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The investigation of quantity implicatures during typical development: a sys-
tematic review

Anna Teresa Porrini & Luca Surian”

Abstract. The present work is a systematic review of the acquisition of quantity im-
plicatures in typically-developing children. The references were selected through the
PRISMA method. The criteria for eligibility were that the articles should be peer-
reviewed, published articles written in English, containing empirical data on the
comprehension of quantity implicatures in first language acquisition during typical
development. The aim of this review is three-fold. First, to provide a picture of what
empirical data tell us about the acquisition of quantity implicatures, based on both
lexical and ad-hoc scales, potentially contributing to theoretical accounts of the phe-
nomenon. Second, to analyze the methodologies that have been used to test children
and their adequacy. Lastly, to evaluate whether systematic review is an accurate
analysis method for this type of varied and often complicated data. The results sug-
gest that children improve in implicature derivation with age, especially with lexical
scales, and that action-based tasks not based on meta-linguistic evaluations might be
better suited to test these inferences, especially as opposed to Truth Value Judgment
tasks. The fact that the systematic analysis confirms previously individuated trends
in the acquisition of implicatures confirms that this is in fact a useful methodology to
analyze the data, despite some limitations.

Keywords. Developmental pragmatics; implicatures; quantity maxim; systematic re-
view.

1. Introduction. Quantity implicatures are enrichments on the meaning of an utterance derived
by appealing to the Gricean maxim of Quantity (Grice 1975), which states that, when in conver-
sation, one should make their contribution as informative as is required for the current purposes
of the exchange, and not more. Quantity implicatures arise by the use of linguistic items often
called scalar items, which can be situated within lexical scales — such as the <some/all> scale but
also the <or/and> and <might/must> scales, among others — or by the use of contextually de-
pendent, ad-hoc expressions. The following sentences are examples of both types of implicature
respectively:

(1)  John ate some of the cookies.
— John ate some but not all of the cookies.

(2)  In a context with two shirts, one with polka dots and the other with polka dots and stripes.
Give me the shirt with polka dots.
— Give me the shirt with polka dots and no stripes.

From this section on, for the sake of clarity, we will refer to the former as lexical quantity
implicatures and to the latter as ad-hoc quantity implicatures.
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Data on acquisition of quantity implicatures suggest that children may have difficulties in
deriving them correctly and often interpret <some> as meaning <some and possibly all> (e.g.,
Guasti et al. 2005, Huang & Snedeker 2009, Noveck 2001, Papafragou & Musolino 2003, Sulli-
van et al. 2019). This seems to be in contrast with the fact that children are very capable from
younger ages when it comes to other pragmatic abilities (Condry & Spelke 2008, Matthews et al.
2012, Tomasello 2003), and begs the question of whether their difficulties with quantity implica-
tures may be due not to general pragmatic language delay, but to some other factors. For
instance, the data underline a distinction between lexical and ad-hoc scales, with the former be-
ing significantly more difficult than the latter (Foppolo et al. 2020, Horowitz et al. 2017, Kampa
& Papafragou 2019, Stiller et al. 2015, Wilson & Katsos 2021, Yoon & Frank 2019, Zhao et al.
2021). In a way, this seems to suggest that the difficulty children have with implicatures lays in
their lexical knowledge. At the same time, however, the only corpus study available so far sug-
gests that in production children are competent in their use of lexical scales from a very young
age (Eiteljeorge et al. 2018).

As a matter of fact, several hypotheses have been put forward to explain children’s delay in
acquiring lexical quantity implicatures (Barner et al. 2011, Foppolo et al. 2012, Katsos & Bishop
2011, Pouscoulous et al. 2007, Reinhart 2004, Skordos & Papafragou 2016 among others). Re-
search to disentangle this issue is still ongoing, and experimental data on the acquisition of
quantity implicatures are abundant. There is, however, great variety within the available data:
children have been tested in different languages, at different ages and with different tasks, and
the phenomenon of quantity implicature has been presented using different scales and in co-
occurrence with other linguistic or cognitive factors.

The various layers of complication present in the literature make it difficult to compare stud-
ies directly. Still, the considerable number of studies conducted allows for an analysis of
available data in the form of a systematic review, which could give the possibility of a more ob-
jective viewpoint on the available data as a whole. The methodology is, however, not without its
limitations, as it does not allow for analyses of the details of each study and of some of the rele-
vant differences between different experiments, tasks and items. The aim of this review is
therefore not only to shed light on the phenomenon of quantity implicatures during typical de-
velopment, and how they have been tested so far, but also to validate systematic reviewing as a
methodology for analyzing available data.

2. Methodology. Through a synthetic search and evaluation of multiple studies, we concentrated
on quantity implicatures in an attempt to describe the data collectively. The references for this
review were selected through the PRISMA method, and initially the search was extended to any
type of implicature.! At first, a search through keywords was performed on three databases: Sco-
pus, Web of Science and APA PsycInfo. Then, the data were screened in a four stage process, in
order to only include articles that fit our eligibility criteria. After collecting the articles and ex-
tracting the data, we decided to concentrate only on quantity implicatures. The main reason for
this was that the data were much richer for this type of implicature and allowed for more interest-
ing comparisons.

There were various eligibility criteria selected for this search: first, the selected references
needed to be peer-reviewed, published articles written in English after the year 2000. Second,
they should contain empirical quantitative data on the comprehension of implicatures in first
language acquisition during typical development. Moreover, there needed to be a clear classifica-

" Prisma flowcharts, as well as the final dataset and R script, are available on OSF: https://osf.io/g4edn/.
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tion of what type of implicature was being tested and in what way, with examples. Finally, the
authors needed to have performed a replicable statistical analysis on the data and there needed to
be indication of the age range and mean age of the participants. In order to make the data more
easily comparable, one last criterion was that the articles should all present their results in terms
of percentage of success in implicature derivation (or a measure that could be converted to this).

3. Results.

3.1. COLLECTED DATABASE. In the end, 44 papers were deemed eligible for the analysis, all pub-
lished between the years 2001 and 2021.2 Within these references, a total of 158 different
findings in terms of percentage of success was obtained across the different experiments, impli-
cature types, tasks and groups tested within the 44 references. The minimum age tested was 2
years old and the maximum age tested was 13 years and 4 months old. Information on how many
findings were found for each age group can be found in Table 1.

Mean age in years Findings per age group
2 2
3 11
4 42
5 54
6 9
7 21
8 3
9 5
10 8
11 3

Table 1: Distribution of findings by age

The experiments were run in eight different languages: Dutch, English, French, Greek, Ital-
ian, Japanese, Mandarin Chinese and Spanish. The results are generalizable beyond the scope of
just one language, as there is no detectable difference in percentage of success among the eight
languages. In fact, while a Kruskal-Wallis rank sum test reports a chi-square of 17.102 and a p-
value of 0.017, which shows a significant effect of language on performance, a subsequent Dunn
test reveals that there is no statistically significant difference between any two languages.

Six different task types were used to test quantity implicatures within the dataset. A sum-
mary of the tasks used and how many findings were collected with each can be seen below in
Table 2. The most frequently used tasks were the Truth Value Judgment Task (TVIT), the Felici-
ty Judgment Task (Fell) and the Referent Selection Task (RefS). In TVJT experiments,
participants are asked to make a binary choice regarding the truthfulness (or correctness) of an
uttered sentence, while in Fell they are simply asked to evaluate whether the speaker had “said
something well”, and therefore to make a judgment on how felicitous the sentence was, rather
than true. The difference between the two tasks is not always unequivocal, but experimenters
tend to specify which sentences they used to ask for judgment, which made the categorization of
the two during data collection for the present review less arbitrary. Referent Selection Task

2 The data collection was performed in August 2021.
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(RefS), on the other hand, is in this instance an umbrella term for any task that required partici-
pants to pick a referent for a determinate sentence or utterance, be it a picture, a person or an
object. As for the less used tasks, Action Based Tasks (ActB) are those in which children are
asked to perform an action after hearing a sentence, instead of being asked for judgment. In
Communicative Context Assessment (CCA), children are asked to give a judgment on an event
that took place after a sentence (an instruction) was uttered, instead of after the sentence itself, as
is the case for TVJT and Fell. The last task is the Speaker Selection Task (SpeS), in which par-
ticipants need to select which of two speakers uttered a determinate sentence, and it can be for
instance that one of the speakers has full knowledge of what happened, while the other does not.

Within these six task types, four possible types of output variable types were presented to
participants: binary, ternary, quaternary or performative.

Task Findings per task
Action based 10
Communicative context assessment 2

Felicity judgment 43

Referent selection 54

Speaker selection 9

Truth value judgment 40

Table 2: Distribution of findings by task

3.2. DATA ANALYSIS. The data analysis was performed using RStudio (R 4.1.0) in different ways:
first, a Generalized Linear Model was fitted to analyze the data as a whole, inserting percentage
of success as a dependent variable and mean age, task type and implicature type (lexical or ad-
hoc) as independent variables. Variable type and language were not selected as factors for the
GLM because their inclusion did not guarantee a better fit. The results of this analysis can be
seen in Table 3. The results of the GLM suggest that age does have an effect on performance, as
well as implicature type and task type. Then, non-parametric tests were performed at different
stages of the analysis. We will discuss the effects of age, implicature type and task in the follow-
ing section.

Estimate Std.  Error z value p-value
(Intercept) 1.085 1.074 1.010 0.313
Mean age 0.017 0.008 2.066 0.039
Lexical scale -1.115 0.475 -2.346 0.019 *
CCA -0.255 1.688 -0.151 0.880
FelJ -1.047 0.839 -1.248 0.212
RefS -0.982 0.848 -1.158 0.247
SpeS -0.924 1.059 -0.872 0.383
TVIT -1.538 0.841 -1.828 0.068

Table 3: Results of the Generalised Linear Model
(with ad-hoc scale and ActB as default)

Anna Teresa Porrini and Luca Surian:
The investigation of quantity implicatures during typical development. 222


https://doi.org/10.3765/elm
https://www.elm-conference.net/

Proceedings of ELM 2: 219-228, 2023 | E LM

4. Discussion.

4.1. AGE. It appears from the analysis that age does, in fact, have an effect on children’s perfor-
mance with implicature derivation. This should not come as a surprise, since improvements with
age were detected in virtually every experiment on the subject. As can be seen in Figure 1, the
effect is confirmed to be a positive one.
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Figure 1: Effect of age

4.2. IMPLICATURE TYPE. The GLM seems to suggest that ad-hoc implicatures are easier to derive
as compared to lexical ones, since the lexical implicature type has a significative negative effect
in the model. A Wilcox rank test confirmed that the difference in percentage of success between
the two implicature types is significant (p < 0.001).

If we look at the data more closely, however, this difference is less and less detectable as
children get older, as seen in Figure 2. After dividing the dataset by age, roughly based on
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Figure 2: Difference between scales at different age ranges
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whether children could already be in school or not (age 2 to 5;11 on one side, age 6 to 13;4 on
the other), two new Wilcox rank tests show that in the case of preschool children the difference
is indeed significant (p < 0.001), while it is not for older children (p=0.5).

Another thing worth noticing on the topic of implicature type is that there is a number of
Horn scales that might be used to test lexical quantity implicatures. In the majority of cases,
however, children are tested on the <some/all> scale. To be more precise, out of 39 papers that
experimented using lexical scales, 26 tested only the <some/all> scale, thus only 13 of the re-
maining also included the <or/and> scales and modal or aspectual verbs. A Kruskal-Wallis rank
sum test was performed on the results for lexical quantity implicatures, analyzing the difference
in performance based on the scales used. This resulted in a chi-square of 14.872, and a p-value of
0.005, signaling that there is indeed a difference in how successful children are based on the lex-
ical scale used. A subsequent Dunn test confirmed that the significance was driven by the
difference between the <some/all> and the <or/and> and modal verb scales. The <some/all>
scale appears significantly easier than the other two for children (p=0.0123 for modals, p=0.0012
for <or/and>). The lack of more data on scales other than <some/all>, however, makes more ac-
curate analyses on the potential differences difficult to perform.

4.3. TAask. With regards to task type, the GLM shows a marginally significant negative effect of
the TVIT. This task has been previously criticized in the literature for its inaccuracy when deal-
ing with pragmatic phenomena (e.g. Katsos & Bishop 2011). One of the issues of the TVIT is
that it requires participants to make judgments about truthfulness, and for this reason it might fail
to detect fundamental aspects of pragmatic processing. Pragmatic meaning, in fact, is concerned
with informativeness, felicity and optimality more than it is with truthfulness itself, which is
more a domain of semantics. There is work that provides proof that the TVIJT is indeed a good
methodology to test implicatures (Guasti et al. 2005, Foppolo et al. 2020), but the analysis of
systematically collected data does not support this view. In fact, it seems that the among the three
most used tasks in the dataset, the TVJT is the only one for which age does not predict perfor-
mance, and children show lower accuracy even at older ages (Figure 3 for reference).
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Figure 3: Mean success rates and boxplots at different ages for TVJT
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Interestingly, an exploratory analysis of the data seems to suggest that some of the less used
methodologies might grant children better performance on quantity implicatures. As Figure 4
shows, children seem to perform better with Action Based Tasks (ActB) and Communicative
Context Assessment Tasks (CCA). These are both tasks that do not require children to make any
meta-linguistic judgments, which might be a source of difficulties at younger ages. A Kruskal-
Wallis rank sum test was performed on the data to verify whether task had an effect on success
with implicature derivation. This test showed that the difference between tasks is indeed signifi-
cant (chi-square = 13.595, df = 5, p-value = 0.0184). More in-depth analysis through a Dunn test
revealed that the significant difference that drives this effect is between TVJT and ActB, in line
with the result of the GLM (p=0.0118).
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Figure 4: Difference in performance across tasks

In Speaker selection tasks children do not seem to be as good as they are with ActB and
CCA, and this may be due to the fact that it requires more meta-representational abilities such as
reasoning on other people’s knowledge. This is a very speculative analysis, however, because the
scarceness of data for all three task types hardly allows for any conclusions to be drawn from
statistical analysis.

4.4. VARIABLE TYPE. Output variable type was not included as a factor in the GLM because it did
not guarantee a better fit of the model with the data, nor did it seem to interact with other factors
such as task type or scale. Previous literature, however, suggests that in Felicity Judgment Tasks
(Fel]), when children are asked to judge someone’s utterance by giving them a prize, they per-
form significantly better when they are given the opportunity to express judgment on a ternary
scale (small prize, medium prize and big prize) as opposed to a binary choice (prize or no prize).
When given a ternary option, children seem to be able to distinguish between an incorrect sen-
tence, a correct sentence and a non-optimal but correct sentence, which is pragmatically
infelicitous. An analysis of the available data confirms this, as can be seen from Figure 5. Chil-
dren’s performance in Fell tasks when the outcome variable is ternary is better than when it is
binary.
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Figure 5: Success rates for binary and ternary outcome variables in Fel]

A Wilcoxon rank sum test with continuity correction was performed to confirm this effect,
and it resulted in a p-value of 0.0124. This suggests that the difference is indeed significant, al-
though it needs to be specified that within the dataset the instances of binary outcome variables
were considerably more compared to the ternary ones.

5. Conclusion. What the systematic review as a whole seems to point to is that children improve
in deriving quantity implicature with age, which is an expected result. It also confirms that there
is a detectable difference between ad-hoc and lexical scales that makes the latter more difficult
for children, especially in their preschool years.

Another important result of this systematic analysis of experiments on quantity implicatures
during development regards experimental factors. It seems that the task used to test children may
have a considerable impact on how they perform in implicature tasks. What the literature sug-
gests, in this case, is that tasks that do not rely on children’s meta-linguistic or meta-
representative abilities may be better suited for these investigations. The data also points to an
inadequacy of TVIT, a task that revolves around truthfulness instead of felicity. Although the
result is relevant, as it reveals a trend across different experiments throughout the past 20 years,
it needs to be pointed out that the methodology of systematic reviewing ignores the presence of
potential experimental manipulations that might make the task more or less adequate to test im-
plicatures on children. On another note implicit tasks would probably provide good results as
well. These tasks were not included in this review due to their outcome measure being too differ-
ent from the others, and thus not easily comparable to the rest of the dataset, but based on the
reasoning that meta-linguistic and meta-representative judgments exert a significant toll on chil-
dren, an implicit methodology such as eye-tracking might be an optimal way of testing them.

As a conclusion, we would argue that the systematic methodology is probably not sufficient
by itself to analyze data in depth, as it does not afford attention to details, features and manipula-
tions within each experiment which might be of considerable interest to researchers.
Nevertheless, it is an extremely useful and apparently accurate methodology if the aim is to get a
broader, comprehensive view of the available data, in which salient factors to be kept in mind
can be individuated at a glance. A systematic review can be an excellent starting point for re-
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search on a topic, as it also shows in what aspects the current literature could be enriched: with
regards to quantity implicatures during development, we would suggest that this review recom-
mends the following. It could be interesting to test a wider variety of lexical scales, for one, and
to use more implicit tasks or tasks that do not require meta-linguistic abilities. Another interest-
ing suggestion might be to try and deviate from binary outcome variables more often. These
future directions might be a good step in the direction of getting a more comprehensive picture of
what children are really capable of in terms of quantity implicature comprehension.
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