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Text or discourse comprehension depends on the execution and integration
of many cognitive processes (van den Broek et al., 2005; van den Broek & Espin,
2012). The cognitive processes of reading comprehension can be divided into two
categories: (a) lower level processes that involve translating the written code into
meaningful language units and (b) higher level processes that involve combining
these units into a meaningful and coherent mental representation (Kendeou et
al., 2014). Both lower and higher level processes are needed for a successful
comprehension.

A good reader uses their prior knowledge to interpret the text or discourse
information to construct a coherent mental representation of what the text is about
(Kendeou et al., 2014; Kintsch, 1988). This representation is the foundation from
which the reader can retell the story, apply knowledge that has been acquired
from the text, identify the theme, and so forth.

One source of reading comprehension problems concerns the ability to
generate inferences. Inferences allow the reader or listener to construct meaningful
connections between text elements and relevant background knowledge (Oakhill
et al., 2003; van den Broek, 1990), and for this reason, inferences are crucial
for comprehension. In fact, research shows that good readers generate more and
better inferences than those of lesser skill-level (Bowyer-Crane & Snowling,
2005; Singer & Ritchot, 1996), and the role of inference generation in text
comprehension has been widely corroborated (Florit et al., 2011; Oakhill & Cain,
2013).

Inferences establish local and global connections throughout the text (Currie
& Cain, 2015; Graesser et al., 1994). Local connections are necessary for local
coherence and typically involve integrating separate but related statements within
the text. Global connections involve inferring goals that motivate particular
actions or establishing the overall theme of a text, and this often relies on the
ability to connect ideas that can be distributed throughout the text and are not
explicitly signaled by a single word (Currie & Cain, 2015). Even though Cain
and Oakhill (2014) report that vocabulary is a stronger predictor of elaborative
rather than connective inferences in reading, there is statistical evidence that
suggests that the construct is fairly unidimensional and that the separate types of
inferences cannot be measured in a consistent and dependable way (Muijselaar,
2018). For this reason, we will not distinguish between connective or elaborative
inferences in the following analyses.

Inference making requires a solid knowledge of the vocabulary involved in
the text. Vocabulary knowledge is divided into two core components: breadth
and depth. Most researchers agree that vocabulary breadth refers to the number
of words a person knows, but there is less consensus over what vocabulary
depth entails. Initially, it referred to the ability to define words, considering
its multiple possible meanings and where in a sentence it would be used best
(Cronbach, 1942; Li & Kirby, 2015). However, as psycholinguistic research
advanced, scientists added more caveats to this construct. For example, Perfetti’s
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lexical quality hypothesis (Perfetti, 2007; Perfetti & Hart, 2002) claims that a
good performance on language related processes depends, at least in part, on the
quality of the representation of the orthography, phonetics, grammar, pragmatics,
and semantics of the vocabulary that the reader has on their mental lexicon. If the
reader lacks quality in some of these aspects, then the respective process would
be hindered, and a complete comprehension of the passage would be at risk.

Another influential model is that by Proctor et al. (2012), which includes
both morphological and syntactic awareness as components of vocabulary depth,
arguing that knowing how to interpret or derive different morphological forms
of words from their roots helps to grow vocabulary knowledge. In turn, syntactic
awareness could allow the reader to understand the syntactic structure to which
the newly formed word fits best.

Vocabulary breadth and depth are associated with different outcomes.
Vocabulary breadth is linked to reading decoding, because phonological
representations map onto orthographic representations (Ouellette, 2006; Wise et
al., 2007). At the same time, larger vocabulary knowledge facilitates efficient
word retrieval and faster word identification (Wise et al., 2007). Larger depth
of vocabulary is associated with stronger lexical-semantic representations,
which leads to more efficient semantic access and better reading comprehension
(Nation & Snowling, 1999; Ouellette, 2006; Paul & Gustafson, 1991). This last
point, coupled with the lexical quality hypothesis, allows us to think about a deep
connection between vocabulary depth and inference-making ability; without a
clear knowledge of a word’s meaning and possible conceptual relations, one
would not have anything to activate during reading and would not be able to
generate a good inference.

Following this idea, Currie and Cain (2015) tested 130 children aged 5-10
on both breadth and depth of vocabulary and both elaborative and connective
inferences. They found an association between composite vocabulary score and
global coherence inferences in children aged 6, 8, and 10, but found an association
between this measure and local coherence inferences only in the 6- and 8-year-
old groups. In the same vein, Ouellette (2006) found an association between both

Table 1. Vocabulary dimensions.

Breadth Depth
It refers to the knowledge that a person has about a
It refers to the number of words a person knows, | word in terms of its semantic richness (polysemy,
regardless of whether or not they know its meaning. | synonyms, semantic neighbours) and in terms of its
morphological, phonological and syntactic qualities.

It is usually measured using tasks that require
providing or recognizing the definition of a word, or
by tasks that require manipulating some aspect of its
meaning, such as a semantic fluency task.

It is usually measured using naming tasks.

It is linked to decoding, because phonological |It is linked to faster and more efficient word
representations map onto orthographic | retrieval and identification, as well as to reading
representations. comprehension.
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types of vocabulary and text comprehension, with a bigger effect size for depth
rather than breadth. In contrast, Tannenbaum et al. (2006) reported a bigger effect
size for breadth. It is important to note that the measure of vocabulary breadth
used in this last experiment was critiqued by Oakhill et al. (2015), who considered
it more appropriate as a measure of vocabulary depth, so more research in this
area is necessary.

Regarding the development of this relation, different studies report a drop
in the effect size of vocabulary on the ability to generate inferences as the child
grows. For example, Lynch et al. (2008) found an association between vocabulary
breadth and a comprehension measure that included inferential questions in
4-year-olds, but not in 6-year-olds. This is not fully congruent with the results
of Currie and Cain (2015), who reported this drop at a later point in the child’s
development.

Therefore, the aim of the current meta-analysis was to evaluate the effect size
of vocabulary on inference-making ability in children. We hypothesized that both
breadth and depth of vocabulary would be positively correlated with inference-
making ability, but we expected a greater effect size of vocabulary depth. We also
analyzed the developmental trajectory of this relationship. Even though most
researchers agree with a multi-component view of vocabulary depth, such as the
ones described above, only a small number of studies actually use multiple tests
to measure it, with definitions and synonym evaluations usually being the only
aspects tested (Tran et al., 2020). Additionally, given that there is no consensus
over what a test of vocabulary depth should be, we considered standardized tests
or tasks that measure a child’s ability to provide the definition or another semantic
manipulation of a word as tasks of vocabulary depth, whereas we considered
tests or tasks that do not require a definition as tasks of vocabulary breadth. An
example of the former is the Vocabulary subtest of the Wechsler Intelligence
Scale for Children (Wechsler, 2012) while an example of the latter is the British
Picture Vocabulary Scale (Dunn et al., 2009). Focusing only on the semantic
aspect would paint an incomplete picture of the contribution of vocabulary depth
to inference making, but it would be one that is consistent with the literature.
Future work could expand ours by analyzing the role of morphological, syntactic,
and/or phonological awareness on inference making. Besides that, this strategy
resulted in a more homogeneous sample of research methodologies, making our
results more reliable.

Another distinction used by researchers when studying vocabulary learning
(Milton, 2009) is the difference between receptive and productive vocabulary
(Nation, 1990; Shahov, 2012, Fan, 2000; Laufer, 1998; Laufer & Paribakht,
1998; Henriksen, 1999; Nation, 2001; Schmitt, 2014). This difference is widely
accepted in research of vocabulary acquisition (Shahov, 2012) and is linked to
the memory recovery modality. In this field, receptive vocabulary is often defined
as the ability to recognize the form of a word (Laufer et al., 2004), perceive its
meaning (Webb, 2008), or provide its synonym (Webb, 2009). On the other hand,
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productive vocabulary is often defined as the ability to retrieve the form and
meaning (Laufer et al., 2004; Webb, 2008), or to produce the word according to
its context (Webb, 2009).

Methodology

To summarize the literature on the association between vocabulary breadth
and depth and inference making, we followed the PRISMA standards (Moher et
al., 2009). We performed a total of 12 searches in the PubMed, APA PsycNet,
SciELO, and Wiley Online Library databases of articles published between
January 1, 2000, and June 30, 2020, using the following terms: “vocabulary”
and “inference making” (n = 197), “verbal ability” and “inference making” (n
= 95), “prior knowledge” and “inference making” (n = 160), “vocabulario” and
“inferencias” (n =2), “habilidad verbal” and “inferencias” (n = 0), “conocimiento
previo” and “inferencias” (n = 8). Eleven additional studies were identified from
the reference lists of the articles deemed eligible. Of the identified records 167
were duplicated, leaving a total of 296 articles to screen.

For the studies to be included in the analysis:

e The sample had to consist of children aged between 3 and 12 years,
with no developmental, learning, psychiatric, or neuropsychological
conditions and/or sensory loss reported by the parents or the schools.

*  The results had to include at least one correlation between a measure of
vocabulary and a measure of inference-making ability.

Based on these criteria, 200 articles were excluded after reading their
abstracts, leaving 96 full texts to be assessed for eligibility. Of the remaining
studies, 72 were excluded for not meeting the inclusion criteria and, after further
analysis, one additional record was excluded because the vocabulary measure
was not clearly described. The 23 studies that were included in the analysis are
detailed in Table 2.

Data Analysis

As we were assessing the association between two numerical variables, we
used the Pearson correlation coefficient as a measure of the effect size (Cheung,
2014,2019; Fernandez-Castilla et al., 2020). We extracted all reported coefficients
between vocabulary and inference making from each study and transformed them
using Fisher’s transformation.

Many studies reported more than one correlation coefficient, either because
they included different age groups or because they assessed both vocabulary depth
and breadth. This resulted in multiple dependent effect sizes nested within studies.
To address this dependency, we conducted multi-level analyses which allowed
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Figure 1. Meta-analysis flow diagram for study selection.

us to incorporate sampling variation for each coefficient (Level 1), within-study
variation (Level 2), and between-study variation (Level 3; Moeyaert et al., 2017).

We adjusted five multi-level models. The first one included only the intercept
to obtain the overall effect. This was the estimation of the true correlation
coefficient assuming all studies measure the same variables. The second model
included type of vocabulary (breadth and depth) as a moderator to assess if the
estimated correlation coefficient varied within each level of that variable. The
third model included receptive and productive vocabulary type as a moderator. A
fourth model was adjusted using the mean age of the participants as a moderator
to test if the association between vocabulary and inference making varied with
it. Finally, a fifth model included vocabulary type (breadth and depth), receptive
and productive vocabulary type, and age to assess the effect of these variables
on the estimated coefficient when controlling for the other one. To estimate the
parameters in the models, we used the restricted maximum likelihood method.
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We used likelihood ratio tests to test the variation in effect sizes between and
within studies when comparing the deviance scores of two and three level
models. Because the correlation coefficients were converted to Fisher’s z scale
and all analyses were performed using the transformed values, the estimates were
later converted back to Pearson’s .

We used a forest plot to report effect sizes and the Egger test to assess the
presence of publication bias (Sterne & Egger, 2005).

Results

Characteristics of the Sample

The data set comprises 76 effect sizes nested within 23 studies published
between 2004 and 2020. No records were included for the years 2000-2002,
2006, and 2018. The number of effect sizes per study varies from one to nine,
except for Currie & Muijselaar (2019), which included 20 effect sizes. Effect
size and their distribution according to year of publication, type of vocabulary,
and mean age can be found in Figures 2 and 3. In total, the information gathered
corresponds to 8334 participants. Of those, 4892 are from Hayiou-Thomas et
al. (2010), who administered Web-based measures of vocabulary and inference
making to 12-year-olds participating in a larger study of development in twins.
The percentage of female participants ranged from 33% to 77%. One effect size
(Silverman, et al., 2014) was excluded from the analyses as it did not define the
type of vocabulary assessed. Egger’s test was not significant (z = 0.19, p = .85)
indicating no funnel plot asymmetry.

Figure 2. Distribution of effect sizes according to year of publication, type of vocabulary and mean age rounded
to integers.
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Figure 3. Fisher’s z transformation of the correlation coefficients and their confidence intervals.
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Association Between Vocabulary and Inference Making

The overall association between vocabulary and inference making was a
moderate effect of 0.42 (Fisher’s z = 0.45 [95% CI = 0.39, 0.51]) and it was
statistically significant (¢[75] = 14.37, p < .001). Within-study variance (c*> =
0.01, y3(1) = 77.38, p < .001) and between-study variance (o> = 0.01, ¢*(1) =
10.37, p=.001) were also significant. To analyze the distribution of the variance,
we used the formula described in Cheung (2014). Results showed that 14.28%
(I> = 0.1428) of the total variance could be attributed to within-study sampling
error, 42.82% (I? = 0.4282) corresponded to differences between effect sizes
within studies (Level 2) and 42.91% (1> = 0.4291) corresponded to differences
in effect sizes between studies (Level 3). The variability in effect sizes was
more than what would be explained by sampling error alone, which suggests
that other variables are moderating the association between vocabulary and
inference making.

We adjusted a second multi-level analysis with type of vocabulary as a
moderator. Results showed that the overall effect was not moderated by the
type of vocabulary assessed by the studies (F[1, 74] = 0.07, p = .80) and that
after including this variable, there was still significant unexplained variance
between all effect sizes in the data set (Q[74] = 348.90, p <.001). We adjusted
a third multi-level analysis with receptive and productive vocabulary type as a
moderator. As with the previous model, the overall was not moderated by this
variable (F[1, 77] = 1.24, p = .27) and the unexplained variance between effect
sizes did not diminish (Q[77] = 414.36, p <.001).

A fourth multi-level analysis included mean age as a moderator. Results
showed that this variable was a significant moderator (F|1, 74]=1.15, p =.045)
of the association between vocabulary and inference making. As the mean age
reported in the studies increased, the strength of the correlation decreased (B =
-0.02, #(74) = -2.04, p = .04). As with the previous model, after including this
variable, there still was significant unexplained variance between all effect sizes
in the data set (Q[74] = 342.34, p < .001). Within-study variance (c> = 0.01,
v?[1]=45.99, p <.001) and between-study variance (o> = 0.02, ¥*[1] = 12.39, p
=0.001) were also significant. Of the total variance, 13.51% (I*>=0.1351) could
be attributed to within-study sampling error, 33.45% (I* = 0.3345) corresponded
to differences between effect sizes within studies (Level 2) and 53.03% (I* =
0.53.03) corresponded to differences in effect sizes between studies (Level 3).

Finally, to assess the effect of mean age while controlling for vocabulary
type and receptive and productive vocabulary type, we adjusted a fifth model
including the three measures. The resulting model was no longer significant
(F[3,74]=1.47,p=.23).
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Discussion

Successful text comprehension results in a coherent memory-based
representation of the state of affairs described in the text, typically referred
to as a mental model or a situation model (Johnson-Laird, 1983; Kintsch,
1998; Silva & Cain, 2015), The construction of a fully specified and coherent
mental model involves going beyond the surface details of a text by combining
information across sentences and integrating background knowledge with
textual information. These coherence processes involve inference making
(Currie & Muijselaar, 2019). Inference comprehension is a complex ability that
recruits distinct cognitive domains, such as vocabulary, memory, attention, and
executive functions. Vocabulary knowledge is a critical component of language,
literacy, and comprehension (Duncan et al., 2007; Marchman & Fernald, 2008).
Many empirical studies have demonstrated that there is a close relationship
between vocabulary knowledge and reading comprehension (Cain & Oakhill,
2014; Chrysochoou et al., 2011; Cromley & Azevedo, 2007), and between
vocabulary knowledge and inference making (Currie & Cain, 2015; Lepola et
al., 2016; Nash & Heath, 2011; Silva & Cain, 2015).

According to the lexical quality hypothesis (Perfetti, 2007; Perfetti &
Hart, 2002), skilled reading depends on high-quality lexical representations,
and therefore, vocabulary should be a powerful predictor of reading. Anderson
and Freebody (1981) first made the distinction between the two dimensions
of vocabulary knowledge: breadth and depth. They proposed that vocabulary
breadth refers to the number of words that the person knows at least on some of
the significant aspects of their meaning, while vocabulary depth is the quality
or depth of understanding. In particular, breadth of vocabulary refers to how
many words a person knows, whereas depth of vocabulary refers to how well a
person knows these words.

Prior research has found a role of vocabulary in inference making (Currie
& Cain, 2015; Lepola et al., 2016; Nash & Heath, 2011; Silva & Cain, 2015).
The purpose of this study was to extend this research by examining the role of
vocabulary knowledge, and type of vocabulary (breadth and depth), productive
and receptive vocabulary on inferences, by adjusting five multi-level models in
a meta-analysis.

The first model analyzed the global effect of vocabulary on inferences,
without differentiating the type of vocabulary. The results showed a moderate
and significant association (.42) between vocabulary and inference making.
This means that vocabulary knowledge is relevant for children’s inference
making, as research in the area has highlighted. The analysis also suggests,
taking into account the heterogeneity index, that other variables are moderating
the association between vocabulary and inference.

The second proposed model was intended to analyze the overall effect of
vocabulary on inferences with type of vocabulary (depth and breadth) as a
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moderator. This model evaluated the hypothesis that the depth of the vocabulary
has a greater effect on inferences than the breadth of vocabulary. The results
indicate that the association between vocabulary and inference making is not
moderated by the type of vocabulary assessed by the studies. This means that
there are no differences in the correlation patterns between breadth and depth
of vocabulary as we measured it and inference making, at least in relation to
text and discourse comprehension. Taking into account other components of
vocabulary depth reviewed in the Introduction - morphological, syntactic, and
phonological awareness - could change this conclusion, but more research is
necessary.

The third model analyzed the moderator effect of productive and receptive
vocabulary. The results suggest that there are no differences in the correlation
patterns between receptive and productive vocabulary in relation to the making
of inferences. Taking into account the results of the two previous models, the
differentiation between vocabulary breadth and depth could be linked to the
differentiation between receptive and productive vocabulary.

In order to study other possible moderators in the relation between
vocabulary and inference making, a fourth multi-level analysis was performed
including the mean age as a moderator. The findings showed that mean age
is a significant moderator; this means that younger children have a stronger
relation between vocabulary knowledge and inference making than older ones.
In this way, as the mean age reported in the studies decreases, the strength
of the correlation increases. Although the pattern of correlation obtained was
not consistent across ages, the analysis indicated that there is still significant
unexplained variance between all effect sizes in the data set. For these reasons,
a fifth model was proposed.

The fifth model was adjusted using the mean age, vocabulary type (breadth
and depth), and receptive and productive vocabulary to assess the effect of
these variables on the estimated coefficient when controlling for the other one.
The data analysis from this model did not show a significant fit to the data.
Our results are in agreement with cross-sectional and longitudinal studies that
show similar strength correlations of both types of vocabulary with the making
of inferences (e.g., Cain et al., 2004; Kendeou et al., 2008; Oakhill & Cain,
2012). On the other hand, the mean age moderator effect indicates that younger
children's inference skills are, at least, supported more strongly by vocabulary
knowledge, and this strength decreases with age. The idea that vocabulary
knowledge is an early predictor of reading comprehension skills (Oakhill &
Cain, 2012) agrees with this result.

Although most researchers in the development of reading comprehension
skills agree with a multi-component view of vocabulary, only a small number
of studies actually use multiple tests to measure it. Although the complexity of
the vocabulary is greater than that observed or measured with a single test, more
research will be required to more precisely describe the relationship between
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different vocabulary modalities and different comprehension skills. A limitation
observed by this study is that in general, a majority of the studies have used a
task that requires a definition to assess vocabulary depth, and a task that does
not require a definition to assess vocabulary breadth. Our results agree with the
importance of assessing vocabulary with a greater range and variety of tests in
order to understand the dimensionality of this concept.

The significant unexplained variance between all effect sizes in the data
set suggests that further research is needed to understand which variables
are moderating the association between vocabulary and inference making in
addition to age. One kind of variable that could influence this relationship is
related to development itself, like working memory, sustained attention, and
other reading skills. Another group could be linguistic or psycholinguistic
variables, like text gender or type of inference. A third kind of moderator could
be related to methodological procedures, like input modality (oral or written),
type of response (open response or multiple choice), or scoring modality. In
the end, different sets of skills are implicated in the development of inference
making, and vocabulary is just an important one of them.

Conclusion

Vocabulary knowledge is usually divided into different modalities, like
breadth and depth, and receptive and productive vocabulary. The results
indicate a strong relation between vocabulary and inference making during text
comprehension that is independent of the modality. Children’s age showed a
moderator effect in the relation between vocabulary and inference making. This
association is stronger in younger children than in the older ones.
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