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claimed in the last 20 years. Being able to reach for objects provides infants with an interactive 
interface with their environment. After reach onset, objects can be explored closer to the face 
and manipulated. Social perception abilities and visual attention have both been found to relate 
to motor development. We can observe successful reaching and grasping between the ages of 4 
and 6 months of age. Research has proposed that these abilities can be observed sooner if infants 
take part in a reaching training. The sticky mittens training has been put forward as a training 
that can help infants reach before they would normally start reaching. Moreover, the training 
has been suggested to increase social perception and visual attention. 

Therefore, the aim of this thesis is to examine whether this training affects infant abilities in 
these three domains (motor, social perception, and visual attention) at the age of 3 months and 
10 months. In this thesis, three studies are presented. Study I described the sticky mittens field 
and gave an overview of what we currently know about the training’s effects. Study II examined 
whether the sticky mittens training affects the emergence of reaching and grasping using the 
original task from the sticky mittens literature and a new task. Study III examined whether the 
sticky mittens training affected social perception and visual attention abilities. 

The main results in Study I were that the sticky mittens effects are inconsistent in the motor 
domain and visual attention domain. However, the effects seemed robust in the social perception 
domain. In Study II, the main results were that the training was unable to improve reaching 
and grasping, as indicated by the lack of reaching and grasping in the original and new tasks. 
In Study III, it was found that the training did not affect social perception and visual attention. 
In conclusion, the training did not work in the current sample. However, there is not enough 
evidence to conclude that the training is either effective or ineffective. 
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Introduction 

Through infant research, we have learned what infants know about the world, 

objects, people, and interactions among them. Given the limited vocabulary 

of infants, infant researchers have been very resourceful in the way data are 

collected from this population. Through the use of habituation (Colombo & 

Mitchell, 2009), eye tracking (Gredebäck et al., 2009), motion tracking (van 

Schaik & Dominici, 2020), electroencephalography (EEG; Azhari et al., 

2020), and functional near-infrared spectroscopy (fNIRS; Azhari et al., 2020), 

we have learned a great deal about infant development.  

In the first year of life, infants have to learn about social interactions and 

objects. One way through which infants can learn about the latter is through 

exploring objects. An infant may explore objects through their mouth, hands, 

and eyes (Corbetta & Snapp-Childs, 2009; Gibson, 1988). In this thesis, I will 

focus on infants’ motor development, the training of motor abilities, and the 

cascading effects of motor training. Motor development includes the develop-

ment of behaviours such as sitting, reaching, grasping, crawling, and walking 

(Adolph & Franchak, 2017; Adolph & Hoch, 2019). Studies on motor devel-

opment demonstrate that once infants become able to reach and grasp for ob-

jects and become mobile, they are able to learn from objects. They can then 

bring the objects closer to their eyes, for oral exploration and manual manip-

ulation (Adolph & Hoch, 2019, Needham, 2016). As will be described further 

in this thesis, the body plays an important role in social and cognitive devel-

opment, which has been named embodied cognition. This embodied cognition 

is a term for the perspective that assumes that infants start using their body 

from a very young age to learn and that their mind is shaped by bodily inter-

actions with their environment (Barsalou, 2008; Shapiro, 2010; Thelen et al., 

2005; Wilson, 2002).  

In this thesis, I will assess recent claims in the literature stating that infants’ 

motor development can be facilitated through a brief and interactive training 

session (Needham et al., 2002). This literature claims that training will facili-

tate the development of reaching and grasping (Needham et al., 2002), but also 

visual attention (i.e., the selection of competing environmental information; 

Amso & Scerif, 2015; Needham et al., 2002), and social perception (used here 

to refer to action understanding, action prediction, and action evaluation). We 

use action understanding to refer to the knowledge that actions are directed to 

a goal (Woodward, 2009), action prediction to refer to the prediction of goals 
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before the action is completed (Gredebäck & Daum, 2015), and action evalu-

ation to refer to the understanding of the connection between an observed ac-

tion and the expectations about that behaviour (Gredebäck & Daum, 2015). 

In the section below, I will provide a background of the concepts that are 

central in this thesis. I will start by discussing motor development, social per-

ception development, and visual attentional development in infancy. Next, I 

will describe theories of development. Then, I will describe the development 

of reaching and grasping. The fourth chapter describes the embodiment of so-

cial perception and visual attention. The fifth chapter will cover the literature 

on training of reaching and grasping. Finally, I will describe whether training 

studies are reliable.  
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I Infant abilities in the first year of life 

Motor development 
In the first year of life, infants take great steps in their journey to become 

mobile. One of the skills they will develop in this year are motor abilities. It 

has been said that there are three important areas of motor development that 

develop or start developing within the first year: posture, manual abilities, and 

locomotion (Adolph & Franchak, 2017).  

An important motor skill-level infants have to unlock is postural control, 

which acts as the foundation for all future motor behaviours an infant will 

learn. Postural control has been defined as the control over the body by man-

aging the forces it encounters (Rachwani et al., 2017). To move your head to 

look around, move your arm, sit, crawl, or walk, you need a certain amount of 

postural control. However, first infants need to learn to compensate for gravity 

by applying a compensatory force in the opposite direction (Adolph & 

Franchak, 2017). 

On average, infants will be able to sit without being supported by someone 

else or by their own arms from the age of 6 months (Adolph & Franchak, 

2017; Martorell et al., 2006). It is important to note that the development of 

sitting does not necessarily progress in the same manner in all infants, as this 

ability can emerge between 5 and 8 months of age (Rochat & Goubet, 1995). 

With regards to sitting, cultural differences exist. Different cultures have been 

found to have different child rearing practices, which influence motor devel-

opment (Karasik et al., 2010; Super, 1976). In some African cultures, like the 

Nso in Cameroon, parents value baby massage and exercise techniques in or-

der to stimulate the emergence of new motor skills such as sitting (Keller et 

al., 2005). Infants in such cultures have been found to show an expedited de-

velopment of sitting. In a study by Karasik et al. (2015), 5-month-old infants 

from different cultures were assessed on their sitting abilities. It was found 

that the majority of infants who were able to sit at this age originated from 

Kenya and Cameroon. Infants from Western, Educated, Individualistic, Rich, 

and Democratic (WEIRD; Henrich et al., 2010) countries often did not sit in-

dependently yet.  

After infants have learned to sit and can keep themselves upright, they will 

start to make important steps towards locomotion. Infants may do this through 

crawling and/or walking. Some infants may craw on their bellies, whereas 

others shuffle on their buttocks or crawl in the stereotypical sense, on hands 
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and knees (Adolph & Hoch, 2019: Patrick et al., 2012). Regardless of their 

type of crawling, this is their first chance of self-produced locomotion through 

their environment and the subsequent learning about objects and people (Cam-

pos et al., 2000; Karasik et al., 2011). On average, this occurs from 8 months 

onwards (Soska et al., 2014). Different cultures may also engage in different 

practices that can either slow down or speed up the emergence of crawling 

(Karasik et al., 2010). While infants transition from sitting to crawling, they 

will stop and sit 3 to 6 times a minute, which has been suggested to allow them 

to get an overview of the room since they mostly see their hands and the floor 

while they crawl (Kretch et al., 2014; Soska et al., 2014). Although some in-

fants will skip the crawling period altogether, infants will transition from 

crawling to walking. Walking, as opposed to crawling, allows infants to travel 

further (Adolph et al., 2012; Adolph & Tamis-LeMonda, 2014) and see more 

of their environment instead of their hands and the floor (Adolph & Tamis-

LeMonda, 2014; Franchak et al., 2011; Kretch et al., 2014; Frank et al., 2013; 

Kretch et al., 2014). Their free hands allow them to transport objects (Adolph 

& Tamis-LeMonda, 2014; Karasik et al.,2012), share them with others, and 

interact with them (Adolph & Tamis-LeMonda, 2014; Yu & Smith, 2013). 

While infants transition from crawling to walking, they go back and forth be-

tween the two behaviours depending on the situation at hand (Adolph & 

Franchak, 2017; Adolph et al., 2008).  

The first signs of walking can be observed between 8 and 18 months of age, 

but on average around 12 months of age. As is the case with sitting and crawl-

ing, it has been found that infants from cultures on the African continent will 

show accelerated walking onset, probably due to child-rearing practices 

geared towards expediting motor development (Karasik et al., 2010). How-

ever, within WEIRD countries, differences in walking onset were also found 

between Dutch infants who started walking at 15 months of age (Oudgenoeg-

Paz et al., 2016) and U.S. infants who started walking at 12 months (Adolph 

et al., 2011). Several hurdles need to be overcome before they can walk in a 

similar way to adults and many hours of practice is needed. Between the age 

of 12 and 19 months of age, infants will take 2368 steps and in this period 

their walking will be fine-tuned and calibrated (Adolph et al., 2012). At the 

beginning of their walking journey, their steps will be wobbly and wide. Their 

walking pattern will consist of moving one leg very quickly and focusing on 

having both feet on the ground for long periods of time (Adolph et al., 2003). 

Several longitudinal studies have assessed the development of walking in the 

months after walking-onset. With practice, through massive amounts of expe-

rience, infants will improve their walking abilities. They will exhibit bigger 

and more steps, increased distance, less time with both feet on the ground, and 

the speed of walking will increase dramatically. New walkers will fall fre-

quently, on average 17 times per hour (Adolph et al., 2012; Adolph & 

Franchak, 2017). 
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Social perception 
The development of social perception in infancy is important for the further 

development of infants. Without the ability to understand other people and 

their actions, it may be difficult to process information of a social nature (Gan-

glymayer et al., 2019). Understanding other people’s actions can be advanta-

geous when coordinating your own actions with those of other people (Sebanz 

et al., 2006). In the second year of life, it has also been observed that greater 

action prediction abilities go hand in hand with greater perspective-taking 

abilities (Krogh-Jespersen et al., 2015; Ganglymayer et al., 2019).  

From the end of the first year (around 12 months) onwards, infants are able 

to encode and predict the goal of an action (Gredebäck & Falck-Ytter, 2015; 

Gredebäck & Melinder, 2010; Falck-Ytter et al., 2006; Kanakogi & Itakura, 

2011; Kochukhova & Gredebäck, 2010; Paulus et al., 2011; Reid et al., 2009; 

Uithol & Paulus, 2014; Woodward, 2009). These behaviours have been 

demonstrated using eye tracking tasks in which actors perform actions, such 

as feeding actions (Gredebäck & Melinder, 2010) or habituation studies in 

which a hand reaches for one of two different objects placed at two different 

locations in the familiarization phase. In the test phase, the location of objects 

is switched, and the hand reaches for either the old goal-object in the new 

location or the new goal-object in the old location. At 6 months, infants dis-

habituated from the new object in the old location, showing that they can en-

code actions of other people (Woodward, 1998).  

Using an eye tracking version of Woodward (1998)’s habituation para-

digm, Cannon and Woodward (2012) familiarized 11-month-old infants with 

videos of reaching actions to one of two objects, after which they were 

swapped. They found that infants’ first look was directed at the familiarized 

goal-object in the new location. They were able to predict the other person’s 

goal (Cannon & Woodward, 2012). This behaviour is found even when the 

action has not been completed yet or is unsuccessful (Behne et al., 2005; 

Daum et al., 2008; Brandone et al., 2013). 

Another way through which infants understand other people’s actions, is 

gaze following. Gaze following is defined as the synchronization of attention 

with and between other people and objects. This behaviour occurs when a par-

ent looks to an object and the infant follows the direction of the parent’s gaze 

(Del Bianco et al., 2019), and is typically measured through tasks in which a 

person looks to a toy to their right and to their left. The measurement that 

indicates gaze following ability is whether the infant’s fixation is in the loca-

tion to which the actor has moved their head (Astor et al., 2020). This behav-

iour’s onset will be between 3 and 6 months (Del Bianco et al., 2019; Frischen 

et al., 2007; Gredebäck et al., 2010; Hoehl et al., 2012). From 6 months on-

wards stronger gaze following abilities emerge (Gredebäck et al., 2008).  

Infants also need to be able to share information and knowledge with other 

people, which can be achieved through pointing. This ability can be examined 



 

 16 

through tasks in which pointed fingers are directed towards (congruent) or 

away from (incongruent) a previously cued target (e.g., Melinder et al., 2015). 

As young as 4.5 months of age, it may be observed that infants are able to 

follow moving pointing gestures (Rohlfind et al., 2012). However, it is not 

until 12 months of age that the ability to understand pointing is fully estab-

lished and infants can follow the direction to which is being pointed (Daum et 

al., 2013; Tomasello et al., 2007). Moreover, between 6 and 13 months of age, 

the neural correlates of the understanding of a hand pointing develop 

(Melinder et al., 2015; Gredebäck et al., 2010). 

Another social skill that infants learn is the representation of giving and 

taking. Towards the end of the first year and in their second year, infants will 

have an understanding of these type of social actions (Tatone et al., 2015). 

These abilities can be assessed using tasks in which give-me gestures 

(stretched out hand with the palmar side up) are presented to the infant in 

combination with a gesture that signifies a non-giving behaviour. At 9 months 

of age, infants will have developed a sensitivity to give-me gestures (Bakker 

et al., 2015). At the end of the year, they understand the social exchange that 

is meant by this gesture (Elsner et al., 2014, Thorgrimsson et al., 2014; Juvrud 

et al., 2019). Sensitivity to this gesture at 9 months was found to relate to 

willingness to give someone else an object at 25 months when the give-me 

gesture was performed (Juvrud et al. 2019).  

Infants in their first year have also been found to make social judgements 

regarding other behaviours of people. In the social world, infants need to eval-

uate the behaviours of other people to navigate themselves in a world where 

different people have different intentions and behaviours (good and bad). In-

fants needs to ensure that they make good social decisions (Hamlin, 2013). 

This ability is often measured using habituation events in which an actor’s 

actions are hindered or helped (Hamlin et al., 2007). Infants between 3 months 

(Hamlin et al, 2010; Hamlin & Wynn, 2011) and 10 months onwards (Fawcett 

& Liszkowski, 2012; Hamlin et al., 2007) use the social action of other people 

for social evaluations. These results demonstrate that infants not only predict 

what outcomes certain actions will have when performed by other people, but 

that they also use information about others’ actions to evaluate them. 

Visual attention 

While we are awake, we are constantly confronted with a myriad of infor-

mation in our visual field. However, our brain is incapable of processing every 

piece of information. In order to navigate through this copious amount of in-

formation and to function in the world, we need an attentional system that will 

filter what information is of importance. Attention also plays a central role in 

cognitive abilities such as memory, learning, and action. Therefore, it is an 
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important feature of general functioning. The attention system has been the 

focus of many research studies for decades (Amso & Scerif, 2015; Reynolds 

& Richards, 2016). An influential theory of attention is the model proposed 

by Posner and Colleagues (Posner & Peterson, 1990), which divides attention 

into three categories: alerting (arousal based on external information), orient-

ing (shifting of attention to information), and executive attention (conflict res-

olution of competing information; Posner & Petersen, 1990; Amso & Scerif, 

2015).  

Alerting has been described as the process by which information causes 

arousal or readiness and the ability to sustain attention (Amso & Scerif, 2015; 

Atkinson & Braddick, 2012; van Baar et al., 2020; Posner & Petersen, 1990). 

Orienting has been described as the process by which we prepare to filter in-

formation by shifting attention from one object or event to another object or 

event (i.e., attention is activated and subsequently shifted; Atkinson & Brad-

dick, 2012; van Baar et al., 2020; Posner & Petersen, 1990). This shifting abil-

ity comes in two forms: overt shifting whereby the eyes and head are used to 

orient, or covert shifting whereby the eyes and head do not orient (Amso & 

Scerif, 2015). While a basic form of orienting is already present in the new-

born period (Amso & Johnson, 2006; Amso & Scerif, 2015), the orienting 

system starts to get stronger from the age of 4 months (Amso & Johnson, 2008; 

Amso & Scerif, 2015). Executive attention is the process by which competing 

information undergoes conflict resolution (Amso & Scerif, 2015). With this 

type of attention, the infant must know how to inhibit unnecessary information 

(Atkinson & Braddick, 2012; van Baarle et al. 2020). Using anti-saccade 

tasks, in which infants learn not to look in the other direction of a cue, studies 

have shown that around the age of 4 months, infants are able to look away 

from a cue (Johnson 1995; Ross-Sheehy et al., 2015). This shows that they are 

already capable of handling conflicting stimuli at a young age. As the infant 

grows older, they become more skilled at looking away from the cue (Amso 

& Scerif, 2015; Scerif et al., 2005).  

Orienting abilities have been divided into overt orienting and covert orient-

ing. Overall, this ability takes into consideration the reaction to information 

that enters our visual field (Hendry et al., 2019). This ability is important be-

cause the infant will encounter many situations in which the infant wants to 

attend to an interesting object and not get distracted by a less interesting ob-

ject. It becomes, then, very important that the infant can easily direct attention 

to the interesting object and ignore the less interesting object (Holmboe et al., 

2018). The gap/overlap task has been influential in demonstrating overt ori-

enting abilities among infants. In this task, two stimuli are shown on a screen, 

but there are two conditions. In the first condition (gap) a stimulus is first pre-

sented in the center, which subsequently disappears before a peripheral stim-

ulus is presented on the same screen. In the second condition (overlap) the 

same stimulus in the center stays on the screen while the peripheral stimulus 

appears on the screen. Overall, it seems that infants find it easier to shift their 
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attention to the peripheral stimulus in the gap condition, that is, when there is 

nothing to disengage from simultaneously. However, this changes when the 

overlap condition is considered (i.e., when two sources of information are 

competing for attention). Under the age of 3 months, infants show slow shifts 

to the new peripheral stimulus compared to infants over the age of 3 months. 

As the infant grows older, they become more capable of orienting their atten-

tion from the attended information to information in the periphery that is com-

peting for attention (Hitzert et al., 2015; Holmboe et al., 2018; McConnell & 

Bryson, 2005), but their shifts remain slow until 36 months of age (Nakagawa 

& Sukigara, 2013). However, the development of orienting, as indicated 

through gap/overlap tasks, may not be linear, as 12-month-olds have also been 

shown to have slower shifts to peripheral information regardless of whether 

there is a gap or not (Nakagawa & Sukigara, 2019). 

The spatial cueing task has been influential in teaching us what we know 

about infant covert attention. In this task, infants watch a stimulus in the center 

of the screen after which a cue is shown somewhere else on the screen and is 

followed by a target on that same spot (Hendry et al., 2019). The first year of 

life can be divided into two phases where two different processes develop dif-

ferently. Before the age of 6 months, infants look faster to the target before it 

has appeared (i.e., there is facilitation; Hendry et al., 2019; Ross-Sheehy et al., 

2015). After this age, infants show development of covert attention that helps 

them be less distracted by already explored information (inhibition of return; 

Hendry et al., 2019). 

Selective attention is another aspect of visual attention that is important in 

the development of infants. An infant must be able to select which information 

to process from the constant stream of information. This ability has been found 

to develop rather quickly within the first year of life (Amso & Scerif, 2015; 

Hendry et al., 2019). Infant looking behaviour has been suggested to have two 

sources that guide what they attend to. Bottom up influences on looking be-

haviour can be categorized as salient and low-level aspects in the scene. Ex-

amples of this are borders between information that are high in contrast, the 

size of objects, and movement of objects. Attention in infants from birth until 

the end of the first year is influenced by low-level features to some degree 

(Althaus & Mareschal, 2012; Franchak, et al., 2015).  

Infants also have specific top-down biases that help guide their way of at-

tending to information. Social stimuli act as an attentional bias that helps in-

fants filter information. In fact, this preference already starts several weeks 

before birth as indicated by preferential looking to face-like configurations 

compared to non-face-like configurations that were presented through mater-

nal tissue (Reid et al., 2017). Newborns also already have and continue to gain 

attentional control over where they look in the first year. They can block and 

inhibit information they do not want to attend to and decide whether some 

information deserves more attention than other information (Colombo, 2001; 

Xie & Richards, 2017). From birth, faces will receive much longer looks than 
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simple geometric forms. They have a preference to attend to faces (Amso et 

al., 2014; Courage et al., 2006; Farroni et al., 2013; Frank, et al. 2009; Frank 

et al., 2014; Reynolds & Richards, 2016; Reynolds & Roth, 2018).  

Infants also have other biases that help them select to which information 

they should attend. In the scene-viewing literature, for instance, it has been 

demonstrated that infants use a horizontal bias (i.e., eye movements move 

along horizontal dimensions of scenes; Foulsham & Kingstone, 2010; van 

Renswoude et al., 2016) and a central bias (i.e., starting visual exploration 

from the center of a scene; van Renswoude et al., 2019a) when they are con-

fronted with natural and real-life scenes. It has been suggested that, from birth, 

infants learn to find information along the horizon and at the center (van 

Renswoude et al., 2016, 2019a).  

Another often-used task in the visual attention domain is the visual search 

task, in which the infant is presented with several distracting stimuli of which 

one stimulus is different (i.e., the target stimulus). This task has shown infants’ 

selective attention abilities and has demonstrated that the need to look for so-

cial faces can be found through this task. This task has shown that infants are 

driven by a need to find faces among the distractors, as the looking behaviour 

to faces of 3-and 9-month-old infants was related to how well they performed 

in the search task (Frank et al., 2014). Using the same task, Kwon et al., 2016 

replicated Frank et al. (2009)’s finding that from the age of 4 months until 8 

months, low-level features guide attention less than social information does. 

In order to process visual information, infants also need to use executive 

attention (conflict resolution of competing information; Posner & Petersen, 

1990; Amso & Scerif, 2015) and to be able to maintain attention to the infor-

mation. Sustained attention (the deceleration of heart rate that indicates main-

tained attention; Hendry et al., 2019) has been examined through heart rate 

measurements. Heart rate has been found to decrease when the infant is ac-

tively paying attention to a stimulus, which has indicated sustained attention. 

Once the infant is no longer actively paying attention anymore, the heart rate 

goes up (Reynolds & Romano, 2016; Hendry et al., 2019). Toy-play (freely 

manipulating a toy) and distractibility tasks have each been used as indications 

of sustained attention. The development of this ability has been found to take 

place from the second half of the first year (Colombo, 2001; Oakes et al., 2004; 

Hendry et al., 2019). Sustained attention has been correlated with cognitive 

function later in childhood (Frick et al., 2017; Johansson et al., 2016; Garon 

et al., 2008; Johansson et al., 2015; Yu et al., 2019). 

The next chapter will discuss two types of theories that are relevant to the 

development of infant abilities such as those described above. These two the-

ories are important to understand the emergence of motor abilities and the 

subsequent cascading effects in other domains such as social perception and 

visual attention. 
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II Theories of development 

One of the questions in psychology has been how our cognitive functions and 

their origins are best described. There are two types of theories that are rele-

vant to understanding development: theories of embodied cognition and theo-

ries of dynamic systems.  

Many perspectives of cognition tend to disregard the involvement of the 

body when explaining cognitive and perceptual phenomena (Foglia & Wilson, 

2013; Needham & Libertus, 2011). These views have been challenged by ac-

counts that take into account that our bodily states and movement underlie 

cognition. This perspective has been coined embodied cognition (Foglia & 

Wilson, 2013; Needham & Libertus, 2011; Niedenthal et al., 2005; Smith & 

Gasser, 2005; Wilson, 2002). Scholars that follow this perspective argue that 

explanations of cognition are incomplete and misguided if the body is not 

taken into account (Foglia & Wilson, 2013). Cognitive abilities are seen as the 

result of an interplay between sensory-motor functions and non-bodily pro-

cesses. There is little separation between the environment, the body, and cog-

nition. Embodiment is still of relevance when the environment or bodily en-

gagement is not present (Foglia & Wilson, 2013; Needham & Libertus, 2011; 

Wilson, 2002). Even when a person is remembering, imagining, or planning a 

situation, sensorimotor functions are activated (Foglia & Wilson, 2013; Wil-

son, 2002). 

The term embodied cognition does not refer to one specific theory. Many 

theories have been based on the assumption that the body is somehow in-

volved in cognition (Wilson, 2002). Some theories have been focused on sit-

uated action and propose cognition is grounded in our environment. Our per-

ception and action systems are inherently connected to cognition in these the-

ories. The environment, perception, and action are constantly interacting with 

each other. While we are engaged in a cognitive task, we are simultaneously 

processing perceptual information that influences our task (Smith & Gasser, 

2005; Niedenthal et al., 2005; Wilson, 2002). At the same time, we are also 

performing actions that in turn affect the task at hand. One might be walking 

around a specific place while trying to remember where a particular object 

belongs (Wilson, 2002). Our perception is guided by our physical actions in 

the world, such as whether we move our hands towards an object or whether 

we move our head in order to hear where a certain noise is coming from. Thus, 

computation and representations do not have a central role given the feedback-
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driven manner in which the environment and body influence mental function-

ing (Barselou, 2008: Chemero, 2009; Foglia & Wilson, 2013). 

The dynamic systems theories postulate that our being consists of multi-

component systems. Examples of such systems are our bodies, our environ-

ments, but also our nervous system. In order for an ability to arise, a self-

organization and coordination of these components is needed (Smith & The-

len, 2003; Spencer et al., 2012). For reaching, for instance, different systems 

need to be developed and coordinated before reaching emerges. The body 

needs to make sure that the arm muscles are strong enough to help the arm 

navigate the gravity it will experience and it needs to provide enough physical 

energy to move the arm. At a different level, the infant must be able to steadily 

attend to the object, which is made possible by strong neck and shoulder mus-

cles that keep the head steady. This proper postural control must then be co-

ordinated with the environment that motivates reaching (Thelen, 2005; Thelen 

& Spencer, 1998). Other systems that must be developed before coordination 

for reaching emergence are depth perception, motion perception, and smooth 

tracking of the eye (Smith & Thelen, 2003). 

The next chapter will describe the development of reaching from the fetal 

period until the onset of reaching. The chapter will describe overall tendencies 

that have been found in this development. 
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III Reaching development 

Reaching is the means through which infants are able to interact with the 

world and learn about their surroundings. This is achieved through exploration 

and manipulation of objects and people (Corbetta & Snapp-Childs, 2009; 

Smith & Thelen, 2003). After reach onset, a large increase is observed in the 

amount of exploration infants engage in (Lobo & Galloway, 2013). From the 

time infants are in the womb (Zoia et al., 2007) until reach onset (Lobo & 

Galloway, 2013), infants are already developing their reaching skills and gain-

ing some experience with these types of movements.  

Due to research on fetal development using ultrasound technology, we have 

gotten a glimpse into what the human fetus is capable of before birth. In the 

womb, the fetus has been found to use its hands to explore the environment in 

the womb. It can move the hands toward and interact with its own body parts 

or the umbilical cord (Sparling & Wilhelm, 1993). In the case of a pregnancy 

with twins, one twin’s hands will move toward the other twin, thus showing 

that the fetus’ movements are already guided by a social component (Castiello 

et al., 2010). Zoia et al. (2007) examined hand movements of the fetus at 4-

week intervals, starting at 14 weeks gestation. With increasing age, goal-di-

rected hand movements (i.e., towards its own eyes and mouth) were different 

from hand movements that were not goal-directed. Over time, a clear improve-

ment was observed in the smoothness with which the movements were per-

formed. The suggestion that fetuses can make goal-directed reaches was con-

firmed by Myowa-Yamakoshi and Takeshita (2006), who demonstrated that 

these hand movements to the mouth coincided with the opening of the mouth. 

However, their data did not clarify whether the fetus anticipated this move-

ment. Reissland et al. (2014) made 4-dimensional scans of fetuses between 24 

and 36 weeks gestation to examine whether these movements were intentional 

or accidental. Their results indicated that, as the fetuses got bigger, they would 

open their mouth more before the hand arrived at the mouth for thumb sucking 

and they would have less reactive mouth openings. Thus, it appears that the 

ability to coordinate movements and reach starts long before birth. These early 

behaviours may be interpreted as a precursor to later reaching, further motor, 

and cognitive development (Reissland & Austen, 2018). 

After birth, the newborn also exhibits signs of reaching, although these be-

haviours do not yet resemble the goal-directed reaches (i.e., reaching move-

ment toward a goal) that also involve a grasp at the end. These movements 
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have been suggested to facilitate learning of the effects of their actions, to 

connect vision with sensory-motor and proprioceptive information. These ac-

tions are a steppingstone to exploration of the world (von Hofsten, 2007). Sim-

ilar to the fetus, newborns anticipate hand movements towards their mouth 

with an open mouth (Lew & Butterworth, 1995). When objects are placed in 

front of newborns, they will move their arms toward the object (von Hofsten, 

1982, 1984). The characteristics of these actions are also different compared 

to when the infant starts reaching. We will observe that the newborn will move 

their hands forward with a balled fist (von Hofsten, 1984). Up until the emer-

gence of reaching, they will show relatively fewer forward extensions of the 

arm compared to after the emergence of the reach (von Hofsten, 1984). As the 

newborn gets closer to reach onset, we may observe changes in the way they 

interact with objects. Their stares become more intense, they will start mouth-

ing more, and they will move their head in the direction of the object (Corbetta 

et al., 2018).  

Once the infant reaches the age of 4-6 months, it has entered a period in 

which the infant will start reaching. Around this time, infants have developed 

their eye-hand coordination to such an extent that goal-directed reaches 

emerge that are guided by the infants’ visual input. Between 4 and 6 months 

of age, we typically observe the first reaching movements. Infants can now 

extend their arm forward in order to obtain an object and start to reach for 

objects more often (van der Fits et al., 1999; von Hofsten 1984; Konczak et 

al., 1995). From longitudinal studies, it has become clear that infant reaching 

behaviour does not immediately resemble adult reaching behaviour. While the 

infant reach is still imperfect before 3.5 months of age as indicated by longer 

durations and less straight trajectories, large improvements are observed after 

this period. Between 3.5 and 8 months, the reach becomes smoother and the 

duration of the reach becomes shorter as the infant gets older (von Hofsten, 

1979; Konczak et al., 1995). The infant is thus learning to reach for objects in 

straighter trajectories and at a faster pace. A reach characteristic that is often 

used to examine reach smoothness is the movement unit. A movement unit is 

an element in the reach that is characterised by one acceleration and deceler-

ation phase. Older children and adults typically have one or two movement 

units in their reach, while infants’ reaches consist of more movement units. 

Between 3.5 and 8 months, reaches often contained one or two movement 

units, whereas before this period a reach would consist of five movement units 

(Berthier & Keen, 2006; von Hofsten; 1979; Lee & Newell, 2012; Lee et al., 

2011; Konczak et al., 1995; Mathew and Cook, 1990). 

Once infants are able to reach for stationary objects, many remarkable 

changes are observed in their reaching. While infants in the pre-reaching pei-

rod only reach for an object with a closed fist, infants have now started to open 

their hand during the reach (Chinn et al., 2019; von Hofsten, 1984). Five and 

6-month-old infants generally start grasping an object when they are close to 

object-contact, whereas older infants already start preparing their grasp before 
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they have made contact with the object. Thus, as infants get older, they start 

preparing the grasp earlier during the reach. Although the 5 and 6-month-old 

infants grasp objects after object-contact, the grasp does not interrupt the reach 

phase, thus demonstrating that the reach and grasp are not two independent 

behaviours. Such findings also demonstrate that grasping is visually con-

trolled (von Hofsten & Rönnqvist, 1988). 

From this point on, infants also start developing the ability to anticipate the 

orientation and size of an object by adjusting their grasp in order to match the 

object’s orientation, shape and size (Berthier & Carrico, 2010; Barrett et al., 

2008; Corbetta & Snapps-Child, 2009; von Hofsten & Fazel-Zandy, 1984; von 

Hofstsen & Rönnqvist, 1988; Lockman et al., 1984). They are also able to 

reach for moving objects. They often reach for these moving objects prospec-

tively. That is, infants can initiate the reach before the desired object is close 

to their reaching space. Using their vision, they can predict a future location 

of the object and coordinate their arms and hands to catch the moving object. 

Infants expect objects to move in a certain manner and they will miss the ob-

ject if it does not follow this pattern (von Hofsten et al., 1998; von Hofsten & 

Lindhagen, 1979). Even if objects are occluded, infants are still capable of 

prospectively extending their hand toward the object and catching it (Spelke 

& von Hofsten, 2001). The reaching abilities learned in infancy give way to 

more complex reaching actions later in their development. During late infancy 

and throughout toddlerhood, children start picking up objects in accordance 

to the future goal of the object. Throwing a ball will require a different way of 

reaching and picking up the object than when that object ought to be placed 

into a bin (Claxton et al., 2003) or stacked (Chen et al., 2010). Moreover, 

reaching actions will be different depending on the difficulty of the task. This 

indicates a capacity to plan future actions in a prospective way using multiple 

steps (Gottwald et al., 2017). Instead of only reaching for an object to obtain 

the object, toddlers can now also use that object in order to attain a specific 

goal. That is, they are using objects as tools, such as picking up a hammer to 

put a peg into a peg-board (Kahrs & Lockman, 2014). 

The next chapter will describe how motor development has been linked to 

social perception and visual attention in an embodied manner.  
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IV Embodied cognition, social perception, 

and visual attention 

Social perception 
In the social perception domain, motor abilities have been deemed important 

for the perception, understanding, and prediction of actions performed by 

other people (Gredebäck & Falck-Ytter, 2015; Gredebäck et al 2010; 

Gredebäck et al., 2018; Kanakogi & Itakura, 2011; Kochukhova & Gredebäck, 

2010; Niedenthal et al., 2005; Melzer et al., 2012). In our daily lives, we are 

continuously predicting actions (a shift in looking to the goal of an action 

Gredebäck & Falck-Ytter, 2015), whether the action is a complex action or a 

simple action. Infants aged 6 months and up are also able to predict actions. 

When infants are able to perform a certain action, they are often able to un-

derstand the same action when observing someone else. When 6-month-olds 

have just learned to reach and grasp, proficient reachers have been found to 

be able to predict the goal of a reaching action to a greater extent than infants 

who have poor reaching skills (Kanakogi & Itakura, 2011). Woodward (1998) 

also demonstrated that infants aged 6 months were able to predict actions. In 

a habituation study, infants looked at two grasping events in the habituation 

phase. When the objects switched places, infants showed that they had repre-

sentations of the goal based on the relation between the hand and the goal. 

They would look longer to the reach event towards the new object in the old 

location than the old object in the new location. Subsequently, when infants 

are able to place objects into containers (i.e., at 12 months), they are able to 

predict these specific movements. Twelve-month-olds, but not 6-month-olds, 

were able to predict the movement of a human hand moving objects into a 

container but not the movement of an artificial hand (Falck-Ytter et al., 2006).  

Apart from infants being able to understand and predict what the goal of an 

action is, infants also possess the ability to understand whether the action was 

efficient or functional. When infants are presented with people using objects 

in functional and non-functional ways, infants make more predictive eye 

movements to the correct goal when the movement is functional. For instance, 

if a cup was being moved to the mouth, infants would fixate the mouth in a 

predictive way. However, when the cup was moved to the ear, infants found 

it difficult to fixate the non-functional goal (Hunnius & Bekkering, 2010). 

However, most of this evidence has been correlational in nature, and as 

such it is difficult to discern if the manual abilities are the source of the ability 
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to predict actions. Some studies have experimentally manipulated manual 

abilities in order to examine whether infant’s social perception abilities im-

prove. Sommerville and Hildebrand (2008) provided 10-month-old infants 

with active experiences with a tool. Some infants were given a cane in order 

to obtain an object that was not within reach. Other infants received observa-

tional experiences that were matched to the cane experiences. Similar results 

were found when infants were given experience with using a tool and then 

subsequently tested on their ability to understand the goal of the same type of 

action with the tool. These studies indicate that when an infant is in control of 

a certain action, it is able to understand that action in other people. 

Visual attention 

Infants’ motor abilities have also been found to relate to infant abilities in 

other domains. An example of this is the way infants attend to information. 

Needham (2000) suggested that infants who had learned to reach observed 

their own new movements and therefore were able to learn to use object fea-

tures to predict object boundaries. Needham (2000) demonstrated that 3.5-

month-old infants that were more active explorers were more able to distin-

guish two different objects. As infants develop their ability to reach and grasp, 

their visual attention changes. Infants at the age of 4-6 months, who do not 

have much experience with reaching, will look longer to larger objects while 

infants of the same age with more reaching experience will look longer to 

smaller objects (Libertus et al., 2013). Eppler (1995) also found an association 

between infant manual abilities and the attention to auditory and visual prop-

erties of objects. It was suggested that manual actions help infants focus on 

this new attentional information, which in turn helps infants with their future 

manual actions.  

When infants are able to sit by themselves, a new set of experiences has 

been made possible. Now, infants can start to reach for objects freely and they 

can manually explore those objects, as both arms are now free to move around 

and touch objects. This changes how infants perceive objects (Adolph & Ber-

ger, 2005; Rochat, 1992). Ross-Sheehy et al. (2016) conducted a study to ex-

amine how the ability to sit affects infants’ figure-ground segregation abilities. 

The ability to segregate meaningful objects from less meaningful objects is 

important, as it affects visual attention and learning. In their study, they found 

that infants aged 6.5 months who were able to sit on their own were better able 

to use symmetry as a cue to understand figure-ground segregation than their 

peers who could not yet sit independently. The ability to sit and the postural 

control associated with it also makes multimodal exploration possible. In a 

different study, Soska et al. (2010) found that sitting ability and coordinated 

visual-manual exploration predicted three-dimensional (3D) completion of 



 

 27 

objects. Multimodal exploration through coordinated visual and manual ex-

ploration provides infants with information about the depth of the object in 

both domains (see also Möhring & Frick, 2013).  

Manual experiences also affect more complex visual attentional abilities. 

The ability to perceive and process visual forms has been suggested to aid 

future understanding of geometrical information. In Schröder et al. (2020), 8-

month-old infants took part in an 8-week enrichment study in which explora-

tion based experiences were provided. These type of experiences were similar 

to the experiences infants would typically receive during typical development 

when reaching is facilitated. Infants with more exploration were found to pro-

cess visual forms to a greater extent than infants who did not take part in such 

a training. These new abilities could not be explained by general gains in at-

tention, suggesting that manual abilities continue to influence different types 

of attentional abilities (Schröder et al., 2020). Once infants become more mo-

bile and are able to craw and walk, their manual exploration in their environ-

ment causes changes in their attentional and perceptual abilities. Campos 

(2000), for instance, described research that demonstrates that infants who 

have become mobile attend to objects that are farther away than infants who 

are not yet mobile. This section demonstrates that once infants have achieved 

manual abilities, their new abilities provide them with new ways of exploring 

objects. They are enabled to explore objects more closely and learn about the 

object properties and the effects of object manipulation.  

The next chapter will describe what we have learned from studies that have 

attempted to train motor abilities. These studies examine the improvement of 

these motor abilities as well as the cascading effects in other domains. 
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V Training of reaching behaviours 

Over the years, training studies targeting motor development have been of 

great value. Not only do these studies inform us of how motor abilities arise 

and whether experience is necessary for a motor skill to develop (Cunha et al., 

2013, 2016; Lobo & Galloway, 2008, 2013; Needham, 2016; Needham et al., 

2002), they also provide a means of examining how children with develop-

mental delays can be helped (Libertus & Landa, 2014; Nascimento et al., 

2019; Soares et al., 2013). Lobo, Galloway, and colleagues provided infants 

with a 3-week training in which infants received enhanced reaching experi-

ences. The parents in these studies actively moved the infants’ hands to an 

object. Through such studies that provide scaffolded opportunities to infants, 

we now know that once infants are able to reach, other changes are observed 

in the way in which they interact with the objects surrounding them but also 

how they move their own bodies. From the onset of reaching, there are large 

increases in the amount of exploration that infants engage in (Lobo & Gallo-

way, 2008). Multiple studies have taught us that, for reaching to emerge, non-

reaching infants need experience with this particular movement and need to 

be able to interact with objects (Cunha et al., 2013, 2016; Heathcock et al., 

2008; Lobo et al., 2004; Lobo & Galloway, 2008, 2013). Similar to these stud-

ies, a different group of researchers has devised a training protocol that uses 

scaffolded learning in order to help reaching behaviours emerge sooner (Need-

ham, 2016; Needham et al., 2002). 

In 1963, a Kitten Carousel study was conducted that showed that active 

motor experience plays an important role in visual perception. Ten pairs of 

kittens grew up in a carrousel in which they were deprived of any visual input. 

The kittens could only observe the black and white stripes inside of the car-

rousel. Of each pair, one kitten could actively control their movements as they 

were placed in a yoke. With every movement the kitten made, the carousel 

would move and the subsequent effects of this movement could be observed. 

The other kitten was also placed in a yoke but could not move, and thus re-

ceived passive experience. The kitten that was allowed active motor experi-

ence was found to understand how their body moved in relation to a new sur-

face to a greater extent than the kitten that was not allowed active experience 

(Held & Hein, 1963; Needham, 2016). 

These findings were crucial for the invention of the sticky mittens training, 

which would quickly gain popularity. In the early 2000s, Amy Needham and 
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colleagues (Needham et al., 2002) were inspired by the improved bodily and 

visual interpretation of the active kitten. In order to examine how similar types 

of active experience might be translated to infancy research, they sought out 

to design a training in which infants received active and passive reaching train-

ing. Their aim was to examine whether a reaching simulation training could 

elicit reaching behaviours in infants in a pre-reaching period of life (Needham, 

2016; Needham et al., 2002; Libertus & Needham, 2010, 2014). Specifically, 

they targeted infants aged 3 months of age as these infants have been demon-

strated not to possess reaching skills (van der Fits et al., 1999; von Hofsten 

1984; Konczak et al., 1995). They fitted infants with mittens with soft strips 

of Velcro and gave the infants toys to play with that were covered in hard 

strips of Velcro. While sitting at a table, on their parent’s lap, infants were 

encouraged by their parent to swat the toys. With each intentional or acci-

dental toy-contact the toy stuck to the mitten. With only 10 minutes of training 

per day over a period of 14 days, Needham and colleagues demonstrated that 

infants spent more time reaching and grasping after training compared to when 

they started the training (Needham, 2016; Needham et al., 2002; Libertus & 

Needham, 2010).  

During the training, infants observe the effects of their own manual actions. 

Once infants have successfully touched the object, they are able to inspect the 

toy closer to their eyes, lift the toy, and move it around. Thus, infants learn the 

consequences of moving their hand towards an object. Infants have now en-

tered a period of intense learning about reaching, in which they will become 

motivated to repeat this movement and thus they will learn to reach sooner 

than they normally would. This repeated sequence in the training is thought to 

resemble reaching actions that infants would perform once they are ready to 

start reaching, but in a more concentrated manner. The assumed effects of 

sticky mittens training have been attributed to some types of contingencies 

that are learned (Needham, 2016, Needham et al., 2002). Haptic feedback 

(Williams et al., 2015) and parental encouragement (Libertus & Needham, 

2014) do not seem to be the contingencies that are crucial for the facilitating 

effects. However, the auditory feedback that infants observe in the training 

has been suggested to be important for the amount of learning during the train-

ing (Needham et al., 2017).  

The sticky mittens training effects have been suggested (and in some cases 

reported) to go beyond the improved reaching and grasping abilities. Facili-

tating effects have been found in the social perception domain. After only 3-4 

minutes of sticky mittens training, infants are able to understand actions per-

formed by other people (Gerson & Woodward, 2014a, 2014b; Sommerville et 

al., 2005). Moreover, infants are able to understand when someone performs 

an action efficiently (Skerry et al., 2013). A short sticky mittens training is 

sufficient to induce changes in the neural circuitry that encodes reaching ac-

tions (Bakker et al., 2016). Several explanations have been put forward for 
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why infants are able to understand these social situations. Proprioceptive ex-

planations, for instance, suggest that sticky mittens training might be giving 

infants cues that lets them understand they are intentional agents that can move 

their hand forward to obtain objects. With this realization comes a restructur-

ing of their representations, which results in an understanding that other peo-

ple are intentional agents as well (Gerson & Woodward, 2014a, 2014b; Liber-

tus & Needham, 2014; Sommerville et al., 2005). It has also been proposed 

that infants already possess the ability to understand other people’s actions 

before they learn to reach, yet they do not possess the ability to use this infor-

mation, as they are not mature enough to encode reaching goals. The process 

of learning to reach through the training enables them to encode reaching 

goals, which allows them to access the innate social perception information 

(Skerry et al., 2013). This has been named the teleological stance, which pro-

poses that infants have the ability to understand that actions are directed to 

goals (Csibra & Gergely, 2003). Related to this teleological stance, others 

have suggested an embodied theory of teleological processes. According to 

this theory, infants may be learning to encode the efficiency of others’ reach-

ing actions through observations of their own and others’ reaching actions. 

Deviations in these actions from the normally straight reaching paths may 

teach infants about efficient reaching. (Juvrud & Gredebäck, 2020; Liu et al., 

2019). 

The facilitating effects of sticky mittens training have also been found in 

the visual perception domain. After training, infants have been found to un-

derstand causality at an age when they typically cannot understand causal re-

lations. Moreover, a relation has been found between sticky mittens training 

and the ability to mentally rotate objects (Slone et al., 2018). Studies on visual 

attention have shown that infants will prefer looking at faces (Libertus & 

Needham, 2011) but also at objects (Libertus et al., 2016; Needham et al., 

2002). According to the active exploration explanation, lifting the sticky ob-

jects teaches infants about object properties (Libertus et al., 2016; Needham 

et al., 2002; Wiesen et al., 2016) and there is an opportunity to observe objects 

from different perspectives during sticky mittens training (Slone et al., 2018). 

Moreover, when infants can bring the toy (stuck on their mitten) to their face, 

infants may start paying more attention to objects and their own hands. This 

redistribution of attention expresses itself in changed looking behaviour (Bak-

ker et al., 2016; Rakison & Krogh, 2012; Sommerville et al., 2005).  

The next chapter will describe whether training studies are reliable in the 

context of the current replication crisis and difficulties that training studies 

have faced.  
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VI Can we trust training studies? 

Replication problem 
In 2015, an article was published that would change the way we conduct re-

search. A group of researchers attempted to replicate 100 studies from three 

different scientific journals. Studies were replicated using high-powered de-

signs and used the materials from the original studies. However, these repli-

cation attempts indicated that only 36% of these studies yielded significant 

effects in these replications. Unsuccessful replications may indicate important 

differences between studies, but they may also indicate insufficient theoretical 

understanding of the phenomenon as the original and replication studies may 

have produced false positive or false negative results, respectively (Open Sci-

ence Framework, 2015). 

Different (un)conscious sources have been put forward for this inability to 

replicate studies. Some have suggested that journals’ publishing requirements 

put researchers under pressure to publish only positive results (Ioannidis, 

2005). Just as problematic may be the questionable research practices that re-

searchers undertake, such as selective reporting and analysis and failure to 

report all conditions in the study. It has also been suggested that post-hoc hy-

pothesizing may also contribute to the replication problem as the original the-

ory-based hypothesis is lost (Kerr, 1998). 

Infant research is not exempt from this problem. Often, studies in this field 

have extremely small sample sizes, which leads to low statistical power. Sub-

sequently, we may observe more studies that report false positive results with 

lower sample sizes (Oakes, 2017). Of course, small sample sizes are due to 

the difficulty of recruiting such sensitive participants and difficulty of having 

infants complete the entire experiment. What may also add to the replication 

problem is that the setups used for specific paradigms often differ between 

laboratories, thus leading to a lack of methodological standardization (Frank 

et al., 2017). Additionally, Peterson (2016) demonstrated that infant research-

ers also take part in questionable research practices. It is not uncommon to be 

flexible with testing protocols, switch post-hoc explanations of results for con-

firmatory expectations, and analyse data before completion of data collection. 

Fortunately, large programmes have begun to examine the robustness and 

replicability of important phenomena in infant research in different contexts 

and age groups, while using different measurements. With the help of such 

efforts, the field may gain a broader understanding of these phenomena (Frank 
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et al., 2017). The advantage of larger replication projects, but also individual 

replication attempts is that it forces us to explain all the available data alto-

gether, regardless of whether the data fits our expectations. Even small devia-

tions from tasks and participant characteristics can provide information about 

the mechanisms of a specific phenomenon. Therefore, if replication attempts 

turn out to be negative, this does not necessarily nullify previous work. Rather, 

it makes us consider what the data as a whole are showing us (Kucker et al., 

2019). Hence, replication attempts are highly informative. 

Robustness of training studies 

In the last 20 years, there has been an enormous interest for training studies, 

both concerning adults and children. For instance, in the literature concerning 

executive functions, there are many reports of the gains in executive functions 

after training protocols. Whether it is through computerized or physical train-

ing, studies find that executive functions improve from pre-test to post-test 

(Diamond, 2013). Some studies even demonstrate transfer to untrained exec-

utive functions, albeit narrowly (Diamond & Ling, 2016; Wass et al., 2012).  

In the infant literature, there are examples of studies that aim to train infants 

on specific abilities, such as the reaching training protocols discussed in Chap-

ter V. Training studies specific to other motor abilities have also shown that 

daily practice can move up the emergence of standing (Sigmundsson et al., 

2017) or walking (Lobo & Galloway, 2008). These type of training protocols 

have also been used as a way to investigate the contribution of motor experi-

ences to infant cognition. Given that motor experiences are thought to be the 

foundation of further abilities (Gredebäck & Falck-Ytter, 2015), teaching in-

fants new abilities before they are able to naturally perform them gives us an 

opportunity to examine this relationship without relying on correlational 

work. Therefore, it is important that we know whether these type of studies 

are robust and can be trusted.  

As described in chapter IV, Schröder et al. (2020) demonstrated that a con-

dition with motor experiences and exploration improved 8-month-old infants’ 

ability to process visual forms, while the control training condition did not. 

The training, however, did not affect numerosity perception although these 

two behaviours are developmentally linked. Other examples can be found in 

studies that examine the effects of training infants on tool use. In these studies, 

infants are allowed to actively experience the use of a tool in order to obtain a 

goal (Gerson & Woodward, 2012). These training experiences were subse-

quently found to improve 10-month-old infants’ understanding of the goal 

when they observed a tool being used (Sommerville & Hildebrand, 2008). 

There is also some evidence that the younger the training is implemented, the 

more beneficial the training results are, and the more transfer there is to other 
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domains and tasks (Wass et al., 2012). These results show that there is some 

value in training studies.  

At the same time, there has been work that suggests that training studies 

may not be reliable. When these paradigms are examined in new contexts and 

with (slightly) different abilities, the results do not hold. There is little gener-

alization outside of what was studied. While Wass et al. (2011) found that 

attention training could improve cognitive performance on trained tasks. 

Baillieux et al. (2016) demonstrated that attention training could not be trans-

ferred to untrained attention and executive functions. This demonstrates that 

it is difficult for training studies to find consistent results. For studies to be 

considered valuable, it is important the training studies demonstrate consistent 

results but also that they generalize to different situations (Barnes et al., 2016; 

Stojanoski et al., 2020).  

Stojanoski et al. (2020) conducted a large study in which the effectiveness 

of a training protocol was examined. A large sample of people were included 

who had taken part in a brain training protocol over a period of five years. 

Cognitive abilities that are often investigated in infant research were exam-

ined, such as attention, reasoning, working memory, and planning. Unlike 

studies that find facilitating effects of a training protocol, Stojanoski et al. 

(2020) demonstrated that training protocols did not affect the previously de-

scribed cognitive abilities. Contrary to Wass et al. (2012), it was demonstrated 

that younger participants did not have better training outcomes than older par-

ticipants. However, note that these participants were all adults.  

Barnes et al. (2016) also conducted a large study in which the effect of 

training was examined. However, this time the sample consisted of pre-kin-

dergarten children. A sample of 518 4 and 5-year-old children took part in a 

training protocol in which mathematics and attention were trained in one con-

dition, mathematics in another condition, and no training in the final condition. 

Their findings demonstrated that training effects in children did not generalize 

to new contexts and abilities. The elements of the training that targeted math-

ematical abilities only affected mathematical scores. Similarly, attention train-

ing elements only affected attention scores, albeit weak. Dillon et al. (2017), 

who created a study in which a game-based curriculum was tested in pre-

schools, found similar results. Fifteen-hundred forty preschoolers were ex-

posed to a math intervention for 4 months. While gains were observed on the 

trained abilities and symbolic mathematics, the math game did not transfer to 

language learning and school mathematics. The effects of these training ele-

ments did not transfer to other abilities measured in these studies. Taken to-

gether with the idea that it is unclear how much training or maintenance is 

needed for single results and generalizable results (Diamond & Ling, 2016), 

caution is needed when interpreting training studies.  
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Aims of the thesis 

Being able to reach is one of the most important motor skills an infant will 

learn. Our hands are one of the ways in which we interact with objects and 

people in our environment (Adolph & Franchak, 2017). Through our hands 

we are able to pick up a glass of water, cook dinner, give other people instruc-

tions by pointing, and much more. However, our environment is not a static 

environment in which we are constantly attending to and reaching and grasp-

ing for one object at a time. In the dynamic world that we live in, reaching is 

a constant challenge during our lifetime, for both infants and adults. Often, 

objects are also hidden by darkness or occluded, thus making it difficult for us 

to obtain them. For instance, you might be trying to reach for a light switch in 

a dark room. We need to be able to predict where an object will be located and 

predictively move our hand toward the object. In cases where we can actually 

see the object, both infants and adults find it easier to execute a reach toward 

an object compared to when an object is difficult to locate (Hespos et al., 

2009). Thus, reaching is an important motor skill that continues to affect our 

daily lives. 

However, the influence of reaching does not stop at only being able to ob-

tain an object. This movement provides infants with an interactive interface 

with the environment (Smith & Thelen, 2003). Once the infant has success-

fully reached for an object, it is also able to learn from whatever the infant is 

holding. The previous chapters have demonstrated that motor abilities such as 

reaching give infants the opportunity to bring objects closer to their face. This 

new movement allows them to learn about object properties (Needham, 2000) 

and the consequences of manipulating an object. The effects of motor capacity 

go further than just this. Learning and exploration (Corbetta & Snapp-Childs, 

2009), cognitive functioning (Gottwald et al., 2016), social perception 

(Gredebäck & Falck-Ytter, 2015), and visual perception (Schröder et al., 

2020) are highly affected by motor abilities.  

Some studies have created paradigms in which reaching behaviours can be 

trained before they typically emerge (e.g., Needham et al., 2002). Although 

some sticky mittens studies show promising effects, there is still some scepti-

cism in the field about how this training works. It is unclear if (and how) in-

fants are able to learn to reach by means of a merely swatting Velcro objects 

with soft Velcro mittens on their hands. The use of mittens also does not ex-
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plain how infants are able to grasp objects if they never experience the move-

ment of closing their fingers around an object during the training, as the mit-

tens likely hinder this movement. Moreover, it is unclear how a training period 

of 140 minutes can bring about strong motor patterns given the knowledge 

that infants require extensive motor experiences for a motor ability to arise 

(Adolph et al., 2012). 

The aim of this thesis will be to understand whether this sticky mittens 

training, of which bold claims have been made (Gerson & Woodward, 2014a, 

2014; Libertus & Needham, 2010,2011,2014; Sommerville et al., 2005; 

Skerry et al., 2013), causes the effects that were previously reported. Given 

that the sticky mittens work spans the motor, social, and cognitive domain, the 

thesis will also aim to examine the idea of embodiment. If infants’ social per-

ception and cognitive functioning is indeed affected by bodily abilities, then 

the sticky mittens training should enhance social perception and cognitive per-

formance. However, if the theories of embodiment are incorrect, then the 

sticky mittens training should not affect social perception and cognitive per-

formance. 

In order to shed light on these aims and uncertainties in the sticky mittens 

work, the thesis starts with providing an overview of the sticky mittens work 

in Study I, as this did not exist at the time. Study II examines whether the 

sticky mittens training affects reach emergence and grasp ability at the age of 

3 months. Study III then examines whether motor abilities affect social per-

ception and visual attention at 3 months of age and when infants are 10 months 

old. This is done to examine whether long-term effects exist as was found by 

Libertus et al. (2016). 
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Methods 

General procedure 
This thesis consisted of three studies. Study I was a review of the sticky mit-

tens literature, in which all the existing literature on this paradigm was exam-

ined. This resulted in a critical assessment of the results prior to this thesis. 

Although the sticky mittens paradigm has been studied since the early 2000s, 

a review of the results did not exist. However, given the potential implication 

of the sticky mittens work for infant development, there was a real need for 

an overview of results. This overview also served as the first step in an evalu-

ation of the paradigm and its results. The aim of this review article was to get 

an overview of the sticky mittens effects. Effects in each domain were re-

viewed and reported separately.  

Study II and III reported on a project in which we attempted to replicate the 

sticky mittens work and examined whether these effects could be found using 

more detailed methodology. As a response to the replication problems in psy-

chology, pre-registrations have been put forward as a technique to combat 

questionable research practices (Open Science Framework, 2015). Following 

this line of thought, we pre-registered all parts of the experimental work in 

this thesis. Infants came to the lab at the age of 3 months (pre-test), 3.5 months 

(post-test), and 10 months (follow-up). Between the ages 3 and 3.5 months, 

they followed one of three training protocols: sticky mittens training, obser-

vational training, or no training. The sticky mittens training protocol simulated 

reaching behaviour using felt mittens and Velcro hook toys. The observational 

training protocol did not simulate reaching, but provided infants with visual 

observation of a parent moving objects in their visual field. The no-training 

protocol did not have an active or passive training and parents did not follow 

any training protocol. 

Whereas the original sticky mittens work focused on subjective behav-

ioural data, the current studies tried to replicate their findings using objective 

behavioural data (i.e., motion tracking technology) as this allowed for an ex-

amination of the microstructure of reaching and grasping. Note that the origi-

nal task (four-step reaching) in the studies by the Needham group was in-

cluded in the training studies to allow a fair replication of their results. The 

training study also assessed development outside of the motor domain. Using 

eye tracking technology we examined the effects of the motor training on ac-

tion prediction, action evaluation, face preference (attention to faces), visual 
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attention, approximate number system, and small forms perception. The data 

of the approximate number system and small forms perception were included 

to examine to what extent active motor experience would affect perceptual 

abilities, but these data were not analyzed or reported in this thesis. Study II 

reported on reaching and grasping development from pre-test (3 months) to 

post-test (3.5 months). Study III reported on the development of social per-

ception and visual attention. Table 1 shows an overview of the tasks in Study 

II and III. 

 

Table 1. 

An overview of all tasks in this thesis, including the time of assessment, and where the 
tasks are reported. 

Task Pre-test  

and  

post-test 

Follow-up Reported 

in study II 

Reported in 

study III 

4-step reaching X  X X 

Kinematic  X X X  

Face preference X   X 

Action  

prediction 

X X  X 

Action  

evaluation 

 X  X 

Free-viewing  X  X 

Approximate 

number system 

X X   

Small forms 

perception 

X X   

Participants 

Participants were recruited for one training study, of which the results were 

reported in two different studies. Ninety-six infants were recruited for Study 

II and III, combined. The sample size was determined by previous sticky mit-

tens studies that indicated that 18 infants per condition were sufficient to 

demonstrate an effect of sticky mittens training. This was further confirmed 

by a power analysis (G*Power; Faul et al., 2007) based on Libertus and Need-

ham (2010). The power analysis was based on the following statistics from 

Needham and Libertus (2010): a two-tailed alpha = .05, an F-statistic, and an 

effect size of d = 0.40. 
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However, in order to account for potential dropout and to increase power 

in general, we increased the sample size to 96 infants of which 32 were as-

signed to each of the three conditions. Infants followed one of three training 

protocols: sticky mittens training, observational training, or no training. In-

fants visited the lab for testing on three occasions to measure their progression: 

pre-test (3 months), post-test (3.5 months), and at the follow-up (10 months). 

The training study was a conceptual replication of all the sticky mittens work 

combined. Infants were required to be approximately 3 months old (+/- 2 

weeks). In the sticky mittens literature, different studies included different 

ages, ranging from approximately 2.5 months (Libertus & Needham, 2010) to 

approximately 4 months (Bakker et al., 2016). Given that Studies II and III 

attempted to replicate previous work as a whole, ages in the thesis were not 

matched to one particular sticky mittens study. 

Participants were recruited through the recruiting system of the Uppsala 

Child and Baby Lab. Information regarding infants’ births was collected at the 

tax agency and letters were subsequently sent to all infants’ parents when their 

child was 2 months old. Parents were asked if they were interested in partici-

pating in studies at the Uppsala Child and Baby Lab. After they expressed 

their interest, parents were contacted when their child was approximately 3 

months old and asked if they were interested in participating in a training 

study. All parents were informed of the purpose of the study and that the study 

consisted of three visits. During this first contact, in a follow-up email, and at 

the first visit, parents were given full information about the procedure of the 

study and the training protocol. Before the initial contact with the parent, par-

ticipant numbers were randomly assigned to one of three training conditions 

using a random number generator that ensured equal groups. Each new parent 

that was contacted was given the next entry on the participant list, which de-

termined their condition assignment. Ethical approval was obtained from the 

local ethics review board, in accordance with the 1964 declaration of Helsinki. 

After each visit to the lab, infants received a gift card worth €10. 

Once infants had been recruited and came to the lab for their first visit, no 

infants were excluded from the study. This was done adhere to the intent-to-

treat protocol with the goal to avoid bias caused by unbalanced groups when 

infants did not complete the training. Two infants were born prematurely, one 

in the sticky mittens condition and one in the no training condition. However, 

their data did not change the results pre-test, post-test, and at the follow-up. 

Due to the intent-to-treat protocol, data were not excluded when infants did 

not complete the training or did not return for some of the visits. Post-test one 

participant from the observational condition did not compete the training. One 

participant from the sticky mittens condition and one participant from the ob-

servational condition did not take part in the post-test measurements. Due to 

technical problems, the data of one participant in the sticky mittens and one 

participant in the observational condition were lost.  
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Table 2. 

Infants’ ages at pre-test, post-test, and follow-up.  

   Pre-test Post-test 10 months 

Condi-

tion 

fe-

male 

Train-

ing du-

ration 

(min) 

N Age 

(weeks) 

n Age 

(weeks) 

n Age 

(weeks) 

Sticky 

mittens 

15 89.57 

(41.56) 

32 13.36  

(1.49) 

31 15.60  

(1.44) 

30 34.75  

(8.35) 

Observa-

tional 

19 94.93 

(41.73) 

32 13.39  

(1.50) 

30 15.58  

(1.63) 

25 32.94  

(10.28) 

No train-

ing 

17 -- 32 13.14 

(1.39) 

32 15.12  

(1.70) 

31 31.39  

(10.72) 

Note: Standard deviations are included in parentheses. 

Pre-registration 

The pre-registration consisted of two parts, of which the first part pre-regis-

tered the measures from pre-test to post-test and the second part pre-registered 

the measures at the follow-up at 10 months. This divide was made to separate 

the replication of the manual effects (part one) from the attentional and social 

perception effects (part two). Note however that both pre-registrations were 

completed and uploaded before any of the corresponding data were looked at 

and analyzed. 

In the first pre-registration, the measures from pre-test to post-test were 

pre-registered with clear predictions based on previous sticky mittens work. 

This pre-registration was done at the Open Science Framework 

(osf.io/hx6ma). Here, we predicted that infants in the sticky mittens condition 

would show larger improvements in the number of movement units, time spent 

reaching and grasping, grasp aperture, grasp timing, face preference, and look-

ing to objects, compared to the other two conditions. In the second pre-regis-

tration we only registered the eye tracking tasks and measures regarding social 

perception and visual attention. We refrained from making predictions for 

these tasks and only outlined how the data would be analyzed. However, note 

that this did not involve an analysis plan and only referred to the original arti-

cles of the tasks. This pre-registration was done at AsPredicted (bit.ly/3CI-

mOwp). The tasks that were pre-registered were action prediction, action 

evaluation, visual attention, approximate number system, and small forms per-

ception.  

In Study II, we deviated from the pre-registration in the following manners. 

Linear Mixed Models were going to be computed on the number of movement 
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units, grasp aperture, grasp initiation, time spent reaching and grasping, and 

the preference for faces. However, due to previous experiences with reviewers 

not being able to understand the results from the Linear Mixed Models and 

our aim to make this report on the sticky mittens easy to understand, we devi-

ated slightly from this part of the pre-registration. The Linear Mixed Model 

results were reported in the supplementary analyses of Study II. Equivalent 

analyses, Analyses of Variance (ANOVAs) that guaranteed that most people 

would understand the results were reported in the thesis. Note that both anal-

yses yielded identical outcomes. In Study III, there was one deviation from 

the registered analyses. The approximate number system and small forms per-

ception tasks were excluded from the report. 

Training protocol 

The infants in this study took part in a motor training that specifically focused 

on training their reaching abilities (Figure 1). Infants were given a pair of soft, 

felt mittens and three sets of Duplo blocks (4.5 x 4.5 x 4.5 cm). One set con-

sisted of one block, another set of two blocks, and the final set consisted of 

three blocks. All blocks were made to rattle such that the training would give 

auditory contingent feedback (Needham et al., 2017). On their first visit to the 

lab, parents were given instructions about either the sticky mittens training or 

the observational training, according to their condition assignment. Parents 

were instructed to follow the training protocol every day for 10 minutes over 

a period of 14 days. This instruction was given orally (accompanied with a 

short demonstration) and on paper. They were also informed about the video 

conference that would take place during this period in order track whether they 

were following the training correctly and to give the parents the opportunity 

to ask questions regarding the execution. A small group of eight parents took 

part in the video conferences. Klaus Libertus, who previously conducted sev-

eral sticky mittens studies, led these conferences. His expert opinion did not 

indicate any problems during training. Parents were also given a logbook that 

was to be filled in after each training session. This allowed us to check how 

often and how long parents trained their infant.  

In the sticky mittens condition, the blocks that the infants received had 

strips of Velcro hook attached to them. This would ensure that, when infants 

accidentally touched the blocks, their mitten would be stuck to the blocks. 

During the training, the infant was seated on the parent’s lap at a table. The 

parent was asked to make sure that the infant’s waist and trunk were properly 

supported and that they could easily and comfortably reach for the blocks. The 

parent started the training by putting the mittens on the infant’s hands. After-

wards, they placed the first set of blocks on the table while making sure that 

the infant could touch it when the hands moved toward the block. The parent 

started the first training sequence by pointing at the block and simultaneously 
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attracting attention to it verbally. Parents were also allowed to tap the block 

on the table. This was done to encourage the infant to move the hands such 

that they would accidentally touch the block. Each training session started 

with the parent demonstrating the use of the mittens and the blocks, by taking 

their infant’s hand and moving it to the block. After this demonstration, par-

ents were not allowed to physically help the infant anymore. When the infant 

successfully touched the block, the parent was instructed to praise the infant 

and allow exploration of the block for 10 s. The sequence was repeated until 

3-4 minutes elapsed. Afterwards, the parent continued with the next set of 

blocks until all sets of blocks had been trained with. 

In the observational condition, the blocks resembled the ones in the sticky 

mittens condition, only we stuck electrical tape to the blocks. Therefore, in-

fants had similar visual experiences but the effective element of the blocks 

was removed. Parents were instructed not to let their infant act on the blocks 

independently. The parent and the infant were both sitting at a table with the 

infant on their lap, while proper trunk and waist support was given. The first 

set of blocks was placed in front of the infant again, but this time the parent 

attracted attention to the block, brought it to the level of the infant’s eyes, and 

brought it back down on the table again. Then the block was moved back to 

the eyes, which was followed by moving the block to the hand (covered with 

a mitten). Subsequently, the block was placed back on the table and the se-

quence was repeated, but this time the block was moved to the other hand. 

Parents alternated the hand to which the block was moved until 3-4 minutes 

elapsed. Afterwards, the entire sequence was repeated with the next sets of 

blocks.  

In the no-training condition, infants do not take part in a training in between 

assessments. 
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Figure 1. Images showing the sticky mittens training (a) and the observational training 
(b). Materials in these images were used in the training. 

Tasks 

Four-step reaching 
Given that this study was a replication of the original sticky mittens work con-

ducted by the Needham group (e.g., Libertus & Needham, 2010), we opted to 

use the exact task they previously used. Infants completed this task when they 

first came to the lab for pre-testing and when they returned for post-testing. In 

the four-step reaching task (Figure 2), the infant was seated at a table, while 

the experimenter incrementally moved a round rattle (diameter = 10 cm) to-

ward the infant. There were four different steps in this task: out of reach, 

within the reaching space but at the farthest end, within the reaching space but 

close to the body, and in the infant’s hand. The four steps were considered 

four trials that all lasted 30 s and started by attracting attention to the rattle. 

Data were coded in video coding software (Datavyu Team, 2014) by a 

trained observer. The coding scheme was identical to the one used by Libertus 

and Needham (2010). Step one (out of reach) was used to create a score of 

attention whereby the duration of looking to the toy, experimenter, and the 

room were coded from the video recordings. The percentage of time the infant 

engaged in these behaviours was calculated. Similar behaviours were coded 

for step four (in hands) and used to calculate the number of times infants 

looked at the toy. Steps two and three (within reach but far away and close by, 
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respectively) were used to create a score of the time the infants spent reaching 

and grasping the toy. Video recordings were coded for the following behav-

iours: forward extensions, touching the toy, grasping the toy, lifting a corner 

of the toy in the air, lifting the whole toy in the air, and exploring the toy. The 

percentage of time the infant spent on these behaviours was used to represent 

the measure time spent reaching.  

 

 
Figure 2. Example of the four-step reaching task, in which the experimenter (dark 
blue) moved a toy incrementally towards the infant (light blue). Step I measured at-
tention, step II and III measured reaching and grasping, and step IV measured atten-
tion while holding the toy. 

Motion tracking task 

The motion tracking task measured reaching and grasping with more sophis-

ticated and detailed measures than the four-step reaching task. We opted for 

this type of task because it allowed a conceptual replication with different 

measures compared to the four-step reaching task. In the motion tracking task, 

infants were seated at a table on their parent’s lap. The experimenter placed a 

cylindrical toy (height = 12 cm, diameter, 1.5 cm) on a board (33 x 39 cm) 

and slid the toy and the board forward (Figure 3). The toy was a plastic, dec-

orated stick with a finger puppet attached to it. Bells were attached to and 

inside the toy to make it rattle upon touch. We placed motion tracking sensors 

on the toy and hand (Figure 4) in order to track the location of the toy and 

hand at all times. The movement of the board stopped approximately 15 cm 

from the infant, as this was the distance at which the infant could comfortably 

reach for the toy. The board remained in front of the infant for 30 s, before it 

was pulled back. Given that infants tend to have short attention spans in ex-

periments, we chose to have eight forward and backward movements (i.e., 
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eight trials) in order to get as much data as possible without exhausting the 

infants. 

 

 
Figure 3. Illustration of the motion tracking task. First the experimenter (dark blue) 
placed the object on the white board, which was then slid forward toward the infant 
(light blue). After 30 seconds, the board was slid back to the experimenter. 

 

Figure 4. Example of sensor placement. 

In the analysis, we used the movement of the board toward the infant to mark 

the start of a trial, while a movement away from the infant marked the end of 

a trial. This movement could be observed in the video recordings that we used 

as a first indication of the trial time stamps and in the motion tracking data to 

identify the corresponding time points in the motion tracking data. To make 

sure that the hands of the infants always started reaching from the same posi-

tion, we asked the parent to hold their infants’ hands at the edge of the table 

until the board arrived at the designated location. In the case that the infant did 

not cooperate, we repositioned the infant such that the arm was in the right 

position while making sure the infant could still look at and reach for the toy 

comfortably. Parents were asked to draw attention to the toy and encourage 

continuous reaching without interference. 

In order to analyze this data, we started by coding the video recordings of 

the task to get the precise timings of when the reach occurred and how long 
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its duration was. In frame-by-frame software (Qualisys Track Manager; ver-

sion 2019.2, Gothenburg, Sweden), we coded the time points when the exper-

imenter moved the board forward and back, as these movements indicated the 

start and end of the trial, respectively. The video frame before and after the 

start and end of the trial was coded. Once these time points had been coded, 

they could be used to locate the corresponding trials in the continuous motion 

tracking data. From the video recordings, we also coded the first continuous 

movement in the direction of the object. This movement was required to be in 

one uniform direction, it had to start 5 cm or more from the object, and it had 

to end in object-contact. The video frame before movement initiation and the 

video frame before object-contact were coded as the start and end of the reach. 

Although infants made several of these types of movements within a trial, only 

the first movement in each trial was taken as the reach of that trial. It was 

highly likely that the subsequent reaches in the trial would not be goal-directed 

reaches, as infants tended the slap the toy several times after the first reach. 

Subjective judgments would be needed to determine whether these move-

ments counted as a reach. Taking the first reach movement allowed for a more 

objective assessment of the data.  

After these reaches were coded in the video recordings, the timestamps 

were used to find the same reaches within the trials in the motion tracking 

data. The analysis tool Timestudio (version 3.19, Nyström et al., 2016) was 

used to preprocess the motion tracking data. The steps taken for preprocessing 

were based on prior research in our lab (Gottwald et al., 2017; Grönqvist et 

al., 2011). First, data filtering was started on x-y- and z- coordinates of the 

position data using a five-sample moving average filter. The next step was to 

calculate 3D velocity using Pythagoras’ theorem using the following equation: 

velocity3D = sqrt(velocityX2 + velocityY2 + velocityZ2). This 3D velocity was 

then filtered with a five-sample moving average filter.  

The motion tracking task resulted in three reaching variables: the number 

of first reaches, reach duration, and the number of movement units per second. 

Given that the motion tracking data were segmented based on the video re-

cordings, the data corresponding to these variables could be easily identified. 

The number of reaches was calculated by counting the number of trials that 

contained a reach. The reach duration was defined as the time between the 

start and the end of the reach. These measures allowed us to examine the effect 

of training in a similar fashion to Needham et al. (2002). It was also assessed 

whether reaches became smoother from pre-test to post-test. The smoothness 

of the reach was represented by the number of movement units. Less move-

ment units indicated smoother reaching. The movement unit was computed by 

detecting an acceleration phase followed by a deceleration phase in the veloc-

ity profile of the identified reach (von Hofsten, 1991). In order to find move-

ment units, the Timestudio tool (Nyström et al., 2016) was set to use several 

parameters, such as a minimum distance of 2.3 cm between movement unit 

peak and neighbouring minima and no minimum height or size for the peak of 
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the unit compared to neighbouring peaks. Moreover, a small peak was ignored 

if the distance between a peak and this smaller peak was less than one sample. 

Small peaks that were biologically implausible or one sample or less were 

combined to create one movement unit. This helped reduce the amount of 

noise in the data (Gottwald et al., 2017). After the movement units were de-

tected, the number of movement units per second was calculated as the varia-

ble. On all variables, the measure in each trial was averaged to create a single 

measure for the respective variable. 

The motion tracking task also resulted in three grasping variables: grasp 

aperture, grasp aperture before touch, and grasp aperture after touch. The dis-

tance between index finger and thumb (von Hofsten & Rönnqvist, 1988) at 

the end of the reach (i.e., object-contact) was taken to assess whether the infant 

grasped with open or closed hand (von Hofsten, 1984). Improvements in 

grasping could only be detected when the difference between the two fingers 

(i.e., the grasp aperture) changed from pre-test to post-test. These results 

would be similar to the natural grasp improvement observed in von Hofsten 

& Rönnqvist (1988). The single grasp aperture measure could not be used to 

infer how well infants could grasp at that moment, as it only indicated how 

much they opened their hand.  

In order to examine whether infants predictively planned their grasp or 

grasped after object-contact (von Hofsten & Rönnqvist, 1988), the distance 

between the index finger and thumb was examined. When extracting the mo-

tion tracking data for this variable, a minute was added to the timestamp of 

the end of the reach. This allowed us to segment the second before object-

contact and the second after object-contact to examine the predictive nature of 

the grasp. In these two time windows, the distance between the index finger 

and thumb was calculated. If we observed a difference between training con-

ditions in the second before touch, this would imply that one condition’s train-

ing taught infants to prepare their grasp during the reach.  

In this measure, we measured whether infants adjusted their hand to the 

size of the object before they touched the object. A decrease in the distance 

between index finger and thumb was expected before the hand touched the 

object, as this would imply that infants predicted how to reach for the object. 

A larger difference from pre-test to post-test in the sticky mittens condition 

would indicate that the training affected this prediction. Similar findings in the 

second after object-contact would imply that one condition had larger effects 

after arrival at the object. All calculations in each reach were averaged to cre-

ate a single measure for the respective variable. 

Eye tracking tasks 

Face preference 

Visual attention to faces was measured through a face preference task (Figure 

5). This task was included in order to replicate the findings in Libertus and 
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Needham (2011) who used face stimuli from the NimStim database (Totten-

ham et al., 2009). The face preference task measured whether infants preferred 

looking at faces or objects by showing them images of faces and toys in a side-

by-side presentation. There were eight trials in which pairs of faces and toys 

were presented for 5 s. The side-by-side images were the two areas of interests 

(AOIs) in this task (21.5 x 17.7 visual degrees). In order to create the score 

that indicated the face preference, we subtracted the percentage of looking 

time to the toy from the percentage of looking time to the face. Scores from 

each trial were collapsed, with positive values indicating a preference for look-

ing at faces (Libertus & Needham, 2011). 

Figure 5. Example of the face preference task in which a toy and face were presented 
side-by-side (Libertus & Needham, 2011, adapted with permission) 

 

Free-viewing 

Visual attention to objects was measured through a free-viewing task (Figure 

6). This task was added in order to measure attention to objects without forcing 

infants to choose between either a face or an object. The free-viewing task 

allowed us to examine infant attention in a less restricted manner and in a way 

that resembles the complex and real world more closely (Clerkin et al., 2017; 

van Renswoude et al., 2019b). The free-viewing allowed a more natural way 

of assessing what infants attend to in images. This task allowed an extraction 

of measures similar to those used in Libertus and Needham (2010). Twenty-

nine indoor images that depicted everyday scenes were presented for 8 s. Im-

ages were taken from van Renswoude et al. (2019b) who selected stimuli from 

the Object and Semantic Images and Eye-tracking Database (Xu et al., 2014). 

There were no animals or humans in the images, as this might interfere with 

their looking (Frank et al., 2009; Tipples et al., 2002). Around the entire object 

(46.5 x 27.5 visual degrees) and objects in the images, AOIs were created. 

Looks at these AOIs resulted in three measures: total look duration to objects, 

number of fixations on objects, and proportion of looking duration to objects 

(van Renswoude et al., 2019b). The scores in each image were collapsed into 

one score for each variable. 
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Figure 6. Example of the stimuli in the free-viewing task 

 

Action prediction 1 

Previous research in the sticky mittens field examined social perception using 

habituation-based action understanding tasks (e.g., Sommerville et al., 2005). 

However, employing these type of tasks can be tiring for infants. Therefore, 

we chose eye tracking tasks that tapped into the same processes. Action pre-

diction is part of the timeline in which infants perceive actions performed by 

others. In both cases, the goal of the action has to be identified, but the habit-

uation requires an evaluation of the action in hindsight while action prediction 

requires a prediction of the action while it is happing (Gredebäck & Daum, 

2015). Action prediction was measured through two different types of eye 

tracking tasks. The first task (Figure 7) consisted of two videos in which a 

single person was eating out of a bowl. First, a woman sat at a table, waved to 

the infant, and attracted the infant’s attention to the spoon by looking at it and 

saying ‘Oh’ (13 s). Then, a black screen was shown with an accompanied 

sound (1.23 s), after which the woman picked up her spoon, moved it to the 

bowl of food, and moved the spoon and food to her mouth. This was repeated 

two more times (12.25 s). The two videos resulted in six trials of eating ac-

tions. The AOIs were defined as the bowl (14.0 x 13.0 visual degrees) and the 

mouth (14.8 x 10.4 visual degrees).  

Infants had to look at the bowl while the spoon moved to the bowl, then 

infants had to look at the mouth when the spoon moved away from the bowl 

and into the mouth (Gredebäck et al., 2018). Each trial started with the hand 

and spoon near the bowl, initiating a movement to the mouth. We measured a 

gaze shift from the bowl to the mouth that occurred in a particular time win-

dow: from the time the spoon leaves the bowl-AOI (4 seconds after the trial 

starts) until 1 second after the spoon enters the mouth AOI.  

We calculated the timing of the look in the mouth-AOI by subtracting the 

time when the spoon entered the mouth from the time when the infant looked 

at the mouth. A predictive look was indicated by a negative value, suggesting 

that infants looked at the mouth-AOI before the spoon entered this AOI. A 

positive value indicated that the infant looked at the mouth-AOI after the 

spoon arrived at this AOI. All latency values were combined into one value. 
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Figure 7. Example of the action prediction 1 task (reproduced from Gredebäck et al., 
2018). 

 

Action prediction 2 

Action prediction (Figure 8) was also measured with a video of a person plac-

ing toys into a bucket (13.5 s). In each video, there were three trials, which 

resulted in 18 trials, as the video was shown 6 times. The bucket (16.2 x 15.2 

visual degrees), the goal (14.1 x 14.7 visual degrees), and the trajectory area 

(24.7 x 19.9 visual degrees) were identified as the AOIs. After fixating the 

toys after the first 200ms of toy movement, the infant was then obligated to 

fixate the bucket. A look was counted as valid when the infant looked at the 

object-AOI before looking into the goal-AOI. The dependent variable was the 

time when the infant looked at the bucket minus the time when the toy entered 

the bucket AOI. All latencies from the 18 trials were combined into one la-

tency. Although a predictive look in action prediction 1 was indicated by a 

negative number, action prediction 2 resulted in a positive number. Thus, a 

positive number indicated that the infant looked at the goal-AOI before the 

object arrived at the goal-AOI. A negative number indicated that the infant 

looked at the goal-AOI after the object arrived in the goal-AOI. We decided 

not to change this as we pre-registered that measures and variables would be 

identical to their original papers. In addition, we calculated a ratio measure 

that measured looking duration to the bucket relative to looking duration to 

the trajectory and bucket combined. 

 

 

Figure 8. Example of the action prediction 2 task 
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Action evaluation 

Action evaluation (Figure 9) was included because, similar to action predic-

tion, it relates to the previously used habituation-based action understanding, 

without relying on looking time tasks that can be boring to infants (Gredebäck 

& Daum, 2015). To measure infants’ social perception abilities, we also meas-

ured their ability to detect actions that were not rational (i.e., action evalua-

tion). Infants were presented with videos of three feeding actions that were not 

rational. One person scooped up some food with her spoon and moved the 

food to the other person’s hand, which was located on the table. The recipient 

subsequently moved her head to her hand and started eating the food from the 

back of her own hand. When the recipient asked for more, the trial started 

again (Gredebäck & Melinder, 2010). This sequence was shown 18 times in 

total. The video was divided into two phases of interest that were 4 s each. 

The main variable was the difference between the size of the pupil in phase 

one and the size of the pupil in phase two. To calculate this measure, pupil 

sizes were first inspected. If these sizes were between 2.5 mm and 5.5 mm, 

they were included in the analysis. If the difference from one sample to the 

next sample was larger than 1 mm, these sizes were excluded. Gaps in the data 

were linearly interpolated with a 10-sample moving average filter if there were 

gaps of less than 10 samples (Gredebäck et al., 2018). 

 

Figure 9. Example of the action evaluation task (adapted with permission from 
Gredebäck & Melinder, 2010). 

 

Questionnaires 

At each visit, we asked the parents to fill in some questionnaires. The Early 

Motor Questionnaire (EMQ; Libertus & Landa, 2013) measured general mo-

tor development in infants from the age of 2 months. We added this question-

naire in order to gain more knowledge of infant motor development, as it can 

already show motor abilities in infants aged 2 months (Libertus & Landa, 

2013). This questionnaire was reported in Study II, but administered at each 

visit. The EMQ measured gross and fine motor skills and action-perception 

abilities. The three scales resulted in three separate scores. Several items on 

the three scales could be combined to create a composite score for reaching 

skill, by combining two gross motor items, 19 fine motor items, and 10 action 

perception items. Libertus and Landa (2013) suggested this score to be 
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stronger than individual scales. Parents also filled in a language development 

questionnaire (Swedish Communicative Development Inventor III, CDI-III; 

Eriksson, 2017) at each visit. At the follow-up at 10 months, parents also filled 

in a temperament questionnaire (Rothbart, 1981) in case we were interested in 

adding executive functions tasks and additional exploratory analyses of tem-

perament. However, given the results of Study II, these two questionnaires 

were not further pursued, as it was more important to clarify the existing re-

sults. 

Assessment procedure 

Infants came to the lab at the age of 3 months (pre-test), 3.5 months (post-

test), and 10 months (follow-up). Between age 3 and 3.5 months, parents were 

instructed to follow a training protocol: sticky mittens training, observational 

training, or no training. Before the first session (pre-test), parents were given 

instructions on the entire training study, the training, and the specific tasks. 

After this first visit, parents were given the materials for training, written in-

structions, and a short demonstration. Pre-test and post-test, infants were first 

assessed on two manual reaching tasks: the four-step reaching task (Libertus 

& Needham, 2010) and a motion tracking task. This was followed by eye 

tracking tasks. At these two sessions, the infants were presented with the face 

preference task, the approximate number system and small forms task, and the 

action prediction 1 task. At the follow-up, infants started with the motion 

tracking task, as the four-step reaching task has only been done with infants 

around 3 months of age. Subsequently, they took part in a prospective motor 

task, which was not analyzed. Afterwards, the infants were presented with the 

following eye tracking tasks: free-viewing, action prediction 2, action evalua-

tion, approximate number system, and small forms perception. The presenta-

tion of these tasks was divided into two sets of presentations to allow for short 

break if necessary. In the first set, the free-viewing stimuli, approximate num-

ber system, and small forms perception stimuli were alternated. In the second 

set, the remaining free-viewing stimuli, action prediction 2, and action evalu-

ation were alternated. Stimuli were alternated to keep the infant engaged in 

the tasks. After each visit to the lab, parents filled in questionnaires regarding 

motor development (EMQ, Libertus & Landa, 2013) or language development 

(CDI-III; Eriksson, 2017) which will be used by a collaborator in a report out-

side of this thesis.  
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Apparatus 

Motion tracking 
Motion tracking technology was used to record how infants were reaching and 

grasping. The Ascencion trakSTAR (Waterloo, Canada, 80 Hz) allowed us to 

track the movement of the hand while simultaneously tracking the thumb and 

index finger separately. In contrast to other motion tracking systems, the As-

cension trakSTAR’s sensors were wired. To prevent infants from being dis-

tracted by these wires, we sewed the wires into a sweater all the way through 

the hand opening. This also made the placement of the sensors faster and eas-

ier. During testing, infants wore this sweater and we taped the sensors to their 

thumb and index finger with surgical tape. Note that care was taken to avoid 

that the tape was secured too tight such that the infants could still naturally 

move their fingers. There were two small sensors (2 mm) that captured the 

reaching and grasping behaviours of the two fingers. One sensor was attached 

to each finger. Two larger sensors (7.9 mm) were attached to the motion track-

ing objects, one sensor to each object. A video camera was used to record the 

infants’ behaviour during the motion tracking task, in order to visually track 

the motion tracking task.  

Eye tracking 

Two eye trackers were used to measure infants’ gaze during the eye tracking 

experiments throughout the longitudinal study. The X2-60 Eye Tracker (Tobii 

Technology AB) recorded gaze at 60Hz during the tasks at 3 and 3.5 months. 

The X3-120 Eye Tracker (Tobii Techology AB) recorded gaze at 60Hz at the 

follow-up at 10 months. Infants were seated on their parent’s lap, 60 cm away 

from the presentation screen. A 5-point calibration procedure preceded stim-

ulus presentation (Gredebäck et al., 2010).  

Data analysis 

Study I 
In Study I, a review was conducted of the sticky mittens work. Given that there 

was a limited number of sticky mittens articles, studies were found through 

searching recent sticky mittens studies. Additional internet searches were con-

ducted to find unknown published studies, but this did not result in additional 

articles. Studies were included if they employed the sticky mittens training. 

Studies that used this training in combination with other training were ex-

cluded if the isolated effect of sticky mittens could not be examined. There 

were 17 studies that used the sticky mittens paradigm, prior to the studies con-

ducted in this thesis. These studies discussed effects in the motor domain (n = 

7), social perception domain (n = 5), visual perception domain (n = 2), visual 
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attention domain (n = 8), and developmental disorders (n = 2). The articles 

reporting motor effects overlapped with the attentional effects (n = 7). A di-

vide was made between the work that focused on motor improvements, social 

perception, attentional and perceptual improvements, and atypical develop-

ment. Moreover, proposed mechanisms and future directions were described. 

Study II 

Due to the pre-registered analyses and predictions, the results in Study II could 

be divided into confirmatory and exploratory analyses. The confirmatory anal-

yses were conducted following the pre-registration, except for the small devi-

ations. No data were excluded from analyses based on performance. In the 

presence of outliers (3 standard deviations), analyses were repeated without 

these outliers in order to check how robust the results were. For each variable, 

the analyzed data from the motion tracking task were based on all first reaches 

in each trial and collapsed into one variable. The analyses were written and 

ran in R (R Core Team, 2018). 

The confirmatory analyses were 3 x 2 ANOVAs, with condition (sticky 

mittens, observational, and no training) as the between subjects factor and 

time (pre-test and post-test) as the within subjects factor. These analyses were 

conducted on the following variables: the time infants spent reaching and 

grasping (in the four-step reaching task), the number of movement units per 

second, grasp aperture, grasp aperture before touch, and grasp aperture after 

touch (in the motion tracking task). The analyses examined main effects and 

interactions.  

In the exploratory analyses, we examined extra variables that were reported 

in previous sticky mittens work: reach duration and number of reaches. These 

variables were examined with 3 x 2 ANOVAs with condition as a between 

subjects factor and time as a within subjects factor. The same ANOVA was 

carried out on the reaching composite score of the EMQ and its three separate 

scales in order to examine behaviours that were not related to the tasks in this 

study. 

We examined a potential dose-response relation with the dependent varia-

bles using Pearson’s correlations, as the training gains may have been effected 

by the amount of training. The influence of training duration was also assessed 

by repeating the analyses with only the infants that trained for at least 60 

minutes. Both analyses did not show an effect of training duration. Overall 

reaching abilities were further explored using correlation analyses between 

the number of movement units and the duration of reaches. Previous work had 

indicated that long reaches tended to consist of more movement units (Mathew 

& Cook, 1990). 

The relation between reaching and grasping was also examined as this may 

have given information about reaching development regardless of condition. 

A distinction was made between fast reaches (good reaches) and slow reaches 
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(poorer reaches) using a median split, and correlation analyses were conducted 

on this data and grasp aperture pre-test and post-test. Correlation analyses 

were also conducted between reaching and grasping variables. Pre-test and 

post-test, individual differences were also examined in order to understand 

how specific reaching and grasping characteristics develop regardless of train-

ing. Finally, the stability of the current measures was examined from pre-test 

to post-test (regardless of condition) using correlation analyses on reach dura-

tions, number of movement units, and the EMQ scores. Within-trial stability 

was also assessed between the first two reaches of the infants with correlation 

analyses on reach durations and number of movement units. 

Study III 

Study III did not have confirmatory analyses, as there were no pre-registered 

predictions. However, the analyses of the tasks followed the preprocessing 

steps in their respective and original studies. In the presence of outliers (ac-

cording to the original articles from which the tasks were taken), analyses 

were repeated without these outliers in order to check how robust the results 

were. The data were pre-processed and analyses were ran in R (R Core Team, 

2018). 

In order to be able to conduct analyses, we required that each trial in each 

task consisted of at least two data points (i.e., two fixations). Analyses were 

started by examining overall performance using single sample t-tests against 

zero. In the action prediction 2 task, two different thresholds were used. For 

the prediction measure, the t-test was performed against zero whereas the 

same analysis was performed against 0.2 for the looking time measure. The 

latter was the value (0.2 s) that would be expected if the infants were tracking 

the hand until it reached the goal-AOI, because the infant would be 0.2 s be-

hind the movement (Falck-Ytter et al., 2006). Afterwards, ANOVAs were 

conducted from pre-test to post-test on the variables in the following tasks: 

four-step reaching (attention: step 1 and step 4), face preference, and action 

prediction 1. In these analyses, condition was the between subjects variable 

and time was the within subjects variable. The data at the follow-up (action 

prediction, action evaluation, and free-viewing) were analyzed using ANO-

VAs with condition as the between subjects variable. If interaction effects 

were significant, these were further examined using TukeyHSD tests. 
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Study I – Review of the sticky mittens work 

Study I aimed to provide an overview of the sticky mittens work. Since the 

first study by Needham et al. (2002), many studies had been conducted con-

cerning the sticky mittens paradigm. However, Needham et al. (2002) were at 

the start of a research tradition that was able to connect motor abilities to dif-

ferent types of cognitive abilities. There is evidence that sticky mittens train-

ing affected motor behaviour, action understanding (Gerson & Woodward, 

2014a, 2014b; Rakison & Kogh, 2012: Skerry et al., 2013; Sommerville et al., 

2005), visual attention to faces (Libertus & Needham, 2014), and visual atten-

tion to objects (Libertus et al., 2016). Up until Study I, it appeared that the 

sticky mittens paradigm resulted in robust effects, and the paradigm was con-

sidered a valuable method for examining the relation between motor abilities 

and cognition. Despite the existing evidence, no overview existed of all sticky 

mittens work. This was problematic as the sticky mittens researchers made 

strong claims regarding the effectiveness of their paradigm, while it was not 

clear whether the paradigm was actually robust. Given that many studies have 

examined the correlational relation between motor abilities and cognition, and 

others were interested in the potential of such training studies, clarity was 

needed. To this end, Study I reviewed the following categories within the 

sticky mittens work: motor behaviour, social perception, visual attention and 

perception, and the application in populations with motor delays. 

Motor effects 

In the motor domain, there were five studies that were included in the review. 

More studies existed but were not included as these studies re-used data from 

previous studies or examined the long-term effects of training. Although this 

was indicated in footnotes in their respective publications, no effort was made 

to communicate to the reader that these studies should not be seen as inde-

pendent studies that provide new data to the field. Two studies demonstrated 

immediate effects of sticky mittens training from pre-test to post-test. In these 

studies, Libertus and Needham (2010) found that infants in the sticky mittens 

condition increased the time they spent reaching and grasping from 12% to 

30%. In contrast, infants in the observational condition only increased the time 

they spent reaching from 5% to 12%. The no training condition only reached 
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and grasped for 15% of the time. These results were interpreted by the original 

authors to indicate a larger increase for the sticky mittens training. Although 

Study I agreed that this was a large increase, it was emphasized that infants in 

the three conditions already differed largely at the pre-test assessment. Thus, 

Study I called for caution when examining these effects. Needham et al. 

(2002) also showed increased motor abilities after sticky mittens training. In-

fants in their study demonstrated an increase in reaching of 40% between pre-

test and post-test. 

There was another study that demonstrated an effect of sticky mittens train-

ing. However, this effect was only observed after a delay. Directly after train-

ing there were no differences between the training groups. Only two months 

after training, an improvement of motor skills was found. In the sticky mittens 

condition, infants had increased their grasping and holding of the toy from 4% 

to 32%, while infants in the observational condition increased from 2% to 18% 

(Wiesen et al., 2016). Two other studies however, were not able to demon-

strate any effects of sticky mittens training. In a 9-minute training session, 

Needham et al. (2017) showed that the increased manual abilities from 43% 

to 54% was not significant, while the observational condition significantly de-

creased manual abilities from 49% to 28%.  Williams et al. (2015) added hap-

tic feedback to the sticky mittens training and a condition in which infants 

learned to reach without the stickiness of the mittens. However, they found 

that infants in the sticky mittens condition did not increase reaching and grasp-

ing after training, whereas the non-sticky mittens condition actually increased 

these skills. Study I suggested that the motor effects of sticky mittens are in-

consistent. 

Social perception 

In the social perception domain, there were five studies that were included in 

the review. These sticky mittens studies showed a more uniform direction of 

results. Despite these positive results, it is important to note that all studies in 

this domain were based on single training sessions that were not longer than 4 

minutes long. Sommervillle et al. (2005) and Gerson and Woodward (2014a, 

2014b) showed that infants were able to understand actions performed by oth-

ers. They showed infants instances of a person reaching for two different ob-

jects in the familiarization phase. Afterwards, the objects were switched and 

the same movement was executed. After the short sticky mittens training, in-

fants dis-habituated to new action goals, while infants in control conditions 

(observational and no training) did not show such a difference. Skerry et al. 

(2013) added to these findings that infants were even able to understand 

whether the action was efficient or not. Bakker et al. (2016) demonstrated that 

these short sticky mittens training sessions affected the neural correlates that 
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were previously linked to social perception processes. While watching the de-

piction of hands directed to or away from an object, a higher amplitude of the 

P400 event-related potential was found when the hand was directed towards 

an object. Thus, the studies on social perception demonstrated that there are 

clearer effects compared to manual effects. The training facilitated an under-

standing of actions and their efficiency. Study I suggested that there is more 

support for a social perception effect than a motor effect. 

Visual perception and visual attention 

Nine studies were included in the review of the visual perception and visual 

attention effects. The sticky mittens work regarding perception and visual at-

tention painted a picture that is equally unclear as the work on manual behav-

iours. While some studies showed facilitating effects, others showed contra-

dictory effects. Regarding visual perception, Rakison and Krogh (2012) found 

that the sticky mittens training was able to help infants understand causality, 

when they saw balls moving in front of them. Infants in the non-sticky mittens 

condition did not have this sense of causality after training. Slone et al. (2018) 

found that manual behaviours in the sticky mittens training correlated with 

infants’ ability to mentally rotate objects. 

With regards to visual attention, it is unclear whether the sticky mittens 

training elicited more attention to objects or more attention to faces. In Need-

ham et al. (2002) infants in the sticky mittens condition looked to familiar 

objects for 68 s whereas the control condition looked at the same object for 33 

s. However, new objects were not looked at differently between the two con-

ditions. In Needham et al. (2017), however, looks to objects increased from 

29 to 42 s in the sticky mittens condition, while they decreased from 29 to 21 

s in the observational condition. When the infants from Libertus and Needham 

(2010) were followed into their second year, similar effects were found 7 

months after training. The infants in the sticky mittens condition looked at 

objects for 76% of the time, compared to 55% in the observational and 65% 

in no training conditions (Libertus et al., 2016). Other studies did not find any 

differences in looking to objects from pre-test to post-test after sticky mittens 

training (Libertus & Needham, 2010; Wiesen et al., 2016; Williams et al., 

2015). However, Libertus and Needham (2011) found that infants in the sticky 

mittens condition preferred looking at faces rather than objects. After training, 

infants in the sticky mittens condition looked at faces for 25%, while infants 

in the observational and no training condition looked at faces for 5% and 3%. 

Study I suggested that the visual attentional effects are inconsistent. 
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Developmental disorders 

Several studies have investigated whether the sticky mittens training can be 

applied to populations that suffer from motor delays. Infants at risk of devel-

oping autism spectrum disorder were found to benefit from the training, as 

infants in the sticky mittens condition improved their reaching abilities from 

13 % to 31%. This study included data from Libertus and Needham (2010) for 

their comparison. The increase was similar to the increase in the sample with-

out developmental disorders (Libertus & Landa, 2014). However, these data 

also suffer from the same problems as the motor studies. Infants born prema-

turely were also found to benefit from the sticky mittens training. After a short 

training session of 4 minutes, there was an increase in the number of reaches 

in the sticky mittens condition (Nascimento et al., 2019). Study I suggested 

that more evidence is needed to make conclusions about these effects. 
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Study II – The influence of sticky mittens on 

reaching and grasping 

Study I suggested that the motor effects of training were inconsistent. Study 

II examined the effects of sticky mittens training on the development of man-

ual abilities, more specifically reaching and grasping. Here this effect was 

tested using a four-step reaching procedure and a kinematic reaching task. 

Confirmatory Results 

Time Spent Reaching and Grasping 
Figure 10 shows the time infants spent reaching and grasping in the four-step 

reaching task. Table 3 shows the outliers in this task. From pre-test to post-

test, there was an increase in the time infants spent reaching and grasping 

when data were collapsed over condition, F (1,183) = 8.38, p =.004, ɳp
2 = 0.04. 

Between the three conditions, there was no difference in the time they spent 

reaching and grasping, F (2, 183) = 0.50, p = .61, ɳp
2 <0.001. In the four-step 

reaching task, there were no differences between the three conditions in the 

time they spent reaching, from pre-test to post-test, F (2, 183) = 1.44, p=.24, 

ɳp
2 =0.02. Thus, the facilitating findings of reaching and grasping duration 

from Libertus and Needham (2010) could not be replicated. 
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Figure 10. Illustration of the percentage of time infants spent reaching and grasping. 
Error bars represent Standard Error of the Mean. 

 

Table 3.  

Tasks that contained outliers. 

  Pre-test   Post-test  

Measure Sticky 

mittens 

Observa-

tional 

No-

training 

Sticky 

mittens 

Observa-

tional 

No-

train-

ing 

4-step 

reaching 

 I  II   

Grasp 

aperture 

I I I II   

Reach 

duration 

I      

Note. Removal of outliers did not affect the results. 

Number of Movement Units 

Figure 11 shows the number of movement units at pre-test and post-test for all 

three conditions. There was no difference in number of movement units per 

second between pre-test and post-test, F (1, 182) = 0.30, p = .59, ɳp
2 < 0.001. 

Between the three conditions there were no differences in movement units per 

second, F (2, 182) = 1.39, p = .25, ɳp
2 = 0.01. There were no differences be-

tween the three conditions in the number of movement units per second in a 
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reach, from pre-test to post-test, F (2, 182) = 0.08, p = .92, ɳp
2 = 0.0021. Thus, 

the sticky mittens training did not change the velocity profile of the reach. 

Grasp Aperture 

There were no differences in grasp aperture from pre-test to post-test, F (1, 

182) = 0.004, p = .95, ɳp
2 = 0.004. Infants in the three conditions also did not 

show differences in grasp aperture at object-contact, F (2, 182) = 1.02, p = 

.36, ɳp
2 < 0.001. There were no differences between the three conditions in the 

grasp aperture at object- touch, F (2, 182) = 0.92, p = .40, ɳp
2 = 0.01, from pre-

test to post-test. Thus, the sticky mittens training did not elicit changes in grasp 

ability at touch. 

Grasp aperture before touch 

There were no differences in grasp aperture before touch from pre-test to post-

test, F (1, 143) = 1.30, p = .26, ɳp
2 = 0.009. There were no differences in grasp 

aperture before touch between the three conditions, F (2,143) = 0.12, p = .89, 

ɳp
2 = 0.002. There were no differences between the three conditions in the 

grasp aperture before the infants touched the object from pre-test to post-test, 

F (2, 143) = 0.17, p = .85, ɳp
2 = 0.002. Thus, the sticky mittens training did 

not elicit changes in the preparation of the grasp before they touched the ob-

ject. 

Grasp aperture after touch 

The distance between the fingers decreased from pre-test to post-test when 

collapsed over conditions, F (1, 143) = 4.96, p = .03, ɳp
2 = 0.03. However, 

there was no difference between the three conditions, F (2, 143) = 0.05, p = 

.95, ɳp
2 < 0.001. There were no differences between the three conditions in the 

grasp aperture after the infants touched the object from pre-test to post-test, F 

(2, 143) = 1.36, p = .26, ɳp
2 = 0.02. Thus, the sticky mittens training did not 

elicit changes in the preparation of the grasp after they touched the object. 

                               
1 The equal variances assumption was violated. However, a robust ANOVA by Mair and Wil-
cox (2019) did not change the results. 
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Figure 11. From top to bottom: illustration of the number of reaches, reach duration, 
and movement units in all three condition. The overall men is represented by the black 
line. 
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Exploratory Analyses 
Number of reaches 
There was a difference from pre-test to post-test in the number of reaches, F 

(1,182) = 18.82, p < .001, ɳp
2 = 0.09. Figure 11 shows the number of reaches 

in the three conditions and pre-test and post-test. However, there was no dif-

ference between the three conditions, F (2,182) = 0.27, p = .77, ɳp
2 = 0.003. 

There was no difference between conditions between these two time points, F 

(2,182) = 0.03, p=.970, ɳp
2 < 0.001. Training did not affect number of reaches. 

Reach duration 

There was a difference from pre-test to post-test in the reach durations, F 

(1,182) = 5.18, p = .024, ɳp
2 = 0.03. Figure 11 shows the reach durations in the 

three conditions and pre-test and post-test. However, there was no difference 

between the three conditions, F (2,182) = 0.08, p = .92, ɳp
2 =0.001. There was 

no difference between conditions between these two time points, F (2,182) = 

0.68, p = 0.51, ɳp
2 = 0.01. The reach durations increased equally in all groups, 

but the sticky mittens training did not affect durations.  

EMQ general reach development 

There were no differences between pre-test to post-test on the composite 

reaching score, F (1, 141) = 2.14, p = .15, ɳp
2 = 0.02. There were also no 

differences between conditions on the composite reaching, F (2, 141) = 2.00, 

p = .14, ɳp2 = 0.03. General reaching did not change from pre-test to post-test 

between conditions, F (2, 141) = 0.35, p = .70, ɳp
2 = 0.005. Similar results 

were found when gross motor, fine motor, and action perception abilities were 

examined on which the composite scores were based (all ps >.05). Training 

did not affect general reaching in the EMQ.  

Individual differences 

In line with Berthier and Keen (2006), there were less movement units in fast 

reaches and more movement units in long reaches pre-test (r (69) = .28, p 

=.02), which was influenced by peak velocity of the movement units, r (64) = 

-.38, p = .002. This was not found post-test, r (75) = .18, p = .12. There were 

no correlations between reach proficiency and grasp ability and the stability 

measures from pre-test to post-test or within subjects were not significant (r -

values ranged from -.21 to .23). The number of movement units correlated 

with reach durations r (87) = - .30, p = .004 when collapsed over time points. 
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The data showed variations in reach durations when they were divided into 

three categories: short (< 0.5 s), medium (0.5 – 0.8 s), and long (0.8 – 2.8 s). 

There was no uniform pattern in the reach durations or number of movement 

units when reaching for objects. Figure 12 shows these variations in reach 

characteristics. 

Age 

Analyses were re-run with age (days) as a covariate, but this resulted in similar 

analyses and the effect of age was not significant (all ps > .05). This indicated 

that age did not affect the results, and that local differences in age between 

studies may not account for the different results. 

Training duration 

Dose-response analyses revealed that the amount of training did not influence 

reaching and grasping (all ps > .05). This is similar to the analyses in which 

only infants with training durations larger than 60 minutes were included, 

which also showed no changed results. 
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Figure 12.Reaching at the individual level at pre-test. A) shows accumulated duration 
for short, medium, and long reaches. Each part of the bar shows the total reach dura-
tion. B) shows the number of movement units (smoothness) of the same reaches. C) 
shows correlation between the movement units and reach duration. D) shows accu-
mulated number of movement units per infant. ** p <.001 
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Study III – The influence of sticky mittens on 

social perception and visual attention 

Study III examined the effects of sticky mittens training on the development 

of social perception abilities. Study I suggested that this effect was robust be-

cause similar results were found in various studies. However, Study I sug-

gested that the motor effect is inconsistent and Study II suggested that there is 

no motor effect. This showed that it was important to examine embodied pro-

cesses in the social perception domain. Here this effect was tested with a 

longer training (compared to existing work) and using a four-step reaching 

procedure and eye tracking task. The tasks assessed action prediction and vis-

ual attention. Visual attention was also suggested to have inconsistent results 

in Study I and was here included to check whether changes in social percep-

tion are due to changes in attention.  

Social perception 

Action prediction  
Table 4 shows the number of outliers in all tasks. Pre-test, infants had an av-

erage prediction of -0.27 s (SD = 0.62), t-test against zero: t(21) = -2.05, p = 

.05, and 0.13 s post-test (SD = 0.58) ,t-test against zero: t(33) = -1.34, p = .19.  

There was no effect of condition, F(2,50) = 1.50, p = .23, ɳp
2 = 0.06, or be-

tween pre-test and post-test, F(1, 50) = 0.84, p =.36, ɳp
2 = 0.02. There was an 

interaction effect of infants’ prediction of the eating action, F(2,50) = 4.56, p 

= .02, ɳp
2 = 0.15. However, follow-up analyses with Tukey corrected pair-

wise-comparisons did not show differences between the three conditions and 

the two time points (pre-test and post-test). Average prediction was -0.40 s 

(SD = 0.50) in the sticky mittens condition pre-test and -0.44 s (SD = 0.49) 

post-test. Average prediction was -0.51s (SD = 0.47) in the observational con-

dition pre-test and 0.14 s (SD = 0.56) post-test. Average prediction was 0.21 s 

(SD = 0.77) in the no training condition pre-test and -0.24 s (SD = 0.57) post-

test. Infants showed predictions and reactions to the actions, but sticky mittens 

training was not able to elicit changes in the action prediction abilities at 3 

months. 

At the follow-up, infants had reactive responses as indicated by an average 

prediction of -0.99 s (SD= 0.23), t-test against zero: t(73) = -36.56, p <.001. 
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They had an average ratio of looking to the goal of 0.75 s (SD =12), t-test 

against zero: t(84)= 41.75, p < .001. Average prediction was -1.00 s (SD = 

0.22) in the sticky mittens condition, -1.03 s (SD= 0.22) in the observational 

condition, and -0.95 s (SD = 0.25) in the no training condition. The average 

proportions of looking to the goal was 0.72 s (SD = 0.11) in the sticky mittens 

condition, 0.78 s (SD = 0.11) in the observational condition, and 0.74 s (SD = 

0.13) in the no training condition. There were no differences between the three 

conditions in action prediction abilities of the object placement movements, F 

(2,71) = 0.88, p = .42, ɳp
2 = 0.02. There were also no differences in the ratio 

of looking to the goal AOI, F (2, 82) = 2.01, p = .14, ɳp
2 = 0.05. Infants showed 

reactions (and not predictions) to the actions, but sticky mittens training did 

not affect this ability at 10 months of age. 

 

Table 4.  

Tasks that contained outliers. 

 

 Pre-test Post-test Follow-up 

Condition Face 

prefer-

ence 

4-step 

atten-

tion to 

toy 

Face 

prefer-

ence 

4-step 

atten-

tion to 

toy 

Free-

view-

ing 

Action 

evalua-

tion 

Sticky mit-

tens 

   I I  

Observa-

tional 

 II   I  

No training I I   I I 

Note. Removal of outliers did not affect the results. 

Action evaluation 

On average, infants reacted with increased pupil size to the inappropriate ac-

tions with a pupil size of 0.04 mm (SD= 0.13), t-test against zero: t(77) = 2.35, 

p = .02. There were no differences in the pupil size of infants at the follow-up 

assessment, F(2,75) = 0.25, p = .78, ɳp
2 <0.01. Infants’ pupil size was 0.04 

mm (SD = 0.14) in the sticky mittens condition, 0.05 mm (SD = 0.10) in the 

observational condition, and 0.02 mm (SD = 0.16) in the no training condition. 

Infants reacted with surprise to the strange actions, but sticky mittens training 

did not affect infants’ ability to detect strange action movements. 
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Visual attention 

Face Preference 
Overall, infants had a face preference of 7.90 % (SD = 32.64) pre-test, t-test 

against zero: t(84) = 2.23, p = .03), and 15.88 % (SD = 30.44) post-test, t-test 

against zero: t(81) = 4.72, p <.001). There was no effect of condition (F(2,161) 

= 0.78, p = .46, ɳp
2 = 0.02) or an effect between pre-test and post-test (F(1, 

161) = 2.64, p =.11, ɳp
2 = 0.01). There was no difference in the face preference 

of infants in the three conditions between pre-test and post-test, F(2,161) = 

0.47, p = .63, ɳp
2 <0.01. The average face preference was 7.96 % (SD =27.80) 

pre-test in the sticky mittens condition and 9.73 % (SD = 32.60) post-test. The 

average face preference was 3.80 % (SD = 29.10) pre-test in the observational 

condition and 17.27 % (SD = 31.88) post-test. The average face preference 

was 12.52 % (SD = 40.16) pre-test in the no training condition and 19.58 % 

(SD = 27.25) post-test. Infants preferred looking at faces and not toys. How-

ever, the sticky mittens training did not change the way in which infants 

looked at either the toy or face. 

Four-step reaching 

The average looking at toys was for 33.49% (SD =31.25) pre-test, t-test 

against zero: t(94) = 10.48, p <.001), and 32.36 % (SD = 25.71) post-test, t-

test against zero: t(92) = 12.14, p <.001). There was an effect of condition, 

F(2,183) = 4.21, p = .02, ɳp
2 = 0.04, but no effect from pre-test to post-test 

(F(1,183) = 0.001, p = .97, ɳp
2 < 0.01). There was no difference in the looking 

to the toy between the three conditions from pre-test to post-test, F (2, 183) = 

0.71, p = .49, ɳp
2 < 0.01. On average (Figure 13), 31.44 % of the time (SD 

=31.47) infants looked at the toy pre-test in the sticky mittens condition and 

35.38 % (SD = 25.06) post-test. On average, 42.18 % of the time (SD = 30.91) 

infants looked at the toy pre-test in the observational condition and 37.25 % 

(SD = 29.62) post-test. On average, 26.80 % of the time (SD = 30.03) infants 

looked at the toy pre-test in the no training condition and 24.83 % (SD = 21.05) 

post-test.  
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Figure 13. The time infants spent looking at the toy from pre-test to post-test. Data 
are shown for all three conditions: the sticky mittens, observational, and no training 
group.  

 

The average looking at the experimenter was 33.32 s (SD = 29.38) pre-test, t-

test against zero: t(94) = 11.11, p <.001), and 36.53 s (SD = 28.98) post-test, 

t-test against zero: t(94) = 11.80, p <.001). There was no effect of condition, 

F(2,185) = 2.25, p = .11, ɳp
2 = 0.02), and no effect from pre-test to post-test 

(F(1,185) = 0.24, p = .63, ɳp
2 < 0.01),There was no difference in the looking 

to the experimenter between the three conditions from pre-test to post-test, F 

(2, 185) = 0.04, p = .96, ɳp
2 < 0.01. On average (Figure 14), 40.05 % of the 

time (SD =31.82), infants looked at the experimenter pre-test in the sticky mit-

tens condition and 41.78 % (SD = 26.96) post-test. On average, 27.85 % of 

the time (SD = 24.76) infants looked at the experimenter pre-test in the obser-

vational condition and 32.97 % (SD = 28.57) post-test. On average, 31.92 % 

of the time SD =30.50%) infants looked at the experimenter pre-test in the no 

training condition and 34.73% (SD = 31.42) post-test.  

 
Figure 14. The time infants spent looking at the experimenter from pre-test to post-
test. Data are shown for the three conditions: the sticky mittens, observational, and no 
training group. 

 

The average number of looks to the toy was 1.76 (SD = 1.81) pre-test, t-test 

against zero: t(94) = 09.56, p <.001), and 2.04 (SD =1.69) post-test, t-test 

against zero: t(94) = 11.75, p <.001). There was an effect of condition, 

(F(2,185) = 3.48, p = .03, ɳp
2 = 0.04), but no effect from pre-test to post-test 

(F(1,185) = 1.28, p = .26, ɳp
2 < 0.01).There was no difference in the number 
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of looks to the toy between the three conditions from pre-test to post-test, F 

(2, 185) = 1.83, p = .16, ɳp
2 = 0.02. On average (Figure 15), there were 1.13 

looks to the toy (SD =0. 98) pre-test in the sticky mittens condition and 1.84 

(SD = 1.63) post-test. On average, there were 2.13 looks to the toy (SD = 2.14) 

pre-test in the observational condition and 1.81 (SD = 1.66) post-test. On av-

erage, there were 2.03 looks to the toy (SD =1.96) pre-test in the no training 

condition and 2.55 (SD = 1.73) post-test.  

Sticky mittens training did not have an impact on attention to objects. These 

results showed that the sticky mittens condition did not change the time that 

infants spent looking at objects, the number of looks to objects, or the time 

they spent looking at the experimenter. 

 
Figure 15. The number of looks to the toy from pre-test to post-test. Data are shown 
for all three conditions: the sticky mittens, observational, and no training group. 

Free viewing 

The average number of object fixations was 12.84 (SD =0.06), t-test against 

zero: t (87) = 30.33, p <.001. Infants did not differ in the number of object 

fixations between the three conditions, F (2, 87) = 0.95, p .39, ɳp
2 = 0.02. On 

average, infants had 12.10 (SD = 3.44) fixations in the sticky mittens condi-

tion, 13.51 (SD = 3.71) in the observational condition, and 13.08 (SD = 4.60) 

in the no training condition. Sticky mittens training did not affect visual atten-

tion. 

The average fixation duration was 0.33 s (SD = 0.17), t-test against zero: 

t(87) = 18.33, p <.001. The infants did not differ in the durations of looking to 

objects, F (2,85) = 1.47, p .23, ɳp
2 = 0.03. Again, sticky mittens training did 

not affect visual attention. On average, infants had a fixation duration of 0.33 

s (SD = 0.79) in the sticky mittens condition, 0.29 s (SD = 0.88) in the obser-

vational condition, and 0.33 s (SD = 1.13) in the no training condition.  

The average proportion of fixation durations to objects was 0.74 (SD = 

0.06), t-test against zero: t(87) = 108.82, p <.001. There was no difference in 

the proportion of fixation durations to objects between the three conditions at 

the follow-up assessment, F(2,85) = 2.10, p = .13, ɳp
2 = 0.05. On average, 

infant had a proportion of fixation durations on objects of 0.74 (SD = 0.07) in 
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the sticky mittens condition, 0.76 (SD = 0.04) in the observational condition, 

and 0.72 (SD = 0.06) in the no training condition. These measures demonstrate 

that infants looked at objects, but that training did not affect this behaviour. 

Correlations 

Correlations between measures did not indicate significant relations between 

the measures. Table 4 shows the non-significant correlations between these 

measures. However, it is important to note that these correlations were based 

on limited data, given that there were many cases missing in the action pre-

diction tasks. 

 

Table 4. 

Correlations between the attention and action prediction and action evaluation vari-
ables. Parentheses represent the number of cases the correlation was based on.  

 2 3 4 5 6 7 8 9 10 

1 -0.23 

(34) 

0.15 

(58) 

-0.11  

(48) 

-0.07 

(81) 

0.00 

(81) 

0.05 

(81) 

-0.03 

(74) 

-0.07 

(74) 

0.10 

(75) 

2  -0.10 

(24) 

0.06 

(22) 

-0.34 

(34) 

0.17 

(34) 

0.04 

(34) 

0.27 

(32) 

0.32 

(32) 

-0.09 

(33) 

3   -0.13 

(41) 

-0.17 

(64) 

-0.18 

(64) 

-0.14  

(64) 

0.04 

(63) 

0.01 

(63) 

0.27 

( 64) 

4    0.33  

(53) 

0.16 

(53) 

-0.02 

(53) 

-0.27 

(52) 

0.29 

(52) 

-0.11 

(53) 

5     -0.28 

(95) 

0.11 

(95) 

-0.14 

(86) 

-0.13 

(86) 

- 0.16 

(87) 

6      0.24 

(95) 

0.11 

 (86) 

0.05 

(86) 

0.08 

(87) 

7       0.05 

(86) 

0.00 

(86) 

- 0.10 

(87) 

8        0.78 

(86) 

0.25 

(86) 

9         0.25 

(86) 

Note: 1 = face preference, 2 = action prediction at 3 months, 4 = action evaluation, 
4 = action prediction at 10 months, 5 = four-step reaching task attention to experi-
menter, 6 = four-step reaching task attention to toy, 7 = four-step reaching task num-
ber of looks to toy, 8 = free-viewing number of fixations, 9 = object fixations, 10 = 
proportion of fixations on objects. 
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Discussion 

The aim of this thesis was to examine whether the sticky mittens paradigm 

replicates and whether the proposed training gains can be observed using dif-

ferent measures. The three studies in this thesis have been able to inform us of 

the generalizability of training gains to a sample outside of the U.S. 

Study I provided an overview of the state of the sticky mittens before Study 

II and III were conducted. Regarding motor abilities, the sticky mittens work 

showed inconsistent results. Only two studies demonstrated direct effects after 

a 2-week training (Libertus & Needham, 2010; Needham et al., 2002). One 

study showed improvements only 2 months after training (Wiesen et al., 

2016), and two other studies showed no manual improvements at all. All stud-

ies regarding social perception showed that the training improved infants’ 

ability to understand the actions that a human agent was performing. The train-

ing changed infants’ ability to dis-habituate to new goal actions (Gerson & 

Woodward, 2014a, 2014b; Sommerville et al., 2005), evaluate the efficiency 

of reaching (Liu et al., 2019; Skerry et al., 2013), and it temporarily changed 

the neural circuitry that is responsible for encoding actions (Bakker et al., 

2016). Similar to manual behaviours, Study I demonstrated inconsistent re-

sults with regard to visual attention. Whereas some studies showed increased 

visual attention to objects (Needham et al., 2017; Needham et al., 2002) other 

studies showed increased visual attention to faces (Libertus & Needham, 

2011), or no change in visual attention (Libertus & Needham, 2010; Wiesen 

et al., 2016; Williams et al., 2015). 

Study II tested the effects of training on motor development, but failed to 

find evidence for a relation. Infants in the sticky mittens training did not show 

improvements in the original task that was used in studies such as Libertus 

and Needham (2010). The percentage of time spent reaching and grasping did 

not increase. Kinematic measures were also examined (number of reaches, 

reach duration, number of movement units, grasp aperture at touch, grasp ap-

erture before touch, and grasp aperture after touch) but did not show signs of 

improved reaching and grasping. 

Study III examined whether motor training was able to change the way in 

which infants predict and evaluate actions, as an extension and replication of 

previous social perception results. The sticky mittens training, again, failed to 
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show improvements. Infants who took part in this training did not show dif-

ferent prediction or evaluation of actions than infants in the other training con-

ditions.  

In the next sections, I will discuss what these findings mean for the sticky 

mittens work. Subsequently, I will discuss the limitations of these studies that 

may be important and what future work may need to take into consideration. 

Finally, I will end with a discussion of whether training studies should be con-

ducted and present the final conclusions. 

The effects of sticky mittens training 

Study I reviewed the sticky mittens work in three domains: motor, social per-

ception, and visual attention. Due to the inconsistent findings in sticky mittens 

work, Study I concludes that more work is needed. Overall, the sticky mittens 

training seems to affect reaching and grasping behaviours, but when examined 

more closely inconsistent findings and methodological problems come to the 

surface. These effects are complicated and not indicative of whether a training 

effect exists. Study I suggests that out of all three domains, future studies 

should focus on conducting new studies in the motor domain. This will help 

clarify whether the training is effective, which is important because the motor 

improvements have been deemed the core of the training (Needham, 2016; 

Needham et al., 2002; Libertus & Needham, 2010). Study I suggests that a 

first step in creating clarity in this work will be by pre-registering all future 

studies. 

Study I argues that a methodological problem is the presence of baseline 

differences (in favour of the sticky mittens condition) in Libertus and Need-

ham (2010) who re-used this data in other studies (Libertus & Landa, 2014; 

Libertus & Needham, 2014) to show the same effect. Study I interprets these 

baseline differences as problematic because the data of this study is used in 

two more studies to show the sticky mittens effect and the effect may have 

been inflated. Another important problem is the lack of consistent results in 

the sticky mittens work on motor development. A response to these arguments 

was published by the original authors of the sticky mittens work. They argue 

that these baseline differences are not significant in their studies, that they are 

more likely to mask any training effects rather than strengthen them, and that 

the baseline differences are actually not as large as we had claimed (Libertus, 

2021). They also suggest that the details of sticky mittens training may be 

important for the effects of training (Needham, 2021). In our response to this 

commentary (van den Berg & Gredebäck, 2021), we argue that attention 

should be given to baseline differences, as they have the ability to strongly 

bias the variables, regardless of size or significance (Landau et al., 2018; 

Twisk et al., 2018; Valente & MacKinnon, 2017). In order to clarify the va-

lidity of training gains, it is advised to explore such differences in more detail. 
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Moreover, the response emphasizes the importance of consistent findings for 

a paradigm to be considered fruitful. Studies should show similar facilitating 

effects if we are to make strong claims about the training's beneficial potential. 

Study I notices that most studies examine reaching and grasping using 

measures that cannot distinguish either of these behaviours. The majority of 

the studies use a combined duration of reaching and grasping, starting from 

when the arm is extended and ending when the object is lifted into the air 

(Libertus & Needham, 2010). Although reaching and grasping develop close 

in time and are functionally connected, they are two different behaviours (Karl 

& Whishaw, 2013; Paulignan et al., 1990; Rouse et al., 2018). This is a source 

of concern because the sticky mittens work does not clarify which of these 

behaviours the training affects. Moreover, it is concerning that an infant who 

reaches for the object and holds the object in their hand for most of the trial 

will be coded as an infant who spends a large portion of the time reaching and 

grasping. This infant is actually merely capable of holding a toy with little 

evidence of reaching and thus this measure is not indicative of reaching and 

grasping. Therefore, Study I proposes that future studies might benefit from 

using measures that can separate the two behaviours and help assess the mi-

crostructure of reaching and grasping. Studies on natural reaching and grasp-

ing development assess these behaviours using kinematic measures such as 

the smoothness of a reach (i.e., the number of movement units; von Hofsten, 

1991) or the moment when a grasp is initiated (i.e., is this based on object-

contact or is the grasp predicted; von Hofsten & Rönnqvist, 1988).  

Study II improves the existing sticky mittens work by using both the orig-

inal measures while incorporating new measures that resemble the original 

measures but allow an investigation of detailed reaching and grasping ability. 

This expansion of measures allows us to understand how the sticky mittens 

training holds up when the results are examined with different measures. How-

ever, there were no improvements in reaching and grasping. This is in line 

with authors who have found that training studies do not always generalize to 

new tasks or new situations (Ballieux et al., 2016; Barnes et al., 2016; Stojano-

ski et al., 2020). Other sticky mittens studies also show that there is no gener-

alization to different testing materials (Gerson & Woodward, 2014b; Rakison 

& Krogh, 2012).  

Study I suggests that the social perception effects are more robust than the 

manual effects as evidenced by the consistent results in this domain. The abil-

ity to understand other people’s actions is suggested to come from motor ma-

turity (Gredebäck & Falck-Ytter, 2015), which the sticky mittens training is 

argued to enhance (Bakker et al., 2016; Gerson & Woodward, 2014a, 2014b; 

Sommerville et al., 2005; Skerry et al., 2013). However, in the absence of a 

clear motor effect, one may question whether the increased social perception 

effects are caused by motor improvements. This question is even more im-

portant given the fact that the sticky mittens training in the social perception 
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domain may be too brief to affect motor development, as these are always 

shorter than the 140-minute training in the original training.  

In study III, there was no evidence for a relation between training and social 

perception (in this case, action prediction and evaluation). With these results 

we are unable to replicate the previously reported effects found with the 3-4-

minute sticky mittens training (Gerson & Woodward., 2014a, 2014b; Som-

merville et al., 2005). Due to the absence of clear evidence of a motor and 

social per caption effect, Study III concludes that there is not enough evidence 

available that the training affects social perception. If these social perception 

effects are possible without a motor effect, it is important that we find out how 

this is possible and through which mechanisms the training works. Study III 

would potentially have been a good way to falsify or confirm the role of em-

bodied processes in social perception (e.g., Sommerville et al., 2005). How-

ever, the lack of results in the social perception tasks force a conclusion that 

it is not possible to answer such a question. It would be necessary to have at 

least one effect, either a motor or a social perception effect.  

In order to understand what these results mean, Study III speculates about 

potential reasons why previous studies find facilitating effects in social per-

ception while Study III fails to show these effects. One reason could be that 

this relation cannot be shown when we use eye tracking methods, as other 

studies used habituation paradigms (Gerson & Woodward., 2014a, 2014b; 

Sommerville et al., 2005). Although the social perception tasks here tapped 

into similar processes as the social perception tasks in previous work 

(Gredebäck & Daum, 2015), it is possible that the 3-4-minute training in pre-

vious work is only capable of demonstrating understanding of actions after the 

action is completed and only with looking time measures in habituation para-

digms (Daum et al., 2012). Perhaps the short training cannot not help infants 

encode action and goal information while the action is in progress (Daum et 

al., 2012), which would explain why the eye tracking tasks are unsuccessful. 

It may also be possible that the short training in previous studies acted as an 

additional familiarization period in habituation paradigms, in which they fo-

cused more on physical attributes of the situation instead of understanding the 

goal-action relation (Oakes, 2017). The previous social perception effects may 

also have been caused by the parent-based nature of the training while previ-

ous social perception studies are experimenter-based (Gerson & Woodward., 

2014a, 2014b; Sommerville et al., 2005; Skerry et al., 2014). This would be 

in line with the response of Needham (2021) to study I, that stated that the 

way in which the training is presented matters for potential gains.  

The studies in this thesis suggest that the inconsistent results in study I and 

the lack of effects in study II and III may have been caused by the inability of 

the training to create strong motor patterns. Infants start reaching from the 

time they are in the womb (Zoia et al., 2007) and continue to fine-tune their 

reaching behaviours after birth in order to perform goal-directed behaviours 

(Corbetta & Snapp-Childs, 2009; von Hofsten, 1979; Konczak & Dichgans, 
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1997; Konczak et al., 1995). In this period, infants will be observing their own 

reaching actions and learning from the feedback of deviations in the reach 

(Juvrud & Gredebäck, 2020). Together with the finding that infants need at 

least 2000 steps a day to fine-tune their walking abilities (Adolph et al., 2012) 

it is plausible that the sticky mittens training cannot match natural develop-

ment. Until reach onset, infants have tremendous amounts of natural experi-

ences, which bring them close to being able to reach independently. The train-

ing would have to be strong enough to reduce the motor learning the infants 

would go through between training onset (3 months) and reach onset (5-6 

months; von Hofsten, 1984) to 140 minutes of learning. The current sticky 

mittens training may be too short for the paradigm to speed up natural reaching 

emergence. If the training is not strong enough to enhance motor behaviours, 

this would mean that it is also not capable of impacting other behaviours.  

It is important that we put these results in a cultural context, as the sticky 

mittens training may be susceptible to cultural differences. We know from 

older studies but also some recent studies that infants in different cultures have 

different motor progressions (Karasik et al., 2015; Super 1976). In some Af-

rican cultures, infants receive specific motor training and have faster motor 

milestone achievement (Karasik et al., 2015; Super 1976). In contrast, German 

mothers focus on the relationship with the infant (Keller et al., 2002). Similar 

differences in reaching may exist between infants in WEIRD countries, as 

walking has already been demonstrated at different ages between The Nether-

lands (15 months; Oudgenoeg-Paz et al., 2016) and The U.S. (12 months, 

Adolph et al., 2011). Note, however, that reaching has been established at sim-

ilar ages in Swedish and U.S. infants (von Hofsten, 1991; Thelen et al., 1993). 

There may also be differences in how much time parents spend with their in-

fant. Given that Swedish parents have long periods of parental leave, one may 

suggest that they would have more time to stimulate motor development. Alt-

hough this can indicate that parents have more time to stimulate motor skills, 

it is unlikely that all infants started the training with higher skill-levels. Euro-

pean infants, aged 3 months, actually do not spend more time with their par-

ents compared to infants from other places in the world (Keller et al., 2005). 

Moreover, infants showed similar reaching and grasping proficiency in the 

four-step reaching task as in Libertus and Needham (2010). This would sug-

gest that parental leave differences between cultures might not influence these 

results. What could influence the results is differences between cultures in 

how they pace the training procedures. American parents have faster playing 

speeds than Swedish parents when they play with their 3-month-olds 

(Hedenbro et al., 2006). There is a possibility that a faster pace of actions in 

the U.S. samples (especially when the infant explores the toy) may make the 

training more effective, which would explain the results in this thesis. 
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Limitations 

Study II and III have limitations that are shared between the two studies and 

limitations that are unique to the individual studies. There is a possibility that 

the sticky mittens training was not executed correctly, which may have af-

fected the lack of results in Study II and III. Although parents received oral 

and written instructions, there may have been factors that influenced training 

fidelity. Regular, home-based, check-up meetings with the parent and infant 

could have motivated them to keep training and adhere to the protocol. This 

would have given us information about whether the training was conducted 

properly at home. However, the small subset of video conferences with the 

parent, the training logs, and preliminary dose-response analyses gave confi-

dence that the training was conducted correctly. While I am confident that the 

training was conducted correctly, this limitation has to be kept in mind when 

interpreting the results, as results in Study II and III could be affected by this 

limitation. Definitive conclusions about training fidelity will not be possible 

without an empirical investigation.  

One may propose that Study II and III suffer from another limitation, 

namely the age of the infants. The infants in this thesis are 13 weeks old 

whereas the infants in Libertus and Needham (2010) are 11 weeks old. One 

may suggest that this 2-week difference may make infants more mature, which 

would make the training ineffective to start with, as infants would not be able 

to learn more skills. However, only the infants in the Needham group are 11-

week-old infants. Other groups support the previous facilitating effects with 

infants over the age of 13 weeks (Bakker et al., 2016; Gerson & Woodward., 

2014a, 2014b, Sommerville et al., 2005; Skerry et al., 2013). Moreover, it is 

not until 16 weeks that infants show dramatic increases in reaching (von Hof-

sten, 1984). Study II also re-ran the analyses to include age, which did not 

change the results. Therefore, it seems unlikely that the infants in this thesis 

were too old to benefit from the training.  

One may also argue that the sample in Study II and III is too small to have 

sufficient power (Oakes, 2017), although the current study has a much larger 

sample size than previous sticky mittens work. 

In Study II, in the kinematic reaching task, infants reach for objects with 

surgical tape on their fingers. The presence of the tape (that may potentially 

be uncomfortable) might have affected reaching and grasping negatively, 

which would subsequently explain the lack of evidence for motor improve-

ments. The tape may have also prevented haptic feedback which has been sug-

gested to be important for learning to reach (Williams et al., 2015; Corbetta et 

al., 2016). However, to avoid discomfort, care was taken to tape the sensors 

to the fingers loosely, to make sure that only small parts of the finger were 

taped, and to give infants time to get used to wearing the sensors. There were 

no indications during testing and coding of the data that infants were unable 

to move their fingers. Another related limitation may be that retrieving the toy 
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from the infant could discourage them to reach again on subsequent trials. 

However, most infants reached on several trials, thus making this unlikely. 

In Study III, a major limitation is the lack of data in the action prediction 

task pre-test and post-test, which may lower power to such an extent that ef-

fects cannot be demonstrated. The presentation of tasks may influence this 

lack of data. Given that action prediction was presented last in the eye tracking 

battery, infants may have been too tired. Infants could also be too immature 

to partake in the task. Although the amount of available data in this task looks 

extremely low compared to the action prediction task at 10 months, we need 

to take into account that young infants typically do not predict actions yet. 

Moreover, the number of infants in the task is similar to other studies (Falck-

Ytter et al., 2006; Kanakogi & Itakura, 2013) that successfully contribute to 

knowledge about the link between motor skill and action prediction 

Where does the sticky mittens paradigm stand? 

Before the start of this thesis, this project set out to understand the sticky mit-

tens effects better and to replicate them with a larger sample. However, it soon 

became clear that there were many inconsistencies that needed to be examined 

in-depth before further claims could be made about its effectiveness. Study I, 

II and III do not provide evidence that confirms the previous bold claims of 

the sticky mittens paradigm. There are too many uncertainties in the existing 

results. Moreover, it is still not clear how the training works exactly. On the 

whole, it seems that it is still unclear whether the sticky mittens training works. 

These results show the importance of replicating research findings, especially 

those findings from studies that make bold claims about the effectiveness of 

certain training programmes. This is in line with ideas that started several 

years ago whereby (infant) psychology research was urged to start replicating 

their findings (Frank et al., 2017).  

Infant research has been known to struggle to investigate phenomena using 

large samples that will give them enough power. In the case of the sticky mit-

tens studies, it becomes clear that most studies consist of small sample sizes. 

In the range of studies, most conditions consist of 11-18 infants per condition 

(e.g., Libertus & Needham, 2010), with only one study consisting of 40 infants 

per condition (Slone et al., 2018). These low sample sizes may have led to 

false positive results, thus giving a distorted image of the state of the sticky 

mittens studies. The training study in this thesis, that has almost double the 

number of infants in each condition, should have been able to find the effects 

of Needham and colleagues, unless their findings were false positive effects. 

Of course, there are many factors that can influence the replicability of effects. 

Testing conditions tend to vary between labs and each lab will have different 

infant populations from different socioeconomic groups and cultures. This can 

be problematic in attempts to replicate studies, as replications in the same lab 
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tend to confirm original results more often than external labs (Margoni & 

Shepperd, 2020; Margoni & Surian, 2018). In the case of the sticky mittens 

studies, all but two sticky mittens studies (i.e., Bakker et al., 2016; Nascimento 

et al., 2019) were conducted in the U.S. by the same researchers. In order to 

have confidence in a phenomenon, we need deeper and wider knowledge of 

how the phenomenon works. This means that we need to move away from 

conducting the same study in the same lab and move towards repeating studies 

in different environments (Margoni & Shepperd, 2020).  

The inability of the thesis to replicate previous sticky mittens results does 

not necessarily mean that the sticky mittens effect does not exist or that previ-

ous work has been incorrect (Kucker et al., 2019). However, the current evi-

dence does not bode well for the effectiveness and future of the sticky mittens 

paradigm. The work in this thesis is a first step towards creating a broad un-

derstanding of the use and boundaries of the sticky mittens paradigm. Study 

II and III demonstrated that Swedish infants did not respond to the sticky mit-

tens training as U.S. infants did. Although Bakker et al. (2016) demonstrated 

that the sticky mittens training caused facilitating social perception effects in 

a Swedish sample, it is important to note that Bakker et al. (2016) did not 

actually examine and demonstrate improved motor abilities. Therefore, the 

improved social abilities that those Swedish infants demonstrated could have 

been caused by something specific to that sample or by the nature of the short-

ened training protocol in that study.  

Future directions 

There are several areas that are important for future research regarding sticky 

mittens training. Although Study II and III demonstrated that the sticky mit-

tens training did not improve motor- and social perception abilities, it is im-

portant to note that this was only a single replication attempt. These results do 

not necessarily indicate that the paradigm itself is ineffective. Nor does the 

overview of inconsistent studies (Study I) reviewed in study 1 give this indi-

cation. Instead of a focus on confirmation and falsification by single replica-

tion studies, a focus on effect sizes may be needed as this allows an accumu-

lation of knowledge. This way, we can examine the heterogeneity between the 

studies and try to explain why there are differences in findings (Klein et al., 

2014; Simonsohn, 2015). The sticky mittens paradigm might benefit from 

multi-lab efforts, such as the ManyBabies Consortium, that aim to replicate 

findings in different labs in different countries and report on these effects ( 

e.g., Frank et al., 2017).  

Cultural influences will also be important to examine. Given that values on 

motoric achievements differ in the world (Keller et al., 2002, 2005) and dif-

ferences have been observed in motor attainment between cultures (Adolph et 

al., 2011; Karasik et al. 2015; Super, 1976; Oudgenoeg-Paz et al., 2016), it is 
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likely that parent-infant interactions may be different based on culture. As 

Study II suggests, parents may tailor their training interactions with their child 

based on their pace of play and interaction, which has been found to be cul-

turally different (Hedenbro et al., 2006). Such differences may affect protocol 

adherence and subsequently affect training outcomes. A multicultural exami-

nation of the sticky mittens training is important to understand the paradigm, 

its mechanisms, and how well it generalizes.  

Should we be training infants? 

Even if we disregard the inconsistencies in the sticky mittens field or doubts 

about training, a logical question at the end of this thesis is whether we should 

be training motor abilities in infancy. There are several factors that need to be 

taken into account before this question can be answered. 

First, we need to consider whether it is morally right to enhance motor abil-

ities, and subsequently cognitive abilities, in infants who do not need this ad-

vantage. Training interventions have the potential to provide some benefit to 

infants or children with motor difficulties (Morgan et al., 2015). A training 

among these populations may be compelling as it could give them practical 

tools to achieve something they would not be able to do otherwise. An inter-

vention with Velcro on the hands, with or without mittens, may help a child 

with cerebral palsy obtain objects (Chorna et al., 2015). However, for typically 

developing children, we need to be careful with statements that claim that 

training can enhance cognitive functioning, as we do not know the ramifica-

tions of such experiences. Such statements can be taken out of context (also 

by the general public) and implemented in real life before comprehensive 

knowledge is available about training effects. Moreover, typically developing 

infants may not need a strict training given that there will be individual differ-

ences in development (Adolph & Hoch, 2019; Patrick et al., 2012). Whether 

the sources for these differences may be infant-driven, environmental, or cul-

tural (Karasik et al., 2015; Keller et al., 2002), we need to consider whether it 

is ethical to try to interfere with these natural processes if there is no indication 

for intervention. Training should only be reserved for infants or children who 

actually need training. 

Second, infants need massive amounts of training for motor patterns to es-

tablish, which they may not receive from sticky mittens training. Adolph et al. 

(2012) demonstrated that infants between 12 and 19 months take more than 

2000 steps a day and fall 17 times, which is all meant to fine-tune their walking 

abilities. Similar arguments have been made with regard to reaching skills, 

with infants needing at least 6 months of practice to achieve reach emergence 

(from womb to onset; Zoia et al., 2007; von Hofsten, 1991). It is unlikely that 

140 minutes of training at 3 months of age will equate to the natural and infant 

driven training that infants receive for several months. If a training is really 
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thought to be needed to replace natural learning in order to speed up reach 

emergence, we would need to look into implementing sticky mittens protocols 

in the daily lives of parents from the day their child is born. This way, we 

would be creating learning environments similar to those in other cultures in 

which infants receive daily cultural body stimulation (Keller et al., 2005). 

However, given that there is no data on the long-term use of sticky mittens, 

this is not feasible, sensible, or safe. A 6-month-long (post birth) sticky mit-

tens training may have adverse effects that are currently unknown, as infants 

would not be able to observe the consequences of their natural reaching ac-

tions (Juvrud & Gredebäck, 2020) and manually explore the objects with their 

fingers (Needham, 2000). 

Third, it is also important to acknowledge that the training does no gener-

alize to new situations. This thesis shows that the training, which was mostly 

conducted with U.S. infants, does not generalize to Swedish infants. This lack 

of generalization has previously been pointed out as a problem with training 

studies. Training does not always generalize to untrained cognitive abilities 

(Baillieux et al., 2016; Stojanoski et al., 2020). It is also important to note that 

within the sticky mittens field, there has been support for these ideas. Social 

perception (Gerson & Woodward, 2014b) and causality perception (Rakison 

& Krogh, 2012) did not generalize to new situations in which different objects 

were used at test. This problem with training studies, does not give us the 

confidence that a training paradigm will cause effects that are large enough to 

make an impact in infants’ lives.  

Even if there are training gains immediately after training and on similar 

tasks, we cannot be yet certain what training effects will be outside of this 

situation. Importantly, the inconsistent results of the sticky mittens work is a 

reason why using a training to enhance infant development may not be sensi-

ble at this moment. In order to have confidence in a training, we need to be 

certain that studies show the same results. Once new studies have been con-

ducted, for instance through multi-site replications, and when these show 

promising results, then it could be possible that a sticky mittens training is 

worthwhile.  

Finally, training alone will probably not be enough to guide the emergence 

of motor milestones. As discussed in chapter II, the dynamical systems theo-

ries suggest that motor abilities emerge when several different factors work 

together. Bodily systems, the nervous system, and the environment all need to 

be coordinated for a skill to develop. If we consider motor training to be an 

environmental factor that encourages reaching, there are still other factors that 

need to have been developed for reaching to emerge. The infant must have 

strong enough arm, neck and shoulder muscles, smooth tracking abilities of 

the eye, depth perception, and more (Smith & Thelen, 2003; Thelen, 2005; 

Thelen et al., 1996; Thelen & Spencer, 1998). Motor training alone would thus 

not be enough to facilitate infants’ development.  
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Final conclusions 

The work in this thesis assessed whether the sticky mittens effects could be 

found in Swedish 3-month-old infants in the motor domain, social perception 

domain, and visual attention domain. However, Study I demonstrates that the 

sticky mittens effects are inconsistent, apart from the social perception effects. 

Study II fails to find evidence for an improvement of manual abilities after 

training and demonstrates that the paradigm does not generalize well to this 

Swedish sample. It does not provide clarity about the sticky mittens findings 

as a whole. Study III shows that social perception and visual attention abilities 

are not affected by training. The social perception results go against previous 

social perception results, but show the effects of the full training duration. The 

lack of attention effects do not provide clarity regarding the direction of im-

provements of attentional abilities. From this data, it can be concluded that 

there is not enough evidence to make strong statements about the effectiveness 

of the sticky mittens training. 
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