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We used the Delayed Match Retrieval (DMR) paradigm to 
assess VWM in the second year of life.
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Participants
Younger: 13-14.1 months (N=13); Older: 
14.5-16.5 mo (N=14). Only infants who 
completed 3 or more test trials were analyzed.

Video Coding of Engagement
Three coders tracked infants’ behavior (blinded; 
without viewing eye trace or trial) and noted any 
disengagement.

Pupillometry
Pupil diameter was averaged between the two 
eyes, baseline corrected (tonic levels before 
each trial were subtracted out), and smoothed. 
Within and between participants, median phasic 
pupil responses for certain critical periods (e.g. 
encoding) were then calculated.
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MethodsResearch question

What factors drive developmental increases in 
visual working memory performance?

If there are developmental trends in this age range, how much of 
this is caused by increases in attention and task engagement, as 

opposed to an increase in memory capacity per se?
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Performance showed a significant developmental 
trend (r=0.45; p = .023). Overall, older children 
significantly outperformed younger based on both 
first look (F(1,26)=7.16, p =.013) and longer look 
(F(1,26) =5.2, p = .031).

Performance as a function of age

exposition of the Sample), infants often did not have
time to look at both target cards, therefore it is not
surprising that measures based on first looks and
looking time are tightly coupled (r = 0.844, p = .0001).

The effect of learning

In order to examine learning trends, we compared
percent correct performance in the first vs. the second
block of trials. (Three infants in each age group did not
have data in their second block, leaving nine infants in
the older and 11 infants in the younger group for this
within-subject comparison.) A univariate ANOVA with
Age group (8- vs. 10-month-olds) and Block (first/
second) as fixed factors was conducted. The main effects
were not significant (F1 = 2.618, p = .114, gp

2 = 0.068; F1

= 0.813, p = ns, gp
2 = 0.022, respectively), but there

was a significant interaction between the two factors
(F1 = 4.862, p = .034, gp

2 = 0.119). Planned comparisons
showed that younger infants’ performance significantly
increased over time (M8 months, Block1 = 39.63%, SD =
15.8,M8 months, Block2 = 61.55%, SD = 21.8, d = 1.151, t10
= 2.491, p = .032), while older infants’ did not
(M10 months, Block1 = 66.60%, SD = 18.2, M10 months,

Block2 = 57.41%, SD = 31.3, d = 0.359, t8 = !0.966, p =
ns, see Figure 5a). The same planned comparisons were
conducted with percent looking time, yielding essentially
identical results (see Figure 5b).

Discussion

We developed a novel, non-verbal, anticipation-based
visual working memory paradigm to measure memory
for object-location bindings: Delayed Match Retrieval

(DMR; an inversion of Delayed Match-to-Sample, with
inspiration from the game Memory). Success in DMR
requires that participants maintain and use what is where
information in VWM.3 We found that 10-month-old
infants remembered the object-location bindings for two
objects. Overall, 8-month-olds’ performance was at
chance, but showed a robust learning trend. The results
of the younger infants are very intriguing; they may also
have this ability, but may require more training to
acquire the ‘matching’ rule. Further studies are planned
to investigate this.
Our pattern of results is consistent with previous

novelty-based studies of infants’ VWM capacity for
object-location bindings (Oakes et al., 2006; Kaldy &
Leslie, 2005). DMR provides novel insight into VWM as
it overcomes some of the limitations of novelty-based
tests. Compared to violation-of-expectation paradigms
that measure passive gaze responses to novelty, this
paradigm presents a more challenging, arguably more
ecologically relevant test, as it requires online predictions
and active localization based on remembered informa-
tion. (And this information need not be strictly visual.
DMR could be used to investigate how auditory

Figure 4 DMR results. The figure shows (a) the average percent correct responses (first looks to the Match) during the response
interval and (b) average percent of looking time spent on the correct (Match) card during the response interval, in the two age groups.
Overall, 10-month-old infants chose the correct Match card significantly above chance, while 8-month-old infants’ performance was
at chance.

3 We would like to note that there is a potential strategy to aid
performance that does not require memorizing all object-location
bindings. With two cards, the participant could memorize the object-
location binding for just one of them and then when the Sample is
exposed, use process-of-elimination or disjunctive syllogism. We believe
that this strategy is more cognitively challenging than remembering the
locations of both objects. In any case, it is likely not available at
10 months of age. The mutual exclusivity bias in word learning
(Markman, 1990; Merriman & Bowman, 1989) has similar reasoning
requirements, and in a looking time paradigm, only 17-, but not 14-
month-olds, were able to apply this strategy (Halberda, 2003).
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A suggestive positive relationship was found between task 
evoked pupil response (a measure of effort and focused 
attention) and performance, but only in the older group.
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Age 8- and 10-mo 13- and 15-mo

Trial Number 4 training trials; 12 testing 
trials

6 training trials; 6 testing 
trials

Exposure time 2.5 s each; 1.5s face down 1s each;1s face down

Response time 4s 3s

Dependent Var longer look; first look longer look; first look

DMR has revealed VWM 
developmental from 8- to 10-
months (Kaldy, Guillory & 
Blaser, 2015).

We address this through video coding of task engagement and 
pupillometry. 

Task-evoked pupil responses reflect the 'intensive aspect' of 
attention (Kahneman, 1973; Laeng et al, 2012). This is true for 

children too, e.g. Blaser et al., (2012) showed that 2-year-olds with 
greater pupil responses did better in visual search.
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task evoked pupil response during encoding (mm)

Performance as a function of pupil response

Pupil response showed a positive correlation with 
performance in older (r=0.35; p=0.23) but not younger 
children (r=-0.26; p=0.40). A median split based on pupil 
response highlights the impact on performance: older 
children with higher than median pupils achieved 77% 
correct vs. 57% correct with lower than median pupils. 

Performance as a function of engagement
There was no correlation found between disengagement (from video coding) vs. performance overall, or 
within age groups. In general, disengagement was rare (14% of trials) and short-lived (<2 s).

15 month-olds had better performance in a Delayed Match 
Retrieval visual working memory task, compared with 13 
month-olds.
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There were no group differences on video coded measures 
of infants' engagement. Engagement was not correlated 
with performance. 

Comparison to 
Kaldy et al. 

(2015)

One-way ANOVA 
showed no significance 

in age groups (TFF to 
M: p = .115, TFF to 

NM: p=.137

group 
average

TFF: First look to Match TFF: First look to Non-match

1.781.46 1.801.48

Since the effort expended by older infants seemed to 
advantageously boost performance, but did not in younger 
infants, this may point to a difference in task understanding 
between groups, as opposed to a difference in overall effort 
or capacity per se.

Procedure: 6 training + 6 testing
Dependent variable: Proportion of 

first look (or longer look) to 
Match vs. Non-match card
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