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Abstract 

Barr and Kirkorian summarize decades of research about young children’s learning and transfer 

from screen media, offer a new theoretical model of factors involved in early multimedia 

learning, and suggest a future research agenda to study learning from commercial media 

products “in the wild” of everyday family life outside the lab. In this commentary, the authors 

offer background on the development of symbolic understanding and “pictorial competence” for 

young children’s learning from screen media and attempt to deepen the discussion of cognitive 

factors and individual differences that affect early learning. 
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In Modeling Digital Learning, Remember Pictorial Competence 

Barr and Kirkorian (2023) provide a summary of decades of research about very young 

children’s learning and transfer from screen media and survey theoretical accounts of the 

pattern of results. They offer a new theoretical model that includes both measurable features of 

media design that impact memory and cognition and individual differences in the child and 

context as factors contributing to transfer of learned information from digital media. Barr and 

Kirkorian suggest a future research agenda to study young children’s digital learning and 

transfer outside the lab using the kinds of commercial products that families download from app 

stores. For parents and educators, they offer practical recommendations to maximize learning 

and mitigate negative effects of digital media.  

We begin with additional thoughts about the development of symbolic understanding, 

including the role of “dual representation” (DeLoache, 1995; Troseth & DeLoache, 1998) for 

young children’s understanding and use of screen media. In this discussion, a symbol is defined 

as any entity that someone intends to stand for or represent something other than itself 

(DeLoache, 1995). We then attempt to deepen the discussion of factors that are relevant to very 

young children’s learning and transfer from digital media by comparing the new model to 

established theoretical perspectives on symbolic development (DeLoache, 1995; Troseth et al., 

2019).  

The Challenge of Pictorial Competence and Dual Representation 

In the prior cognitive models of multimedia learning (Mayer, 2005, 2014; Fisch, 2000, 

2017), pictorial competence, or mentally representing the connection between images on a 

screen and what they stand for, is assumed for school-aged children and adult learners based 

on their extensive past experience with all kinds of still and moving digital and analog pictures 

(e.g., in books, game apps, videos). In contrast, Barr and Kirkorian’s model includes symbolic 

development because infants and young children only gradually learn about pictures.  
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What is so difficult about understanding pictures? James Gibson (1979) pointed out that 

a picture is both a surface with particular qualities and a “display of information about something 

else. [It] always requires two kinds of apprehension that go on at the same time” (pp. 282-283). 

A picture has physical qualities, whether it is printed on paper and put in a frame or a storybook, 

painted on canvas and hung in a museum, or appears on a phone or tablet touchscreen. Thus, 

a digital image includes information about the object surface – qualities of the screen itself and 

the surrounding device – as well as perceptual indications of two-dimensionality (lack of motion 

parallax and binocular disparity, etc.) from the image itself. At the same time, the image conveys 

information about whatever is depicted. Experience with pictures enables an individual to focus 

on the surface features of an image (e.g., noticing the brush strokes in a painting) or zero in on 

its content, and this ability depends on mentally representing both aspects of a picture 

(DeLoache, 1995).   

Some pictorial abilities develop quite early. In their first months, infants perceive the 

flatness cues of a picture and during the first year, they see both similarities and differences 

between real people and objects and those depicted in pictures (DeLoache et al., 1979; Dirks & 

Gibson, 1977; Rose, 1977). However, infants do not initially know the meaning of  2-

dimensionality for guiding their behavior toward pictures. Nine-month-olds direct the same 

manual behaviors toward pictured objects as they do to the objects themselves, attempting to 

grasp toys depicted in pictures (DeLoache, 1995) and video (Pierroutsakos & Troseth, 2003). In 

one famous instance of a “media error” (Rosengren et al., 2021), an empathetic Japanese 

toddler used a tissue to try to wipe the tears of a disgraced, crying politician on the TV screen 

(Miller, 2015). In such cases, young children appear not to notice the 2D picture surface and 

respond only to the depicted contents (Ittelson, 1996). Barr and Kirkorian (2023) suggest that, 

paradoxically, babies may learn from a screen more easily than somewhat older children 

because they notice only the picture contents without paying attention to the surface.  
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Through experience and adult support, infants gradually learn to adopt, in the words of 

Werner and Kaplan (1963), a contemplative stance, rather than an action stance toward 

pictures. Twelve-month-olds either manipulated a picture or looked at it, depending on which an 

adult modeled (Callaghan et al., 2004). By 19 months, grasping at depicted objects has largely 

disappeared (DeLoache, 1995; Pierroutsakos & Troseth, 2003). Around the same time, reading 

interactions in which parents label the familiar contents of pictures (“Look, here’s a dog!”) help 

children learn that both words and pictures refer to an outside referent (Callaghan et al., 2011; 

Ganea et al., 2009; Walker et al., 2013). In other words, children learn to treat pictures as 

objects with the role of representation (Tomasello, 2000). In experimental paradigms similar to 

the picture-labeling that parents practice with children, 18- and 24-month-old toddlers appear to 

recognize that pictures refer to objects, realizing that when an adult labels a pictured object as 

“a whisk,” they are talking about an actual 3D object, not just the picture (Allen Preissler & 

Carey, 2004).  

Toddlers find novel referential situations more challenging. For instance, in what Barr 

and Kirkorian call “spatial recall tasks,” children are asked to use a picture or video as 

information about a hidden toy’s location. First, children are familiarized with furniture in a lab 

room (couch, armchair, table, basket) and see the same items in photographs or on a television 

screen (through a live video feed). A researcher points out the correspondence (“Here’s the 

couch, and here’s the couch on TV.  Look, they’re the same!”). In the video studies, children 

also briefly see the toy to be hidden, themselves, and their parent on the TV screen. Then they 

all move to an adjoining control room where the researcher tells the child to watch on the TV 

while she hides the toy in the room. An assistant with the child narrates the action on the 

screen, “Look, Kathy is hiding Snoopy right there!” Then the researcher returns and asks the 

child to find the toy in the room, offering help until they do. At 30 months, most children were 

successful (79% errorless retrievals across 4 trials), but at 24 months, they were significantly 

less successful (44% –Troseth & DeLoache, 1998). The same age difference was found for 
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children’s use of pictures (DeLoache & Burns, 1994). DeLoache (1987, 1989) noted that one 

reason for the older children’s success was advances in their cognitive flexibility, enabling them 

to represent the symbolic object (video or picture) not just as a flat image but as standing for 

something else. 

Success on the search task requires “dual representation”: children must mentally 

represent both an event on video and what it depicts (the hiding event happening behind the 

closed door to the room) and then act on that information rather than on a memory of what 

happened the last time they were in the room. Across a number of follow-up studies, we probed 

what would help 2-year-olds to succeed at the task. One possibility was that they could not 

update their memories for hiding locations across trials or hold themselves back from repeating 

a previous search (a problem of inhibition). To check this explanation, we asked 2-year-olds to 

watch the same kinds of hiding events directly through a TV-sized window from the control 

room. Every child was correct across all 4 trials, with no perseveration (Troseth & DeLoache, 

1998). Across the two studies, children showed what Barr and Kirkorian refer to as a transfer 

deficit. That is, when no transfer was required (they saw the hiding events directly) children 

were more successful at finding the objects than when transfer from video to the real room was 

required.  

We then reasoned that children might be logically discounting information on TV as 

irrelevant to the finding game because of their prior experience with televisions, which often 

show unrealistic events (such as animals talking and driving cars). We tested this interpretation 

in two ways. First, the TV was moved so that children never saw the body of the TV; it was 

aligned behind the window between the rooms, with only the screen visible to the children. The 

procedure was the same as with video, except these children were told to “watch through the 

window” while the researcher hid the toy. The intent was for children to believe they were 

watching the event directly rather than on a TV screen. In this condition, 9 of 16 children were 

successful across the 4 trials, compared to 3 of 16 children who saw the TV and knew they 
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were watching a video. In other words, when 2-year-olds did not need to represent both the 

surface “TV” context and the depicted information (i.e., to achieve dual representation), many of 

them succeeded at the search task (Troseth & DeLoache, 1998). This showed that differences 

in perceptual details between the source video and 3D referents were not an obstacle for at 

least some of the children. Instead, something related to the conceptual challenge of dual 

representation was likely at play in the failure of those who knew they were watching a video. 

For example, the two separate representations may have caused cognitive overload as children 

progressed through the steps of Mayer’s (2014) model – selecting, organizing, and integrating 

information. Or, as Barr and Kirkorian modeled, a still-developing symbolic understanding may 

have impacted children’s ability to retrieve or apply the stored representations of the video 

content in the way that finding the hidden object required.   

What Contributes to Children’s Symbolic Success? 

Adult support for understanding digital images is important to help children develop 

symbolic understanding due to the many ways pictures and video can relate to the real world. 

For instance, they can represent real events (family photos) or imaginary ones (often in picture 

books and children’s television) and current events (video chat) or past ones (in a home video). 

Pictures also can represent specific or generic entities: a baby giraffe in an alphabet book 

represents a general category of animals, whereas a baby giraffe on the nightly news may 

represent a specific animal just born in the local zoo. Figuring out which representational 

relation is appropriate requires a certain degree of cognitive flexibility, along with experience 

with different kinds of images (Troseth et al., 2004). 

We gave a group of 2-year-olds a new kind of experience to demonstrate to them that 

video could show real events. We attached video cameras to their home TV sets, enabling 

children to view live video of themselves as they played with bubbles and Slinkys. Two weeks 

later, the children with the live video experience (but not a control group) used the information 

from the video in the lab to find the hidden toy (Troseth, 2003). Their success depended on 
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going beyond the video image of an event in a room to mentally represent the real situation 

depicted in the image, which gave them information to solve the finding game. Having viewed 

the outcome of their own actions on live video, children now appeared to recognize that the 

video in the lab was real, current, and relevant. Something had changed in the way children 

created, stored, retrieved, or applied their dual representations of the video and its referential 

content, highlighting the effect of prior experience with a symbolic medium in changing how 

children process and apply information from that medium, an example of what (DeLoache, 

1995) called “representational insight.” 

In another study, we asked parents to give their children direct instructions about the 

relation between a video image and its real-world referent. Twenty-four-month-olds watched a 

video of a researcher labeling a novel object, during which parents held the real object in front of 

the television and emphasized to their child that it was “the same” as the one on TV. Toddlers 

who received this direct instruction reliably transferred the label from the video to the real 

objects, whereas toddlers who simply played with the objects during the video did not (Strouse 

& Troseth, 2014). The same type of instruction supported 30-month-olds in a similar study, but 

36-month-olds did not seem to need the scaffold (Strouse & Ganea, 2021). Other types of adult 

scaffolding to support children in connecting on-screen information to the real world have also 

been successful, such as when a co-viewer with the child modeled responding to an on-screen  

researcher who requested participation over closed circuit video (Myers et al., 2018; Strouse et 

al., 2018). 

New technical innovations add to the representational complexity a child might 

encounter in a digital image: augmented reality combines real, current video with imaginary 

elements, such as a Snapchat filter superimposing a cat’s whiskers and ears on live video of a 

child’s face. Realistic-looking computer-generated imaginary creatures can appear to lunge at 

viewers out of a 3D movie screen. For young children with limited knowledge, support of adult 

co-viewers and experience with the different ways digital images relate to the real world is 
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crucial for children to develop symbolic understanding that will enable them to learn and transfer 

information from digital media (Troseth et al., 2019). 

Modeling Symbol Understanding and Use 

DeLoache (1995) offered a formal model of symbolic development that was distinct from 

general cognitive development, although she acknowledged the contribution of cognitive factors 

including representational flexibility, inhibitory control, and the working memory capacity to hold 

two active representations of the same thing (DeLoache, 2000; Zelazo & Frye, 1997). In her 

model, dual representation and representational insight – the central cognitive processes – 

depend on symbolization experience and instruction by adults. The iconicity of a symbolic object 

(resemblance to what it stands for) can help children detect the “stands for” relation, but the 

object’s salience (how much it captures children’s attention as an object) may interfere with 

representing the symbolic relation to its referent. An updated model (Troseth et al., 2019) 

incorporated factors related to interactive media. Responsiveness of a person on the screen 

(e.g., on video chat) might help children realize that the image represents a real person and an 

event that is happening now.  On the other hand, the responsiveness of a picture to a user’s 

touch might make the picture itself more salient as an object, focusing the child’s attention on 

touching the screen rather than on what is represented. Another factor that may heighten the 

salience of the object is a child’s prior experience with that kind of object. For example, 

children’s experience playing with touchscreen apps and watching streaming videos on their 

parent’s phone may build up expectations of what images on screens are for, making it more 

difficult for them to detect a novel symbolic relation that an adult designs for their learning. In the 

terms of Mayer’s (2014) model, prior experience might affect what children select to bring into 

working memory from sensory memory and how they organize and integrate it with what they 

retrieve from long-term memory. 

The parallels between the core predictors in these models and in Barr and Kirkorian’s 

(2023) model suggest additional relations that could be explored. First, several child factors 
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appear across models. Inhibitory control, working memory, and representational flexibility 

influence representational insight (DeLoache, 1995; Troseth et al., 2019). In Barr and Kirkorian’s 

model, inhibitory control and working memory capacity influence cognitive load and 

representational flexibility influences memory storage and retrieval. If these child factors do 

predict multiple outcomes, we suggest that additional relationships between factors could be 

explored, such as whether symbolic understanding fully or partially mediates relations between 

child factors and transfer of media information, or whether child factors and symbolic 

understanding interact to predict differences in learning and transfer.  

Several contextual and design factors also appear across models. Troseth and 

colleagues (2019) describe physical interactivity (responsiveness of the medium), social 

contingency (responsiveness of a person on screen), and joint media engagement (adult 

instruction before/during media use; also in DeLoache’s 1995 model) as factors influencing 

representational insight in the context of interactive media. These aspects of the design and 

context also predict cognitive load in Barr and Kirkorian’s model. We suggest that additional 

relationships such as mediations and interactions between these contextual factors and 

symbolic understanding could also be explored. 

One benefit to examining these additional complexities may be to allow the new model 

to make a priori predictions in complex situations, such as when physical contingencies from a 

touchscreen sometimes support younger learners (Choi & Kirkorian, 2016; Kirkorian et al., 

2016) and other times support not younger but older learners (Choi et al., 2021; Kirkorian et al., 

2022), or when social contingencies from the screen at times support learning (Nielsen et al., 

2008; Roseberry et al., 2014; Troseth et al., 2006), whereas at other times, additional support 

from a co-viewer is needed (Myers et al., 2018; Strouse et al., 2018; Troseth et al., 2018). 

Finally, when considering symbolic understanding itself as a predictor of learning and 

transfer from media, Barr and Kirkorian discuss it primarily impacting children’s storage and 

retrieval of information. For example, they explain that children who lack awareness of video’s 
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relation to the real world may store a separate representation of video events that competes 

with representations formed from real-world experiences, and that children may fail to retrieve 

video representations they deem irrelevant to real-world tasks. We suggest also exploring 

predictive pathways between symbolic understanding (and relatedly, representational insight) 

and cognitive load. Dual representation involves holding two representations in mind instead of 

one – children must represent both the symbolic information itself and its “stands for” relation as 

they organize and integrate those two representations with information retrieved from long-term 

memory. With symbolic development, children may more fluently look for and notice symbolic 

relations, making them better able to select relevant information to process, and they may more 

automatically match symbols and their referents, reducing organizational demands in working 

memory. 

 Models of Multimedia Learning at Different Ages 

 One highlight of Barr and Kirkorian’s theoretical model is that their discussion of 

cognitive load considers the complexity of the media materials relative to the prior knowledge of 

and contextualized processes employed by individual learners. Prior models of multimedia 

learning in school age children and adults (Fisch, 2000, 2017; Mayer, 2005, 2014) instead focus 

on the intricacies of how information is presented to reduce processing demands. A future 

direction could be testing parallel effects at that more specific level in young learners. For 

example, according to the spatial contiguity principle, when words and pictures need to be 

integrated within working memory, better learning occurs when they are presented near rather 

than far from each other on the screen (Mayer & Fiorella, 2014). Young children do not read on-

screen text, so a version of this principle for them could focus on aligning other visual 

information that young learners need to integrate, such as pictures of a story narrative, and 

could provide additional actionable recommendations for media design. 

 Another way in which Barr and Kirkorian’s model diverges from prior models is their 

focus on transfer rather than learning. Their review and discussion centers on the transfer 
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deficit, which they define as young children being less likely to transfer information from one 

context to another than within the same context, akin to Barnett and Ceci’s (2002) model 

predicting that transfer across (versus within) modality would be more difficult. Research with 

young children in the 1990s and early 2000s involved figuring out why they at times failed to 

learn from videos. Anderson and Pempek (Anderson & Pempek, 2005) reviewed these studies 

and described a pattern they called the video deficit, young children learning less from video 

presentations than from equivalent real-life presentations. The video deficit as originally defined 

did not require transfer as a demonstration of learning, but most early studies reviewed by 

Anderson and Pempek did require transfer from video to the real world. These studies often 

included comparison conditions where information was presented directly and did not require 

transfer. Later researchers realized that the need to transfer was one way in which the 

conditions differed, and showed that transferring information in the opposite direction (from 

direct demonstrations to digital formats) was also difficult for children, indicating that the 

additional need to transfer was one mechanism that likely contributed to the observed video 

deficit pattern (Barr, 2010; Zack et al., 2009). Others have argued there is evidence that 

attributes of video (such as limited perceptual and social cues) also contribute to poor learning 

and would apply even when transfer is not required (e.g., Strouse & Samson, 2021). A helpful 

future direction could be to distinguish between factors that differentially impact learning and 

transfer, as learning goals such as following the narrative plot of a story may not require 

transfer.  

 We end with a final thought regarding future directions for research. The video deficit 

and transfer deficit terminology might suggest some “deficit” in young learners. However, the 

relative difference in children’s learning or transfer from multimedia versus direct experience 

may reflect an intelligent strategy, as children may have prior experience that has taught them 

that videos and touchscreen games are not realistic. To improve children’s learning and transfer 

from multimedia, focusing the discussion on development of the skills needed to become a 
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successful learner from multimedia (rather than comparing learning from media versus direct 

experience) may be most relevant going forward. It may also simplify Barr and Kirkorian’s 

(2023) future research agenda of studying multimedia “in the wild” because comparison 

conditions showing “amelioration” of the deficit would not be required.  
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