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Training basic visual attention leads to changes in responsiveness to social
communicative cues in 9-month-olds

Abstract
The current study investigated transfer effects of gaze-interactive attention training to more
complex social and cognitive skills in infancy. Seventy 9-month-olds were assigned to a
training group (n = 35) or an active control group (n =35). Before, after, and at 6-week
follow-up both groups completed an assessment battery assessing transfer to non-trained
aspects of attention control, including table-top tasks assessing social attention in seminaturalistic contexts. Transfer effects were found on non-trained screen-based tasks, but
importantly also on a structured observation task assessing the infants’ likelihood to respond
to an adult’s social communication cues. The results causally link basic attention skills and
more complex social communicative skills, and provide a principle for studying causal
mechanisms of early development.
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Training basic visual attention leads to changes in responsiveness to social
communicative cues in 9-month-olds
Cognitive development is traditionally viewed as a hierarchical process, in which
early-developing skills lay a foundation for subsequent attainments (Heckman, 2006;
Karmiloff-Smith, 1992). Visual attention control is among the first cognitive skills to develop
during infancy and proposed to be a necessary “building block” for more complex cognitive
skills (Rose, Feldman & Jankowski, 2003). Thus for example, the brain networks involved in
voluntary orienting of attention (frontal eye fields, intraparietal sulcus, superior parietal lobe),
which are known to undergo intense development during the first year of life (Colombo &
Cheatham, 2006) are crucial for the involuntary and voluntary control of attention to sensory
inputs (Petersen & Posner, 2012).
This early emerging ability is important for further development because it enables the
child to more actively guide their attention and learn from the environment, in contrast to
merely reacting to environmental events (Ruff & Rothbart, 1996). Thus, a child who can
more efficiently control the focus of their visual attention might be better able to follow
social cues such as gaze-following, which is thought to be an important tool for language
learning but which requires the accurate and time-sensitive control over the focus of visual
attention in order to operate effectively (Frischen et al., 2007). They might also be better able
to use gaze aversion during emotion regulation (Sheese et al., 2008) and to engage in mutual
gaze with adults, thought to aid in the development of gestural and linguistic communication
(Carpenter et al., 1998). Conversely, a child who is less able to control the focus of their
visual attention might be less able to use these techniques in the time-sensitive and accurate
way needed for effective social interaction (Dawson et al., 1998; Johnson, 2012, Leekam et
al., 2000).
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In line with the hypothesis of attention control as a “building block” for more complex
cognitive skills, Rose and colleagues have shown, across a number of studies, that early
precursors of visual attention control predict later-developing capacities for language and
learning in academic settings (Rose, Feldman & Jankowski, 2009). Further, infants who
perform better on experimental measures of attention pay more attention to faces during free
viewing (Frank, Amso & Johnson, 2014), are better at regulating their emotions in distressing
situations (Sheese, Rothbart, Posner, White & Fraundorf, 2008), and perform better on
assessments of social cognition (Wellman, Lopez-Duran, LaBounty & Hamilton, 2008).
These findings suggest that visual attention control is involved in regulating social attention.
Research also suggests that early developmental atypicalities in aspects of attention may lead
to subsequent patterns of impaired learning in other areas in conditions such as autism
spectrum disorders (Keehn, Müller & Townsend, 2012), attention deficit hyperactivity
disorder (Lawson & Ruff, 2004), as well as other conditions such as preterm birth (Voigt et
al., 2012) (see also Johnson et al., 2016; Johnson, 2012). Yet, correlational studies like these
do not directly support the hypothesis that basic sensory and attention process may play a
causal role in infancy in the acquisition of more complex social and cognitive skills (Wass,
2014). Like any correlation, the observed relationship may be attributable to some additional,
third factor – such as the child’s general, cognitive developmental level.
In this study we sought to examine causal relationships by examining the effects of
attention training in infancy. Training of core cognitive functions, such as attentional control,
is a rapidly growing research field (Bryck & Fisher, 2012; Diamond & Lee, 2011) and welldesigned training studies allow us to address causal mechanism in development. The
participants in this study were presented with a gaze-interactive training battery (developed
by Wass, Porayska-Pomsta & Johnson, 2011) targeting basic visual attention functions that
are involved in the endogenous (voluntary) control of attention. Optimal control of voluntary
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attention requires flexibly shifting of attention in the face of new conditions. The paradigms
were therefore designed to train voluntary attention control in a variety of different contexts.
They were administered on a screen and an eye tracker was used to track the participants’
gaze. The paradigms were designed so that different events took place contingent on where
on-screen the infant was looking. To motivate optimal performance, audio-visual rewarding
stimuli were used and the difficulty level of the paradigms automatically adapt to the infants’
level of performance. Previous research has shown that training using these paradigms leads
to robust transfer to non-trained aspects of attention control in infants, although the transfer
of training effects to tasks involving social attention in more real-world settings has not been
analyzed (Ballieux et al., 2016; Powell, Wass, Erichsen & Leekam, 2016; Wass, PorayskaPomsta & Johnson, 2011).
Thus, in the current study we examined, for the first time, whether training of basic
attentional functions in infancy transferred to improved responsiveness on social attention
tasks. Seventy typically developing 9-month-olds were assigned to either four sessions of
non-social attention training with gaze-interactive stimuli (n = 35) or four active control
sessions (n = 35). To assess the effects of training, an identical pre-post testing battery was
administered on three occasions: first, before the start of the training/control sessions;
second, shortly (within a few days) after the last training or control session; and, third, six
weeks following end of the intervention.
The pre-post testing battery consisted of two elements. First, we administered a number
of screen-based paradigms assessing the abilities to sustain and disengage attention. Previous
research (Wass et al., 2011) has demonstrated training related improvements on non-social
versions of these tasks. Given the similarities between the task used by Wass et al (2011) and
the current study’s tasks, we predicted that the training would lead to improvements in
sustained attention and attention disengagement.
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Second, to assess whether training non-social attention transferred to improvements at
social attention tasks, we investigated whether the training would lead to an increase in the
infants’ ability to follow gaze on a screen-based task and also in their ability to respond to
and initiate social communication on structured observation tasks. Given previous
correlational links between endogenous control of attention and social attention (e.g., Frank
et al., 2014; Sheese et al., 2008; Wellman et al., 2008), it is plausible that training gains in
attention control would lead to improvements on tasks involving social attention. However, it
is also possible that tasks requiring orienting and maintaining attention to events in a social
setting has different demands, e.g., social motivational demands, that would mask or
overrule potential training gains in attention control.

Methods
Participants and Design
The participants were seventy typically developing infants (training group = 35; 19
females, 16 males; control group = 35; 18 females, 17 males). All infants were born fullterm, had a birth weight of >2500 g, and were recruited from a population-based database of
births in the Tampere area in Finland. Three additional participants enrolled in the study, but
dropped out in the beginning of their study participation (2 infants because of illness; 1
infant because eye tracking calibration was not possible). The attrition rate for the task in the
pre-post test battery varied between tasks and is described in detail under each task
description below. Each family received compensation for their travel expenses and token
worth approx. 10€ for their participation. The sample size in the current analyses (35 per
group) was chosen to be sufficiently powered (>80%) to detect training effects with an
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average effect size (Cohen’s d) of .69 (Wass et al, 2011). The final sample size varied
between 60-70 infants in individual analyses according to the specific task inclusion criteria
as explained below.
Before the start of the study the infants were, prior to their first contact with the
experimenters, pseudo-randomly allocated into a training or control group, i.e., each control
infant was paired with a training infant on a participant by participant basis and we controlled
for the number of minutes of screen exposure they received. The study involved seven lab
visits and the infants came in for the first visit when they were 9 months of age (training
group: 280.63 days, SD = 7.81; control group: 281.00 days, SD = 6.41). Visit 1 was preassessment; visits 2-5 were training or control sessions; visit 6 was first post-assessment; and
visit 7 was second post-assessment. The post-assessments were identical to the preassessment. The first six visits took place on average within 14.24 days (SD = 3.50; training
group: 14.06 days, SD = 3.56; control group 14.43 days, SD = 3.49) and the 7th visit took
place 6 weeks after the training intervention (days from first visit: M = 57.87 days; SD =
4.37; training group: 57.97 days, SD = 4.64; control group: 57.77 days, SD = 4.15). All
screened-based stimuli were presented on a 23-inch monitor that was part of a cornealreflection eye tracker (Tobii TX300, Tobii Technology, Stockholm, Sweden).
The parents were blind to the specific aims of the study and to their infant’s group
assignments. Ethical permission for the study was obtained from the Ethical Committee of
the local University and a written informed consent was given by the parents of the
participants before the start of the study. The study was conducted in accordance with the
Declaration of Helsinki.
Training Protocol
The attention training battery consisted of four gaze-interactive games targeting core
aspects of attention (e.g. attention switching, visual search, sustained attention, and
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interference control; see Fig 1 and Table 1). The games were designed to keep the infants at
their maximum difficulty threshold by the use of visual and auditory rewards. The difficulty
level increased or decreased as a function of performance. The training tasks used were
similar, with a few small modifications, to those used by Wass and colleagues (2011).
Following an eye tracking calibration procedure, the training games were presented in
rotation until the infants became tired or lost interest in the tasks. Each game was typically
played more than once during a training session. The average time spent on training in each
session was 22.34 min and the total training time over the four training sessions was on
average 89.36 min (SD = 15.41). The length of the training and control sessions was closely
matched, see Fig 2.
-----INSERT FIG 1 ABOUT HERE----Task 1 (Stars). One target, a cartoon character within a brightly colored star, was
presented on a night sky background together with eight distractors (e.g., planets, smaller
stars). The infant was given an audiovisual reward if he or she looked to the target within
3000 ms. The target changed from trial to trial (location and type of cartoon character) and
the salience of the distractors changed adaptively, contingent on performance. At lower
difficulty levels the eight distractors were smaller, static, identical to each other and
dissimilar to the target, whereas at higher difficulty levels the distractors were more varied,
moving, and more brightly colored. This task targets attention shifting and flexible search for
changing targets, whilst ignoring distractors.
The difficulty level (which determined the salience of the distractors) started for each
training session at an arbitrary setting of 2. This difficulty level was reassessed every 5 trials.
If the average trial time (including the reward, which was consistent across all trials) was less
than 5 seconds, the difficulty level increased by 1, up to a maximum of 7. If the average trial
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time was greater than 12 seconds it decreased by 1, down to a minimum of 1. The difficulty
level was used as the dependent variable to assess within-task training performance.
Task 2 (Windows). Infants were presented with a target (a cartoon animal) that upon
fixation disappeared behind curtains in one of several windows. After the target disappeared
an attention grabber (rotating yellow flower) was shown elsewhere on the screen. When the
infants fixated the attention grabber it disappeared after a delay. If the infants subsequently
looked back to the window where the target had disappeared they were given an audiovisual
reward. The number of windows and the complexity of the visual array in which each
window was presented changed adaptively as a function of performance. In addition, the
delay length increased or decreased in 200 ms increments for every correct or incorrect trial.
This task targeted visuospatial short-term memory and required acting on stored information
about objects embedded in complex scenes.
The difficulty level (which determined the number of search locations and the
complexity of the background of the visual array) started for each training session at 1. This
difficulty level was reassessed every 3 trials. If the previous 3 trials were all correct, the
difficulty level increased by 1, up to a maximum of 5. If none of the previous 3 trials were
correct the difficulty level decreased by 1, down to a minimum of 1. The difficulty level was
used as the dependent variable to assess within-task training performance.
Task 3 (Suspects). A target (a cartoon elephant or chicken) was presented together with
one or several distractors (other cartoon animals of the same size). When the infants fixated
the target within a fixed time limit they were given an audiovisual reward. The same target
was then re-presented with other distractors. If the infants looked to the target within a set
time period, following the start of the trial, the trial was defined as successful. The number of
distractors changed adaptively as a function of performance. In addition, after 28 trials the
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target changed non-adaptively from elephant to chicken (or reversed). This task targeted
attention shifting, and flexible search for changing targets, whilst ignoring distractors.
The difficulty level (which determined the number of search locations) started for each
training session at 1. This difficulty level was reassessed every 4 trials. If the child had
successfully located the target within the time limit on each of the 4 previous trials the
difficulty level increased by 1, up to a maximum of 6. If they had failed to locate the target
within the limit on 2 or more of the previous 4 trials the difficulty level decreased by 1, down
to a minimum of 1. The difficulty level was used as the dependent variable to assess withintask performance.
Task 4 (Butterfly). When the child fixated the target, the butterfly ‘flew’ across the
screen, and distractors (a house, a tree, clouds) scrolled in the opposite direction. When the
child looked to any of the distractors they disappeared and only the target, now static,
remained on screen. On re-fixating the target it re-commenced moving and the distractors reappeared and continued scrolling. When the target had across the screen, from the left- to the
right-hand side, it disappeared and the trial reset. The salience of the distractors changed
adaptively, including faster, larger and more densely packed objects. This task rewards a
child for maintaining their fixation on one target, and suppressing the prepotent response to
look towards moving distractors in the periphery.
A trial was defined as the time taken for the target to move from the left to the right
hand side of the screen. As described above the target was gaze-contingent, and only moved
when the child was looking directly at it. Within-task performance was calculated by
measuring the percentage of each trial that the infant spent looking at the target, relative to
looking at the distractors. The maximum possible score is 100, and the minimum 0. This
measure was used as the dependent variable to assess within-task performance.
-----INSERT FIG 2 ABOUT HERE-----
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Control Protocol
A matched number of infants participated in the same number, spacing, and duration of
lab sessions, using the same equipment and with the same experimenters, as the trained
infants. In lieu of training the infants watched non-contingent, child-appropriate animations
and television clips (Wass, Porayska-Pomsta & Johnson, 2011). Just as for the training tasks,
no clips featured human faces. The duration of screen exposure during each control session
was equivalent to during the training sessions (M = 89.89 min; SD = 15.52, see Fig 2).
Pre-Post Assessment
The test battery at pre-post assessment consisted of three screen-based eye tracking
tasks, a Sustained Attention task, an Attention Disengagement task and a Gaze Following
task, and two structured observation tasks assessing the ability to initiate and respond to
social communication (see Fig 3 and Table 1).
During the assessments, the pre-post test battery was presented in three blocks. The
Attention Disengagement task was presented in block 1, the structured observation tasks were
presented in block 2, the Gaze Following, and Sustained Attention tasks were presented in
block 3. The three blocks were pseudo-randomized across participants and visits before the
start of the study, wherein the structured observation was always administrated in the second
block. The purpose of this design was to allow for a break from the eye tracking assessment,
while still continuing with the testing, as infants are limited in their ability to sit still and stay
focused on one task. In addition, EEG was recorded during the Attention Disengagement task
and ECG was recorded during the Sustained Attention and Gaze Following tasks, these
results will be published at a later date.

-----INSERT FIG 3 ABOUT HERE-----
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Sustained attention (screen task). This task assessed the infants’ ability to sustain the
focus of their visual attention to a targeted stimulus. Different still images were presented in
the center of the screen and remained on-screen until 10s of accumulated looking time had
been collected. The time it took to accomplish this served as our outcome measure. (A shorter
time therefore indexes greater sustained attention.) Six images, three face images and three
non-face images, were presented. Two sets of three images were presented at two different
times of the assessment (a set of the Gaze following task was presented in between). The
stimuli were pseudorandomized so that a face or non-face image was never presented more
than two trials in a row. The face stimuli consisted of color images of affectively neutral
female faces (from the Karolinska Directed Emotional Faces database (Lundqvist, Flykt &
Öhman, 1998). The non-face stimuli consisted of color images of houses. One infant
(control) failed to complete this task on all three visits and was left out from the analyses.
One independent coder who was blind to the infants’ group coded the infants’ time to
accomplish 10 s of looking and achieved sound inter-rater reliability on 17% of the data
(Pearsons’ r = .99).
Attention disengagement (screen task). The attention disengagement task assessed
the ability to disengage from a centrally presented stimulus, an emotional face or a control
stimulus, to a lateral stimulus. The task used an overlap design, i.e., the central stimulus was
first presented, and then the lateral stimulus was presented while the central stimulus
remained on-screen (e.g., Forssman et al., 2014; 2016). When the infant looked to the lateral
stimulus, or following a set delay of 3000ms if no look was registered, an audiovisual
stimulus lasting 2000ms was presented in the lateral stimulus location. The central stimulus
consisted of one of two different facial expressions (i.e., a color image of a female face
posing a happy, or fearful facial expression) or a control stimulus (i.e., a scrambled face that
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retained the amplitude and color spectra as well as the contour of the face, but was not
identifiable as a face stimulus). The lateral stimulus consisted of a colorful animated movie.
The trials were presented in a pseudo-randomized order in which neither the condition
(fearful, happy, or non-face) nor the same target side (left or right) was repeated more than
three times in a row. The participants were presented with a total of 48 trials (16
trials/condition).
Similar to previous studies (e.g., Leppänen et al., 2014), a trial was considered invalid
if the infant did not look at the central stimulus for at least 70 % during the initial 1000 ms
presentation, if the infant made an anticipatory eye movement (i.e., eye movement
commenced < 150 ms after the onset of the lateral stimulus), or an eye movement toward an
incorrect location (i.e., not toward the lateral stimulus). Of the scorable trials, we calculated
the proportion of disengagement from the centrally presented emotional faces and non-faces
(i.e., eye movement toward the lateral stimulus during a time window from 150 to 1000 ms
after the onset of the lateral stimulus) and this served as our outcome measure. Data were
excluded from infants who failed to provide at least 3 valid trials/condition at all three
assessments (n = 6; 4 training participants, 2 control participants).
Gaze Following (screen task). In this task we assessed the infants’ ability to follow
gaze toward an object based on paradigms used previously (Senju & Csibra, 2008). The
infants were presented with a video of female actor sitting behind a table. Two toy objects
were placed on the table to the left and right of the actor. The actor’s gaze was averted down
during the initial phase of the video (1400 ms). In the second phase (2000 ms), following a
short beeping sound, the actor looked up and raised her eyebrows. In the third phase the
model turned her head and looked to one of the two objects (5000 ms). Two sets of six trials
were presented at two different times of the assessment (a set of the Sustained Attention task
was presented in between) and on each trial a unique set of objects were presented. The
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direction of the model’s gaze was pseudorandomized, in which the direction of gaze was in
an equal number toward the left or right object and never in the same direction more than two
trials in a row. We calculated the proportion of correct first looks to the gaze-cued object
(i.e., correct looks – incorrect looks / nr of valid trials) and this served as our outcome
measure. Three infants (1 training participant, 2 control participants) failed to complete this
task on all three visits and were therefor left out from the analysis.i

Structured observation tasks. Infants’ ability to respond to social communication and
to initiate social communication was based on two tasks from the Early Social
Communication Scale (ESCS; Mundy et al., 2003). During this assessment, the infants were
seated on their caregiver’s lap, at a table, facing the experimenter.
Responding to social communication was assessed using the Poster Task from the
ESCS. In this task, four posters were located on the wall located to the left, left-behind, right,
and right-behind the infant. The infants were presented with a total of eight trials, consisting
of two sets of four trials presented at different times during the assessment. In each trial, the
tester first established eye contact with the child. Then she turned her entire torso (not just her
head and arm) and visually oriented to a poster while pointing at it, and at the same time she
said the child’s name (one time). After 3 s the experiment leader briefly looked back at the
child and then at the poster again for 3 s., hence, each pointing episode was maintained for at
least 6 s. The outcome measure was coded as the proportion of trials in which the infants
looked to the correct poster during this 6 s window. One infant (control) failed to complete
this task on all three visits and was therefore left out from subsequent analysis.
Initiating social communication was judged using the Object Spectacle Task from the
ESCS. The experimenter presented an activated toy (e.g., mechanical toy puppy) on the table
in front of the infant, but out of his or her reach for 6 s. After 6s had elapsed the infant was
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then allowed to manipulate the toy briefly. The tester remained silent but attentive to the
child while the toy was active to allow the child to initiate joint attention bids vis-à-vis the
spectacle. However, if the child initiated a bid (e.g., alternates eye contact between the active
object and tester), the tester provided a natural but brief response (e.g., by smiling and
nodding or by saying “mmm hmmm”, or "Yes, I see!"). In this task the infants were
presented with a total number of nine trials, including the presentation of three toys at
different times during the assessment. Each toy was presented three times in a row. Initiating
social communication was coded as number of times the infants’ initiated joint attention by
alternating their gaze between the activated toy (6 s time period) and the experimenter’s line
of gaze. Proportion of alternating gazes across the nine trials was calculated as the outcome
measure.
During both structured observation tasks, the infants’ behavior was recorded with two
HD Camcorders (Canon Legria HF R306) placed so that the infants were recorded face-on
from two different angles and coded off-line. Two independent coders who were blind to the
infants’ group belonging achieved sound inter-rater reliability on 19% of the data (Kappa =
.84 and .60 for responding to and initiating social communication, respectively).
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Results
There were no significant differences between the two groups in terms of birth
weight, parents’ age, parental educational level, or pre-intervention performance levels in any
of the measured abilities (p-values = .13 -.74). Further, there were no significant differences
between the two groups in time spent on screening viewing in the training and control
sessions (p >.250; see Fig 2).

Analysis of changes in behaviour at the training tasks
Table 2 shows the raw scores obtained from the training tasks. The dependent variables
presented are described in the Methods section above. In addition, a composite z-score was
calculated. This was done by converting each of the performance measures described above
into a z-score on a per-task basis, and then averaging the z-scores into a single composite
measure to index average performance across all four training tasks.

-----INSERT TABLE 2 ABOUT HERE-----

First we wished to examine whether training improvements were observed over the
four training sessions. To do this we conducted a repeated-measure ANOVA with the single
composite measure of task performance as the dependent variable and the main effect of
Visit. A significant main effect of Visit was observed (F(3,99)=7.32, p<.001; see Fig 5a).
This suggests that average performance at the training tasks improved significantly over the
four visits, consistent with previous results (Wass, Porayska-Pomsta & Johnson, 2011).

Analysis of transfer of training effects to pre-post assessment battery
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Table 3 shows the raw scores obtained from the pre-post assessment battery. Our
planned main analyses were to compare performance between the pre- and post-test batteries,
in order to assess whether greater changes in behaviour were observed between pre- and posttest in the trained than in the control group. To examine this we conducted a set of repeatedmeasure ANOVAs with group (trained and control) and post-assessment (first and second) as
between- and within-subjects variables, respectively. The participants’ pre-assessment score
was controlled for in all the analysis by adding pre-assessment score as a covariate
(Klingberg et al., 2005; Wass et al., 2011). In addition, prior to running the ANOVAs, the
normalcy of the dependent variables was tested. Where pre-test and post-test scores were not
normally distributed (as indicated by a Kolmogorov-Smirnov test), a log-transformed version
of the difference scores was used instead. If normal distribution of both pre- and post-test
scores could not be achieved with log-transformation, the difference scores were used
(Dimitrov & Rumrill, 2003; Jamieson, 2004).
Effect sizes are given as partial 2, reflecting the proportion of explained variance in
the dependent measure. Fig 4 illustrates standardized change in performance in the trained
and control group on the post-assessments tasks relative to pre-assessment.

-----INSERT TABLE 3 ABOUT HERE-----

-----INSERT FIG 4 ABOUT HERE-----

Training effects on screen-based tests
Our analysis revealed a significant effect of group on sustained attention to static
images (i.e., total time taken to accomplish 10 s of looking to the image), F(1, 65) = 4.28, p =
.043, partial 2 = .06, reflecting larger improvements in sustained attention (i.e., less overall
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time to reach 10 s accumulated looking) in the trained group as compared to the control
group’s performance (see Figure 4). There was no significant interaction between group and
post-assessment, F(1, 65) = .00, p >.250, partial 2 = .00, indicating that the training gain in
sustained attention did not significantly differ between the two post-assessments. As a
complementary analysis we explored whether the group effects would be different or similar
for social and non-social stimuli. Adding stimulus type (faces and houses) as a within-subject
variable to the analysis did not reveal a significant interaction between group x stimulus (F(1,
64) = 1.20, p >.250,) or between group x stimulus x post-assessment (F(1, 64) = .05, p
>.250). This suggests that training gains were equivalent for social and non-social stimuli.
For the attention disengagement task, our analysis showed no significant effect of
group on the ability to disengage from a centrally presented stimuli to a lateral target, F(1,
62) = 1.75, p = .191, partial 2 = .03, but a trend-significant interaction between group and
post-assessment, F(1, 62) = 3.36, p = .071, partial 2 = .05. Post-hoc tests revealed a
tendency for an increased ability to disengage in the trained group on the first postassessment, t(62) = 1.92, p = .060, but no significant difference between the two groups on
the second post-assessment, t(62) = .62, p >.250, suggesting that the tendency for trainingrelated improvements was only observed immediately following the intervention for this task.
As a complementary analysis we explored whether the group effects would be different or
similar for social and non-social stimuli. Adding stimulus type (emotional faces and nonface) as a within-subject variable to the analysis did not reveal a significant interaction
between group x stimulus (F(2, 62) = .71, p >.250,) or between group x stimulus x postassessment (F(2, 62) = 1.02, p >.250).
For the screen-based gaze following task we observed no significant effect of group on
the infants’ ability to follow gaze toward an object F(1, 56) = 1.89 , p = .175, partial 2 =
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.03, and no interaction between group and post-assessment, F(1, 56) = .49 , p >.250, partial
2 = .01.
Training effects on the social communication assessments
From the structured observation assessment, we analyzed infants’ abilities to respond to
and initiate non-verbal social communication (i.e., joint attention behaviors). We found a
significant effect for an increase in proportion of response to social cues (i.e., following
pointing and gaze) in the trained group compared to the control group, F(1, 66) = 4.24, p =
.044, partial 2 = .06. No significant interaction was found between post-assessment and
group, F(1, 66) = 0.00, p = .985, partial 2 = .00, indicating that the training gain in the
ability to respond to pointing and gaze cues did not significantly differ between the two postassessments.
For the ability to initiate social communication (i.e., sharing attention by alternating
gaze between an object and another person) we found no significant training effect, F(1, 67)
= .01, p >.250, partial 2 = .00, and no interaction between post-assessment and group, F(1,
67) = .22, p >.250, partial 2 = .00.
Associations between Training Gains and Improvements on the Training Sessions
We then examined the association between the degree of improvement observed on the
training tasks and the performance change observed on the sustained attention, attention
disengagement, and responding to social communication task on the first and second postassessment. To obtain a stable measure of training improvement over time we took the
composite measure of performance (calculated as described above) and calculated a linear
regression score based on the averages of the first two training sessions and the last two
training sessions. Using Pearson’s bivariate correlations a significant correlation was
observed between training improvements and training gains on responding to social

20
communication in the structured observation task on the first post-assessment, r(33) = .38, p
= .029 (see Fig 5b), but not on other tasks, all rs < .17 and ps > .250.
-----INSERT FIG 5 ABOUT HERE-----
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Discussion
Consistent with previous studies (Ballieux et al., 2016; Wass et al, 2011), our results
demonstrated that attention training in infancy leads to changes in performance at screenbased assessments of sustained attention. The trained group showed increased visual
sustained attention immediately following training and at 6-week follow-up. Also in line
with previous studies (Powell et al., 2016; Wass et al., 2011), the trained group showed a
trend-significant increase in their ability to disengage (shift) attention, but only immediately
following training and not at the 6-week follow-up. Interestingly, the significant training
effect on sustained attention and trend-significant effect on attention disengagement were
similar for non-social (e.g., houses) and social (i.e., faces) test stimuli, suggesting that the
training paradigms may primarily target domain-general attention mechanisms that mediate
the basic processes of attention holding and shifting in infants (Cohen, 1972). The sustained
attention and attention disengagement tasks were both cognitively similar to elements of the
training battery (see Table 1), but the screen layout (see Figures 1 and 3) and all of the details
of the design (timing, structuring of the trials etc) were substantially different – suggesting
that performance in a specific cognitive domain had been strengthened, and that transfer to a
different, untrained measure of a similar cognitive domain was being observed.
Our results also expanded previous training studies on infants, as we demonstrated for
the first time that attention training leads to improvements on infants’ responsiveness to
naturalistic social communicative cues (as indexed using the ESCS (Mundy et al., 2003). We
found a significant improvement in the trained infants’ ability to follow an adult’s gaze and
pointing to a distant object, and this effect was robust at 6-week follow-up. In relation to this
finding, our results further showed that the degree of training gains was related to the degree
of improvement observed on this task.
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However, no training effects were found on the infants’ ability to initiate social
communication (i.e., sharing attention - alternating gaze between an object and the
experiment leader). Although we can only speculate, it may be that the trained attention
skills have weak transfer effects to tasks assessing the ability to initiate social
communication, because of the difference in tasks demands. It has been suggested that
individual differences in initiating social communication behaviors may reflect to a larger
extent social motivation aspects and temperament-like features, whereas responding to social
communication has been proposed to involve more reflexive aspects of social attention
orienting (Moore & Corkum, 1994). Research has also shown that the development of
initiating and responding to social communication behaviors follows different developmental
trajectories. Whereas the latter behavior (responding) shows a linear increase in frequency
between 9- and 18-months of age, this linear age-related change is not found in initiating
social communication in this age group (Mundy et al., 2007).
The specific mechanisms mediating the training effects remain open, but given that the
training gains were most evident for the paradigm designed to train visual search and
interference control (i.e., Task 1 Stars), it seems plausible that the gaze-interactive paradigms
may primarily target networks involved in attention orienting (i.e., frontal eye fields,
intraparietal sulcus, and superior parietal lobe) in the studied age group. These networks
undergo intense development during the first year of life (Colombo & Cheatham, 2006), are
crucial for involuntary and voluntary control of attention to sensory inputs (Petersen &
Posner, 2012), and may also provide a critical building block for responding to social
communicative cues (Mundy & Newell, 2007). One plausible role for control of attention
orienting in social settings is that this ability mediates learning by allowing the child to more
actively explore his or her environment (Ruff & Rothbart, 1996). Further investigation of
this hypothesis will, however, require a subsequent study in which a more cognitive
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homogenous training battery is applied. The current training battery contained a mixture of
different types of non-social voluntary attention, ranging from visual search through to
focused/sustained attention, making it hard to infer which aspect of the training battery is
responsible for the training effects observed.
One of few studies examining the association between attention training and brain
activity in relatively young children (Rueda, Checa & Cómbita, 2012) found that attention
training leads to more efficient activation of attention network in 5-year-olds. So far, no
study has investigated this topic in infants. If supported by further data (i.e., analyses of
neural correlates), such a mechanism would provide direct support for models emphasizing a
significant role of basic attention networks in human social behavior and social learning
(Mundy & Newell, 2007).
A potential inconsistency in our results is that we found no significant effects of
training on the screen-based gaze following task – despite that this task putatively tested
similar cognitive functions as the tasks assessing infants’ response to naturalistic
communicative cues. Of note, across three visits, highly inconsistent relationships were
observed between individual differences on the screen-based assessment of gaze following,
and naturalistic task assessing responsiveness to social communicative cues (r=.028 at visit
1; r=.069 at visit 6, and .227 at visit 7). This questions the degree to which individual
differences observed on screen-based assessments generalize to more ‘real-world’ scenarios
– particularly given the substantial differences between screen-based tasks and the real world
(their pared-down, simplified structure) (Wass, 2014). Of the two tests, the screen-based
assessment of gaze following showed poor test-retest reliability (r=.006, p=.96) between the
immediate pre- and post-assessments, whereas the naturalistic task assessing responsiveness
to social communicative cues showed good test-retest reliability (r=.55, p<.001). This
suggests that the naturalistic task is the more stable and reliable measure.
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In sum, our results support hierarchical models of cognitive development and the idea
of basic visual attention as an important “building block” for more complex socio-cognitive
skills. They show that training basic, non-social attention processes in infancy leads to
increases in infants’ responsiveness to social communicative cues. This finding is of interest
not only for modeling the dynamics of early cognitive development, but also as a proof-ofprinciple for developing novel intervention methods. However, it should also be noted that
even the tabletop tasks we used were still simplified, and reductionist, relative to the
attentional behaviors that are required in social contexts ‘in the wild’, in real-world settings.
It remains for future work to investigate in more detail how far experimentally induced
training effects lead to changes in other aspects of behavior, by using a wider variety of tasks
to assess infants’ social cognition and learning.
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Figures

Figure 1. Illustration of the four training games: a) Task 1 (Stars), targeting visual search and
interference control: A target (indicated red) was presented on-screen along with a number of
static and moving (indicated blue) distractors. If the child looked to the target within a time
window, they received a reward. b) Task 2 (Windows), targeting visuo-spatial memory: A
target (indicated red) was presented in one location on screen. All four windows then closed
and a fixation target (the red flower) appeared for a variable inter-stimulus interval. After the
fixation target disappeared, a look back to the cued window triggered a reward, and c) Task 3
(Suspects), targeting attention-switching: A target (indicated red) was presented along with a
range of distractors. If the child looked to the target within a time window, they received a
reward. Once per block of 12 trials the target changed. Targets from the previous block
(indicated yellow) were presented concurrently with the current target, as distractors. d) Task
4 (Butterfly), targeting sustained attention and interference control: The butterfly (indicated in
red) scrolled from left to right as long as the child looked directly at it, with static and moving
(indicated in blue) distractors presented in the child’s peripheral visual field. If the child
looked to any of the distractors, they disappeared and the butterfly stopped.

31

Training Visits

50

Time in minutes

40
30
20
10
0

Session 2

50

Session 3

Session 4

Session 5

Control Visits

Time in minutes

40
30
20
10
0

Session 2

Session 3

Session 4

Session 5

Figure 2. Illustrates the participants’ time spent on spent on screen viewing in the four
training (upper panel) and control (lower panel) sessions (visit 2-5). The solid lines represent
individual participants time spent in each session and the dotted lines represent the averaged
time for the trained and control groups, respectively.

32

Figure 3. Illustration of the pre-post test battery a) Sustained Attention (screen task): A single
central image (house or face) was presented on the screen and the time required to
accumulate a total of 10 s looking time was recorded; b) Attention Disengagement (screen
task): A central image (emotional face or control image – scrambled face) was presented,
followed by a lateral stimulus after 1000ms. The likelihood of disengaging from the central
stimulus was calculated; c) Gaze Following (screen task): An actress looked directly to
camera, then down at one of two objects on a table. The proportion of trials in which infants
followed the actress’ gaze was calculated; and d) Social Communication (structured
observation assessment): To assess responsiveness to social communication (left) an
experimenter pointed to one of a series of 4 posters on the wall. The likelihood of the infant
responding to the experimenter’s cue was calculated. To assess initiation of social
communication (right) an experimenter positioned an activated toy (e.g., airplane with
spinning propeller) on the table. Infants’ likelihood to initiate joint attention by alternating
gaze between the toy and the experimenter were recorded.
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Figure 4. Illustrates mean standardized change (delta) scores in performance, i.e.,
improvements in performance at post-assessments with respect to pretest level calculated for
each individual participant, on first post assessment (immediately following the intervention)
and second post assessment (6-week follow-up) in the trained group and in the control group.

34
Positive values indicate more improvement on the task. The left panel illustrates performance
on the screened-based tasks and the right panel illustrates performance on the structured
observation tasks. Asterisks indicate significance level of the training gains, relative to the
control group, based on the ANOVA analyses as described in the result section: * = p < .05;
(*) = p < .10. Error bars represent SEMs.
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Figure 5. a) Changes in performance within the training task. Individual lines show changes
in performance across the four training sessions for the individual training tasks administered.
b) Scatterplot showing the relationship between training gain (across all tasks) and changes in
responding to social communication.
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Table 1.
Summary descriptions of training tasks and pre-post assessment tasks.

Task
Training tasks
Task 1 – Stars

Description and construct
A target was presented on-screen along with a number of
static and moving distractors. If the child looked to the
target within a time window, they received a reward.
Construct: attention shifting and flexible search for
changing targets

Task 2 – Windows

A target was presented in one location on screen. All
four windows then closed and a fixation target appeared
for a variable inter-stimulus interval. After the fixation
target disappeared, a look back to the cued window
triggered a reward.
Construct: visuospatial short-term memory

Task 3 – Suspects

A target was presented along with a range of distractors.
If the child looked to the target within a time window,
they received a reward. Once per block of 12 trials the
target changed. Targets from the previous block were
presented concurrently with the current target, as
distractors.
Construct: attention shifting, and flexible search for
changing targets

Task 4 – Butterfly

The target scrolled from left to right only when the child
looked directly at it, with static and moving distractors
presented in the child’s peripheral visual field. If the
child looked to any of the distractors, they disappeared
and the target stopped moving.
Construct: suppressing the prepotent response to look
towards moving distractors

Pre-post assessment tasks
Screen-based tasks
Sustained attention

A single central image (image of house or face) was
presented in the center of the screen and remained onscreen until 10s of accumulated looking time had been
collected.
Construct: Visual sustained attention.

Attention disengagement

A central stimulus, either an emotional face or a control
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stimulus was presented centrally followed by an
attractive moving target laterally. The time taken to
disengage from the central stimulus was recorded.
Construct: Attentional disengagement.
Gaze following

An actress was filmed looking directly at the camera,
then down at one of two objects. The proportion of
correct to incorrect looks to the gaze-cued object was
recorded.
Construct: Gaze following.

Structured observations
Responding to social
communication

Experimenter established contact with the child then
looked and pointed to one of a series of 4 posters on the
wall. The proportion of trials in which the infant looked
at the cued poster was recorded.
Construct: Responsiveness to social communicative cues
(i.e., responding to joint attention).

Initiating social
communication

The experimenter presented a toy to the child. The
number of times in which the infant alternated their gaze
between the toy and the experimenter’s line of gaze was
recorded.
Construct: Initiating social communication (i.e.,
initiating joint attention).
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Table 2.
Mean (SD) raw performance scores for participants in the trained group on the training tasks. Exact descriptions of how performance measures
were calculated for each task are given in the Results section. In addition, a summary score of performance measures across all tasks is given.
This is derived from a composite of Z-scores calculated on a per-task basis.

Training Visit
Training task
Task 1 – Stars

Task 2 - Windows

Task 3 – Suspects

Task 4 - Butterfly

All - Tasks

Score

Session 2

Session 3

Session 4

Session 5

Successful location of target within
time limit (within-task performance
index)

2.96 (0.17)

3.41 (0.16)

3.82 (0.16)

4.09 (0.14)

Training time (mins)

7.2 (4.1)

7.4 (2.8)

7.5 (2.9)

7.2 (3.0)

Look to cued location within time limit
(within-task performance index)

1.69 (0.12)

1.80 (0.10)

2.02 (0.12)

1.82 (0.11)

Training time (mins)

4.0 (3.0)

3.0 (2.2)

3.6 (2.6)

3.5 (2.5)

Successful location of target within
time limit (within-task performance
index)

2.78 (0.12)

2.94 (0.10)

3.12 (0.06)

3.03 (0.06)

Training time (mins)

4.5 (2.6)

4.0 (2.3)

4.7 (1.6)

4.5 (2.0)

Proportion of trial time spent looking at
target (within-task performance index)

61.3 (2.72)

65.0 (1.98)

64.4 (1.70)

65.2 (1.61)

Training time (mins)

3.6 (2.1)

3.8 (2.5)

3.4 (2.1)

2.9 (2.3)

Mean performance (z-score)

-0.28 (0.16)

-0.06 (0.17)

0.19 (0.17)

0.14 (0.16)

Training time (mins)

19.5 (6.70)

18.2 (4.70)

19.2 (4.4)

18.2 (5.0)
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Table 3
Mean (SD) raw pre- and post-assessment scores for the participants in the trained and control groups on the screen-based tasks and the
structured observation

Trained Group
Task
Screened-based tasks
Sustained Attention

Score

Pre-test

1st Post-test

Time to
accomplish 10 s
of looking time
(secs)

19.70 (10.28)

Attention Disengagement

Proportion of
disengagement

Gaze-Following

Structured observations
Responding to social
communication
Initiating social
communication

Control Group
2nd Post-test

Pre-test

1st Post-test

2nd Post-test

14.88 (5.57) 15.90 (4.25)

17.95 (6.15)

16.58 (7.67)

19.66 (13.37)

.86 (.11)

.94 (.07)

.93 (.10)

.87 (.11)

.90 (.13)

.92 (.11)

Proportion of
correct first looks
to cued object

.23 (.14)

.34 (.24)

.40 (.24)

.22 (.18)

.26 (.19)

.35 (.27)

Proportion of
correct following
of gaze/pointing

.12 (.18)

.22 (.26)

.33 (.25)

.17 (.18)

.18 (.20)

.28 (.25)

Proportion of
alternating gaze

.53 (.33)

.51 (.31)

.54 (.28)

.48 (.30)

.48 (.33)

.54 (.28)
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Footnote
In addition to these three eye tracking tasks, a fourth screen-based task was administered, a
switch-task, designed to assess infants’ rule-learning abilities. However, preliminary analyses
of this task during the study’s pre-assessment data collection (not discovered during the
piloting phase before the start of the study) revealed a strong confounding relationship
between the different sub-sections of the task, according to which better performance during
the initial training phase lead to the appearance of worse performance during the ‘rulelearning’ phase, invalidating the design. Therefore, the results from this task have been
excluded from the study.
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