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Abstract 

Universal quantifiers refer to a complete set of members, for instance “all animals”, “each woman”, or 

“every man”. These English quantifiers can be translated in Dutch as alle, elke, and iedere. While these 

quantifiers differ in some ways, few have studied the common core for their interpretation: their 

universality. This was investigated in the present study with a truth-value judgement task and an act-out 

task for Dutch children (3;0 - 5;11). The influence of the pragmatic, semantic, and syntactic context on 

quantifier interpretation was investigated, as these are components that contribute to the equilibrium that 

is correct quantifier interpretation. A logistic mixed-effects regression was performed to assess this 

influence and that of quantifier (semantics), syntactic position (syntax), and age (developmental 

perspective), and their interaction with task type. The judgement task appeared to impose a lower 

threshold for children to correctly interpret the quantifiers, eliciting a higher number of universal 

interpretations than the act-out task. Alle elicited more correct responses than the other quantifiers, 

possibly due to its plural noun phrase and its facilitating syntactic position, indicating an equal 

contribution of semantic and syntactic context to the equilibrium of quantifier interpretation. An 

influence of age was found on the number of universal interpretations, indicating a learning curve within 

the age span of this study. These results highlight the value of using multiple experimental assessments 

to measure quantifier interpretation, since not all task types elicit the same responses. Researchers are 

encouraged to account for the influence of task types on their conclusions concerning children’s 

quantifier knowledge.



1 

 

 

1. Introduction 

Universality is not an easy concept for children to comprehend. When universal quantifiers (all, each, 

every) are used in a sentence, children often struggle with their interpretation (e.g., Brooks & Sekerina, 

2006; Slim et al., 2023; see Brooks & Parshina, 2019, for review). It appears that the fact that these 

quantifiers quantify over a complete set (e.g., all women) is not naturally understood. The present study 

examines children’s ability to interpret Dutch universal quantifiers universally, i.e., to infer that they 

refer to the complete set, and investigates the influence of pragmatic, semantic, and syntactic factors on 

this interpretation. These factors include task-specific demands (pragmatics), the influence of the 

quantifier used (semantics), and that of the syntactic position of the quantifier (syntax). An equilibrium 

between these three factors should elicit a correct quantifier interpretation (Smits, 2010), which is why 

researching those factors is of great importance to better understand children’s quantifier interpretation. 

This study contributes to the existing body of research on quantification in children and on the influence 

of the administered task on the display of children’s ability to quantify and thus on the conclusions of 

researchers in the field.   

This introduction begins with an examination of the terms ‘universality’ and ‘quantification’. It then 

presents a review of the existing research on universal quantification. Subsequent sections discuss the 

potential influences of pragmatic, semantic, and syntactic factors. Finally, the specific research questions 

and hypotheses of this study are presented. 

1.1. Universal quantifiers 

In many languages, universal quantifiers are used to quantify over a complete set of certain members; 

they indicate that the person using the universal quantifier is talking about all members, or each or every 

member of the group. However, the specific meaning of these quantifiers is never explicitly taught to 

language users, sometimes resulting in incorrect interpretations. Before we dig into this problem, the 

two words that make up the term ‘universal quantifier’ need further explanation.   

Firstly, universal quantifiers are quantity terms or quantifiers. These exist in many forms: numerical 

(two), existential (some), proportional (most), and universal. All these quantifiers refer to a certain 

number of set members (such as two girls, some dogs, or most people) and connect them to the predicate 

expression. For instance, in the sentence Three girls are cycling, the numerical quantifier ‘three’ 

specifies how many members of the set (girls) are doing what the predicate expresses (are cycling). The 

predicate expression shows the range of the quantifier’s effect within the sentence and is called the scope 

of the quantifier (Ioup, 1975; Saeed, 2003). The noun phrase or NP (Leech, 1976) expresses the set and 

its members (three girls). 

To define the meaning of quantifiers, semanticists use formal tools from predicate logic, which is a 

metalanguage for logical reasoning. In this metalanguage, quantifiers are represented as symbols in 

formulas that express their scope. For instance, the symbol for universality is ∀, used when expressing 

universal quantifiers (Gil, 1995; Saeed, 2003). These refer to the full set that is expressed by the noun 

phrase.  

To illustrate this, consider the following formula: 

 

∀x (cow (x) → jumping (x))1 

 

Literally translated, this means “For every thing x, if x is a cow, then x is jumping”. In plain English, 

this means “Every cow is jumping”, “Each cow is jumping” or “All cows are jumping”. To express 

 
1 The NP is expressed by ‘cow’; the predicate and its objects by ‘jumping’ and x, which in turn refers to the NP. 

The arrow represents entailment, expressing an ‘if…then’- relationship between the NP and the predicate.  
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universality, the first part of this formula is essential: ∀x fixes the value of x as everything, the full set 

to which x belongs.  

Although adults are able to interpret universal quantifiers correctly without this theoretical 

explanation, it has been evidenced that children systematically interpret these quantifiers incorrectly, up 

to the age of eight (Brooks & Sekerina, 2006; Slim et al., 2023; see Brooks & Parshina, 2019, for 

review). The question of where these issues originate remains unsolved but has been investigated in 

previous research. This study adds to that body of research by investigating the influences of the 

pragmatic, semantic, and syntactic contexts of the quantified sentence on children’s universal 

interpretation of the Dutch quantifiers alle (‘all’), elke (‘each’/ ‘every’), and iedere (‘each’/ ‘every’). 

The following sections discuss this previous body of research and link it to the specific research 

questions that will be investigated.  

1.2. Previous research on children’s issues with universal quantification 

The reported problems that children might experience when interpreting quantifier words are mostly not 

related to their common core, i.e., universality. This is simply because studies tend to focus on 

participants’ abilities to distinguish between universal quantifiers in terms of distributivity and 

collectivity, rather than on the common universal interpretation of the quantifiers (e.g., Brooks & Braine, 

1996; Brooks & Sekerina, 2006; Syrett & Musolino, 2013).  

‘Distributive’ universal quantifiers (each, every) allow a distributive interpretation of the quantified 

sentence, meaning that each member of the mentioned set performs the action of the predicate separately. 

For instance, the sentences Each woman built a house and Every woman built a house imply that each 

woman in the complete set of women built her own house. The sentence All women built a house can 

imply this as well but is generally interpreted collectively: all set members perform the action of the 

predicate together. Thus, in contrast to each and every, all does not force a distributive interpretation of 

the sentence, making it a ‘non-distributive’ universal quantifier. 

Children’s interpretation of (non-)distributive quantifiers has previously been studied (e.g., Brooks 

& Braine, 1996; Brooks & Sekerina, 2006; Syrett & Musolino, 2013). Brooks and Braine (1996), for 

instance, assessed four- to ten-year-old children’s interpretation of universal quantifiers through two 

sentence-picture matching tasks, in addition to a picture selection task that assessed children’s restriction 

of universal quantifiers to their NP. They found that children can easily restrict the quantifier to its NP 

but have a non-adult-like preference regarding distributivity: where adults usually prefer collective 

interpretations (e.g., all women building one house together in All women built a house), children prefer 

distributive ones (e.g., each woman building her own house in All women built a house). The study of 

Syrett and Musolino (2013) replicated this finding, specifically for all-statements, using a sentence-

picture matching task as well. Although a distributive interpretation of all is not necessarily wrong (as 

all can be interpreted distributively as well), the non-adult-like preference indicates an underlying issue 

for children interpreting the linguistic information (Brooks & Braine, 1996).  

Although interesting, the above studies did not investigate whether children struggle with the 

universal interpretation of universal quantifiers as well. In fact, the authors appear to assume that 

children can only experience problems with distributive interpretation and not with detecting the 

common core of these quantifiers. However, there are reasons to challenge this assumption. Corpus 

analyses of child-directed speech by Knowlton and Lidz (2021) and Knowlton and Gomes (2022) found 

that the English universal quantifiers all, each, and every are used distinctly in child-directed speech. 

The spontaneous detection of a common core of these separately used quantifiers by children thus seems 

unlikely, which may be the reason for children’s inability to correctly interpret universal quantifiers. 

Issues with universal interpretation have been identified in previous research and a range of explanations 

has been offered (e.g., Barner et al., 2009; Ferenz & Prasada, 2002; Slim et al., 2023). These are 

discussed and linked to the specific research questions of the present study in the following section.  
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1.3. Influences on children’s universal quantifier interpretation  

This study focuses on children’s ability to interpret universal quantifiers universally, i.e., to infer that 

they refer to the complete set, and investigates the influence of pragmatic, semantic, and syntactic factors 

on this interpretation. Those factors are components of Smits’ Equilibrium Hypothesis (2010), that 

states that each of these components equally contributes to an adult-like understanding of quantification. 

Children pursue this equilibrium based on their knowledge of each of these components, and on 

inference of clues from the (linguistic) context. The following sections will discuss what problems 

children may experience in each of these fields. 1.3.1 discusses the implications of the pragmatic context 

in which children’s knowledge of universal quantifiers is tested and how children may (incorrectly) 

interpret this context. These implications will be linked to the main research question of this study, 

regarding the influence of task-specific demands on children’s universal quantifier interpretation. 

Assessing this influence is important to avoid conclusions unknowingly based on task performance that 

is not a display of the actual underlying process due to task-specific demands. 1.3.2 discusses semantics 

in the form of the specific universal quantifier used in a sentence and is linked to the sub-question of 

this study about influences of the used quantifier on universal quantifier interpretation. 1.3.3 discusses 

syntactics in the form of the position of the universal quantifier in the sentence, pertaining to the 

exploratory question about influences of this position on universal quantifier interpretation. The second 

and last exploratory question of this study looks at these results from a developmental point of view: do 

older children interpret more universal quantifiers correctly than younger children?  

1.3.1. Pragmatics: the role of the used task in universal interpretation 

Roughly, the experimental tasks used to assess children’s problems when interpreting (universal) 

quantifiers can be divided into two categories: tasks that assess children’s abilities to interpret universal 

quantifiers based on a given interpretation, and tasks where children need to generate an interpretation 

themselves, given a certain statement. A prominently used task in the first category is a truth-value 

judgement task (e.g., Barner et al., 2009; Brooks & Braine, 1996; Roeper & De Villiers, 1993; Smits, 

2010; Syrett & Musolino, 2013), where the participant needs to judge if a given quantified sentence 

correctly describes a depicted situation. The aforementioned preference tasks (e.g., Brooks & Braine, 

1996; Syrett & Musolino, 2013) that require the participant to select the interpretation that is most 

appropriate given the context, are part of this category. While the given interpretations in this latter task 

are all correct (i.e., a universal interpretation), one is clearly more suited than the other(s) in terms of 

distributivity. The other category contains act-out tasks (e.g., Ferenz & Prasada, 2002; Slim et al., 

2023). In contrast to preference and judgement tasks, act-out tasks do not provide an interpretation. 

Participants are required to generate an interpretation of a given quantifier by acting out a situation 

described using the quantifier. For instance, they may be given objects and instructed to place “all” of 

them on a table.  

Given the differences between these tasks, some have postulated that the type of task has a 

significant influence on the task results, and thus on researchers’ knowledge of quantifier interpretation 

by children and adults (e.g., Skordos et al., 2022; Syrett & Musolino, 2013). Evidence from Syrett and 

Musolino (2013) supports this hypothesis: as mentioned in section 1.2, they administered a sentence-

picture matching task and found that children prefer distributive interpretations where adults prefer 

collective ones. Nevertheless, the interpretation provided in their truth-value judgement task was 

correctly identified by the children. This suggests that children possess the knowledge of how to interpret 

universal quantifiers correctly – here in terms of distributivity and collectivity. The results of studies 

stating that children have trouble while interpreting universal quantifiers (see Brooks & Parshina, 2019, 

for review) might thus be related to the used task instead of children’s knowledge. Related to the 

Equilibrium Hypothesis, this means that a different pragmatic context can influence children’s 

interpretation of universal quantifiers. 
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The main research question of this study focuses on this potential influence of the administered task 

on (the display of) children’s universal interpretation of universal quantifiers. Since a judgement task 

and an act-out task are used in this study, the possible influence of these task types on children’s 

interpretation of universal quantifiers and thus on researchers’ conclusions is discussed. Thereafter, a 

hypothesis to this main research question is formed.  

Judgement tasks are used regularly to assess if children can judge correctly if a given interpretation 

fits the given situation. For instance, when a scene is depicted of a few people in a circle with a few 

people outside the circle with the sentence “All people are in the circle” or the question “Are all people 

in the circle?”, the participant should respond “no”. However, the phenomenon of quantifier spreading 

shows that children do not always judge a provided interpretation correctly. This term was introduced 

by Roeper and De Villiers (1993) but first investigated by Piaget and Inhelder (1974; Skordos et al., 

2022). It entails that children often interpret universally quantified expressions symmetrically. To 

illustrate this point, consider the following example: 

Piaget and Inhelder (1974) presented a group of children 

with a set of red squares and a set of red and green circles 

in their experiment. This setup has been visually 

represented by Skordos and colleagues (2022, p. 2) in 

Figure 1. When asked whether all the squares were red, 

the children often answered “no” because some of the 

circles were also red. Thus, children’s symmetrical 

interpretation of universal quantifiers entails that the 

predicate of the quantifier (here: to be red) should only 

apply to what the quantifier is referring to (here: squares) 

and not to anything else.  

A suggested explanation for quantifier spreading is the elicitation of an incomplete “Question Under 

Discussion” (QUD; Roberts, 2012; Skordos et al., 2022). A QUD contains alternative propositions 

related to the topic of the statement, to which the statement can be mentally compared. The elicitation 

of all propositions in a QUD necessary to eliminate all incorrect responses, results in a correct response. 

Using the situation depicted in Figure 1 as an example: comparing the statement “All the squares are 

red” to “Some of the squares are red” (not the case), “All the circles are red” (not the case), and “All the 

squares are blue” (not the case) results in a correct acceptance of the given statement. When one of these 

alternative statements is not elicited, there is a chance of answering incorrectly. If Piaget and Inhelder 

(1974) had asked whether some of the squares were red, the alternative statement elicited could have 

been “Some of the squares are blue”. Since there are only red squares, the comparison of the question 

to the alternative statement would result in an affirmative response, while the response should have been 

“no”.  

Importantly, participants also need to be able to check if there are no squares left. In other words: 

the possibility of negating the statement posed should always be offered (Drozd, 2001; Freeman et al., 

1982; Wason, 1965). Freeman and colleagues (1982, pp. 64-66) posit that, when presented with a 

universally quantified statement, the participant must “carry out an exhaustive search to check that no 

[set member] is missing”. Experimental clues must always indicate the total size of the set for the 

participant to be able to do this. For the statement “All squares are red”, the participant thus needs to 

check if there are any squares lying or depicted somewhere else than the group presented to the 

participant. This should be the case for some trials, so the participant knows a negation of the statement 

is possible. In addition, tasks should never include a yes/no question describing a statement that is clearly 

true or false (Crain et al., 1996). While their initial internal response might be correct, children may 

overthink the situation and elicit a different QUD than intended by the experiment, assuming that the 

experimenter has this particular QUD in mind as well. This may then result in an erroneous response. 

Fig. 1. Visual representation of stimuli from 

Piaget & Inhelder (1974) by Skordos et al. 

(2022). 
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These theories thus lead to the conclusion that children possess adequate knowledge of quantifier 

interpretation yet exhibit errors in pragmatically interpreting the task. To prevent this, the truth-value 

judgement task in the present study avoided most of the forementioned issues by continuously displaying 

all set members and creating a context in which the statements could be negated. More about this in the 

method section (2.4.2, procedure of the truth-value judgement task). 

While incomplete QUDs are mostly argued to be the cause of incorrect responses in truth-value 

judgement tasks, they may also play a role in act-out tasks. When children are instructed to place all 

squares on a towel, for instance, they might compare this to the alternative statement: “Place all circles 

on the towel.” When they consequently place squares on the towel, they may believe that to be the 

correct response, regardless of the quantification. Additionally, there appears to be even less of a basis 

for children on which to build their interpretation here, because of the need for spontaneous action and 

the lack of a given interpretation.  

In addition to the issues already discussed, children may encounter another practical challenge here, 

namely the involvement of the production system. Since children need to act out a certain scene with 

objects, act-out tasks are hypothesized to not just involve the language comprehension system, but also 

the language production system. Thus, when comprehension is evaluated through an act-out task, the 

involvement of the production system could impede the detection of the comprehension effect (e.g., 

Ziegler & Snedeker, 2019). There is no consensus about the specific factors that contribute to this 

complication in an act-out task. Ziegler and Snedeker (2019) argue that participants may be repeating 

the test sentence internally while acting out the task in order to remember what they are supposed to do. 

In this manner, the involvement of the production system might push back the comprehension effect that 

needs to be detected. Additionally, assessing comprehension through this task relies on the participant’s 

preparedness to create a scene based on only a sentence. This requires the participant to take the initiative 

and accept the fact that the answer could be wrong, which may be intimidating for young children. 

This information leads to the following hypothesis: children may possess an adult-like 

representation of logical language, including quantifiers, which is why they respond more correctly in 

judgement tasks where the possibility of quantifier spreading is avoided. However, they may still have 

limited cognitive resources to ‘convert’ this representation into a correct production, which may explain 

the errors observed in act-out tasks (e.g., Gualmini, 2005; Gualmini, et al., 2003, Ziegler & Snedeker, 

2019). Moreover, children’s cognitive system may be less flexible than that of adults (e.g., Freeman & 

Stedmon, 1986). While adults are able to identify the relevant QUD to which the uttered statement 

should be compared, children may not know what QUD to compare it to. This may result in them being 

reluctant to answer or responding incorrectly. This is clearly a consequence of the demanding task 

context and not of their initial comprehension; they know which QUDs fit the situation, they are just not 

given the basis to select the specific QUD fitting the test sentence and are not flexible enough to do it 

themselves.  

In conclusion, it is hypothesised that the judgement task will elicit more universal interpretations of 

the used universal quantifiers (alle, elke, iedere) than the act-out task. This would indicate that the task 

used to assess children’s interpretation of universal quantifiers influences this interpretation and/or the 

display of it, which in turn influences our knowledge about children’s abilities to interpret quantifiers.   

1.3.2. Semantics: the role of the quantifier in universal interpretation 

Slim and colleagues (2023) empirically tested the assumption of adequate knowledge of universality in 

children and found mostly differences in this interpretation depending on the quantifier used. In one of 

their experiments, 3- to 7-year-old children are asked to give toy items to an Elmo puppet. Universal 

quantifiers are used in these questions: they need to hand Elmo all toys, each toy, or every toy. The 

authors found that while children (from 4 years old) handed Elmo the full set of toy items when all and 

every were used, no children within the age restriction of the experiment consistently gave the full set 

to Elmo when prompted with each. This compelling evidence led to the sub-question of the study at 
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hand: is children’s universal interpretation of universal quantifiers influenced by the used quantifier and 

if so, by which quantifier?  

The results of Slim and colleagues (2023) match previous experimental evidence partly. It has been 

shown that children experience less difficulty with the universal interpretation of the non-distributive 

quantifier all than with the distributive quantifiers each and every (e.g., Gordon, 1982). An explanation 

for this is suggested by Ferenz and Prasada (2002): distributive quantifiers require a count noun and a 

singular expression of the associated NP, even though they quantify over more than one set member. 

Non-distributive quantifiers like all require either a count noun or a mass noun and a plural expression 

of the associated NP. Ferenz and Prasada (2002) argue that children may only pay attention to the 

plurality of the quantified noun and not to the quantifier itself, which leads to a universal interpretation 

of all because of the plurality of the NP (see also Gathercole, 1985). This theory can however not be 

applied to the observed correct interpretation of every by Slim and colleagues (2023). In turn, Slim and 

colleagues (2024) argue that each did not elicit as many accurate responses as all and every because of 

its highly distributive character (see also Knowlton & Gomes, 2022). They base this on another one of 

their findings: in an experiment where there are three fish with each a plate, the children were asked to 

give each fish fruit. Here, the response accuracy was much higher than in Slim and colleagues’ (2023) 

give-a-quantifier task: children often placed a piece of fruit on each fish’s plate. This may have happened 

because of the more pronounced distributivity of each, indicating each set member individually. When 

Elmo needed to be given all/each/every fruit, the more collective interpretation of all and every may 

have caused children to more easily interpret this as the complete set of fruit (Slim et al., 2024).  

Although the studies of Brooks and colleagues (1998, 2001) did not concern universal interpretation, 

their results are linkable to this research question as well. They found that children distinguish 

moderately between all and each, linking more collective interpretations to the former than the latter in 

picture selection tasks. The fact that children selected much more collective pictures when prompted 

with all is explained by the authors as children using semantic clues to distinguish between these 

quantifiers. This leads to the following hypothesis: the used quantifier does influence universal 

quantifier interpretation, as children may infer the universality from semantic clues, like the plurality of 

the NP. According to previous evidence, alle may elicit more universal interpretations than iedere or 

elke in the present study.  

1.3.3. Syntactics: the role of syntactic position in universal interpretation 

In addition to the differences in interpretation that certain universal quantifiers elicit, they also differ in 

syntactic properties. These properties may influence their interpretation as well, leading to the first 

exploratory question of this study: does the syntactic position of a quantifier influence the universal 

quantifier interpretation? This question is labelled as ‘exploratory’ because of the lack of a consensus 

on this subject, as will be discussed in this section.  

All English universal quantifiers can be used as a determiner, meaning they are placed before the 

NP (e.g., All cows are jumping or Each/every cow is jumping). However, only each and all can be used 

as floating quantifiers, meaning they syntactically behave as an adverb and are placed after the NP (e.g., 

The cows are {all/each/*every} jumping). As is visible in these example sentences, the plurality of the 

NP can change with the syntactic position of the universal quantifier. This specifically happens with the 

universal quantifier each. When determiner each is used, the predicate and NP are singular: Each cow 

is jumping. When floating each is used, however, these become plural: The cows are each jumping. This 

does not happen when all is used; in both syntactic positions, the predicate and NP stay plural. Every 

can only be placed in determiner position. 

The body of hypotheses about children’s usage of the syntactic component of Smits’ Equilibrium 

Hypothesis (2010) (i.e., syntactic clues) contains more controversy than that about the semantic 

component. Authors have suggested that children interpret quantifiers in determiner position more easily 

than in floating position (e.g., Barner et al., 2009; Wellwood et al., 2016). Barner and colleagues (2009) 
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suggest that the issues with the latter can be explained by the larger distance between the universal 

quantifier and its NP: in determiner position, there is no distance between them, which might make it 

easier to connect them and interpret the universal quantifier. The research of Wellwood and colleagues 

(2016) adds that this may happen because of a “syntactic bootstrapping”-technique. They inferred from 

the results of their word-learning task that children use the syntactic position of a word to restrict its 

meaning. The syntactic environment of a determiner only allows a quantitative (i.e., numerical) meaning 

for the word in that position, never a qualitative one. Thus, if the language user knows this, they use this 

syntactic information to interpret the word in determiner position quantitatively. In the words of 

Wellwood and colleagues: “[…] when a novel superlative is used in a determiner position (e.g., Gleebest 

of the cows are by the barn; cf. Most of the cows are by the barn), knowledge of the syntax-semantics 

mapping for determiners constrains the possible space of meanings to those with quantity-based 

interpretations, and no further inference is required.” (Wellwood et al., 2016, p.  264).  

However, looking at the theory of Ferenz and Prasada (2002) mentioned in the previous section, 

there are arguments for a contrary hypothesis as well. If children only pay attention to the plurality of 

the NP, floating quantifiers seem more likely to be interpreted universally, because the NP is always 

plural. Determiner quantifiers, on the other hand, are less likely to be interpreted universally according 

to this theory, because the NP is singular. Note that this theory is only applicable to quantifiers that can 

appear in both syntactic positions, like the Dutch elke (more in 1.4.1).  

Smits himself (2010) suggests that children do not use syntactic clues to restrict a quantifier to its 

domain, following Roeper and colleagues (2006). He found that children do not differentiate between 

subject and object quantification (i.e., sentences where the subject and the object are quantified, 

respectively), since they made many mistakes in the interpretation of these sentences, as evidenced by 

their faulty answers on questions about the sentences. Children did show comprehension of the semantic 

information and the pragmatic task context, indicating a greater contribution of semantic and pragmatic 

knowledge to the equilibrium that is adult-like quantification than of syntactic knowledge.  

Since children appear to use semantic clues to infer quantifier meaning (Brooks and colleagues, 

1998, 2001; Ferenz & Prasada, 2002; Smits, 2010), the hypothesis to this exploratory question is as 

follows: quantifiers in floating position are more likely to be interpreted universally than quantifiers in 

determiner position, as the NP of a floating quantifier is plural.  

1.4. This study 

The present study investigates the universal interpretation of Dutch universal quantifiers by children 

aged 3;0 to 5;11 years, using a truth-value judgement task and an act-out task. This universal 

interpretation will hereafter be called ‘response accuracy’ since a universal interpretation of a universal 

quantifier is an accurate interpretation. Primarily, the role of task-specific demands on children's 

response accuracy is investigated. In addition, possible differences in response accuracy depending on 

the universal quantifier used will be studied. The first exploratory question relates to the syntactic 

position of the quantifier and the second exploratory question focuses on the influence of age on 

quantifier interpretation. For this purpose, data from an ongoing study by Slim and Rowland (2024) was 

analysed. 

1.4.1. Dutch universal quantifiers 

There is no 1-to-1 translation of the discussed English universal quantifiers to Dutch, but the universal 

quantifiers are comparable. Table 1 contains Dutch translations of English universal quantifiers and 

example sentences per universal quantifier used in this study2. The subject, verb and universal quantifier 

in the example sentences are formatted as in this sentence to facilitate the translation.  

 
2 Slim and Rowland (2024) also investigate the universal quantifier allemaal. This complex quantifier can be 

compared to the existential quantifier ‘some’ when in determiner position but becomes a universal quantifier when 
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English universal 

quantifier 

Dutch universal 

quantifier 

English example sentence Dutch example 

sentence 

All Alle  All cows are jumping. Alle koeien springen.  

Each 

(determiner)/every 

Elke 

(determiner)/iedere3 

Each cow is jumping. 

Every cow is jumping. 

Elke koe springt. 

Iedere koe springt. 

Each (floating) Elk (floating) The cows are each jumping.  De koeien springen elk. 

Table 1. Universal quantifiers translated from English to Dutch. 

 

The argument that children may experience difficulties interpreting floating quantifiers because of 

their long-distance dependency (Barner et al., 2009; see section 1.3.3) is applicable to Dutch universal 

quantifiers in floating position as well: the distance between the NP and the floating universal quantifier 

is even bigger here than in English. Ferenz and Prasada’s (2020) theory of non-distributive quantifiers 

being easier to interpret applies to Dutch universal quantifiers as well. The distributive universal 

quantifiers elke and iedere can only be uttered with a singular count noun; elke koe (“each/every cow”) 

is possible, but *elk water (*“each water”) is not. Non-distributive quantifiers such as all(e) do not 

strictly require count nouns, they can also be used with mass nouns (e.g., Al het water; “All the water”). 

When they are uttered with a count noun, however, this noun needs to be plural (e.g., Alle koeien; ‘All 

cows’). Because of the presence of plurality in every context, Dutch non-distributive quantifiers seem 

to have the same interpretability as English non-distributive quantifiers. Dutch distributive universal 

quantifiers seem harder to interpret because of the singularity of the NP, just like the English distributive 

universal quantifiers. 

1.4.2. Research questions and hypotheses  

Slim and Rowland (2024) are assessing children’s (age 3;0 to 5;11) universal interpretation of universal 

quantifiers through a truth-value judgement task and an act-out task at the Max Planck Institute in 

Nijmegen (MPI). Based on their data, this study will assess a main research question with a sub-question 

and two exploratory questions, pertaining to universal quantifiers alle, iedere, and elke. These questions 

investigate the influence of respectively the pragmatic, semantic, and syntactic context of the universal 

quantifier, three components that equally contribute to the equilibrium that is correct quantification, 

according to Smits (2010). 

The main research question examines the influence of task-specific demands on the universal 

interpretation of universal quantifiers and is formulated as follows: 

 

Is there a difference in children’s response accuracy (i.e., interpretations of universal quantifiers as 

universal) between the judgement task and the act-out task? 

 

Since task-specific demands might influence children’s interpretation of universal quantifiers, especially 

in terms of whether a possible interpretation is given or they have to generate one themselves, it is 

reasonable to expect that children will perform adequately on Slim and Rowland’s judgement task, 

where an interpretation of the universal quantifiers is provided and the answer options are restricted, and 

worse on the act-out task, where free interpretation and spontaneous action are required. Thus, the 

hypothesis to the main RQ is as follows: task type likely influences response accuracy, with a higher 

response accuracy in the truth-value judgement task than in the act-out task.   

 
in floating position, comparable to ‘all’. Because syntactic position is used as an independent variable in this study 

(see 2.1) and the syntax of allemaal implicates semantic changes, this universal quantifier is left out of the present 

study. 
3 Iedere can also be placed in floating position as ieder, but this is considered archaic and therefore not done 

anymore. Only elke will thus be analysed in the first exploratory question pertaining to syntactic position.  
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The semantic factor concerns the role of the different universal quantifiers (alle, iedere, and elke), 

which may differ between task types. This leads to the following sub-question: does the universal 

quantifier used influence universal quantifier interpretation? Previous research (e.g., Slim et al., 2023, 

see 1.3.2) responds affirmatively to this question and specifically leads to the following hypothesis to 

the subquestion: children are likely to interpret the universality of alle more easily than that of elke and 

iedere.  

Exploratory question 1 is: does the syntactic position of the universal quantifier elke influence 

universal quantifier interpretation? As mentioned (section 1.3.3), there are many arguments for universal 

interpretation enabled by universal quantifiers in floating or in determiner position (e.g., Barner et al., 

2009; Ferenz & Prasada, 2002; Smits, 2010; Wellwood et al., 2016). The hypothesis to this question is 

based on the hypotheses that children adequately use semantic cues to infer quantifier meaning (e.g., 

Smits, 2010; see 1.3.3) and specifically the theory of Ferenz and Prasada about plurality of the NP 

(2002): children might find the presence of a plural noun easier to universally interpret the universal 

quantifier. This is why the hypothesis to exploratory question 1 entails that the universality of elke in 

floating position will likely be accurately interpreted more often than that of elke in determiner position. 

A final interesting perspective on this subject is development: do older children within the age 

restriction of this study interpret more universal quantifiers universally than younger children? Or does 

this universal interpretation perhaps take place in one task but not in the other from a young age?  This 

leads to exploratory question 2: does age influence response accuracy, and if so, is this effect alike in 

both tasks? The hypothesis to exploratory question 2 includes the hypothesis to the main question 

(response accuracy is likely to be higher in the judgement task than in the act-out task from the age of 

three) and adds a developmental component to it: both performances are likely to improve with age. 

However, they may not improve at the same pace. If the youngest children already perform adequately 

on one task, this performance does not have much room left to grow. The performance on the other task 

may then improve at a faster pace because of the excessive room to grow. If young children perform 

similarly bad or adequate on both tasks, on the other hand, those performances may improve at a similar 

pace.  

2. Methodology 

2.1. Design 

The study had a mixed design. The within-subject independent variables were Task (act-out/judgement), 

Quantifier (alle, elke, or iedere), and Syntactic position (the syntactic position of the UQ elke). The 

between-subject independent variable was Age (3;0 to 5;11). The dependent variable was response 

accuracy (binary: correct (1) = universal interpretation, incorrect (0) = other response). Table 2 shows 

the independent variables per research question.  

 

 Independent variable Dependent variable 

Main research question Task type (act-out/judgement)  

Response accuracy: universal 

interpretation of the UQ 

Sub-research question Quantifier (alle/iedere/elke 

(determiner)/elke (floating)) 

Exploratory question 1 Age 

Exploratory question 2 Syntactic position of elke 

(determiner/floating) 

Table 2. Summary of the variables.  

2.1.1. Test sessions 

Adults completed both tasks in a single test session lasting approximately 45 minutes. Children 

performed each task in a separate session, each lasting twenty minutes to an hour depending on the 
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number of breaks. This was done to make sure their attention was maintained for each task. Both tasks 

assessed children’s understanding of the Dutch UQs elke, iedere, and alle. Elke and iedere are 

distributive UQs, that emphasize the individual members of the referred set (like every and each in 

English), while alle is a non-distributive UQ (like all in English), that emphasizes the referred set as a 

group. The order of the test sessions in which the judgement and act-out task were performed was 

counterbalanced between participants.  

2.2. Materials 

2.2.1.  Act-out task 

The act-out task involved a toy barn with three 

groups of six toy animals (sheep, pigs, and cows) 

and a toy field with troughs and fences in front of 

the barn (see Figure 2). Each trial contained a test 

and filler sentence. The test-sentence was always 

constructed as follows: “Nu gaan/gaat [quantifier] 

[animal] naar de wei” (‘Now, [quantifier] [animal] 

go/goes to the field’, determiner position) or “Nu 

gaan de [animal] [quantifier] naar de wei” (‘Now, 

the [animal] [quantifier] go to the field’, floating 

position). It was ensured that the animal was 

emphasized in the utterance, rather than the 

quantifier, to avoid revealing the objective of the 

study. The filler sentences were designed to fit 

every type of animal and contained eight actions: 

springen (‘jump’), liggen (‘lay down’), rennen (‘run around’), eten (‘eat’), drinken (‘drink’), rollen (‘roll 

around’), and geluid maken (‘make a sound’). All test and filler sentences can be found in appendix 7.3. 

These sentences were ‘uttered’ by a teddy bear containing an inserted speaker connected to the 

laptop on which the pre-recorded instructions and trials were played. This was done using the software 

Presentation, in which the experiments were programmed. The same sentences were recorded in a male 

and female voice. The gender of the voice was randomly 

assigned to the participants.   

The test sentences contained quantifiers. The critical 

quantifiers were the universal alle, iedere, and elke, but the 

non-universal quantifiers een (‘a’), twee (‘two’), de meeste 

(‘most’), sommige (‘some’), and een paar (‘a few’) were also 

tested in non-critical sentences; they only introduced 

variation and were not analysed. Allemaal and elke were 

presented in determiner position and in floating position4. 

Together, these different quantifiers and positions add up to 

eleven different conditions. Since each condition was paired 

with each type of animal, this experiment consisted of a total 

of 33 trials. 

2.2.2.  Truth-value judgement task 

This task included two teddy bears: the farmer that was also 

used in the act-out task and his/her ‘assistant’, both with 

inserted speakers. It also involved a laptop facing the 

 
4 Recall that allemaal will not be analysed in the present study.  

Fig. 2. Materials for the act-out task set up at the start 

of a trial – view from participant chair (Slim & 

Rowland, 2024) 

Fig. 3. The four possible depictions of cows 

in the field in the judgement task. Materials 

taken from Slim and Rowland (2024).   
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participant and the experimenter’s laptop, connected through an internet cable. On both laptops, the 

experiment was carried out, again using the software Presentation. Each teddy bear’s speaker was 

connected to a different laptop; that of the ‘farmer’ to the participant’s laptop, that of the ‘assistant’ to 

the experimenter’s laptop. Male and female voices were again randomly assigned to participants, but it 

was made sure that one of the teddy bears was male and the other female. The keypad of the participant’s 

laptop was covered to prevent (accidental) key pressing. On that laptop, pictures were shown in which 

animals (sheep, pigs, cows) were depicted in the field and in the barn (Figure 3), while a sentence was 

‘uttered’ by the assistant teddy bear. In the practice and filler items, these sentences were non-quantified 

and transitive (e.g., “Kijk, dit varken heeft een hoedje op.”, ‘Look, this pig is wearing a hat.’). The test 

sentences contained a quantifier (e.g., “Kijk, nu staan alle koeien in de wei.”, ‘Look, now all cows are 

in the field’). All sentences can be found in appendix 7.3.  

The participant’s responses were logged onto the laptop by the experimenter during the experiment. 

If the child refused to answer, the trial could be skipped without entering a response. These trials were 

not included in the analysis (more in section 2.5.2).  

Similar to the act-out task, eleven different quantifier conditions were used in the truth-value 

judgement task, of which four are of importance to this study (alle, iedere (determiner), elke 

(determiner), elke (floating)). Unlike the act-out task, the judgement task consisted of 56 trials (44 test 

trials, 12 filler trials; see Appendices for all sentences).  

2.3. Participants 

The main participant sample consisted of 25 children with a mean age of 54.64 months (SD = 10.71). 

15 whose parents identified them as male (Mage = 55.41, SD = 10.70) and 10 as female (Mage = 54.93, 

SD = 10.80). Each participant had completed trials of both tasks.  

Both tasks were also administered to a group of 16 adults (Mage = 25.93 years, SD = 6.1 years), to 

assess if consistent universal interpretation is in fact an adult-like response. It was predicted that adult-

like scores are indeed a consistent universal interpretation of the universal quantifiers. Fourteen adults 

self-identified as female (Mage = 25.79 years, SD = 6.5 years), one as male (29 years old) and one 

participant of 25 years old did not indicate a gender.   

Children were recruited from the BRC (Baby and Child Research Centre) database, adults through 

that of the MPI. Inclusion criteria were clinically typical language development, clinically typical 

hearing, monolingual Dutch, and for children: three, four or five years old (3;0 – 5;11). 

2.4. Procedure 

2.4.1. Act-out task 

First, the farmer teddy bear was introduced to the participant by the experimenter. The experimenter 

explained that the farmer needs help and asked if the child wants to help him/her. After a positive 

reaction, the farmer showed the farm and the animals to the participant. (S)he asked about the animals 

(“Weet jij welke dieren ik heb?”, ‘Do you know what animals I have?’) and asked the child to point to 

the barn. This was done to make sure the child was familiar with all items of the set-up and could 

distinguish between them. The recordings of the farmer’s speech contained no quantifiers and the 

experimenter did not use any quantifiers when introducing the task either. 

Next, the farmer told the participant that the animals were going to play outside. The test-sentence 

was played (“Nu gaan/gaat [quantifier] [animal] naar de wei”), after which the child took what (s)he 

believed to be the correct number of animals out of the barn and placed them in the field, without any 

help from the experimenter. When the child was not reacting, the examiner was allowed to encourage 

him/her with sentences like “What do you think?” or “Go ahead”. If the child did not hear or understand 

the uttered test or filler sentence, the experimenter repeated the sentence as often as necessary, using an 

intonation similar to the recording.   
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Once the animals were placed in the field, the filler sentence was uttered: “… om daar te gaan 

[action]”, after which the researcher and the child used the toy animals in the field to act out the required 

action together. One filler sentence contained an action from the participant and was therefore 

formulated differently: “… en dan mag je aaien” (‘and now you can pet them’), where the child and the 

experimenter petted the toy animals that were placed in the field. The filler sentences, the different types 

of animals and the non-universal quantifiers were only used to introduce variation in the task.  

After that, the farmer instructed the participant to place the animals in the barn again (“En breng 

maar weer terug naar de schuur”; ‘And bring them back to the barn now’). The experimenter was 

allowed to help the child put the animals back in the barn, since this was only a preparation for the start 

of the next trial, where the animals should all be in the barn again. It was important for the experimenter 

to not make any notes during the experiment, so the child received their undivided attention. The task 

responses were post-hoc (more in 2.5). 

2.4.2. Truth-value judgement task 

First, the two teddy bears were introduced to the participant as the farmer and his/her assistant, who is 

a farmer in training. The farmer said that the assistant still makes a lot of mistakes, so (s)he asked for 

the participant’s help. After this introduction of the farmer in training, the pictures that would be depicted 

during the task were shown to the participant to introduce the different animals. These were presented 

in the same way as in the act-out task: questions were asked to make sure the participant could 

distinguish between the test items. These pre-recorded sentences did not contain quantifiers, and neither 

did the introduction by the experimenter.   

Next, the farmer repeated that the assistant is not fully trained yet and still makes a lot of mistakes. 

The child was then instructed by the farmer to help the assistant by telling them if they are right or 

wrong. The child was also told that justification when wrong is necessary for the assistant to learn. Then, 

four practice trials were conducted, to which the participant needed to answer correctly before 

continuing to the task. If the participant responded incorrectly to one of the practice trials, four new 

practice trials were conducted. In these items, as in the test items, the assistant farmer uttered a sentence 

describing a depicted picture that either matched the description or did not. The test sentences 

(containing a quantifier) were accompanied by a picture where a certain number of animals is standing 

in the field, with or without some of the same type of animals still in the barn (Figure 3). The participant 

judged if the assistant’s description matched the picture, while the experimenter logged the responses 

onto the laptop. If the answer was “no”, the assistant asked “Waarom was dat fout?” (‘Why was that 

wrong?’) and the participant needed to explain the reason for his/her judgement. The experimenter was 

allowed to encourage the child if (s)he did not answer, with questions like “What do you think?” or “Is 

this right or wrong?”. If the participant was reluctant to explain the reason for a judged mismatch, the 

experimenter often repeated the assistant’s question: “Why was that wrong?”. This response was, 

however, not logged onto the laptop (these were not used for the analysis, see section 2.5). After the 

response, the assistant thanked the participant, and then the next trial started with the depiction of a new 

picture.  

As mentioned in section 1.3.1, quantifier spreading was avoided in this task and the quantified 

statement could always be negated. The problem of quantifier spreading that occurred during the 

experiment of Piaget and Inhelder (1964) – where children answered “no” to the question “Are all 

squares red?” when all squares were indeed red – occurred because other objects matched the predicate 

‘being red’, rather than only squares. In the judgement task from this study, quantifier spreading would 

perhaps occur if there were other animals placed in the field than the set of animals from the test 

sentence. For instance, if “All the cows are in the field” was said and a picture of the field containing all 

cows and some pigs were depicted, a child might judge this statement as untrue because the predicate 

of ‘being in the field’ would also be applicable to the other animals in the field. Since a scene with more 

than one type of animal in the field was never depicted, it is likely that the problem of quantifier 
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spreading was eliminated. Additionally, the obligatory explanation of the child’s judgement could 

provide the cause of an erroneous response.  

As has also been pointed out in the introduction (section 1.3.1) that, when presented with a 

universally quantified statement, the participant must be able to determine if any set member is missing, 

inferring this from experimental clues (Drozd, 2001; Freeman et al., 1982; Wason, 1965). The judgement 

task of this study included such a clue: a barn in which the other animals and (if needed) part of the set 

of animals from the test sentence were constantly visible, indicating the total size of the group. This 

made the statement open to negation by the participant. 

2.5. Analysis of the data 

2.5.1. Interrater reliability 

The video-recordings of the test sessions of the act-out task were coded post-hoc. Per trial was noted 

how many animals were placed in the field by one out of four raters. To assess interrater reliability, an 

independent rater rated a random sample of 10% of the responses. Interrater reliability was 100%.  

2.5.2. Preprocessing 

The eventual dataset for statistical analysis contained information on response accuracy (more below) 

of 24 children in every test trial of the judgement and act-out task5. One child's data was excluded as 

(s)he made too many errors during all practice trials of the judgement task. This child eventually 

responded correctly less than 25% of the time.  

The information on response accuracy in the dataset entailed the number of animals that were placed 

in the field in the act-out task, later converted to a ‘correct’ when all six animals were placed in the field 

and an ‘incorrect’ when every other number of animals was placed in the field, making the dependent 

variable of response accuracy binary. Since there were no negative quantifiers involved (e.g., none), a 

‘zero response’, where the participant placed no items in the field regardless of repetition by the 

experimenter, was interpreted as a misunderstanding of the task. These trials were not analysed.   

The dependent variable of the truth-value judgement task was response accuracy as well. Children’s 

correct answers (‘yes’ + match or ‘no’ + mismatch) were coded as ‘correct’ and the incorrect answers 

(‘no’ + match or ‘yes’ + mismatch) as ‘incorrect’ to make this variable binary as well. The explanation 

after a negative response was not included in the analysis. The adult dataset contained the same 

(preprocessed) variables for all 16 adults that participated in this study.  

Trials where the coder had noted an unclear reaction were discarded in the eventual analysis. These 

trials included placing all animals in the field and then removing a few before the child was instructed 

to act out the filler sentence. When children made clear that they were not doing what the farmer asked, 

by saying “Or we could do this instead” or by answering “no” when the experimenter asked if they had 

done what the farmer said, the trial was not included in the analysis either.   

2.5.3. Analysis 

A logistic mixed effect regression was fitted in R (version 4.4.0., package lme4, Bates et al., 2015) to 

predict response accuracy: whether the universal quantifier is interpreted universally (dependent 

variable). The research questions were reworded in terms of these models. The different models, adapted 

to each research question (RQ), are summarized with their fixed effects in Table 3. Since the different 

types of animals were not relevant to the task, these were considered a random effect, along with 

participant. To assess if ‘animal’ was relevant to enter to the model as a random effect, model 

comparisons were made between a model containing only participant as a random effect and one 

containing participant and animal as random effects. The p-value of this comparison was .995, indicating 

no significant part of animal as a random effect. Only participant was entered as a random effect to each 

model.  

 
5 Test trials are trials using alle, elke (determiner and floating), or iedere (determiner) as a universal quantifier.  
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Table 3. Logistic mixed-effect models per RQ and their fixed effects.    

 

If the effect of quantifier was found to be significant, post-hoc pairwise comparisons were 

conducted to identify the differences in response accuracy per quantifier. 

3. Results 

3.1.  Adults 

3.1.1. Adults versus children 

The first analysis assessed whether the response accuracy 

differed between children and adults. Figure 4 illustrates the 

results in terms of the % accurate responses of children and 

adults.  As predicted, an adult-like response entailed almost 

entirely universal interpretation of the universal quantifiers. Of 

all 322 elicited responses, only 5 were incorrect (i.e., not 

universally interpreted): once a mistake was made prompted 

with alle, twice with iedere and twice with elke in floating 

position. No mistakes were made when prompted with elke in 

determiner position. This indicated a 98% response accuracy 

rate. Since these responses are at ceiling, the adult data will not 

be further analysed.  

To compare the results of adults and children, a Mann-

Whitney U test was used, since assumptions of normality and 

homoscedasticity were violated. As predicted, the children 

produced significantly fewer accurate responses than the adults 

(W = 125356, p < .0001). 

3.1.2. Predicted adult-like response accuracy 

Based on the calculated adult-like response accuracy (98%), the 

age at which children would reach this accuracy could be 

predicted. A linear regression model was fit in R (R-package 

dplyr, Wickham et al., 2023; Figure 5). The coefficient estimate 

for age was 0.00724, indicating that for each one-month increase 

in age, response accuracy increased by 0.007% on average. 

Using the regression equation, a response accuracy of 98% was 

 Formulation Fixed effects 

Main RQ Does task type predict the likelihood of 

response accuracy?  

Task type (2 levels: act-

out/judgement) 

Sub-RQ Does quantifier predict the likelihood of 

response accuracy? Is there an interaction of 

quantifier and task type?  

- Quantifier (4 levels: alle, iedere, 

elke (determiner), elke (float)) 

- Interaction : Task type x Quantifier  

Exploratory 

RQ 1 

Does age predict the likelihood of response 

accuracy? Is there an interaction of age and task 

type?  

- Age (in months; continuous) 

- Interaction: Task type x Age  

Exploratory 

RQ 2 

Does syntactic position predict the likelihood of 

response accuracy? Is there an interaction of 

syntactic position and task type?  

- Syntactic position (2 levels: elke 

(determiner), elke (float)) 

- Interaction: Task type x Syntactic 

position 

Fig. 4. Response accuracy per group. Mean 

response accuracy is indicated by a 

crossbar. Significant group mean difference 

is indicated with ***. 
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predicted to be reached when a child is 94.53 months old. This is a rounded age of 7 years and 11 months, 

replicating previous findings of children up to eight years old not consistently interpreting universal 

quantifiers as universal (Slim et al., 2023; see Brooks & Parshina, 2019, for review).  

 

3.2. Children 

Figures 6 and 7 depict children’s response accuracy for all conditions per task. In Figure 6, the total 

percentage of universal interpretations of each subject is plotted per condition for the act-out task. This 

universal interpretation corresponds to the placing of six animals in the field. An adult-like response 

would thus elicit a low percentage for non-universal quantifiers6 and a high percentage for universal 

quantifiers7. Figure 7, on the other hand, depicts the total percentage of accurate answers per condition 

in the judgement task. This means that an adult-like response would entail a high percentage in all 

(universal and non-universal) conditions. The percentages in both figures correspond to the dependent 

variable of ‘response accuracy’ in this study, since an accurate response is equal to a universal 

interpretation in the critical conditions.  

The main topic of interest of this study is the possible influence of task-specific demands on 

response accuracy. The first analysis of the children’s data assessed whether there was a difference in 

response accuracy depending on the administered task. Results from the mixed effect regression 

indicated a significant main effect of task type (χ² (1) = 5.3255, p = .027), with the judgement task 

eliciting the most accurate responses (see Figure 8). The odds for an accurate (i.e., universal) 

interpretation of the UQ increase 1.55 times when the judgement task is used, which makes this a small 

effect.  

  

 
6 here: de meeste (‘most (of)’), sommige (‘some’), een paar (‘a couple of’), twee (‘two’), een (‘a’). Determiner 

allemaal belongs to this category as well but recall that this quantifier is not analysed due to its complexity. 
7 i.e., the critical conditions of this study.  

Fig. 5. Predicted adult-like response accuracy for children. 
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Fig. 6. Total universal interpretations (in %) of each subject per condition in the act-out task. Mean 

universal interpretation per condition is indicated with a crossbar. Critical conditions are coloured dark. 
aelke_det corresponds to the condition of universal quantifier elke in determiner position. 
belke_float corresponds to the condition of universal quantifier elke in floating position. 
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Act-out task 

Fig. 7. Total response accuracy (in %) of each subject per condition in the act-out task. Mean response 

accuracy per condition is indicated with a crossbar. Critical conditions are coloured dark.  
aelke_det corresponds to the condition of universal quantifier elke in determiner position. 
belke_float corresponds to the condition of universal quantifier elke in adverbial (floating) position. 
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Next, the possible main effect of quantifier and 

the interaction between quantifier and task type were 

investigated, pertaining to the sub-question of the 

study. Figures 6 and 7 indicate a different response 

accuracy for each critical condition. A significant 

main effect of quantifier was indeed found (χ² (3) = 

5.3255, p < .001), but no significant interaction 

between quantifier and task type. A post-hoc 

pairwise comparison with Holm correction to adjust 

for multiple comparisons (R-package emmeans, 

Lenth, 2022) demonstrated that there were 

significantly more accurate responses when alle was 

used (p < .001). There was no significant difference 

between the response accuracy when iedere and elke 

were used (Figure 9).   

The first exploratory question of this study 

concerns the syntactic position of elk(e), which can 

be placed before the NP (determiner) or in the 

adverbial position (floating). While Figures 6 and 7 

indicate a difference in response accuracy between 

these syntactic positions, this difference appeared not to be significant (p = .15). Besides the absence of 

a main effect of syntactic position, no interaction with task type was found (p = .88).  

Fig. 8. Total response accuracy (in %) of each subject 

per task for critical conditions. Mean universal 

interpretation per task is indicated with a crossbar. 

Significant main effect of task type is indicated with 

*. 
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act-out judgement 

Fig. 9. Total response accuracy (in %) of each subject per critical condition. Mean universal 

interpretation per task is indicated with a crossbar. 
aelke_det corresponds to the condition of universal quantifier elke in determiner position. 
belke_float corresponds to the condition of universal quantifier elke in adverbial (floating) 

position. 
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The last exploratory question pertained to the possible influence of age on response accuracy in both 

tasks. As predicted, a main effect of age was found (χ² (2) = 9.187, p = 0.01), but no interaction of age 

and task type. This indicates a similar effect of age on response accuracy in both tasks (Figure 10).  

 

To sum up, the hypotheses to the main research question and the sub-research question were 

affirmed: a main effect of task type and a main effect of quantifier were found. The post-hoc comparison 

for the sub-question pointed out that alle elicited significantly more accurate responses than the other 

quantifiers used, as was hypothesized as well. A main effect of age was also found, as was predicted for 

exploratory question 2. The hypothesis for exploratory question 1 was, however, rejected: while a 

significant difference between the syntactic positions of elke was predicted, no main effect of syntactic 

position was found. The lack of interactions with task type indicates a similar effect of quantifier and 

age in both tasks, with syntax not eliciting any effects in neither task.  

4. Discussion 

This study investigated children’s universal interpretation of the Dutch universal quantifiers alle, iedere, 

and elke in an act-out task and a truth-value judgement task. It specifically concerned whether this 

interpretation is manipulated by task-specific demands (main RQ), the used quantifier (sub-RQ), 

syntactic position (exploratory RQ 1) and age (exploratory RQ 2). Since the main research question 

concerns the influence of task-specific demands, the interaction between this and every other predictor 

was also measured.  

4.1.  Pragmatics: task-specific demands 

While the predicted developmental trend of universal quantifier interpretation has been confirmed by 

the main effect of age on response accuracy in this study, no interaction with task type was found, 

indicating a similar learning curve in both tasks (see Figure 10). However, response accuracy in the 

truth-value judgement task was found to be generally higher than that in the act-out task, indicated by 

Fig. 10. Similar effect of age on response accuracy in both tasks. 
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the main effect of task type (see Figure 8). The following sections discuss the role of task context in this 

finding (4.1.1) and potential influences of chance on the results (4.1.2).  

4.1.1. Greater response accuracy in truth-value judgement task 

The main effect of task type indicates a difference in response accuracy depending on which task was 

administered. The most accurate responses were observed in the judgement task. This finding confirms 

the main hypothesis of this study, which postulates that children are more likely to interpret the 

universality of universal quantifiers accurately when judging a given interpretation, rather than when 

they need to generate an interpretation themselves. This finding has potential implications for the field, 

as it suggests that the choice of task type to assess children’s linguistic knowledge influences the display 

of that linguistic knowledge, as has been stated before (e.g., Gualmini, 2005; Gualmini, et al., 2003; 

Roberts, 2012; Skordos et al., 2022; Ziegler and Snedeker, 2019).   

The truth-value judgement task thus elicited the most accurate responses, but what lies behind this 

result? The difficulty of the act-out task may have caused fewer correct responses in that task. Firstly, 

the act-out task contained many elements: a barn, 18 animals, the farmer bear, and a field with fences 

and troughs for the animals to ‘drink’ and ‘eat’ from. Children are especially distractable (Wetzel & 

Schröger, 2014); these different stimuli could have caused the child to get distracted from and eventually 

forget the goal of the trial. 

Secondly, the elicitation of an unintended Question Under Discussion (QUD; Roberts, 2012) could 

have contributed to the issues as well. Recall that Roberts (2012) used this reason to explain quantifier 

spreading in children’s responses in a judgement task. However, a QUD can just as well be elicited in 

an act-out task: by comparing the test sentence to the QUD, we know how many of which type of animal 

we need to place in the field. The intended QUD of this task contained a sentence with a different 

quantifier, so the participant would know how many animals to place in the field (e.g., not some, but all 

cows), and a statement with a different kind of animal, so the participant would know what kind of 

animal needed to be placed in the field (e.g., not all pigs, but all cows). Children, however, are challenged 

to elicit the correct QUD (Crain et al., 1996). Their QUD may have contained just a different animal and 

no different quantifier. For instance, if a child heard “Nu gaan alle koeien naar de wei” (Now, all cows 

are going to the field), (s)he might internally compare that sentence to “Now, all sheep are going to the 

field” and not to “Now, some cows are going to the field”. Since there were only three kinds of animals, 

the probability of placing the right animal in the field was one in three, greater than the probability of 

placing the correct number of animals in the field (one in six; more in 4.1.2). Children might thus have 

elicited the ‘easiest’ QUD, the one to which there was a clear correct answer: no sheep or pig should be 

placed in the field, only the cow. They might not even have paid attention to the quantifier in the sentence 

since that was no important part of the QUD.  

However, many of the older children repeated the used quantifier and the NP while placing animals 

in the field, indicating the use of the right QUD. In that case, the theory of Ziegler and Snedeker (2019) 

poses a different issue: the production system was clearly involved while creating the scene, potentially 

pushing back the comprehension effect. This repetition could also have distracted the children from their 

goal, together with the different elements mentioned above. Thus, even if the right QUD was elicited, 

the (internal) repetition of the test sentence or quantifier could still have rendered the comprehension 

effect less detectible and/or could have distracted children from their goal in the act-out task.  

The judgement task also contained potentially distractible elements: the animals not included in the 

test sentence, depicted in the barn. An alternate QUD, based on the animal instead of the universal 

quantifier, could thus still be elicited. However, the clear involvement of one type of animal per trial, 

not only in the test sentence but also depicted in the field, made the elicitation of an unintended QUD 

less likely than in the act-out task. Another problem regarding the elicitation of an alternative QUD, 

pointed out by Crain and colleagues (1996), was avoided as well. When an experimenter asks children 

if all elements are in a location, children may expect the experimenter to have a different QUD in mind 
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because the question asked is too easy for the experimenter to not know the answer to. This issue was 

avoided by introducing the assistant bear in the judgement task: the narrative of the bear being new to 

the farm and still in training made the asking of the questions more believable. 

In addition to this probable reduction of chances of constructing an alternate QUD, the truth-value 

judgement task also reduced the amount of distraction caused by the task design. As mentioned above, 

the act-out task involved many different elements, while the judgement task only involved a laptop and 

the two teddy bears. Lastly, the judgement task was constructed in such a way that the universally 

quantified statement could be negated, as is required to assess true knowledge of universal quantifiers 

(Drozd, 2001; Freeman et al., 1982; Wason, 1965), and the occurrence of quantifier spreading was 

unlikely in this experimental context (Piaget & Inhelder, 1964; Roeper & De Villiers, 1993). Both these 

points have already been discussed in the methodology section (2.4).  

In sum, the judgement task imposed a lower threshold for a correct interpretation than the act-out 

task. In addition to the lowered possibility of eliciting a faulty QUD, the avoidance of quantifier 

spreading and the optional deniability of the test sentence, the judgement task was executed in a more 

controlled manner than the act-out task, without much room for children to divert from the goal. The 

environment was less distracting since this task involved only a laptop and the two farmer bears. The 

introduction of the assistant eliminated the problem of believability posited by Crain and colleagues 

(1996).  

4.1.2. Potential influences of chance 

Something else lowering the threshold for the truth-value judgement task was the higher probability of 

answering correctly in this task than in the act-out task. Even though the outcome variable of both tasks 

was binary (accurate or inaccurate), this was not clear for the children. While they could only answer 

with ‘yes’ or ‘no’ in the judgement task, giving them a 50% chance to be right, there were in fact six 

possible responses in the judgement task – the number of animals placed in the field (one to six) – which 

caused a probability of only one in six to respond correctly during this task. This could have led to 

guessing some of the responses. Because of the lower probability of answering correctly in the act-out 

task, the number of correct responses given by chance should be higher in the judgement task than in 

the act-out task. Therefore, the number of incorrect responses that were guessed should be lower in the 

judgement task than in the act-out task. This may have contributed to the difference in response accuracy 

between both tasks.  

However, a contrary effect may have taken place in the act-out task, where the chance of answering 

correctly was only one in six or 16.7%. Because of this low success rate, children might have kept on 

placing animals in the field, expecting to learn from the adults in the room when they should stop or 

what they should do next. Participants indeed often looked at the experimenter or their guardian while 

placing animals in the field. Executing a task while looking for social cues from authority figures instead 

of basing the response on personal judgement is a common occurrence during development that child 

psychologists call “social referencing” (e.g., Feinman, 1992). This may have elicited more correct 

answers than if the children acted out of their own knowledge, since the placing of all the animals in the 

field may not have occurred out of a correct universal interpretation of the quantifier but out of waiting 

for a social cue. This accidental raising of the response accuracy in the act-out task may have cancelled 

out the forementioned raising of the response accuracy in the judgement task because of the higher 

success rate.   

Thus, although some responses may have been guessed which may have accidentally raised the 

response accuracy on the judgement task, the response accuracy on the act-out task could have been 

raised as well, because of children’s apparent social referencing. This would keep the gap between 

response accuracy on both tasks as big as it would be without guessing. In conclusion, the higher 

response accuracy in the judgement task can still be regarded as an effect of task-specific demands.  
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4.2. Syntax and semantics 

Recall that the Equilibrium Hypothesis (Smits, 2010) states that a balance of syntactic, semantic, and 

pragmatic components contributes to an adult-like understanding of quantification. Children would use 

their knowledge of these components and infer clues from the (linguistic) context to pursue this balance. 

As discussed in the previous section, the judgement task contained clear clues regarding pragmatics: 

children knew the intentions of the speaker (the assistant teddy bear) which could be connected to the 

situational context, the farm. The pragmatic context of the act-out task was also easy to understand, as 

the children were clearly instructed to help the farmer by placing the required number of animals in the 

field and further encouraged by the experimenter to do this. The linguistic context (the test sentence) 

was also easily connectable to the situational context since it only contained elements visible in the task 

setting: the animals and the field. The previous section already pointed out possible pragmatic issues, 

especially with the act-out task, that might have occurred during testing.  

The contribution of syntactic and semantic components to the equilibrium is harder to assess. The 

answer to the sub-question of this study, regarding the influence of the specific quantifier on response 

accuracy, can be a good starting point here. The higher number of accurate responses when alle was 

used confirms the hypothesis to this sub-question, in line with previous research (Gordon, 1982; Slim 

et al., 2023). The hypothesis to this question was formed from a semantic point of view, based on Ferenz 

and Prasada (2002): when the NP of the sentence is plural, children interpret the quantifier as universal 

more easily than when the NP is singular. This would explain the gap between the high response 

accuracy when alle was used and the accuracy when the other universal quantifiers were used. However, 

if this were the reason for that gap, there should have been a difference between elke in determiner 

position and elke in floating position, since it requires a singular NP in determiner position but a plural 

NP in floating position. No difference in response accuracy was found between these two syntactic 

positions. This may indicate that children do not use syntactic information when restricting the domain 

of a quantifier, which has been posited before (Roeper et al., 2006; Smits, 2010), and thus that syntactic 

position is no predictor for universal interpretation of a universal quantifier, as is consistent with the 

results of this study.  

However, the evidence for children’s usage of syntactic position in quantifier interpretation listed in 

section 1.3.3 makes it unlikely that no syntactic information was used by the children within this age 

range to interpret the universal quantifiers (e.g., Barner et al., 2009; Wellwood et al., 2016). Indeed, 

previous studies have shown differences in children’s interpretation of universal quantifiers in 

determiner position and those in floating position. Barner and colleagues (2009) found that the former 

was interpreted correctly more often than the latter and speculated that this happened because the 

quantifier and NP are placed right next to each other. Wellwood and colleagues (2016) added to this 

speculation that children may use a syntactic bootstrapping-technique to restrict their interpretation of a 

quantifier in determiner position to a quantitative one. But if this is true, then why was there no difference 

between response accuracy when prompted with determiner elk compared to floating elk?  

An explanation can be found in the Equilibrium Hypothesis itself: the importance of the equal 

contribution of semantic, syntactic, and pragmatic properties of the universal quantifier. Many 

researchers propose a joint contribution of semantic and syntactic features to the correct interpretation 

of universal quantifiers, which children only learn at a developmental pace (e.g., Brooks and Braine, 

1996; Ioup, 1975). While children may not have used syntactic information on its own to infer the 

universal interpretation of the universal quantifiers, it might have been a contributor to the high response 

accuracy for alle. If only the combination of semantics and syntax can cause the universal interpretation 

of universal quantifiers, the lack of a difference between the response accuracy for determiner elk and 

floating elk should not be surprising, especially for these fairly young children. Determiner elk only 

contains the syntactic property of position, while floating elk only contains the semantic property, a 

plural NP. Alle, in contrast, combines these two properties, resulting in an easier to interpret universality 
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and thus a significantly higher response accuracy. Since there was no interaction of quantifier and task 

type, the pragmatic components of each task (e.g., the realistic task context of the farm, the clear task 

instruction, the avoidance of quantifier spreading, the believability of the scenario, …) may have 

contributed equally to the general high response accuracy of alle.  

Salient is that this finding partly contradicts the research of Slim and colleagues (2023), who also 

observed a high response accuracy (i.e., universal interpretation) for all, but every elicited a high 

response accuracy as well, while each did not. If the present study had replicated the finding of Slim 

and colleagues (2023), alle would have shared its first place in response accuracy with elke or iedere, 

which was not the case. It thus appears that Dutch and English cannot (fully) be compared with regard 

to universal quantifiers. Slim and colleagues (2024) argue that the English each is interpreted more 

distributively than every (see 1.3.2). Dutch quantifiers may thus differ from English quantifiers in 

distributivity, given that elke and iedere both elicited comparably lower response accuracy than alle. Be 

aware, though, that this hypothesis cannot be constructed for Dutch quantifiers without further research.   

In conclusion, the judgement task may have maintained a greater equilibrium between semantics, 

syntax, and pragmatics than the act-out task, which may explain the significantly higher response 

accuracy in the judgement task. The specifically high response accuracy when the universal quantifier 

alle was used can be explained by the equilibrium between its semantic component (a plural NP) and its 

syntactic (determiner) position; both have been evidenced to facilitate universal quantifier interpretation 

in children (e.g., Barner et al., 2009; Ferenz & Prasada, 2002). Children appear to need more information 

than only from one component to interpret universal quantifiers, which is why no significant effect of 

syntactic position was found. The different results from Slim and colleagues (2023) indicate a difference 

between Dutch and English concerning the universal interpretation of universal quantifiers, which 

should be further investigated.   

4.3. Limitations and future research 

This study assessed children’s universal interpretation of universal quantifiers through an act-out task 

and a truth-value judgement task. Both contained a large number of trials, to ensure that even after 

exclusion of skipped trials the task results could still be used for analysis. While they were administered 

in two different sessions and the child could take breaks during a test session, it still might have tired 

the children, perhaps leading to inattentiveness toward the end of the task. However, trials with an 

unclear reaction were eliminated from the eventual analysis. While it cannot be guaranteed that tiredness 

or inattentiveness may have influenced some trials, these trials should have been outnumbered by others 

that were not influenced by this.  

Furthermore, the probability of answering correctly should be equal in both tasks to eliminate 

potential influence of guessing. The setting of the act-out task should also contain fewer distracting 

elements and only the elements necessary to create the situational context, perhaps simplified. This study 

avoided quantifier spreading by not including extra elements, which should happen more often in 

research of children’s genuine knowledge of universal quantifiers. When a judgement task is 

administered, the possibility of denying the test statement should always be present, like it was in this 

study. Lastly, researchers should always be aware of the challenges children face to form a correct 

Question Under Discussion and all possible measures to avoid this should be taken (in this study, the 

assistant teddy bear and the lack of other animals depicted in the field avoided much of this problem in 

the truth-value judgement task).  

This study has contributed to the body of research about the influence of task type on the task result. 

Future researchers are encouraged to use multiple different tasks to further assess knowledge of 

universal quantifiers. The demands those tasks impose should be studied separately or at least taken into 

account. This study also contributes to the small body of research on children’s universal interpretation 

of universal quantifiers. Since children did not respond adult-like in both tasks, this has been proven to 

be an important part of the interpretation of universal quantifiers. Future research should focus more on 
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universal interpretation, rather than on just distributiveness. There still are many unanswered questions 

at this time that can only be further investigated when the field of focus widens from distributivity to 

universality and when task-specific demands are considered, by administering more than one task and 

by running models including task type as a predictor.  

5. Conclusions 

The present study showed that task-specific demands play a role in the display of children’s knowledge 

of universality in interpreting universal quantifiers. The judgement task from this study imposed a lower 

threshold for children to correctly interpret the used universal quantifiers. The threshold imposed by the 

act-out task included a lower probability of success, which may have led to (unanswered) social 

referencing, and the construction of an unintended QUD. Issues that may occur during judgement tasks, 

like quantifier spreading or an un-negatable offered statement, were eliminated thanks to the farm 

context and the depiction of a barn and a field where animals could be depicted.  

The higher response accuracy found for alle could be explained by its facilitating syntactic and 

semantic features compared to the other universal quantifiers, perhaps contributing more equally to the 

equilibrium proposed by Smits (2010) in his Equilibrium Hypothesis. This would also explain the lack 

of an effect of syntactic position, since determiner elke only gives children syntactic information and 

floating elke only provides semantic information (a plural NP), possibly creating an imbalance in the 

equilibrium. This imbalance may be corrected when children are older, since the effect of age in both 

tasks indicated a learning curve for response accuracy. 

Future research should pay attention to task-specific demands when assessing children’s 

interpretation of universal quantifiers and try to eliminate as many errors caused by these demands as 

possible. The use of multiple tasks to assess this interpretation is encouraged, since influences of each 

task can be better investigated in comparison to the response accuracy in another task, as was the case 

in this study. Lastly, the universal interpretation of universal quantifiers should be studied more often 

since lack of knowledge of their common core may be a cause in all reported problems with universal 

quantifier interpretation.  
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7.3. Information letter for guardians of participants 
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7.4. Consent form for guardians of participants 
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7.5. Information letter for adult participants 
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7.6. Consent form for adult participants 

  



35 

 

7.7. Stimuli 

All materials from Slim and Rowland (2024). 

7.3.1.  Act-out task: test sentences 

Condition Sentence 

alle 

Nu gaan alle koeien naar de wei 

Nu gaan alle schapen naar de wei 

Nu gaan alle varkens naar de wei 

iedere 

Nu gaat iedere koe naar de wei 

Nu gaat ieder schaap naar de wei 

Nu gaat ieder varken naar de wei 

elk (determiner) 

Nu gaat elke koe naar de wei 

Nu gaat elk schaap naar de wei 

Nu gaat elk varken naar de wei 

elk (float) 

Nu gaan de koeien elk naar de wei 

Nu gaan de schapen elk naar de wei 

Nu gaan de varkens elk naar de wei 

allemaal (determiner) 

Nu gaan allemaal koeien naar de wei 

Nu gaan allemaal schapen naar de wei 

Nu gaan allemaal varkens naar de wei 

allemaal (float) 

Nu gaan de koeien allemaal naar de wei 

Nu gaan de schapen allemaal naar de wei 

Nu gaan de varkens allemaal naar de wei 

een 

Nu gaat een koe naar de wei 

Nu gaat een schaap naar de wei 

Nu gaat een varken naar de wei 

twee 

Nu gaan twee koeien naar de wei 

Nu gaan twee schapen naar de wei 

Nu gaan twee varkens naar de wei 

een paar 

Nu gaan een paar koeien naar de wei 

Nu gaan een paar schapen naar de wei 

Nu gaan een paar varkens naar de wei 

sommige 

Nu gaan sommige koeien naar de wei 

Nu gaan sommige schapen naar de wei 

Nu gaan sommige varkens naar de wei 

de meeste 

Nu gaan de meeste koeien naar de wei 

Nu gaan de meeste schapen naar de wei 

Nu gaan de meeste varkens naar de wei 
 

7.3.2.  Act-out task: filler sentences 

Om daar te gaan liggen! 

Om daar te gaan eten! 

Om daar te gaan drinken! 

Om daar geluid te gaan maken! 

Om daar te gaan rollen! 

Om daar te gaan rennen! 
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Om daar te gaan springen! 

En dan mag je aaien! 
 

7.3.3. Truth-value judgement task: practice sentences set 1 

Dit schaap is bellen aan het blazen 

Deze schapen zijn aan het touwtjespringen 

Dit varken heeft een hoedje op 

Deze koeien zijn aan het voetballen 
 

7.3.4.  Truth-value judgement task: practice sentences set 2 

Dit varken draagt een rugzak 

Deze koeien gooien met een bal 

Deze varkens rollen in de modder 

Deze koe heeft strepen 
 

7.3.5.  Truth-value judgement task: test sentences 

Condition Sentence 

alle 

Kijk, hier zijn alle koeien in de wei 

Kijk, hier zijn alle schapen in de wei 

Kijk, hier zijn alle varkens in de wei 

iedere 

Kijk, hier is iedere koe in de wei 

Kijk, hier is ieder schaap in de wei 

Kijk, hier is ieder varken in de wei 

elk (determiner) 

Kijk, hier is elke koe in de wei 

Kijk, hier is elk schaap in de wei 

Kijk, hier is elk varken in de wei 

elk (float) 

Kijk, hier zijn de koeien elk in de wei 

Kijk, hier zijn de schapen elk in de wei 

Kijk, hier zijn de varkens elk in de wei 

allemaal (determiner) 

Kijk, hier zijn allemaal koeien in de wei 

Kijk, hier zijn allemaal schapen in de wei 

Kijk, hier zijn allemaal varkens in de wei 

allemaal (float) 

Kijk, hier zijn de koeien allemaal in de wei 

Kijk, hier zijn de schapen allemaal in de wei 

Kijk, hier zijn de varkens allemaal in de wei 

een 

Kijk, hier is een koe in de wei 

Kijk, hier is een schaap in de wei 

Kijk, hier is een varken in de wei 

twee 

Kijk, hier zijn twee koeien in de wei 

Kijk, hier zijn twee schapen in de wei 

Kijk, hier zijn twee varkens in de wei 

een paar 

Kijk, hier zijn een paar koeien in de wei 

Kijk, hier zijn een paar schapen in de wei 

Kijk, hier zijn een paar varkens in de wei 

sommige Kijk, hier zijn sommige koeien in de wei 
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Kijk, hier zijn sommige schapen in de wei 

Kijk, hier zijn sommige varkens in de wei 

de meeste 

Kijk, hier zijn de meeste koeien in de wei 

Kijk, hier zijn de meeste schapen in de wei 

Kijk, hier zijn de meeste varkens in de wei 
 

7.3.6.  Truth-value judgement task: filler sentences 

Deze koe speelt met een vlieger 

Dit schaap heeft een gele vacht 

Deze varkens zijn aan het zwaaien 

Deze schapen zijn aan het tafeltennissen 

Deze koe is aan het skateboarden 

Dit varken is helemaal vies 

Dit schaap heeft rode sokken aan 

Deze koeien zijn lekker aan het slapen 

Deze varkens graven een gat  

Deze schapen hebben het heel erg koud 

Deze koeien liggen lekker op een kleedje 

Deze schapen zijn heel erg moe 
 

 

7.7. R-script for logistic mixed effect regression 
library(tidyverse) 

library(here) 

library(dplyr) 

library(readxl) 

library("Matrix") 

library("lme4") 

library("lmerTest") 

library("lattice")  

library("sjPlot")  

library("memisc") 

library("car")       # for Anova() 

library("carData") 

library("effects")   # for allEffects() and plot(allEffects()) 

library("multcomp")  # for glht() 

library("performance") # for R2 

library("jtools")   # for summ function for easy output    

library("Matrix") 
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library("ggeffects") 

library("xfun") 

library(openxlsx) 

 

#Prepare dataset 

FINAL <- read.csv("//data.mpi.nl/collaborations/ld-

p2_helpenopdeboerderij/03-raw_data/03-

analysis_scripts/LG/LG_FINAL.csv", sep=";") 

FINAL <- FINAL %>% 

  mutate(Condition = case_when( 

    Condition == "elk (determiner)" ~ "elke_det", 

    Condition == "elk (float)" ~ "elke_float", 

    TRUE ~ Condition 

  )) 

FINAL$Condition <- factor(FINAL$Condition, levels = c("alle", 

"iedere", "elke_det", "elke_float")) 

FINAL$Task <- factor(FINAL$Task, levels = c("actout", "judgement")) 

 

#Models for main and sub RQ 

contrasts(FINAL$Condition) = contr.sum(4) 

fit3 <- glmer(Accuracy ~ Task*Condition + (1|Subject), contrasts = 

list(Condition = "contr.sum", Task = "contr.sum"), family= binomial, 

data=FINAL) 

fit2 <- glmer(Accuracy ~ Task+Condition + (1|Subject), contrasts = 

list(Condition = "contr.sum", Task = "contr.sum"), family= binomial, 

data=FINAL) 

fit1 <- glmer(Accuracy ~ Task + (1|Subject), contrasts = 

list(Condition = "contr.sum"), family= binomial, data=FINAL) 

fit0 <- glmer(Accuracy ~ 1 + (1|Subject), family= binomial, 

data=FINAL) 

 

#Main RQ: Does task type predict the likelihood of response 

accuracy?  

anova(fit0, fit1) 

summary(fit1) 

anova(fit1) 
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plot(allEffects(fit1)) 

AIC(fit1) 

r2(fit1) 

plot_model(fit1, show.values = TRUE, value.offset = .4) 

 

#Sub-RQ (pt 1): Does quantifier predict the likelihood of response 

accuracy?  

anova(fit1, fit2) 

summary(fit2) 

anova(fit2) 

plot(allEffects(fit2)) 

AIC(fit2) 

r2(fit2) 

plot_model(fit2, show.values = TRUE, value.offset = .4) 

 

#Sub-RQ (pt 2): Is there an interaction of quantifier and task type? 

anova(fit2, fit3) 

summary(fit3) 

anova(fit3) 

plot(allEffects(fit3)) 

AIC(fit3) 

r2(fit3) 

plot_model(fit3, show.values = TRUE, value.offset = .4) 

#In a nicer table: 

tab_model(fit3, show.se = TRUE, show.ci = TRUE, show.p = TRUE) 

 

#EQ 1 (pt 1): Does syntactic position predict the likelihood of 

response accuracy? 

  #new dataset with 2 levels (elke det and elke float) 

EQ2_data <- subset(FINAL, Condition != "alle") 

EQ2_data <- subset(EQ2_data, Condition != "iedere") 

EQ2_data <- droplevels(EQ2_data) 

  #models with new dataset 
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fit0a <- glmer(Accuracy ~ 1 + (1|Subject), family = binomial, data = 

EQ2_data) 

fit1a <- glmer(Accuracy ~ Condition + (1|Subject), contrasts = 

list(Condition = "contr.sum"), family= binomial, data=EQ2_data) 

anova(fit0a, fit1a) 

 

summary(fit1a) 

anova(fit1a) 

plot(allEffects(fit1a)) 

AIC(fit1a) 

r2(fit1a) 

plot_model(fit1a, show.values = TRUE, value.offset = .4) 

 

#EQ 1 (pt 2): Is there an interaction of syntactic position and task 

type? 

  #new model with EQ2 dataset 

fit2a <- glmer(Accuracy ~ Condition*Task + (1|Subject), contrasts = 

list(Condition = "contr.sum", Task = "contr.sum"), family= binomial, 

data=EQ2_data) 

fit2b <- glmer(Accuracy ~ Condition+Task + (1|Subject), contrasts = 

list(Condition = "contr.sum", Task = "contr.sum"), family= binomial, 

data=EQ2_data) 

fit1a <- glmer(Accuracy ~ Condition + (1|Subject), contrasts = 

list(Condition = "contr.sum"), family= binomial, data=EQ2_data) 

fit0a <- glmer(Accuracy ~ 1 + (1|Subject), family = binomial, data = 

EQ2_data) 

 

anova(fit2a, fit2b, fit1a, fit0a) 

 

summary(fit2a) 

anova(fit2a) 

plot(allEffects(fit2a)) 

AIC(fit2a) 

r2(fit2a) 

plot_model(fit2a, show.values = TRUE, value.offset = .4) 
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#EQ 2 (pt 1): Does age predict the likelihood of response accuracy?  

  # new model 

fit4 <- glmer(Accuracy ~ Age_months+Task + (1|Subject), contrasts = 

list(Task = "contr.sum"), family= binomial, data=FINAL) 

 

summary(fit4) 

anova(fit4) 

plot(allEffects(fit4)) 

AIC(fit4) 

r2(fit4) 

plot_model(fit4, show.values = TRUE, value.offset = .4) 

 

#EQ 2 (pt 2): Is there an interaction of age and task type? 

fit5 <- glmer(Accuracy ~ Age_months*Task + (1|Subject), contrasts = 

list(Condition = "contr.sum"), family= binomial, data=FINAL) 

anova(fit4, fit5) 

 

summary(fit5) 

anova(fit5) 

plot(allEffects(fit5)) 

AIC(fit5) 

r2(fit5) 

plot_model(fit5, show.values = TRUE, value.offset = .4) 

 

anova(fit0, fit1, fit4, fit5) 
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7.9. GDPR-measures of the MPI 

 

GDPR Induction for Newcomers at MPI 

The General Data Protection Regulation (GDPR) came into effect on 25 May 2018. 

This privacy legislation has implications for everyone who collects, stores, shares and 

processes personal information about another person at any point in time.  

 

1. General introduction 

1.1 Organizational structure 

Every organization is obliged to have a data protection officer who concerns 

themselves with GDPR practices at their organization’s level. As the MPI is part of the 

Max Planck Society (MPG), we report back to MPG and implement the rules as 

prescribed by MPG.  

 

The Data Protection Officer for all MPI’s is Heidi Schuster, supported by a legal team. 

Each MPI has their own Data Protection Coordinator to make sure those rules are 

implemented. At our MPI that is Patricia Manko (deputy Annelies van Wijngaarden), 

supported by the Data Protection Committee DPC.  

 

Information about guidelines and rules for our MPI can be found on Maxintra: 

https://maxintra.mpi.nl/data-protection.  

General information about Data Protection MPG wide can be found on the MAX pages 

(intranet pages MPG): https://max.mpg.de/Zentrale-Beauftragte/Datenschutz.  

For any questions regarding privacy issues, please send an email to privacy@mpi.nl. 

  

1.2 Legal bases for processing personal data 

According to GDPR, an organization needs a legal basis for being allowed to process 

personal data. In case of MPI we make use of the following three: 

Consent, performance of a contract, legitimate interest. 

1. Consent: The data subject has given permission for the organization to process 

their personal data for one or more processing activities (e.g. informed consent 

in research, but also for recording events, stimuli recordings etc.).  

2. Performance of a Contract: The data processing activity is necessary to enter 

into or perform a contract with the data subject (e.g. processing your CV, salary, 

pension etc. at MPI).  

3. Legitimate Interest: Also known as balancing of interest. Is this processing 

activity necessary for the organization to function? Does the processing activity 

outweigh any risks to a data subject’s rights and freedoms? (e.g. withdrawal of 

consent in finished research project; always contact privacy@mpi.nl for this)  

https://maxintra.mpi.nl/data-protection
https://max.mpg.de/Zentrale-Beauftragte/Datenschutz
mailto:privacy@mpi.nl
mailto:privacy@mpi.nl
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1.3 What is personal data? 

Definition of personal data according to GDPR: 

“Personal data can be any information relating to an identified or identifiable natural 

person (‘data subject’). “ 

• Identified natural person: The person can be clearly determined from the data 

available 

• Identifiable natural person: The person can be identified, in particular by 

reference to an identifier such as a name, an identification number, location 

data, an online identifier or to one or more factors specific to the physical, 

physiological, genetic, mental, economic, cultural or social identity of that 

natural person. 

 

“Personal data is any data which can be traced back to a person, such as their name, 

age, email address, IP address, data that contains audio or video recordings of a 

person, high-resolution fMRI scans, genetic data.” 

 

General personal data (all data a person produces) 

• name and surname; 

• home address; 

• email address such as name.surname@company.com; 

• identification card number; 

• location data (for example the location data function on a mobile phone); 

• an Internet Protocol (IP) address; 

• a cookie ID; 

• the advertising identifier of your phone; 

 
Sensitive personal data 

Sensitive personal data are special kinds of personal data which need a high level of 

protection, because a data leak could cause the person involved harm on many levels. 

When processing these kinds of data, some additional measures need to be taken. 

Please contact privacy@mpi.nl for help 

• racial or ethnic origin (NOT nationality) 

• political opinions 

• religious or philosophical beliefs 

• trade union membership 

• health 

• sex life 

• genetic data 

• biometric data for the purpose of uniquely identifying a natural person 
 

1.4 Data breach 

A data breach is a security breach leading to the destruction, loss or alteration of 

personal data, or to the unauthorized disclosure of, or access to personal data. At MPI, 

mailto:privacy@mpi.nl
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that personal data can concern your own personal data, as well as that of colleagues, 

externals and participants. 

Examples: 

• loss/theft of an external hard drive (USB stick, SSD cards etc.) with work-related 
information 

• loss/theft of PC/laptop/phone with work-related information 

• being hacked 

• phishing mail attack 

• writing down passwords, losing them 

• not using bcc in an open email list 

• ... 
Why report this? 

As company we are legally obliged to report data breaches to the authorities within a 

limited amount of time, within 72 hours of the breach. If we do not report there is a high 

risk of being fined. 

If you suspect a data breach, we need to inform the legal team of the MPG, who will 

run an internal assessment to determine whether the violation is likely to pose a risk to 

the rights and freedoms of the individuals concerned. If there is indeed a risk the MPG 

will file a report to the supervisory authority. 

In addition, if the risk for the rights and freedoms of the concerned individuals is high 

and if none of the legally standard exceptions apply, we will also have to inform them 

of the breach.  

What to do? 

In case of a breach contact data-breach@mpg.de and privacy@mpi.nl right away 

(within 72 hours of the breach!). It will help if you already fill in the data breach 

notification form on Maxintra: https://maxintra.mpi.nl/data-protection/data-breach. 

 

1.5 Rights of the data subject 

In addition, according to GDPR (https://gdpr-info.eu/chapter-3/; articles 12-23), every 

data subject has specific rights concerning their personal data. Every entity processing 

personal data, is legally obliged to accommodate these inquiries by the data subject 

within in a short amount of time:  

 

• Right to revoke consent (Informed consent) 

• Right to information (what data is stored where, how long..etc) 

• Right to correction 

• Right to deletion  

• Right to data portability (receive a digital copy) 

• Right to file a complaint with the supervisory authority 
 

Please always contact privacy@mpi.nl if a data subject expresses the wish to act upon 

the rights described above. 

mailto:data-breach@mpg.de
mailto:privacy@mpi.nl
https://maxintra.mpi.nl/data-protection/data-breach
https://gdpr-info.eu/chapter-3/
mailto:privacy@mpi.nl
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Right to information (art.13 GDPR)  

Some of the above described rights require the data subject to take action, but the right 

to information is actually a right in which we proactively have to provide information to 

the data subject. The following information always has to be provided when processing 

personal data:  

• Identity and contact details of the controller and the data protection officer  
• Purpose of the processing  
• Legal basis of the processing  
• Recipients  
• Storage period, or the criteria used to determine that period;  
• Details of intended transfers into third countries (outside EU/EEA)  
• Comments on all other rights of the data subject 
• When collecting data from third parties: source of data 

 

Examples  

o Study information sheets and informed consent procedures 
o All online registration procedures (signing up for studies, newsletters, event 

registrations, making an account on platforms etc.) 
o Website information (privacy policy) 
o Video surveillance information  
o Guest contracts 
o Job applications 
o ...etc. 

 

Please ask privacy@mpi.nl for the most recent templates. 

 

2. Index of Procedures 

According to GDPR, every organization is required to document all data processing 

activities carried out in the organization. At MPI, this is done in the Index of “Data 

Processing Procedures (hereafter, the Index)”. Every employee who is, or is planning 

to process personal data that does not fall under the categories already in the Index, 

has to schedule an appointment with the Data Protection Coordinator of the Institute. 

Please contact privacy@mpi.nl to assess whether the planned data processing activity 

is new. 

 

3. Personal Data & Research 

 

3.1 Participant data 

As mentioned earlier (“What is personal data?”), some types of research data falls 

under the category of personal data, meaning that if combined, it contains identifiable 

information about a participant. However, some types of data are personal by nature 

(audio, video, imaging data). Here a list of types of data one usually encounters in 

research that fall under either of these categories: 

mailto:privacy@mpi.nl
mailto:privacy@mpi.nl
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• contact data of participants (should only be kept in our participant database) 

• audio recordings 

• video recordings 

• genetic data (sensitive personal data) 

• imaging data (fMRI head scans etc.) 

• health information (sensitive personal data) 

• birth dates 
 

Examples for online studies 

• IP addresses, contact data, financial information for payment, questionnaires 
containing health related data (speech, hearing etc.) 

• and more: if you are uncertain, please contact privacy@mpi.nl   
 

 

Sensitive personal data of participants 

In addition to “ordinary” personal data, there is also “special” personal data as 

mentioned above, for example, information concerning someone’s political 

preferences, race, health or sexual orientation. If you are currently processing or plan 

to collect this kind of sensitive information please contact privacy@mpi.nl.  

 

3.2 Stimulus recordings 

When video- and or audio recording an individual (e.g. employee, colleague, external 

person) you will need their written consent to use the recordings. Contact 

privacy@mpi.nl for a template consent form. 

 

3.3 Research tools 

As company we are legally obliged to enter into an agreement with a software or 

service provider in case personal data processing is involved. Please use the software 

MPI provides, as this software or services have already been approved. You can find 

a list here, as well as request form: https://maxintra.mpi.nl/TG/software.  

Furthermore, we also have a list of tools for online experiments:  

https://maxintra.mpi.nl/research/exp/expfac/online_experiments 

 

3.4 Recruitment 

When recruiting participants who are not already in the MPI participant database, 

always contact: privacy@mpi.nl. There are rules, guidelines and templates. E.g. 

- TG can create a specific project-related email address (e.g. 

projectname@mpi.nl); it is prohibited to create private recruitment mailboxes for 

anything related to research (e.g. NEVER use any other email provider than our 

own!)  

- We have a corporate identity for flyers and posters; always use these for 

recruitment Please contact our Communications team for help and questions 

mailto:privacy@mpi.nl
mailto:privacy@mpi.nl
mailto:privacy@mpi.nl
https://maxintra.mpi.nl/TG/software
https://maxintra.mpi.nl/research/exp/expfac/online_experiments
mailto:privacy@mpi.nl
mailto:projectname@mpi.nl
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communications@mpi.nl ;https://maxintra.mpi.nl/operations/information-from-

a-to-z/corporate-identity 

 

Rules  

• Never take any personal data out of the institute. All data should be kept in the 

designated infrastructure provided by MPI and should not leave the MPI 

servers. Please contact helpdesk@mpi.nl if you have questions about the 

infrastructure of your department or group 

• Never copy any parts of personal data onto external data storage devices (USB, 

hard drives, personal laptops, home devices etc.). if, for any reason you have 

to export personal data, contact privacy@mpi.nl 

• If you have personal information on paper, this should be a kept in a designated 

locker, email privacy@mpi.nl for help  

• Personal data on paper should be destroyed by using a GDPR proof shredder 

(black shredder in the basement, or room 265 (check settings)) 

• Always use the approved research tools on Maxintra; it is also not allowed to 

put any personal information from participants on insecure websites (like 

Google). 

• Delete any data that you do not need anymore right away 

 

Links and official GDPR text 

Legal text  

https://eur-lex.europa.eu/legal-

content/EN/TXT/HTML/?uri=CELEX:32016R0679&from=EN#d1e40-1-1 

Q&A European commission  

https://ec.europa.eu/info/law/law-topic/data-protection/reform/what-personal-data_en 

https://ec.europa.eu/info/law/law-topic/data-protection/reform/what-constitutes-data-

processing_en 
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