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Where was it? Working memory as a predictor 
of passive vocabulary development in the third year of life

Abstract: The objective of the presented research was to test whether working memory, measured using the Spin the Pots 
task, is an important factor in passive vocabulary development in 2- and 3-year-old children. Two longitudinal studies 
were conducted. In the first, 135 children participated in the first study. At 18 months their responding to joint attention 
was measured, and then at 24 months their working memory and passive vocabulary was tested. It was demonstrated that 
responding to joint attention predicts the level of development of working memory, which in turn influences the extent of 
the passive vocabulary. In the second study, 113 children participated – at 30 months their working memory was measured, 
and at 24 months and then 36 months their passive vocabulary was tested. It was observed that at the age of 3 working 
memory is still a significant predictor of passive vocabulary. The usefulness of the Spin the Pots task for measuring the 
working memory of young children was shown and discussed in conclusions.
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Introduction

A large body of evidence shows that vocabulary 
size, that is how many words a preschool child knows, 
is a significant predictor of later academic achievement 
(e.g. Alloway, Gathercole, Adams, & Willis, 2005; 
Biemiller & Boote, 2006; Gathercole, Lamont & Alloway, 
2006; Kastner, May, & Hildman, 2001; Ouellette, 2006, 
Tannebaum, Torgesen, & Wagner, 2006). Looking for the 
causes if this relationship, we can point to the fact that the 
passive vocabulary is without doubt a good measure of 
intelligence (Hornowska, 2005; Wechsler, 2004), as well 
as argue that having a substantial vocabulary is conducive 
to the development of the ability to read. It is therefore 
very important to look for early – or even very early – 
determinants of vocabulary development, i.e. to ask which 
factors affect development of passive vocabulary up to the 
age of 3. However, the objective of the research presented 
in this paper is not to provide a broad analysis of the factors 
influencing vocabulary development described to date, but 
rather to examine what role working memory plays among 
these factors. Defining working memory as a construct 
describing not only concurrent maintenance but also 
manipulation (i.e. processing or updating) of information, 

we assume that it refers to a mental workspace, determined 
by the individual’s capacity to temporarily store, and 
more importantly manipulate information (Baddeley, 
2007; 2012; Orzechowski, Piotrowski, Balas, & Stettner, 
2009; Orzechowski, 2012). We therefore emphasise that 
Baddeley’s central executive (2012) responsible for this 
process of manipulation is the most important component 
of working memory, which probably develops later than 
the visuospatial sketchpad and phonological loop (Carlson, 
2005; Gathercole, Pickering, Ambridge, & Wearing, 2004). 

In this paper we aim to answer two questions. Firstly, 
what are the developmental relations between working 
memory and other predictors of development of the passive 
vocabulary, more precisely joint attention, and how do 
these two factors – joint attention and working memory 
– affect vocabulary development in children of 2 years of 
age? Secondly, at the age of 3 is working memory still an 
important factor affecting vocabulary development and the 
rate at which the vocabulary evolves?

Studies on the significance of vocabulary for later 
achievements at school stress the importance of conducting 
research on the determinants of vocabulary development 
(e.g. Tannebaum, Torgesen, & Wagner, 2006). Many 
studies show that socio-economic status has an effect on the 
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vocabulary (Hoff, 2003; Fernald, Marchman, & Weisleder, 
2013; Pungello, Iruka, Dotterer, Mills-Koonce, & Reznick, 
2009; Stokes & Klee, 2009), as does the way mothers speak 
to their children (e.g. the length of their utterances: Barrett, 
Harris, & Chasin, 1991; Hoff & Naigles, 2002; Pungello et 
al., 2009). Among these factors, known as environmental, 
particularly important is the role of so-called joint attention 
in the first and second years for a child’s linguistic 
development. Carpenter and colleagues (1998) as well 
as Tomasello (1988; 1995; Tomasello & Farrar, 1986) 
argue that longer episodes of joint attention and mothers’ 
tendency to follow their child’s attention are factors with 
a direct effect on the growth of a child’s lexicon. 

Joint attention, defined as the ability to coordinate 
attention with a social partner in order to share experience 
(Rheingold, Hey, & West, 1976), has been studied 
intensively in infants and toddlers (Bakeman & Adamson, 
1984, Mundy, Delgado, Block, Venezia, Hogan, & Seibert, 
2003; Seibert, Hogan & Mundy, 1982; Tomasello, 1999). 
Two different kinds of joint attention are distinguished 
at behavioural as well as neuronal level (Mundy, 2013), 
and it has been proved that especially responding to joint 
attention (meaning the ability to perceive, process and react 
to external social information about the attention of other 
people, that is their direction of gaze, head movements, 
gestures, vocalisations) is related to learning, especially 
learning new words. Many authors (Baldwin, 1995; Mundy 
& Brunette, 2005; Scofield & Behrend, 2011; Tomasello, 
1995) emphasise that much of early vocabulary acquisition 
in the 2 year takes place in social learning situations when 
parents are referring to new objects and events and children 
need to sort through the number of stimuli to focus on 
the correct object and acquire an appropriate new word 
association. Moreover, correlations have been observed 
between the frequency of responding to joint attention 
trials during the end of the first year and second year and 
subsequent vocabulary development in both typically 
and atypically developing children (Brooks & Meltzoff, 
2008; Morales et al., 1998; Mundy et al., 2007; Sigman 
& McGovern, 2005). Responding to joint attention as the 
ability that develops during early social interactions and as 
a kind of social attention seems to be an important factor in 
vocabulary development. The question is how this ability is 
related to the cognitive abilities of a preverbal child, such 
as working memory, and especially the central executive.

Despite the emphasis on the link between attention 
and working memory (Awh, Vogel, & Oh, 2006; Cowan, 
2011; Fougnie, 2008), as yet there has been no research 
on the connection between joint attention and working 
memory. Yet it is worth citing those works whose results 
indirectly prove that such a connection exists. The research 
of Cuevas and Bell (2014), for instance, demonstrated that 
5-month-old infants who look at objects for a shorter time 
and switch attention between them more quickly (short 
lookers) subsequently – at 24, 36 and 48 months – attain 
higher results in tasks measuring their executive functions 
(including working memory) than children who look at 
objects longer and are slower to switch attention between 
them (long lookers). Miller and Marcovitch (2015), 

meanwhile, show that the symbolic representational skills 
that develop as a result of joint attention are important 
predictors of the level of development of the executive 
function in children aged 2. Van Hecke, Mundy, Block, 
Delgado, Parlade, Pomares and Hobson (2012) claim 
that the development of the ability to respond to joint 
attention of children aged 12 months is linked to later – 
tested at 36 months – ability in the area of self-regulation 
measured in the paradigm of delay of gratification. In 
other words, the cognitive control functions of children 
aged 3 definitely develop on the basis of earlier abilities 
of children in such skills as focusing attention, but also on 
joint attention, the essence of which is focusing attention 
while interacting with an adult. It seems that the perspective 
of neo-constructivist theories of cognitive development 
(cf. Newcombe, 2011) as well as the sociocultural approach 
to this development (Gauvain, 2013; Rogoff, 2003) provide 
a suitable theoretical framework allowing us to state that 
the developmental order of acquisition of skills involves 
initially mastering them in situations of interaction (e.g. 
sharing fields of attention with an adult), in order for them 
to gradually become abilities of an individual operating 
independently and without adult support. The above 
arguments incline us to accept the premise that in looking 
for early predictors of vocabulary development in 3-year-
old children it is legitimate to test – consecutively – first 
joint attention, and then the working memory that may 
develop on its basis.

The first thing that must be stressed with reference to 
the connection between development of working memory 
and vocabulary is its mutual – or bi-directional – nature. 
Wolfe and Bell (2007), in their study of the influence of 
the vocabulary on working memory, demonstrated that 
language and temperament – and specifically effortful 
control – are good predictors of working memory and 
explain even 39% of variance of working memory 
measured in 4-year-old children. The correlation between 
the measurements of passive vocabulary and effortful 
control was between .33 and .48, but more importantly 
the link between vocabulary and working memory was 
not only strong, but its strength increased with age (from 
the group of 2-year-olds r = .51, p = .02; for the group of 
4-year-olds: r = .55; p = .01; for the group of 4.5-year-olds: 
r = .78, p < .001). We should note that the measurements of 
working memory in these studies were go-no/go-type tasks, 
which, although they required participants to remember 
a rule, were more concerned with measuring the aspect of 
hindering than manipulation of information. Other studies 
on preschool children also show that the developing 
vocabulary affects the working memory, especially 
through its influence on changes in the phonological loop. 
For example, an increase in processing speed permits fast 
verbal rehearsal, leading to more efficient retaining of 
information in the verbal working memory (Fry & Hale, 
2000). Barrouillet, Bernardin and Camos (2004) argue that 
faster processing speed can also result in better use of the 
executive processes of attention, thus release resources that 
can be allocated to updating or refreshing representations 
in working memory. 
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It appears, however, that a larger number of studies 

point to the reverse relationship – i.e. the influence of 
working memory on vocabulary development. We should 
stress that this is usually research involving preschool 
and older children (Baddeley, Gathercole, & Papagno, 
1998; Gathercole, 2006; Gathercole, Willis, Emslie, 
& Baddeley, 1992). Gathercole and Baddeley (1989) 
showed that verbal working memory of children aged 4 is 
a predictor of vocabulary development a year later (even 
when the level of vocabulary development is controlled 
at age 4). They also revealed that the vocabulary level at 
age 4 is not a significant predictor of working memory at 
age 5 (Gathercole et al., 1992). Savage, Cornish, Manly 
and Hollis (2006), meanwhile, who studied children aged 
between 6 and 11, proved that the phonological loop and 
“central processing” measures are predictors of reading 
ability, even when age and intelligence level are controlled. 
Pham and Hasson (2014) also demonstrated that in 
children aged 9–12, verbal working memory was a stronger 
predictor in reading fluency and comprehension, and 
visuospatial working memory also significantly predicted 
reading skills. Gathercole and Baddeley (1993) emphasise 
that development of the phonological loop and central 
executive supports the growth of skills in vocabulary, 
comprehension, reading, and speech production.

Research on younger – aged 2 to 3 – children also 
reveals the influence of working memory on linguistic 
development, especially when measured through such 
indicators as length of utterance or active vocabulary. 
For example, Blake, Austin, Cannon, Lisus and Vaughan 
(1994) demonstrated that phonological working memory 
capacity is a better predictor of mean length of utterance 
in 2- and 3-year-olds than chronological and mental age. 
Adams and Gathercole (1995) proved that phonological 
short term memory (PSTM) predicts quantity and quality 
of spontaneous speech in 3-year-old children. Children 
with a higher PSTM level produced longer utterances 
containing a greater range of syntactic structures and 
lexical diversity compared to children with a lower 
PSTM level. Furthermore, in the third and fourth year 
children with a good phonological working memory also 
have a higher level of verbal fluency than children with 
a lower level of this memory (Adams & Gathercole, 1995). 
Stokes and Klee’s (1995) research on the determinants 
of language development in 24–30-month-old children, 
meanwhile, showed that among such factors as economic 
status, nonverbal cognitive development, processing skill 
(fast mapping), phonological working memory (PWM), 
gender and age, it was PWM that was the best predictor 
of vocabulary development in children (explaining some 
36% of variance). In summary, the above results of research 
essentially concern PWM and its effect on language 
development. The research presented in this paper aimed 
to test the influence of the executive and non-verbal 
component of working memory on the development of 
vocabulary in children in early childhood. 

The next point in favour of the argument that working 
memory is a factor in vocabulary development is the results 
of research involving children with impaired language 

development. Montgomery and Evans (2009) demonstrated 
that children in the age range from 6 to 12 years with 
Specific Language Impairment (SLI) perform worse on 
measures of verbal working memory than their matched 
peers do, and are characterised by a lower level of complex 
sentence comprehension. In other research, Hick, Botting 
and Conti-Ramsden (2005) showed that 4-year-old children 
with SLI have a lower level of verbal working memory 
than a control group selected on the basis of age and non-
verbal level of intelligence. Swanson’s (2003; 2006) 
research on people with dyslexia (aged from 5 to adult) 
proved that children with reading disabilities possesses 
impairments not only in their phonological STM, but also 
in the central executive. Referring to research involving 
very young children, we ought also to cite the work of 
Fernald, Marchman and Weisleder (2013), whose research 
on two groups of children – those developing normally and 
so-called late takers – at 18 and 30 months indicated that it 
is the executive aspect of working memory, and specifically 
processing efficiency in word recognition evident in infancy, 
that have cascading consequences for later word learning.

The main reason for the fact that relatively few studies 
tackle the issue of the link between working memory and 
language development in children younger than preschool 
age would appear to be the limited possibility of measuring 
the central executive in early childhood. In children in early 
childhood, search tasks are usually employed: in 1-year-old 
children this is an A-not-B task (Diamond, 1985; 2002), in 
2–3-year-olds a multilocation search task, an example of 
which is the Spin the Pots task (Hughes & Ensor, 2005). 
Interestingly, the construction of the Spin the Pots task is 
very similar to the Spatial Working Memory task from the 
CANTAB test battery (Conklin, Luciana, Hooper, & Yarger, 
2007) used in study of older children from 4 upwards and 
adults. In this task, the subjects must find blue tokens hidden 
in boxes of various colours. In each trial in several boxes 
on the screen only one blue token is hidden, and in a given 
location on the screen a token is only hidden once. The 
participant must therefore remember where he/she found 
the token. The Spatial Working Memory task requires that 
participants generate a strategy, update information with 
each response selection and monitor performance across 
selections. Thus, this task is generally conceptualised as 
placing a heavier demand on the working memory central 
executive or being higher in processing demands than SPAN-
type tasks (e.g. D’Esposito, Aguirre, Zarahn, Ballard, Shin, 
& Lease, 1998; Luciana, Conklin, Hooper, & Yarger, 2005). 

As a result of these characteristics, in our research we 
selected the Spin the Pots task (Hughes and Ensor, 2005) as 
a measurement of the executive aspect of working memory 
and as a task measuring non-verbal, spatial working 
memory. We should begin with a brief description of this 
task in order to show its other characteristics that make it 
ecologically suitable in studying children aged 2 and 3. 
Firstly, it has a “play” character – the tester sits opposite 
the child, at a table with a turning tray on it, on which 
coloured boxes are placed. In this task the children look 
for real stickers hidden in the boxes. They must remember 
in which boxes the stickers were placed at the beginning, 
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because in subsequent trials they look for the stickers 
and win them upon finding them. When looking for the 
stickers, a child must therefore remember which boxes the 
stickers were hidden in, and which were empty at the start 
or became empty (temporary store of information), i.e. after 
every sticker find the child must update information. This 
construction of the task therefore means that it is the central 
executive, not just the short-term memory, that is measured. 
The prize element acts as a motivation to the child, which 
is extremely important when testing 2- and 3-year old 
children. Most important, however, is the fact that the 
measurement is taken in a situation of an interaction with 
an adult, when they first hide the stickers together, and 
then the child points to the box and receives feedback 
from the adult. To conclude, in Spin the Pots task as also in 
described earlier Spatial Working Memory task the default 
question which a child could instantly ask her/himself “in 
mind” is “Where it was?” The right answer for this question 
could be used as an expression of the child’s ability to store 
and update the information. 

In summary of these opening remarks, we must again 
stress that in developmental psychology both the passive 
vocabulary and the working memory, especially verbal 
working memory measured by SPAN-type tasks, and the 
mutual relations between them, are most frequently studied 
in preschool children (review: Gathercole et al., 1992; 
Jarrold, Thorn, & Stephens, 2009; Kirkham, Cruess, & 
Diamond, 2003; Müller, Jacques, Brocki, & Zelazo, 2009). 
Our research therefore constitutes an important supplement 
to the previous knowledge on the subject. In it, we first 
check how, together and independently from each other, 
joint attention and working memory make it possible to 
predict the level of vocabulary development in 2-year-old 
children. This age is when, following the single word stage, 
children enter a period of using their two word sentences. 
Moreover it is also the first important moment when it is 
not only with the help of parental report, but also using the 
standardised tool of Polish version of Peabody Test, naming 
Picture Vocabulary Test – Comprehension (OTSR; Haman 
& Fronczyk, 2012) we can precisely measure children’s 
passive vocabulary. Secondly, we test whether in the third 
year of life an important role continues to be played by the 
working memory, and therefore whether at the age of 3 it is a 
predictor independent of the level of vocabulary development 
both of the extent of vocabulary and of the rate of its 
change over the course of the third year. The age of 3, when 
children are already able to use sentences (Kurcz, 2005), is 
regarded as a significant moment in language development. 
Describing the role played by working memory in language 
development – and specifically in development of the passive 
vocabulary in early childhood – is the fundamental objective 
of our research.

Study 1

In the first study we tested the assumption on the 
role of working memory as a factor mediating in language 
development in the second year. The model employed 
assumed that this variable would be linked both to 

early social competences (responding to joint attention, 
measured at 18 months) and to vocabulary in children at 
24 months. We checked whether it is possible to observe 
the following developmental system: responding to joint 
attention as a predictor of working memory, constituting 
the next important factor of vocabulary development. By 
way of comparison, we also tested two other models in 
which responding to joint attention and working memory 
are treated as independent or interacting predictors of 
vocabulary at age 2. 

Method
Subjects

A total of 135 children aged around 18 months 
participated in the research (mean age 80.34 weeks, 
standard deviation 1.73 weeks, range 76.71–87.23 weeks) 
– 65 girls and 70 boys. The children were mostly from 
a large-city environment (76% of the group), and their 
parents were generally educated to degree level (57% of 
the group). The parents indicated their interest in taking part 
in the study after receiving an invitation via regular mail or 
e-mail. First the children were studied between September 
and December 2012, and then again the same children were 
tested aged 24 months (mean age 104.24 weeks, standard 
deviation 1.82 weeks, range 101.14–112.00 weeks) from 
March to June 2013. 

Research procedure 
The study was carried out in the Child Development 

Psychology Lab at the Institute of Psychology of the 
Jagiellonian University in Krakow. The children participated 
in two meetings (aged 18 months and 24 months) together 
with their parents. Both meetings were preceded by free 
play during which each child had the opportunity to get to 
know the new place and the tester. The study lasted about 
60 minutes and took the form of structured play, during 
which the tester proposed various activities and objects to 
the child among which those involving responding to joint 
attention (at 18 months) and working memory and passive 
vocabulary (at 24 months) were carried out. The meetings 
with the child were filmed using two cameras placed in 
opposite corners of the room in which the research was 
taking place. From the point of view of the child’s position 
in the room, one camera was in the left corner in front of the 
child, and the other was in the right corner behind the child, 
filming the behaviour of the tester.

Measures
Responding to Joint Attention measured with Early Social 
Communication Scales. Time 1 

A set of objects and toys was used to measure the 
children’s early nonverbal communication competencies. 
The tester and the child sat opposite each other at a table 
(the child sat on his/her parent’s lap), and to the right of 
the tester were toys that were visible to the child but out of 
his/her reach. On the walls of the room were four posters 
– one to the left and one to the right of the child (90°) as 
well as two behind the child’s back (165°). The tasks used 
to measure Responding to Joint Attention was performed 
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with these posters. The tester pointed to the poster calling 
child’s name and waited if a child looked to the poster. All 
examples of tasks used and the full coding procedure based 
on video recordings are described by the authors of the 
Early Social Communication Scale (Mundy et al., 2003), 
and also in the study on Polish version of this tool (Białek, 
Białecka-Pikul & Stępień-Nycz, 2014). Kappa coefficient 
between two independent coders assessed for 25% of 
obtained data was satisfactory (.72, p<.001) 

Working Memory Task. Time 2 
Working memory was measured with a modified 

version of the Spin the Pots task (Hughes & Ensor, 2005). 
In this task the child has to find the stickers hidden in 
boxes. At first the tester shows the child five different 
stickers and five boxes differing in colour and size. The 
child and the tester together hide stickers in the boxes (only 
one sticker could be in each box). Then all boxes are put 
on a large rolling tray and covered with a scarf. The tester 
spins the tray (during this time the boxes are covered so 
the child can not see them), and then the tester removes 
the scarf. The child sees the same set of boxes, but after 
spinning the tray they have a different location than before. 
The child is asked to find a sticker by pointing at the correct 
box. Then the procedure is repeated until the child has 
found all the stickers (or up to ten trials). The subsequent 
trials are more difficult, because the child has to remember 
which boxes are still full, and involve updating information 
about the contents of the boxes. The scores were calculated 
as following: 10 (according to the maximum number of 
trials that the child could perform) minus the total number 
of mistakes made by the child. It is worth mentioning that 
in the original task (Hughes & Ensor, 2005) there were 
more boxes than stickers at the beginning of the task, but 
we decided to make the task easier for 2-year-olds and start 
with the same number of stickers and boxes. This meant 
that the task easier during the first trial, when the child can 
always win a sticker as all boxes contain one, but does not 
change the idea of the task, that the child still has to update 
information during subsequent trials. 

Vocabulary Task. Time 2 
Haman and Fronczyk’s Picture Vocabulary Test – 

Comprehension (OTSR) (2012) comprises 88 four-picture 
cards (51 nouns, 25 verbs and 12 adjectives). The cards 
feature pictures corresponding to the key word (about 
which the child is asked), as well as a phonetically similar 
word, semantically similar word and thematically similar 
word. The task has two equivalent versions (A and B).

The child’s task upon seeing the card is to point to one 
of the four pictures in reaction to the question about the 
key word. For example, the child, looking at four pictures 
(sun, bun, star, beach), is asked: Where is the sun? The 
correctness of the answers given, as well as the number 
of errors of a phonetic, semantic and thematic nature are 
all assessed in this task (the last two indicators were not 
considered in the analyses presented below).

Results
Descriptive statistics of all variables – responding to 

joint attention (measured at 18 months), working memory 
and passive vocabulary (both measured at 24 months) – are 
presented in Table 1.

Three models of relations between the variables 
included in the study were tested. In the first one the 
following developmental relation was tested: responding to 
joint attention → working memory → passive vocabulary. 
In the second, working memory was treated as independent 
from responding to the joint attention predictor of passive 
vocabulary. In the third model, the interaction between 
working memory and responding to joint attention was 
included as a predictor of passive vocabulary. To make 
interpretation easier all analyses were conducted on 
standardised data. 

The results of testing the first model are presented in 
Figure 1. 

Figure 1. Model of following relations: responding 
to joint attention → working memory → passive 
vocabulary at 24 months

Responding to joint attention 
(18 months) 

Working memory (24 months) 

Passive vocabulary (24 months) 

.22 

.24 

.99 e1 
1

.94 e2 
1

.94 e3 
1

In this model both paths are significant: from 
responding to joint attention to working memory (p<.01) 
and from working memory to passive vocabulary (p<.01). 
The whole model fits the data well (chi2=1.39; p=.24; chi2/
df=1.39; CFI=.97; RMSEA=.05). 

The second model is presented in Figure 2.

Table 1. Descriptive statistics of variables measured in Study 1

Range M 95% CI SD Median

Responding to joint attention
(18 months) 0.00–200.00 169.44 163.02–175.87 37.72 175.00

Working memory (24 months) 2.00–10.00 8.01 7.67–8.36 2.05 8.00

Passive vocabulary (24 months) 0.00–40.00 9.86 8.23–10.89 6.05 9.00
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In this model only the path between  working 
memory and passive vocabulary is significant (p<.01). 
The relationship between responding to joint attention and 
passive vocabulary is weak and not significant (p=.23). The 
whole model does not fit the data well (chi2=6.90; p=.01; 
chi2/df=6.90; CFI=.55; RMSEA=.21). 

In the third model, the interaction between responding 
to joint attention and working memory as a predictor of 
passive vocabulary was added. The results are presented 
in Figure 3. 

As previously, only the path between working memory 
and passive vocabulary is significant (p<.05). The role of 
responding to joint attention (p=.33) and interaction (p=.21) 
is small (both paths are not significant). The whole model 
does not fit the data well (chi2=15.53; p<.01; chi2/df=5.18; 
CFI=.38; RMSEA=.18). 

Discussion
Of the three models of the relationship between the 

variables tested – responding to joint attention (measured 
at 18 months) as well as working memory and vocabulary 
(both measured at 24 months), only one proved to be 
a good fit to the data. It presents a relationship in which 
working memory is a statistically significant predictor of 
language development of 2-year-olds, and its efficiency 
is conditioned by the child’s earlier competences in joint 
attention. The two other models, in which responding to 
joint attention and working memory were treated as two 
independent predictors of vocabulary, were not confirmed. 

In each of them, however, a significant role of working 
memory for vocabulary development in 2-year-olds was 
confirmed.

The results that we obtained provided confirmation for 
our hypothesis about the significance of working memory 
for early language development. As in the research of Stokes 
and Klee (2009), it was observed that working memory is 
a good predictor of a children’s vocabulary. This regularity is 
also observed in older children. As Gathercole and Baddeley 
(1989) showed, working memory measured at the age of 
4 is a significant predictor of vocabulary measured in the 
same children a year later, but vocabulary at age 4 is not 
a significant predictor of working memory at age 5.

The importance of early ability of joint attention for 
vocabulary development was also partially confirmed. 
In the models in which this variable was considered as 
an independent predictor of the vocabulary of 2-year-
olds, the resulting relationships were not statistically 
significant, although the direction was in accordance with 
the trend observed in other studies (Brooks & Meltzoff, 
2008; Morales et al., 1998; Mundy et al., 2007; Sigman 
& McGovern, 2005) – the higher the level of ability to 
respond to joint attention at 18 months, the larger the 
passive vocabulary at 24 months. It turned out, however, 
that for language learning to be effective, not only is 
the child’s engagement in social situations necessary 
(specifically: participating in episodes of joint attention) 
(Baldwin, 1995; Mundy & Brunette, 2005; Tomasello, 
1995), but also possession of early cognitive resources.
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Figure 2. Model of working memory and responding to joint attention as independent predictors 
of passive vocabulary at 24 months

Figure 3. Model of working memory, responding to joint attention and interaction 
between them as predictors of passive vocabulary at 24 months
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Study 2 

In Study 1, the importance of working memory for 
the linguistic competences that emerge in the second 
year was confirmed, as an independent predictor of them. 
In the subsequent study, we wished to establish whether 
working memory continues to be a significant factor in 
development of the passive vocabulary in the third year, 
when the child already has an extensive number of words 
and begins to use them to construct sentences. We therefore 
performed a study which considered three variables: the 
extent of the passive vocabulary, measured at 24 months 
and 36 months, and the working memory, measured at 
30 months. We checked whether, apart from vocabulary 
at age 2, working memory is a significant predictor of 
vocabulary development at age 3. The analyses took into 
account the importance of the working memory for the rate 
of change, i.e. the growth of the passive vocabulary in the 
third year – between the ages of 2 and 3. 

Method
Subjects

A total of 113 children participated in the research 
– 48 girls and 65 boys. The children were mostly from 
a large-city environment (72% of the group), and their 
parents were generally educated to degree level (59% of 
the group). The parents indicated their interest in taking 
part in the study after receiving an invitation via regular 
mail or e-mail. On the first occasion, the children were 
studied between March and June 2013, aged 24 months 
(mean age 104.01 weeks, standard deviation 1.73 weeks, 
range 101.43–112.00 weeks). The second time, the same 
group was tested between September and December 
2013, when the children were 30 months old (mean age 
129.15 weeks, standard deviation 1.42 weeks, range 
125.14–133.14 weeks). The third meetings were held 
between March and June 2014, at 36 months (mean age 
154.21 weeks, standard deviation 1.48 weeks, range 
150.10–160.00 weeks). The procedure and venue of the 
study were exactly the same as in Study 1. 

Working Memory Task. Time 1
Again, the Spin the Pots task (Hughes & Ensor, 2005) 

was used, but this time a small modification was made. 
Eight boxes were presented to the children. Stickers were 
placed inside six of them, and two remained empty, as in 
the original procedure used in the research of Hughes & 
Ensor (2005). The children were asked to find stickers in 
10 trials. The result was calculated by subtracting from 10 
the number of incorrectly identified empty boxes.

Vocabulary Task. Time 2 
To measure vocabulary at 36 months, Haman and 

Fronczyk’s Picture Vocabulary Test – Comprehension 
(OTSR) (2012) was again used. 

Results
The descriptive statistics of all variables: passive 

vocabulary (measured at 24 and 36 months) and working 
memory (measured at 30 months) are presented in Table 2.

At first the regression model with two variables 
(passive vocabulary at 24 months and working memory at 
30 months) as independent predictors of passive vocabulary 
at 3 years was tested. The results are presented in Table 3. 
The model with two predictors explains about 23% of 
variance (F(2.110)=15.58; p<0.001). Both predictors are 
significant. 

When we added to this model the interaction between 
passive vocabulary (at 24 months) and working memory 
(at 30 months), R2 increased by .01. This change was not 
significant (F(1.111)=1.79; p=.18).

The variable referring to the rate of change in 
passive vocabulary between 24 and 36 months was 
then introduced into the analysis. It was calculated as 
the following subtraction: points in OTSR at 36 months 
minus points in OTSR at 24 months. The descriptive 
statistics of this variable were as follows: range=<-6.00; 
39.00>; M=12.62; 95% CI=<10.67; 14.57>; SD=10.50; 
median=11.00. The model with working memory 
(measured at 30 months) as a single predictor of rate of 
change in passive vocabulary between 24 and 36 months 

Table 3. Results of regression analysis (stepwise method) 

Dependent variable Predictors Βeta ΔR2 t p

Passive vocabulary 
(36 months)

Passive vocabulary (24 months) .42 .19 4.94 <.001

Working memory (30 months) .19 .04 2.25 .03

Table 2. Descriptive statistics of variables measured in Study 2

Range M 95% CI SD Median

Passive vocabulary (24 months) 0.00–29.00 10.47 9.47–11.47 5.44 9.00

Working memory (30 months) 2.00–10.00 7.44 7.10–7.79 1.89 8.00

Passive vocabulary (36 months) 1.00–61.00 23.09 20.95–25.23 11.63 21.50
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was tested. The relation obtained was on the border of 
significance (F(1.111)=3.45; p=.066; Beta=0.17). The model 
explained 3% of variance. 

Discussion
In Study 2, we tested whether at age 3 working memory 

continues to be a significant predictor of vocabulary. One 
would have to assume this based on the results of research 
conducted on groups of children of preschool age and 
older, which show that this variable is an important factor 
in vocabulary development (e.g. Baddeley, Gathercole, & 
Papagno, 1998; Gathercole et al., 1992; Gathercole, 2006). 
The developmental importance of early working memory 
resources for the language resources of 3-year-old children 
was confirmed. Although this factor was less significant than 
a child’s vocabulary at the age of 2, incorporating it into the 
regression model raised the percentage of explained variance, 
and this was a statistically significant change. The interaction 
between the working memory and vocabulary at age 2, 
meanwhile, was shown to be insignificant for vocabulary 
development at 36 months. When the rate of developmental 
changes occurring in this area in the third year was also 
considered in the analyses, the importance of the working 
memory was smaller, although the tested model was on the 
border of statistical significance.

General discussion

The model of working memory proposed by Baddeley 
and Hitch (1974) and later modifications (Baddeley, 2000; 
2007; 2012) was an important inspiration for further 
research, including in developmental psychology (Courage 
& Cowan, 2009). These studies have tested such questions as 
whether the identified elements are also observed in children 
(Alloway et al., 2004; Gathercole et al., 2004; Henry, 2012), 
how not only the scope of memory, but also its important 
control or executive dimension changes over the years (Frye, 
Zelazo & Palfai, 1995; Zelazo, Frye, & Rapus, 1996), and 
also how the link between working memory and language 
evolves (e.g. Gathercole & Baddeley, 1989; 1993; Gathercole 
et al., 1992; Stokes & Klee, 2009; Wolfe & Bell, 2007). It 
has therefore been described how in children who speak 
competently – i.e. from age 4 onwards – the phonological 
loop and visuospatial sketchpad change, or even, employing 
tasks such as the Complex Digit Span or Backward Digit 
Recall (e.g. Alloway et al., 2004), what form is taken by 
changes in the central executive. Currently, researchers (e.g. 
Reznick, 2009) believe that research on working memory can 
and should also be conducted on very young children – aged 
up to 3 – in order to discover the developmental foundations 
of later changes. Our studies belong to this type of research, 
as in searching for very early determinants of vocabulary 
development in children we tested whether working memory 
measured with the Spin the Pots task is an important 
predictor of this development. The results we obtained allow 
us to answer to this question in the affirmative.

Firstly, we observed that working memory is an 
important factor determining the level of development 
of the passive vocabulary in children aged 2. The model 

best suited to our data was one in which the development 
of working memory at age 2 has an effect on vocabulary 
development, and at the same time the development of 
working memory is conditioned by the influence of joint 
attention, a competence that forms earlier in development. 

From the point of view of research on cognitive 
development, the result showing that there is a connection 
between joint attention and working memory should be 
viewed as an important and new result. Previously, such 
a link has been demonstrated only by indirect data. Van 
Hecke and colleagues (2012) showed that joint attention 
of 12-month-old children is a significant predictor of the 
level of self-regulation of 3-year-olds, while Miller and 
Marcovitch (2015) proved that, through its influence on 
symbolic representation, it can aid the development of 
executive functions. Referring to Miller and Marcovitch’s 
(2015) research, our studies also confirmed that the source 
of manipulation of information and representations is in 
joint interaction with an adult, when the child can engage 
joint attention. Responding to joint attention proved to be 
a significant predictor of working memory, which is itself 
an important predictor of development of the ability to 
understand symbols, i.e. passive vocabulary in children 
at 24 months. Our results support the idea that the ability 
to “keep in mind” (Olson, 1993) important information 
develops in 12- and 18-month-old children when an 
adult and a child together, in a triadic interaction (child-
object-adult), pay attention to a given element of reality. 
By exercising his/her social attention with an adult – i.e. 
responding to the adult’s attention – the child develops 
the ability to focus attention. These are the later control 
functions of attention which are the essence of the central 
executive of working memory. Our research shows that 
joint attention helps the development of working memory 
in children even in the second year. Although on the 
basis of one set of studies it is hard to identify a direct 
application of the results, it does allow us to state that in 
the practice of caring for a young child it is important to 
stress appreciation and support of any activities demanding 
joint attention during interaction with an adult, in order to 
stimulate the child’s cognitive development.

Secondly, we also demonstrated that if working 
memory and joint attention are to be treated as either 
independent or also interacting predictors of vocabulary 
development at age 2, although such models are not 
a good fit for the data, working memory is always the 
predictor that allows the extent of passive vocabulary to 
be predicted. In the age of 2, therefore, working memory 
is an important factor affecting vocabulary formation. The 
efficiency of language acquisition is influenced by joint 
attention (Baldwin, 1995; Mundy and Brunette, 2005; 
Tomasello, 1995) – not indirectly, however, but through 
working memory, which illustrates the role of a child’s 
early cognitive resources for his/her later development. 
This result should be emphasized as it adds new knowledge 
into area of child development: responding to joint attention 
influences vocabulary development via child’s cognitive 
resources, namely working memory capacity. Especially 
interesting is that it was for passive – not only for active 
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vocabulary development – that executive, non-verbal aspect 
of working memory turned to be significant factor. So 
even language understanding as a base of whole cognitive 
development may be triggered by working memory, 
especially its active component. 

The research cited earlier showed the importance 
of verbal working memory and the central executive for 
language development in preschool and older children 
(Adams & Gathercole, 1995; Blake et al., 1994; Gathercole 
& Baddeley, 1993; Savage et al., 2006). SPAN tasks were 
most often employed to measure these elements of working 
memory, meaning that this measurement is possible only in 
children at preschool age (e.g. Alloway et. al., 2004; Müller 
et al., 2009). However, at an earlier stage – in the second and 
third years – important changes are observed in language 
development, also concerning increase in vocabulary (Kurcz, 
2005). The importance of the phonological component of 
working memory for the vocabulary of 24–30-month-old 
children was demonstrated by Stokes and Klee (2009). 
They used a nonword-repetition task, but their research 
showed that this task was solved by only 77% of mostly 
older – 2.5-year-old – children. This reveals the difficulties 
in testing the verbal working memory of children younger 
than preschool age. In our research, in order to test the 
significance of working memory for passive vocabulary 
development we employed tasks measuring the executive 
and spatial aspect of working memory. Pham and Hasson 
(2014) showed the importance of the visual-spatial 
component of working memory for language skills, albeit in 
later childhood, in this case in reading ability. Both studies 
presented in the article demonstrated something more: that 
working memory, measured by a non-verbal, spatial task, 
is a significant predictor of vocabulary development in 
early childhood. Our research therefore provides further 
information on the significance of working memory for 
language development in young children, revealing that 
the spatial, non-verbal aspect of working memory is also 
important in passive vocabulary development in the second 
and third years, as well as proving that it is possible to test 
this working memory in young children effectively. Although 
Henry (2012) emphasized that components of working 
memory are separate at age 6 we managed to provide initial 
proof of the role of its active, executive component in 
language development. 

Thirdly, in the next study we were able to confirm 
that in the third year too working memory still affected the 
developing passive vocabulary. It was observed that the 
very extent of a child’s vocabulary at age 2 determines what 
the extent will be at age 3, but working memory measured 
at age 2.5 continued to be an important variable, which 
explained an additional 4% of the variance in the child’s 
vocabulary at age 3.

Working memory also remains an important predictor 
of passive vocabulary development in the third year. An 
appropriate level of vocabulary permits a child to proceed to 
the next stage of language development, in which children 
begin to join words together and construct two-word clusters 
and sentences (Kurcz, 2005). Working memory can also 
be of significance for the rate of developmental changes in 

the passive vocabulary over the course of the second and 
third years. The results of our research show that working 
memory is a significant factor in language development 
starting in early childhood, when language is only beginning 
to emerge and working memory is visual-spatial in nature, 
and throughout childhood, when the child starts to build 
sentences consecutively or to learn to read. Language 
development affects development of the executive and 
verbal aspect of working memory, which in turn influences 
the subsequent stages of language development, including 
reading. Research suggest that this can decide on a child’s 
success at school (e.g. Alloway et al., 2005; Biemiller & 
Boote, 2006; Tannebaum et al., 2006).

Finally, it is worth looking at the methodological 
aspect of our research. An undoubted asset was the fact that 
a large group of children was studied using a longitudinal 
approach. As Reznick (2009) argues, only microgenetic and 
longitudinal studies can bring important discoveries on the 
early manifestations and mechanisms of development of 
working memory. The difficulty with studying the youngest 
children results from the importance of motivation for 
completing a task, which in older children can be supported 
by the very fact of conscious participation in research, and 
in the youngest children might be assured by good contact 
with the adult-tester, a friendly atmosphere of play or 
a reward, e.g. winning stickers. The Spin the Pots task has an 
additional feature making it an attractive method to be used 
again, which also confirms our suspicion that if we were to 
ask a 2-year-old to repeat numbers or words backwards the 
“floor result” would have to be viewed as an artefact and 
not a real measurement of working memory. The Spin the 
Pots task allows not only short term memory to be measured, 
but also the executive component of working memory. It 
could be even called „Where it was” as these expressed the 
idea that updating of information is the most import skilled 
measured by this task. A further important feature of the Spin 
the Pots task was its interactive character. Together with 
the adult, the child focused his/her attention on hiding the 
stickers in the boxes, after each trial receiving feedback on 
his/her behaviour from the adult.

In future research, important supplementary 
information on the relationship between working 
memory and language in early childhood would be 
provided by testing the significance of working memory 
for development of the active vocabulary and even 
other linguistic competences, grammatical as well as 
phonological and pragmatic. Seeing cognitive development 
as the process of active construction (Newcombe, 2011) 
we found – using Spin in the Pots paradigm – that 
executive aspect of working memory may play important 
role in language development. Showing the link between 
responding to joint attention and working memory leads 
us to plan research that aim to determine also the role of 
initiating joint attention, as well as other communicative 
behaviours, for the development of working memory. 
Moreover we are now more convinced that generally 
working memory should and can be studied in young 
children and it is an important factor of their cognitive 
development. 
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