of the infants to record infants' looking behaviour. Another camcorder was placed

sideways behind the infant to record the presented stimuli. Parents were blind to our hypothesis and were asked to

not comment or point at the objects to avoid parent-induced bias.

The procedure for the real-objects-group and the pictures-group was the same. Each experimental session con-

sisted of two warm-up trials and four test trials. Each trial had a total duration of 20 s, which is longer than the 10-s

period used in the study of Sensoy et al. (2020). This extended period was necessary to enable infants more time to

manually interact with the presented objects, which was not possible for the objects placed beyond reach in the

earlier study. For all trials, the first experimenter presented objects/pictures in pairs, either a familiar-sized object/

picture paired with a maxi-sized or a familiar-sized object/picture paired with a mini-sized (see Figure 2). Objects/pic-

tures were placed on a table at marked positions (a maximum of 15 cm from the edge of the table closest to the

infant). If infants were not able to reach the objects/pictures successfully during the warm-up trials, we moved them

closer to the infants for the experimental trials.

For the warm-up trials, foam dice or matched pictures (yellow or red, 6 cm high � 6 cm wide) were used to

familiarize infants with the experimental procedure. Test trials followed immediately after the warm-up trials.

Order of presentation (pacifiers or sippy cups first), pairing (familiar size with maxi first or familiar size with mini

first) and position of objects (right or left from the infants' point of view) was counterbalanced between infants. A

sample trial order for the real-objects-group could look like the following: Two same-sized yellow dice were

presented first (a) and then followed by the presentation of two same-sized red dice (b). After the warm-up, the

familiar-sized sippy cup was presented and paired with the maxi-sized sippy cup (c), and then in the next trial, the

familiar-sized sippy cup was paired with the mini-sized sippy cup (d). Afterwards, the familiar-sized pacifier was pres-

ented and paired with the maxi-sized pacifier (e) and then paired with the mini-sized pacifier in the next trial (f). After

each trial, the first experimenter removed the objects from the infants' line of sight. As all stimuli were presented

within infants' reach, infants were able to touch and manipulate the real objects in the real-objects-group and the

pictures in the pictures-group. In case an infant lost interest during a given trial, the first experimenter simultaneously

tapped on the table right behind the stimuli and said “Look”.

2.5 | Coding and data analysis

As our stimuli were placed within reach, all infants could and did manually interact with the real objects and pictures

(see Figure 3). Such interactions would provide additional information about the distance of the objects and the size

of the objects relative to the hand.

Prior research has shown that infants' manual interactions with real objects and pictures can differ dependent

on stimulus format so that they sometimes use different manual procedures when they explore real objects than pic-

tures which makes it difficult to compare the manual procedures across stimulus format (DeLoache et al., 1979;

DeLoache et al., 1998; DeLoache, Pierroutsakos, & Uttal, 2003; Shuwairi, 2019; Yonas et al., 2005; Ziemer

et al., 2012; Ziemer & Snyder, 2016). Therefore, we used infants' looking behaviour as our dependent measure for

both groups. Looking times included periods of looking at the objects accompanied by manually exploring the objects

or pictures. Looking durations were defined as the time between the first and last fixation of an object.

Videos from different perspectives for each infant were synchronized (Adobe Premiere Pro CC 2017) and coded

offline from video recordings using a frame-by-frame coding approach (Datavyu 1.5). The beginning and end of each

trial were determined according to the sound of the stopwatch. An additional coder who was blind to hypotheses

scored more than 50% (n = 69) of the data to verify the reliability. The inter-observer reliabilities exceeded 0.90

(Pearson's r).
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Average looking durations were calculated for the familiar-, maxi-, and mini-sized objects for each trial. In prelim-

inary analyses, we tested whether differences in looking durations between familiar and maxi size and familiar and

mini size, stimulus identity (pacifier vs. sippy cup) and sex had a significant influence on infants' looking behaviour.

We conducted a repeated-measures ANOVA on the difference in looking durations between familiar and maxi size

and familiar and mini size with pairing (familiar-maxi vs. familiar-mini) and stimulus identity (sippy cup vs. pacifier) as

within-subjects variables and sex as between-subjects variable. This analysis did not reveal any significant main

effects or interactions (all Fs < 2). Thus, data were collapsed across the pairings for subsequent analyses; accordingly,

average looking durations for the maxi- and mini-sized objects were combined and are referred as looking durations

toward the novel-sized objects in the following. Data were also collapsed across sippy cups and pacifiers and girls

and boys.

F IGURE 2 Example of the familiar-maxi-pairing on the left side and familiar-mini-pairing on the right side for the
sippy cups as real objects on the top and for the pacifiers as pictures in the stand-up displays on bottom. In the
experiment itself, real objects and pictures were presented on a table and not in front of a white wall

F IGURE 3 Example of our experimental session for the real objects (left) and for the pictures (right)
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3 | RESULTS

3.1 | Looking durations

In order to examine whether infants' looking durations differed with regard to object size, infants' age and stimulus

format, a repeated-measures ANOVA with Size (familiar vs. novel) as a within-subjects variable and Age (7 vs.

12-month-olds) and Stimulus Format (real objects vs. pictures) as between-subjects variables was conducted. This

ANOVA on the mean looking durations revealed significant main effects for Size, F(1, 126) = 6.53, p = .012,

ηp2 = 0.05, Stimulus Format, F(1, 126) = 12.54, p ≤ .001, ηp2 = 0.09, and Age, F(1, 126) = 16.61, p ≤ .001,

ηp2 = 0.12. We also found a significant two-way interaction between Size � Stimulus Format, F(1, 126) = 6.57,

p = .012, ηp2 = 0.05. No other significant interactions were found (all Fs < 3). The main effect of age showed that

12-month-olds looked significantly longer (M = 5.30 s, SD = 2.15 s) than the 7-month-olds (M = 3.91 s,

SD = 1.89 s).

To investigate the significant two-way interaction of Size � Stimulus Format, we performed post-hoc paired

t-tests (Bonferroni corrected, two-tailed) for each stimulus format (see Figure 4). For the real-objects-group, the

paired t-test revealed a significant difference in average looking durations between familiar- and novel-sized real

objects, t(63) = �3.66, p ≤ .001, Cohen's d = �0.59. Infants of both age groups looked longer toward the novel-sized

real objects (M = 6.03 s, SD = 2.89 s) compared to familiar-sized real objects (M = 4.45 s, SD = 2.47 s). For the pic-

tures-group, the paired t-test showed no significant difference in average looking durations between familiar- and

novel-sized pictures of the real objects, t(65) = 0.01, p = .996. Infants of both age groups spent the same amount of

time looking at the familiar- (M = 4.01 s, SD = 2.70 s) and novel-sized pictures (M = 4.02 s, SD = 2.67 s). Addition-

ally, two post-hoc unpaired t-tests (Bonferroni corrected, two-tailed) were run to analyse whether average looking

durations differed for familiar and novel sizes between real objects and pictures. The t-test for the familiar sizes

showed no significant difference in average looking durations for the familiar sizes between real objects and pictures,

t(128) = 0.97, p = .332, with infants of both age groups looking equally long at the familiar-sized real objects and pic-

tures of those on average. The t-test for the novel sizes revealed a significant difference in average looking durations

F IGURE 4 Mean looking durations in s for the familiar and novel sized objects for both age groups together
separated by stimulus format. Error bars are SEM.

Note: *p ≤ .001, n.s. not significant
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for the novel sizes between real objects and pictures, t(128) = 4.12, p ≤ .001, Cohen's d = 0.72, with infants looking

longer at the novel-sized real objects compared to the pictures.

For the average looking durations, infants of both age groups looked longer at the mini- and maxi-sized com-

pared to the familiar-sized stimuli when they were presented as real objects. Additionally, infants of both age groups

looked equally long at the familiar-sized objects across both stimulus formats, but looked longer at the novel-sized

objects in the real-objects group. In the pictures group, however, infants of both age groups did not show a differ-

ence in looking durations toward familiar and novel-sized stimuli.

3.2 | Novelty scores

We also calculated novelty scores to compare the preference for the novel-sized objects between the real-objects

and pictures group. An unpaired t-test (two-tailed) revealed a marginally significant difference in novelty scores

between both groups, t(122.01) = 1.86, p = .065, Cohen's d = 0.34. The novelty score for the real-objects group

(M = 58.11, SD = 18.08) was higher than the novelty score for the pictures group (M = 51.29, SD = 23.35). How-

ever, compared against chance level, the t-test for the real-objects group confirmed that the preference for the

novel-sized real objects significantly differed from chance level, t(63) = 3.59, p ≤ .01, Cohen's d = 0.45. The t-test

for the pictures group showed that the preference for the novel-sized pictures did not differ from chance level,

t(63) = 0.45, p = .655.

3.3 | Comparison of the real-objects group to Sensoy et al. (2020)

The study of Sensoy et al. (2020) also presented familiar- and novel-sized objects to 7- and 12-month-old infants. In

contrast to the study at hand, Sensoy et al. (2020) presented the objects out of reach, so that infants were only able

to visually explore the objects. Their results show that only the 12-month-olds, but not the 7-month-olds success-

fully discriminate between familiar- and novel-sized objects. To compare the results of both studies, we ran a univari-

ate ANOVA with Novelty Scores as dependent variables and Distance (out of reach as in Sensoy et al. (2020)

vs. within reach as in this study) as the independent variable for each age group. For the 7-month-olds, the ANOVA

revealed a marginally significant main effect for Distance, F(1, 62) = 3.31, p = .074, ηp2 = 0.05. Novelty scores for

the 7-month-olds were higher, when objects were within reach (M = 58.18, SD = 21.73) compared to out of reach

(M = 49.57, SD = 15.81). For the 12-month-olds, the ANOVA revealed no significant main effect for Distance, F(1,

63) = 1.09, p = .300. Novelty scores did not differ between objects being within reach (M = 54.94, SD = 9.19) and

out of reach (M = 58.05, SD = 14.17) for the 12-month-olds. Taken together, 7-months-olds seem to be able to suc-

cessfully discriminate between familiar and novel sizes, only when objects are within reach, whereas 12-month-olds

successfully discriminate between sizes irrespective of distance.

3.4 | Exploratory description of infants' manual behaviour

Even though, we decided against statistically comparing infants' manual behaviour in the real-objects and pictures

group, we wanted to include some qualitative descriptions of infants' manual interactions with the stimuli. From

observation of our videos, infants in the real-objects group and pictures group reached for both the real objects as

well as the pictures. They performed some actions that were similar between real objects and pictures such as

banging the object or picture on the table. Infants also performed actions such as rubbing or patting with the real

objects and with the pictures (if infants put the pictures on the table in front of themselves beforehand). However,

most of the time infants kept the picture in their hand and looked at it. Some infants also turned the pictures around
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to observe the back. Moreover, most infants quickly learned that they are able to pick up the picture and reached for

the edges of the picture to grasp it. Infants would also touch the depicted object with one or more fingers, but we

have not observed any attempts to pick the depicted object. Interestingly, infants performed actions such as drinking

out of the sippy cups or sucking at the pacifier only with the real objects, but never with the pictures.

4 | DISCUSSION

The principal motivation of the present study was to investigate infants' familiar size knowledge of common objects

when they were presented within reach, in contrast to Sensoy et al. (2020), who presented the same objects out of

reach. Moreover, we wanted to examine whether and how stimulus format (real objects or matched pictures) affects

infants' recognition of the familiar size of common objects. Our results revealed that both 7- and 12-month-olds

show familiar size knowledge of common objects when they see real objects within reach. When the objects were

depicted as pictures and presented within reach, infants of both age groups did not show knowledge of the familiar

size of those common objects.

These new findings suggest that younger infants, 7 months of age, can distinguish real objects in novel

vs. familiar sizes but only when those objects are within reach. Several factors could explain this finding. First, it may

be that familiar size is only relevant to 7-month-olds when they can act upon objects, which might lead to evalua-

tions of affordances (“will the pacifier fit in my mouth?”) and reward (“how much juice might be in the sippy cup?”).
Second, because infants could interact with the objects when in reach, they could better gauge physical size based

on proprioceptive cues (Chen, Sperandio, & Goodale, 2018) and relative size comparisons with the hand

(Linkenauger et al., 2013). Moreover, the within-reach presentation allowed the infants to visually and manually

explore the objects, which all infants in our study did. Thus, infants got bimodal information about the objects, which

might have led to a more elaborated object processing (Beaucage et al., 2020; Jovanovic et al., 2008; Kaufman

et al., 2003). Additionally, infants might have paid more attention to the different sizes, when they grasped or

reached for the objects than when they only looked at the objects as in the study of Sensoy et al. (2020). Thus, man-

ual interaction might have supported the activation of familiar size knowledge in 7- and 12-month-olds, which they

had gained from their everyday experiences. Our results show that in the first year of life, infants' processing of

object size is clearly affected by infants' knowledge about the familiar size of objects and the opportunity to manually

explore an object's size.

Our findings extend existing research in multiple ways. First, when visual and manual exploration was allowed,

7- and 12-month-olds showed familiar size knowledge compared to only the 12-month-olds in the study of Sensoy

et al. (2020). Second, Granrud et al. (1985) did not find a difference in first reaches toward familiar and novel sizes in

their binocular condition, whereas we found a difference in looking durations and hence a successful discrimination

between familiar and novel sizes under binocular viewing conditions. First reaches might indicate a more spontane-

ous reaction than looking behaviour and might not be suitable to measure infants' discrimination between familiar

and novel sizes in the binocular condition, when infants perceive that both objects have the same size and are equi-

distant. In contrast, looking durations might indicate a more in-depth processing and therefore might be more eligible

to measure such a discrimination. Note that there were various other differences between both studies that might

have contributed to the different results as well (different objects in the same size vs. the same object in different

sizes; novel vs. common objects, trials end after first contact vs. fixed duration of trials). However, similar to our find-

ings, Granrud et al. (1985) found a reaching preference for novel sizes, when 7-month-olds viewed the objects

monocular.

One could wonder in how far the monocular viewing condition of real objects in the study of Granrud

et al. (1985) is also comparable to the binocular viewing of pictures in our study. In the study of Granrud

et al. (1985), 7-month-olds showed a reaching preference for the novels-sized objects in the monocular condition,

when all but pictorial cues to depth and 3D object shape were eliminated. In contrast, we did not find any difference
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in looking durations between novel- and familiar-sized depicted objects in our study. Viewing pictures binocular as in

our study is not easily comparable to viewing real objects monocular as in Granrud's study. Even though infants

viewed the real objects monocular, they are still able to perceive depth and the 3D object shape through pictorial

cues as infants are able to do so between 5 and 7 months of age (Kavšek et al., 2012). Infants were also able to move

their heads and even tiny head movements can generate impressions of depth. Hence, they do not perceive the real

object as flat as a picture. The idea of the study by Granrud et al. (1985) is that infants reach for the object that they

perceive to be closer, however, in our study, infants can perceive that both objects are equidistant, so that the logic

behind the study by Granrud et al. (1985) does not apply to our study.

Hence, while infants of both age groups looked longer toward novel than familiar sizes for real objects, no such

preference was found when stimuli were pictorial representations. Note that for the pictures, as for the real objects,

infants had comparable cues to distance and size, including visual cues (stereopsis and parallax), proprioceptive and

motor cues and relative size in comparison to the hand. Thus, differences in performance cannot be explained by dif-

ferences in the information available. Rather, several intriguing possibilities remain.

First, depicted objects do not enable actions. Put simply, upon palpation, the infant may realize that they cannot

suck on the depicted pacifier or drink from the depicted sippy cup even though these items have strong affordances

for infants as they fulfil basic needs such as drinking and soothing. Hence, infants might recognize the familiar size

more easily and be more interested in the novel sizes, when presented with real sippy cups and pacifiers that are within

reach and can be acted upon compared to pictures of these objects that lack affordances and consequently might be

less appealing. As such, the familiar size of depicted objects may be irrelevant, just as it was for 7-month-olds when real

stimuli were placed beyond reach in the study of Sensoy et al. (2020). This would not explain, however, why

12-month-olds, who previously could discriminate novel- from familiar-sized real objects even without the potential for

action (Sensoy et al., 2020), did not do so here when the objects were presented on pictures and within reach.

It seems likely, as already mentioned, that even older infants must learn through their everyday experience that

specific stimulus characteristics referring to a real object can not only differ from the corresponding characteristic

when presented as picture, but that such characteristics can also be the same in real objects and pictures, such as

familiar size. Thus, it could be that the infants in our study were still too young to understand that the depicted

object size on the picture represents the actual familiar size of a pacifier or sippy cup in the real world. Alternatively,

it might be that even though we had comparable cues to distance and size in both conditions, the information in the

pictures about the familiar size of the depicted objects might have been insufficient to infer the real-world size of

the depicted object. Infants knew the distance of themselves to the picture; however, they had no information about

the distance of the depicted object. Nonetheless, there are indications that by 3 years of age, children's object repre-

sentations include object size information that is automatically activated when seeing pictures of objects (Long

et al., 2019). Future studies should investigate infants aged between 12 and 36 months to see when infants or tod-

dlers start to show knowledge of the familiar size of objects when presented with pictures.

Second, it may be that infants treat the picture stimuli simply as flat objects of a constant size, namely the size

of the background. That is, infants may fail to fully realize that the physical picture not only is an object, but that it

represents another object. It would be interesting to see in future studies whether using a background for the pic-

tures influences infants' visual discrimination of the different sizes. If the pictures are presented as cutouts without a

background, infants might perceive them less like pictures and more like real objects, which might help them to acti-

vate their familiar size knowledge of objects. Alternatively, because even cutout pictures are flat and lack the full act-

ability of real objects, infants may remain insensitive to size.

Another reason for the real-object advantage reported in prior studies is that real objects are more attention-

grabbing for infants than pictures (DeLoache et al., 1979; Gerhard et al., 2016). However, this does not seem to be

true for our study. Infants of both age groups spent the same amount of time looking at the familiar-sized real

objects and matched pictures of the familiar-sized objects (see Figure 4 above). Hence, infants do not seem to be less

interested in pictures of familiar-sized sippy cups and pacifiers than in the familiar-sized real counterparts. Rather,

they are more interested in the novel-sized real objects than in the pictures of the novel-sized objects. The infants
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may be expressing that they have experienced much more often that object sizes vary in pictures than in real objects.

It might be that the attention-grabbing aspect of the real object advantage is more relevant, when real objects and

matched pictures are presented side by side as it was the case in the studies by DeLoache et al. (1979) and Gerhard

et al. (2016). In our study, however, infants saw either two different-sized real objects or pictures, but they never

saw a pair of real object and matched picture.

One could argue that a further reason for the lack of recognition of the familiar size on depicted objects is that it

is difficult to infer the familiar size of a depicted object without having a referential context. However, as infants

were allowed to manually interact with the objects, they were able to process the size of the object in relation, for

example, to their own hands. Even though the manual interaction of real objects and the pictures of those differs in

many ways, some visual experiences are similar. For instance, the mini-sized real pacifier and its picture counterpart

can be fully covered by an infants' hand, whereas the maxi-sized real pacifier and the picture of it are too big for that.

Nevertheless, having a referential context such as a hand reaching for the object or an infant drinking out of the

sippy cup or sucking at the pacifier on the picture itself might help infants recognize the familiar size.

In sum, our findings provide further insight into the specific conditions under which infants are able to recognize

the familiar size of common objects. Our results show that even infants in a younger age group than previously dem-

onstrated, at the age of 7 to 12 months, can recognize the familiar size of commonly known stimuli when they are

presented as real objects and at a reachable distance so that infants can not only see but also manually explore them.

However, when those stimuli are depicted on pictures even when presented within reach, infants of this age range

are no longer show recognition of the familiar size. Taken together, these results suggest that the understanding of

familiar size in infants is dependent on both actability and stimulus format.
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