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Abstract 

Infants use a range of cues to map words to the world around them, such as shape, 

familiarity, frequency or context of use, and when these cues are not available, they typically 

fail to disambiguate between competing referents. This suggests that representations for 

specific words might not yet be firmly grounded in their lexicon, and certain conditions need 

to be met to reveal comprehension. This impreciseness of early word representations sets 

challenges for the validity of parental reports of children’s word comprehension, such as the 

MacArthur Bates Communicative Development Inventories (CDI), a widely used measure in 

both language research and clinical practice. The current pre-registered study set out to 

explore both the robustness of early word comprehension and the validity of such parental 

reports. Sixty 18-20-month-old Norwegian toddlers performed a touch-based forced-choice 

word recognition task, in which they were prompted to identify the labelled target out of two 

displayed items on a touchscreen tablet. In each trial, the distractor item was either 

semantically related (e.g., dog-cat) or unrelated (e.g., dog-airplane) to the target, and we 

compared toddlers’ accuracy in identifying the target to their parents’ reports of 

comprehension on the CDI. The results show that toddlers are marginally more accurate in the 

semantically unrelated condition, are biased towards animate items, and that parents are 

relatively reliable, but tend to underestimate their children’s word comprehension. We also 

present, to the best of our knowledge, the first evidence of the efficacy of remote data 

collection of word recognition with a developmental sample, through comparable results from 

both in-lab and online administration of our recognition task.  

The current project was conceptualized by Dr. Natalia Kartushina and Prof. Julien 

Mayor, BabyLing lab, Department of Psychology, University of Oslo, and the student joined 

the project while data collection was underway.  
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Introduction 

Language acquisition is truly one of the remarkable feats of human development. The 

stream of auditory input that is spoken language consists of a wide variety of acoustic signals, 

without evident pauses between the words they represent. There is also variability in these 

acoustic signals within the same language, for the same words, depending on the speaker or 

the context (Miller & Jusczyk, 1989). The language learner needs to recognize these 

combinations of sounds while mapping them to referents in an environment that provides the 

child with a referentially ambiguous naming situation (Quine, 1960). Yet, already at 6 months 

of age infants show understanding of the meaning of a few highly familiar nouns (Bergelson 

& Swingley, 2012), at 9 months understanding expands to some socio-pragmatic words and 

verbs (Syrnyk & Meints, 2017), and from 12 months a ‘comprehension boost’ is evident for a 

wide range of words, including food, clothing, animals, body parts and toy items (Bergelson, 

2020). However, word comprehension is not stable: For example, young infants typically fail 

in recognizing a car in the presence of a stroller – a semantically/functionally-related object 

(Bergelson & Aslin, 2017a). This suggest that early word representations are not yet firmly 

grounded in an infant’s mental lexicon, thus raising challenges for the inference of 

comprehension at all. The current pre-registered study had three aims: (1) to examine the role 

of semantic relatedness and word difficulty in 18-20-month-old toddlers’ word recognition 

(animates and inanimates); (2) to assess whether parents are reliable sources of information 

on their child’s comprehension of words; and (3) to examine the efficacy of remote testing 

with a touch-based toddler-controlled word recognition task.    

 

What does it take to understand the meaning of a word? 

Before infants begin to speak, they are already showing signs of language 

comprehension through meaningful behavioural responses to speech input in their 

environment (Fernald et al., 2008). According to modern accounts, infants’ language learning 

is achieved via a world-to-word mapping through the use of domain-general skills 

(Samuelson & McMurray, 2017), namely the ability to extract information about regularities 

and exploit cues in their environment, in both the linguistic (de Carvalho et al., 2019; Saffran, 

2020; Saffran et al., 1996) and social (Hembacher et al., 2020; Kuhl, 2007; Tomasello & 

Farrar, 1986) domains. Babies are thus ‘little statisticians’ (Hirsh-Pasek & Golinkoff, 2019, p. 

39), but they are not just passive recipients of language input, but rather engage actively with 

their surroundings, with a seemingly keen interest in acquiring information (Colonnesi et al., 

2010; Lucca & Wilbourn, 2018). 
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The quantity of language input plays a central role in the acquisition of word meaning. 

In an analysis of parental reports of word comprehension, Braginsky and colleagues (2019) 

found that word frequency and word concreteness were the strongest predictors of 

comprehension in 32,000 infants across 11 languages. Analogously, word learning 

experiments of novel, non-words with young infants typically feature multiple demonstrations 

of word-object pairings for successful learning (e.g., Gurteen et al., 2011; Schafer & Plunkett, 

1998; Werker et al., 1998). Simply put, hearing a word more often, in a combination with 

seeing its referent, especially in predictive locations (Benitez & Saffran, 2018; Benitez & 

Smith, 2012; Samuelson & McMurray, 2017), provides more chances of inferring meaning 

and building word-object mappings, and infants readily use this information to disambiguate 

between two items from as early as the age of 8 months (Kartushina & Mayor, 2019). In 

addition to quantity, however, the quality of input also matters. The use of infant directed-

speech (Rost & McMurray, 2009), gestures and exaggerated actions (Brand et al., 2002; 

Rowe et al., 2008), and conversational turns (Gilkerson et al., 2018; Hirsh-Pasek et al., 2015), 

have been proposed to boost early word learning. Yet, recent studies have shown that the 

circumstances (temporal, spatial and linguistic) in which language input is delivered also play 

an important role.   

 Language input does not happen in a vacuum; infants and toddlers hear speech in 

settings rich with sensory information, while in activities that early in life are regular, 

predictive and bound to specific spatial locations. Recent innovative work suggests that the 

distinctiveness of these situations are strong predictors of the acquisition of individual words. 

Roy and colleagues (2015), recorded, literally, the life of a single child, at home, from 9 to 24 

months of age, and measured three contextual dimensions of word input as predictors of the 

child’s first utterance of the same word: physical space, time of day, and surrounding 

language. Although frequency of occurrence was a stronger predictor for the first utterance of 

nouns, across all word categories the spatial, temporal and linguistic distinctiveness of 

contexts were the main predictors behind word learning, for example, words that were heard 

in specific locations – in contrast to being heard throughout the home – were produced earlier 

by the child. Similarly, in another big-data approach, Tamis-LeMonda and colleagues (2019) 

recorded language interactions in 40 mother-infant dyads in their home while engaged in 

routine activities such as feeding, grooming and book sharing, and found that the semantic 

content of maternal speech was highly consistent within a specific context. That is, on average 

around 30% of words directed to infants were activity bound, such as food, eating and 
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cooking words while in the feeding context, or bath, washing and dressing words while in the 

grooming context.  

Research on home-environments demonstrates that language input is systematic, and 

words are used consistently in given places, during specific activities, and typically 

encountered with the same semantically and/or functionally related words. Infants and 

toddlers might track such relationships and use them to build their lexicon, possibly 

explaining why, as we shall see, word comprehension gets restrained in certain conditions, 

such as in the presence of competing referents from the same semantic category.   

 

The role of semantic relationships 

 The lexicons of adults and older children are organised in semantic networks, that is, 

conceptualised as structures of interconnected nodes (McNamara, 2005). These semantic 

networks have been proposed to be organised through associations or taxonomic relatedness. 

That is, words are primarily linked together in the mental lexicon by how they typically co-

occur in speech (e.g., dog-bone), or they are primarily linked together by categorical 

relationships and feature overlap (dog-cow). In adults, this nature of organisation remains an 

unresolved debate (Hutchison, 2003; Lucas, 2000), but priming studies with school-aged 

children (Unger et al., 2020) and older toddlers (Arias-Trejo & Plunkett, 2013) suggests 

sensitivity to both of these links (e.g., longer looks at a sock versus a distractor item when 

primed with ‘foot’ or ‘coat’).  

Research in infants, both experimental studies of word preference (Delle Luche et al., 

2014) and observational large-scale studies of parental vocabulary reports across languages 

(Fourtassi et al., 2020), similarly suggest close semantic connectivity between words in the 

early receptive lexicon. For example, Bergelson & Aslin (2017a) found that 6-month-olds 

readily looked to a labelled target over a distractor when these items were semantically 

unrelated (e.g., car-juice), but only at chance-level when items were related (car-stroller), 

suggesting the emergence of a semantical structure. In a second study (2017b), the same 

authors found that word semantic specificity increases from 12 to 20 months of age. This 

experiment included matching trials with two familiar noun items (a sock and juice) and a 

corresponding prompt to look at either of them, and related trials in which the prompt referred 

to an object (e.g., ‘foot’) that was not present in the display (of a sock and juice), but still 

semantically related to one of them (the sock). Results showed that the younger infants 

fixated on the referent to a similar degree whether it was labelled correctly or by a non-

present but semantically related word. However, the older toddlers looked significantly more 
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at the correctly labelled items, suggesting a shift in representations around 18 months of age, 

which the authors attributed to an account that the speech signal in a trial activates a set of 

related words across age groups, but the activation for the specific referent becomes more 

prominent with development. Arias-Trejo & Plunkett (2010) demonstrated that, towards the 

end of their second year, toddlers’ word recognition was not affected by the semantic 

relatedness of items, unless they are perceptually similar. That is, upon hearing the label 

‘shoe’, 24-month-olds could not reliably identify its referent in the context of a display 

including both ‘shoe’ and ‘boot’, as compared to a display of ‘shoe’ and ‘hat’, although 

parents reported that both words were understood by the child.   

A semantic category of particular interest to children, in which the items in many 

cases also share perceptual similarities, is that of animals. Animates versus inanimates are one 

of the earliest global category distinctions that infants form, between 4 and 7 months of age 

(Pauen, 2000; Quinn & Eimas, 1998). When shown movie clips of either animals or objects in 

natural landscapes, infants will look longer and demonstrate more engaging behaviour 

towards the animals, as compared to objects (DeLoache et al., 2011). Other studies report that 

toddlers will spend significantly more time interacting with live animals than attractive toys 

(LoBue et al., 2013), and preschool-aged children prefer dogs and cats over human infants 

and teddy-bears in a forced-choice task (Borgi & Cirulli, 2013). This bias towards animates 

can also be reflected in early productive language: Family pet names, and the words and 

sound-words for dogs and cats are commonly reported among the first being produced across 

several languages (Tardif et al., 2008). However, even though there is a bias toward earlier 

acquisition of animates in production, research on word comprehension shows no facilitation 

for perceptually-similar animals as compared to perceptually-similar objects (Arias-Trejo & 

Plunkett, 2010), suggesting that word representations for animates are still perceptually 

underspecified or semantically coarse in 24-month-old toddlers.  

  

Summarising: What researchers know about children’s word comprehension 

Experimental evidence to date complements the view from rich observational studies 

that a host of cues (contextual, semantical, perceptual, frequency) are important for early 

word comprehension. When these cues are controlled for in lab settings, the literature suggest 

that even up to 24 months of age, infants fail to disambiguate between two items in referent 

selection tasks. That is, semantic representations for learned words undergo a progressive 

development and are still fragile by the end of the second year. For the infant, the sound 

signal ‘shoe’ might shift from referring to getting dressed in the hallway (context), to things to 
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put on your feet (semantic/perceptual), to the kind of low-cut, fabric footwear with laces or 

Velcro straps used when the weather is sunny. Thus, comprehension of a given word might, 

as illustrated by Fernald and colleagues (2008), be better thought of as the gradual acquisition 

of a skill than the binary either/or possession of an entity.  

 

What parents know about children’s word comprehension 

Arguably among the most widely used assessment tools in language development 

research, the MacArthur-Bates Communicative Development Inventories (Fenson et al., 

2007), are a set of forms assessing early language and communication skills through a 

checklist of words (among others) as reported by parents. The so-called ‘CDIs’ comes in two 

long forms: CDI–Words and Gestures for 8-18 month-old infants, which focuses on 

comprehension, early production, and gestures, and includes 395 vocabulary items (in the 

Norwegian form, Simonsen et al., 2014); and CDI–Words and Sentences for 16-30 month-old 

toddlers, which focuses on production, sentences, and early grammar, and includes 731 

vocabulary items (in the Norwegian form, Simonsen et al., 2014). As the CDIs can be time 

consuming to administer, several short forms have also been developed (Fenson et al., 2000; 

Mayor & Mani, 2018). The CDIs are popular for their cheap cost and ease of administration 

for large samples, and adaptations of the forms exist for more than 100 languages and dialects 

(Frank et al., in press). Although the CDIs are an indirect measure, they are used extensively 

in both research and clinical practice as a proxy of language development.  

The comprehension subscale of the CDI forms has been met with scepticism (Feldman 

et al., 2000; Tomasello & Mervis, 1994), and researchers have wondered to what extent 

parents can be expected to have an accurate knowledge of the words their child understands. 

Parents are the ones who usually spend the most time with their children, and thus have a 

unique position to observe language as it comes to their child. However, as we have seen, in 

the first two years of life, infants’ word comprehension is fragile and unstable, as it might 

vary depending on the availability of certain temporal, spatial, and contextual cues. Moreover, 

parents do not have clear-cut, frequent evidence similar to word production (‘my child does 

say banana’), but, at best, must rather trust their memory for events in which comprehension 

is apparent from behaviour (‘my child can pick out a banana from an apple if asked to’). 

Thus, parent’s subjective theory of what ‘understanding a word’ means might override any 

given CDI instructions. Add to this the risk of ‘pride’ biases potentially leading to 

overestimation for apparent fast language learners, or ‘frustration’ biases leading to 

underestimation from delayed language learners (Frank et al., in press), and we can see that 
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inferring comprehension is indeed no straightforward task, calling for a fine-grained 

evaluation of the validity of the forms. A small body of literature have tried to estimate 

parental precision on their attribution of their own children’s receptive lexicons, so far with 

mixed findings.  

 

Studies linking CDI comprehension reports and children’s word recognition 

 An early approach to assess whether parents provide accurate information on word 

comprehension was to test the reliability of CDI scores over time. Yoder and colleagues 

(1997) examined the stability of the comprehension subscale reports over two weeks, and, 

although summary-level correlations were high across word categories, averaging to .93, 

item-by-item level correlations were lower, with the highest for nouns, at .65. Yet, test-retest 

reliability on infants’ lexicons, characterised by rapid changes as the child learns new words, 

may not provide much insight on parental accuracy. More so, if the parent was inaccurate to 

begin with, a replication of this tendency does not increase our understanding. Several studies 

have also reported correlations between global CDI scores and infants and toddlers’ 

performance on word recognition tasks in the lab, such as accuracy or reaction time measures, 

most of them finding moderate to strong correlations (Fernald & Marchman, 2012; Fernald et 

al., 2006; Friend et al., 2012; Hurtado et al., 2008). However, none of these studies examined 

item-by-item validity of parental reports when compared to children’s word recognition. That 

is, correlation of global CDI scores does not necessarily say anything about parent’s absolute 

precision at an item-level. Rather, the most valuable evidence to date comes from a handful of 

experiments using visual gaze preference with item-level manipulation of words from the 

CDIs being reported as known or unknown.  

 Houston-Price and colleagues (2007) tested 113 British toddlers from three age 

groups; 15, 18 and 21-month-olds. Prior to their session at the lab, parents filled out the 

British English CDI (Hamilton et al., 2000) and a familiarity questionnaire with pictures, 

asking parents to rate how often their child encountered various items at home. Based on 

these reports, a set of stimuli to be used in a looking task was tailored for each participant, 

with four pairs of familiar words reportedly being known, and four pairs of words reportedly 

being unknown. Each item functioned as both the target and the distractor and was presented 

twice in each role. Across all age groups toddlers’ preference for the target increased 

significantly from the baseline after being labelled, not only in the reportedly known trials, 

but also in the reportedly unknown trials, suggesting that parents underestimated their 

children’s word comprehension. 
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 A different study revealed a stronger relationship between parental reports and child 

performance (Styles & Plunkett, 2009). Here the researchers asked whether parental reports 

on the CDI could predict word recognition in a sample of 35 18-month-old British toddlers. 

Their results revealed that, in the post-naming phase, toddlers preferred to look at the target 

for supposedly known, but not for supposedly unknown, words. However, in this study, the 

stimuli set was identical for all participants, and 24 target and distractor items were chosen 

among the words that were reportedly known by at least 50% of toddlers at 18 months of age, 

according to the British English CDI frequency data (Hamilton et al., 2000). Target and 

distractor pairs were from the same semantic categories, and each item was presented once, 

equalling a total of 12 trials.  

 Yet another study (Syrnyk & Meints, 2017) reported that British infants at 9 months of 

age did not recognize words expected to be known according to the CDI frequency data, 

whereas word knowledge as reported by parents predicted infants’ recognition for this 

specific item, suggesting that parents are accurate in assessing word comprehension in young 

infants of 9 months of age. Most item-pairs used in the study were semantically related, 

although not exclusively, and each item functioned as a target and a distractor and were 

presented once for each role.  

 Taken together, the results of these three studies provide no clear picture on parental 

accuracy when reporting comprehension. Although Houston-Price and colleagues (2007) 

argue for an inherent parental underestimation of word knowledge in 18-month-old toddlers, 

Styles & Plunkett (2009) challenge this claim, in the same age group, and find evidence that 

parental knowledge aligns with child performance under more challenging conditions. In 

addition to various semantic relationships between items used in these studies, which might 

have driven the effects of accuracy (recall that Syrnyk & Meints [2017] and Styles & Plunkett 

[2009] mainly used semantically related items), the difference in outcomes could also be 

attributed to differences in the number of repetition of word-item pairs. Participants in all 

studies had 2500-2600 ms of exposure to the two items prior to the labelling of the target, and 

2500-3000 ms in the post-naming phase, before presentation of the next trial. The additional 

exposures of the same item pairs (a total of four exposures in Houston-Price and colleagues 

[2007]) might have provided enough opportunities to clarify or consolidate a weak 

representation, a strategy not available to participants in Styles & Plunkett (2009). That is, a 

degree of word comprehension could eventually be observed that was not apparent for the 

parents. A weakness in the single exposure design used in Styles & Plunkett (2009) is the 

possible employment of mutual exclusivity strategies by participants (Lewis et al., 2020; 
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Markman & Wachtel, 1988), and bias from inherent preference for either of the item in a pair, 

effects that would be masked when items appear both as a target and a distractor within a task 

(Fernald et al., 2008). Finally, although Syrnyk & Meints (2017) found evidence of parental 

accuracy on the item-level, the more limited lexicons in 9-month-olds might make prediction 

less challenging. Interestingly, these participants did not show comprehension for words they 

were expected to know based on the normed British CDI data. This raises questions regarding 

the applicability of general, pooled CDI data to assume specific word knowledge on the 

individual level.  

 In sum, the current lean body of literature does not allow to draw strong conclusions 

on the parental accuracy of infants’ and toddlers’ receptive lexicons on the item level. Yet, all 

of the above-reviewed studies used indirect measures, that is, visual gaze, to operationalise 

actual word comprehension. Opportunities lies in using more direct measures, such as those 

where children are asked to overtly select the target in a pair, and examine the alignment in 

such performance with parent reports of comprehension.  

 

Touch-based word recognition tasks 

Touch-based instruments have been used with success in word recognition tasks in the 

lab for almost two decades (Friend & Keplinger, 2003; Friend et al., 2012), and the increased 

popularity of touchscreen tablet devices in the household1 provides new opportunities for the 

design and administration of such tasks in children (Frank et al., 2016; Semmelmann et al., 

2016). Compared to measuring visual behaviour as a stand-in for word comprehension, the 

most notable change for touch-based tasks (in which the participant is simply prompted to 

touch one of two referents in a display) is the increased demand on the participants to execute 

a motor action when overtly choosing a referent, which necessarily will discriminate the 

youngest infants. Still, touch-based tasks provide child-explicit answers compared to implicit 

gaze patterns, and some evidence suggest that tasks with touchscreen tablets increase 

engagement in young participants (Frank et al., 2016).  

Given the global outbreak of the coronavirus in early 2020, which closed down labs 

and effectively put a halt to manual data collection, it became a necessity for researchers to 

shift their studies to online platforms (Cusack et al., 2020). In addition to potential 

confounders from lab-based testing, such as shyness or fussiness from young participants, 

remote, online data collection has the advantage of increased speed, lowered cost, and 

 
1 77% of Norwegian 1-4-year-olds have access to tablets according to a recent survey (Medietilsynet, 2018). 
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potentially improved sample diversity by wider outreach (Nielsen et al., 2017; Rhodes et al., 

2020, although see also Lourenco & Tasimi, 2020). Moreover, the ease of sharing and 

implementing completed source code between researchers could possibly further encourage 

large-scale collaborations or replication studies (Frank et al., 2017a; Sheskin et al., 2020). 

However, so far, no study has compared, systematically, data collection from infant or toddler 

participants on word recognition in the lab and remotely, and the unfortunate situation related 

to COVID-19 gave us a unique opportunity to examine the efficacy of unmoderated remote 

administration, as our task was already hosted through a web-browser and had pre-recorded 

instructions and fully automatized coding of responses.  

  

Current study 

 The current touchscreen-based study had three aims. First, it examined, in a two-

alternative-forced-choice identification task, the role of word difficulty, animacy status and 

semantic relatedness (between the target and the distractor) on word recognition in 18-20-

month-old Norwegian toddlers. This endeavour will further advance our understanding into 

the organization of the mental lexicon at a point in development where vocabulary is rapidly 

growing, but semantical representations might be still coarse. We expected that words paired 

with semantically unrelated items (e.g., dog-airplane) would be recognized more accurately 

than words paired with semantically related items (dog-cat). Further, we expected that the 

accuracy of word recognition would vary with the levels of difficulty, which we 

operationalized as the proportion of toddlers reportedly understanding the word at this age, as 

revealed through the CDI (see Method section for details). That is, we expected lower 

performance with higher difficulty. We also expected an interaction effect between difficulty 

and the two semantic conditions: In the related condition, word recognition should be 

impeded by the difficulty of items, whereas in the unrelated condition, the effect of difficulty 

should be attenuated. Finally, for the role of animacy we expected that animate words would 

be recognized more accurately than inanimate words.  

Our second aim was to assess if parents are reliable sources of information on their 18-

20-month-old toddlers’ comprehension of particular words. As comprehension checklists (as 

the CDI) are used in both clinical assessment and research, informing interventions and policy 

makers on early childhood and child development, an evaluation of their validity is crucial. If 

parents are reliable informants, we expected a relationship between reported knowledge of the 

target and the distractor within a pair and toddlers’ target word recognition. Furthermore, this 

relationship should be modulated by the semantic condition and the level of word difficulty. 
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That is, for high difficulty words embedded in semantically related target-distractor pairs, 

knowledge of both words might be required to accurately disambiguate them, whereas for low 

difficulty words embedded in semantically unrelated pairs, knowledge of only one might 

suffice to reveal word recognition. If parents are not reliable informants, we expected no 

relationship between reported knowledge of the target and the distractor within a pair and 

toddlers’ target word recognition. 

Our final aim was to examine the differences (if any) between in-lab and unmoderated 

at-home online administered testing procedures. If our touch-based word recognition task 

provided similar results across the two different settings it would make a claim for the 

feasibility of remote testing of developmental samples without the physical presence of an 

experimenter, an important enabler for continued scientific progress in these times.  

Note that participants’ exclusion criteria and statistical analyses for the current study 

were pre-registered on the Open Science Platform (https://osf.io/g56tb) before any human 

observation of the data.   

 

Method 

Participants 

For the present study, we recruited full-term, monolingual Norwegian toddlers aged 

18-20 months, with no known visual or hearing impairments. Data collection took place in 

three different settings: at the BabyLing lab (Department of Psychology, University of Oslo), 

at a municipal kindergarten in Oslo, and at toddlers’ own homes. The reason for this 

heterogenous sampling procedure was related to the COVID-19 outbreak in Norway, which 

effectively shut down kindergartens and labs in the spring of 2020, thus preventing us from 

continuing our already launched data collection from these locations. For the lab setting, 

parents of children in the appropriate age range residing in the greater Oslo area were 

contacted through postal mailing lists obtained from the National Registry (‘Folkeregisteret’) 

and through social media platforms. For the kindergarten setting, parents of children in the 

age range in the respective kindergarten were contacted through leaflet invitations distributed 

by their kindergarten teachers. In both lab and kindergarten settings, toddlers were tested by 

an experimenter on a web-hosted tablet-based task. Once the data collection shifted online, 

parents with children in the age range in the greater Oslo area were contacted through both 

postal mailing lists obtained from the National Registry and lab e-mail lists. In the home 

setting, the same web-hosted task (see Procedure section for details) was administered by a 

child’s parent.   
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In all three settings, parents who agreed to participate with their child in the study 

signed an informed consent form and answered a web questionnaire that included general 

demographic questions and questions about their child’s linguistic environment. As a measure 

of SES, the parents reported mother’s highest education level, on the following scale: primary 

school = 0; secondary school = 1; some university/college = 2; bachelor’s degree = 3; 

master’s degree/professional degree = 4; doctoral degree = 5. The online questionnaire also 

included the Norwegian adaptation of the CDI–Words and Gestures form (Simonsen et al., 

2014). Crucially, across all settings, parents were asked to complete the online questionnaire 

no earlier than one week prior to the word recognition task, as toddlers’ vocabularies at this 

age are rapidly growing.  

In total, 159 18-20-month-old Norwegian toddlers took part in the study. As per pre-

registration, participants who did not meet our eligibility criteria were excluded from the 

analysis. These were: born premature (n = 5), reported auditive or visual impairments (n = 1), 

exposed to less than 75% Norwegian at home (n = 2), and failure to successfully complete 

more than 50% of the control trials in the word recognition task (n = 17). In addition, we 

excluded toddlers who withdrew from the word recognition task before being exposed to at 

least 50% of the experimental trials (n = 60)2, toddlers who performed the task multiple times 

(n = 7), toddlers whom we were unable to match the word recognition task scores with 

demographic data from the questionnaire, due to inconsistency in their identification codes (n 

= 6), as well as one participant who had reported technical issues with their tablet device. 

 Therefore, the final sample consisted of 60 participants (39 females, 21 males), with 

23 toddlers (18 females, 5 males) from the lab and kindergarten setting, which both included 

task administration by an experimenter (for simplicity, we will address to these as the ‘lab 

setting’ or ‘lab sample’ from here) and 37 toddlers (21 females, 16 males) from the 

unmoderated, online setting. See Table 1 for descriptive statistics and two-tailed Welch 

unequal variances t-tests for sample differences.  

The current study has been approved by the Norwegian Centre for Research Data 

(NSD, ref. 807456), and the local ethical committee at the Department of Psychology, 

University of Oslo.  

 
2 This significant loss of participants can be explained by parents who registered to take part in the study through 
the online platform, but either did not attempt the task with their toddler or aborted the task early.   
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Table 1 

Lab and online sample descriptive statistics and two-tailed Welch t-tests for gender, age, SES, 

percent Norwegian exposure at home, and vocabulary (CDI raw scores) for comprehension  

 Lab (n = 23)  Online (n = 37)     

 M SD  M SD  t Df p-value 

Gender (0 = male) 0.78 0.42  0.57 0.50  1.78 52.81 .080 

Age 19.33 0.59  19.78 0.72  -2.65 53.45 .011* 

SES 3.65 0.71  3.54 0.84  0.55 52.29 .584 

Norwegian exposure 99.57 1.44  99.45 2.26  0.28 57.98 .784 

Comprehension  221.8 73.41  247.3 64.81  -1.37 42.40 .178 

Note. M = mean, SD = standard deviation, Df = degrees of freedom, SES = socioeconomic 

status, *p < .05. 

 

 

Stimuli  

Words 

For the word recognition task, 24 words were used. Words were selected from three 

levels of difficulty, easy, medium and difficult (n = 8 in each), reflecting the percentage of 18-

month-old Norwegian toddlers reportedly understanding these words (according to a normed 

sample of Norwegian CDI parental reports available from Wordbank, 

wordbank.stanford.edu). Easy words were understood by more than 80% of toddlers, whereas 

medium and difficult words were understood by 40-80% and less than 40% of toddlers, 

respectively. In each level of difficulty, half of the words referred to animates and the other 

half referred to inanimates. 

To create two experimental conditions with the same items (to avoid any unwanted 

between-condition confounders), each word was paired twice: Once with a semantically 

unrelated word (e.g., dog-airplane, which is an animal and a vehicle, respectively) and once 

with a semantically related word (dog-cat, which are both animals). The two words within a 

pair were approximately matched for their level of difficulty and their frequency of 

occurrence in a corpus sample of Norwegian infant-directed speech (Braginsky et al., 2019). 

There were no significant differences in the frequency of occurrence between the two 

conditions across the three levels of difficulty. See Table 2 for an overview of the word pairs 

across conditions and levels of difficulty.  
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Table 2 

Overview of word pairs in each condition and level of difficulty 

Level of  
difficulty 

 Semantically  
unrelated condition 

 Semantically  
related condition 

       
easy  dog airplane  dog cat 

  cat car  horse cow 
  horse banana  car airplane 
  cow apple  apple banana 
       

medium  giraffe truck  giraffe lion 
  lion train  elephant tiger 
  elephant scissors  scissors pencil 
  tiger pencil  truck train 
       

difficult  moose pasta  moose penguin 
  penguin candy  goose owl 
  goose shorts  pasta candy 
  owl zipper  shorts zipper 

 

 

Pictures 

The 24 words used in the study were represented by 48 photographs, with two pictures 

representing each word. The reason for this was to reduce any influence of familiarity bias 

upon the additional exposure of each word in the task. Importantly, the 48 pictures were 

assessed for typicality by 21 native Norwegian speakers on a Likert scale from 1 (‘not at all 

typical’) to 5 (‘very typical’). All of the pictures were rated as very typical by more than 90% 

of participants (M = 4.69, SD = 0.25). All pictures were displayed on a white background 

(960 x 960 pixels). Within each word pair, the two pictures were edited to be approximately 

matched in brightness and size. Two sets of the same picture pairs were created, with items 

counterbalanced between left-and-right-side exposure. The pictures can be viewed under the 

folder Stimuli at the project’s OSF webpage (https://osf.io/827fb/).  

 

Audio stimuli 

A female, native Norwegian speaker recorded the audio prompts, with 24 unique 

sentences corresponding to ‘Can you touch the <target>?’, in a child-friendly manner, with a 

slow tempo and elevated pitch. The recordings were processed in Praat (Boersma & Weenink, 
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2020): Noise was removed, and the intensity was equalised across the 24 prompts. The same 

speaker also recorded a couple of encouraging sentences: ‘Here you go!’, ‘Let’s continue’, 

‘You are almost done!’ and ‘That is it! Thank you for your participation!’, that aimed at 

keeping the child focused and motivated throughout the task.  

 

Procedure  

The two-alternative forced-choice word recognition task  

 The word recognition task was designed for the current study as a two-alternative 

forced-choice identification task (2AFC) being hosted through an online experimental 

platform developed by Lo and colleagues (2020) on a Samsung Galaxy Tab S4 with a 10.5” 

screen and a touchscreen interface. On each trial, the toddler saw two pictures side by side 

(see Figure 1), then, 500 ms later, the toddler heard, via internal speakers of the tablet, a pre-

recorded audio prompt, asking to touch one of the items (the target). Touches were not 

registered as a response until the end of the audio prompt. The time-out for each trial was 10 

seconds.   

 

Figure 1 

Example of a trial in the two-alternative forced-choice word recognition task 

 
 

The task started with four control trials of highly familiar objects (house, shoes, ball 

and tree), to ensure that the child understood the task and was able to perform it. After the 

control trials, 48 test trials followed in a random order, with the 24 word/item-pairs being 

presented twice, to enable each item in a pair to function both as a target and a distractor in 

the task (thus controlling for any inherent bias towards an item). Further, the target and the 
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distractor locations were counter-balanced between left-and-right side exposure. Pre-recorded 

encouragements were randomly interspersed between the trials to provide short breaks, after 

which pressing the ‘next’ logo was necessary to continue the task. All instructions were pre-

recorded and delivered via internal speakers of the device.   

 

The lab setting  

After parents had consented and answered the online questionnaire, within a week, 

they met at the BabyLing lab at the University of Oslo for the toddler to complete the word 

recognition task. The experimenter again informed the parent about the study before engaging 

in play with the toddler to ensure that the child was accustomed to the lab environment and 

ready to engage into the task. To initiate the task, the experimenter suggested to the toddler 

that they should play a game, and without interference from the parent, the toddler engaged in 

the task, with the experimenter sitting next to her. Note that all instructions were pre-recorded 

and delivered by the experimental platform. After completion of the task, the toddler was able 

to pick out a small toy as a token of appreciation. 

Data collection in the kindergarten setting followed the same procedure, with the same 

experimenter, as in the lab-setting. After parents had agreed to participate in the study and 

completed the online questionnaire, within a week, the experimenter made arrangements with 

the kindergarten teacher of the toddlers to complete, individually, the word recognition task in 

the kindergarten, during opening hours. On arrival, the experimenter spent a few minutes 

playing with the toddler together with their kindergarten teacher before initiating the task. 

Completion of the task took place in a quiet area of familiarity to the toddler, such as an 

adjacent room to their classroom. As an appreciation for participating in the study, the 

kindergarten received a set of picture books for their library.  

 

The online setting  

 After parents in the online setting were recruited, consented to participate and had 

filled out the questionnaire, they were sent an additional link to the online experimental 

platform that administered the word recognition task, to be opened in a web browser on their 

own electronic device. The task and procedure were identical to the ones used in the lab and 

kindergarten settings. Together with the link to the task, parents received instructions about 

the procedure. Importantly, they were instructed not to interfere with the task or influence the 

responses of their child in any way. If the child seemed bored or did not want to contribute, 

parents were told that quitting the task was fine. In a scenario where parents would host the 



 20 

word recognition task on devices without touchscreen interfaces (such as a computer), they 

were instructed to use the mouse to record responses according to where the child had pointed 

on the screen.    

 

Data processing 

  To compute vocabulary scores, the number of words the parents reported the child to 

understand on the CDI were summed up to form a total raw score of comprehension. For the 

2AFC task, an accurate touch response (that is, a child selected the target) was coded as 1, and 

an inaccurate touch response (a child selected the distractor) was coded as 0. Trials with no 

touch response or with touches on the ‘next’ logo were coded as no-answers and not included 

in the main analysis. Our dependent variable ‘recognition accuracy’ was computed by-item 

data across all trials. Word difficulty level was coded as a continuous variable (easy = 0; 

medium = 1; difficult = 2). Toddlers’ comprehension of word pairs in a trial, as reported by 

their parents, were scored with four modalities: target known and distractor known, target 

known and distractor unknown, target unknown and distractor known, and target unknown 

and distractor unknown.  

 

Results 

 All analyses were performed in R (R Core Team, 2020). We constructed generalized 

linear mixed effects models (GLMEM) with the lme4 package (Bates et al., 2015), using the 

‘family = binomial’ option because of the binomial nature of our dependent variable. 

Significance of the main effects and interactions was computed by the means of the ANOVA 

function in the LmerTest package (Kuznetsova et al., 2017). 

 

Semantic relatedness, difficulty and animacy in word recognition accuracy 

Our baseline GLMEM model for recognition accuracy included random intercepts for 

participants and items, and fixed effects of condition (semantically related, unrelated), 

difficulty (easy, medium, difficult), animacy (animate, inanimate) (N = 60 toddlers, 2377 

trials). CDI comprehension scores and SES were included as covariates.3 The model resulted 

in significant main effects of difficulty, animacy, CDI comprehension, and interaction effects 

 
3 To test for a possible better performance in girls as compared to boys (as have been reported by Frank and 
colleagues [2017b] for the CDI in comprehension, in Norwegian toddlers at this age) we did a t-test between 
average recognition accuracy in boys and girls, the result was not significant, t(44.98) = 1.88, p = .067. 
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of condition by animacy, and difficulty by animacy. All other effects were non-significant. 

See Table 3 for the full model output.  

 

Table 3 

Generalized linear mixed effects model on word recognition accuracy 

Parameter χ2  Df p-value 

Condition 2.61 1 .106 

Difficulty 26.1 1 < .001*** 

Animacy 4.24 1 .039* 

CDI comprehension 17.3 1 < .001*** 

SES 0.07 1 .786 

Condition:Difficulty 0.24 1 .624 

Condition:Animacy 6.18 1 .013* 

Difficulty:Animacy 5.00 1 .025* 

Condition:Difficulty:Animacy 1.96 1 .162 

Note. SES = socioeconomic status, Df = degrees of freedom, *p < .05, ***p < .001. 

  

These results suggest, as anticipated, that words used in the task were recognized more 

readily from the easy (n = 818, M = 0.89, SD = 0.31, 95% CI [0.87, 0.91]) and medium (n = 

792, M = 0.88, SD = 0.34, 95% CI [0.85, 0.89]) levels compared to the difficult level (n = 

767, M = 0.78, SD = 0.41, 95% CI [0.75, 0.81]). Further, animate words (n = 1195, M = 0.87, 

SD = 0.34, 95% CI [0.85, 0.89]) were recognized better than inanimate words (n = 1182, M = 

0.83, SD = 0.38, 95% CI [0.81, 0.85]), Cohen’s d = 0.11 (Figure 2). Yet, as will be shown 

below, this improved accuracy will be attributed to toddlers’ tendency to touch the animals 

when paired with inanimate objects. 
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Figure 2 

Recognition accuracy for animate and inanimate targets 

 
Note. Error bars represent standard errors.  

 

The interaction effect of animacy and difficulty, with an effect size of R2 = 0.18, is 

visualized in Figure 3, showing that toddlers seemed to recognize animate targets equally well 

throughout the various levels of difficulty, and that the overall drop in accuracy for the 

difficult words were mainly caused by the inanimate targets.  

 

Figure 3 

Recognition accuracy by levels of difficulty and animate and inanimate targets 

 
Note. Lines indicates regression lines and the shaded areas depict 95% confidence intervals. 

Dashed line indicates chance level. 
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Contrary to our expectations, our model revealed no main effects of semantic 

relatedness, with toddlers demonstrating similar accuracy in the unrelated (n = 1201, M = 

0.86, SD = 0.35, 95% CI [0.84, 0.88]) and the related (n = 1176, M = 0.84, SD = 0.37, 95% CI 

[0.82, 0.86]) condition (Figure 4). That is, target and distractor-pairs from the same semantic 

category did not impair toddlers’ word recognition. However, there was an interaction effect 

between condition and animacy. As can be seen in Figure 4, this seemed to be largely driven 

by the increased recognition accuracy of animate words (n = 608, M = 0.89, SD = 0.31, 95% 

CI [0.87, 0.92]) compared to inanimate words (n = 593, M = 0.83, SD = 0.38, 95% CI [0.79, 

0.86]) in the semantically unrelated condition, as there were no differences between animates 

(n = 587, M = 0.84, SD = 0.37, 95% CI [0.81, 0.87]) and inanimates (n = 589, M = 0.83, SD = 

0.37, 95% CI [0.80, 0.86]) in the related condition. This suggests that toddlers were attracted 

by the animates and preferred ‘touching it’ when paired with an inanimate object (in the 

unrelated condition). This ‘animal-bias’ might also explain the overall higher accuracy for 

animates, as compared to inanimates.  

 

Figure 4 

Recognition accuracy by animacy per condition  

 
Note. Error bars represent standard errors. Dashed line indicates chance level. 

  

Exploratory analyses on within-participant effects of condition 

Because toddlers varied in the number of trials they engaged in (some trials failed to 

elicit any touch response, and some participants abandoned the task prior to completion of all 

48 trials), out of a total of 2377 trials for the full dataset, 223 individual trials were not present 

in both the semantically unrelated and related conditions. In order to have a more precise 
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measure of the effect of semantic condition within each toddler and item, we did an 

exploratory analysis of condition on the participant level. Within each toddler and word, we 

computed, first, a difference score between the recognition accuracy of a given word in the 

unrelated versus related condition and then averaged them over the words for each child, 

which resulted in 59 unrelated advantage measures4. A one sample two-tailed t-test showed 

that the unrelated advantage was significantly higher than zero, t(58) = 2.37, p = .021, 

Cohen’s d = 0.27 (n = 59, M = 0.04, SD = 0.15, 95% CI [0.01, 0.08]). That is, on average, 

toddlers performed better in identifying the target word in semantically unrelated pairs (see 

Figure 5).  

 

Figure 5  

Advantage for semantically unrelated trials for each participant  

 
Note. Dots represent participants, box borders indicate first and third quartile, middle line 

indicates median.  

 

Parental accuracy of word comprehension  

 To first assess how well parental reports align with direct measures of toddlers’ word 

comprehension, we examined the correlation between CDI scores and average task 

performance. Results of a Spearman rank order correlation indicated that there was a 

significant positive association between reported global CDI comprehension raw scores and 

recognition accuracy, rs(58) = .48, p = < .001. Next, we examined the correlation between 

toddlers’ task performance and comprehension as reported by parents, limited to the 24 words 

 
4 One participant was excluded from this analysis as he did not have matching trials in both conditions. 
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used in the recognition task (in the related condition). Spearman rank order correlation 

indicated that there was a significant positive association between the number of reportedly 

known words and the number of accurately recognised words, rs(58) = .29, p = .023. That is, 

toddlers with larger receptive vocabularies showed better performance on the word 

recognition task (Figure 6, top), and toddlers who reportedly knew more of the specific words 

according to parents recognised more of the words used in the task (Figure 6, bottom).  

 

Figure 6  

Toddlers’ recognition accuracy by total CDI (top) and number of recognised words by 

reportedly known words according to parents (bottom) 

 
Note. Lines indicates regression lines and the shaded areas depict 95% confidence intervals. 

Dashed line indicates chance level. 
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Next, as per pre-registration, we ran our baseline GLMEM and included a main effect 

of item pair knowledge as reported by parents for the target and for the distractor word (both 

known, target known, distractor known, both unknown). The model revealed a significant 

effect of item pair knowledge, χ2(3) = 9.92, p = .019. Thus, word recognition by toddlers 

differed according to parental reports of target and distractor comprehension, but contrary to 

expectations, there were no interaction effects of item pair knowledge with condition or 

difficulty level. On average, toddlers were most accurate in trials where only the target (n = 

299, M = 0.89, SD = 0.31, 95% CI [0.86, 0.93]), or both items were reported to be known (n = 

1353, M = 0.88, SD = 0.33, 95% CI [0.86, 0.90]), followed by trials were only the distractor 

was reported to be known (n = 291, M = 0.82, SD = 0.39, 95% CI [0.77, 0.86]), and finally 

trials where both target and distractor were reportedly unknown (n = 434, M = 0.74, SD = 

0.44, 95% CI [0.70, 0.78]). See Figure 7 for a visualization.  

To examine whether toddlers’ reported knowledge of only the distractor enabled them 

to recognize the target significantly better than not knowing either item, we subset the data 

and did a simple model comparison of a GLMEM with random effects for participant and 

item, and a main effect of distractor knowledge (only distractor versus both unknown). The 

result was significant, χ2(1) = 5.37, p = .020. 

  

Figure 7 

Recognition accuracy by item pair knowledge as reported by parents 

 
Note. Error bars represent standard errors. Dashed line indicates chance level. 

 

Taken together, these results indicate that parents are relatively accurate, but 

conservative in reporting word comprehension for their toddler. There is a moderate 
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correlation between recognition accuracy and both global and task-specific vocabulary reports 

by parents, and word recognition by toddlers were highest in trials where the target or both 

item-words was reported as known (accuracy of 89% and 88%, respectively). However, 

recognition accuracy for targets in trials where neither item-word was reported as known was 

well above chance level (74%), indicating that toddlers could also disambiguate between 

items their parents did not think they understood.  

 

Lab and online testing procedures 

To assess any possible differences between the lab and online testing procedures, we 

first examined the proportion of not answered (toddlers provided no touch response), 

accurately answered and wrongly answered trials in each setting. The results suggested a 

difference in the proportion of both no-answers and accurate responses. That is, in the lab 

setting, toddlers failed to provide a response on 18% of trials (190 of 1075), compared to 13% 

of trials (227 of 1719) in the online setting. A two-sample test for equality of proportions 

showed that this difference was significant: χ2(1) = 10.06, p = .002. Further, 69% of trials 

(738 of 1075) were correct responses in the lab setting, compared to 74% of trials (1277 of 

1719) in the online setting. A two-sample test for equality of proportions showed that this 

difference was also significant: χ2(1) = 10.17, p = .001. See Figure 8 for a visualization. 

Recall that there were no significant differences in the receptive vocabulary size of 

participants between the two test settings.  

The mean word recognition accuracy for the lab setting (n = 23 toddlers, 885 trials) 

was 0.83, SD = 0.37, 95% CI [0.81, 0.86], and for the online setting (n = 37 toddlers, 1492 

trials) the mean recognition accuracy was 0.86, SD = 0.35, 95% CI [0.84, 0.87]. To examine 

the degree of convergence between accuracy in testing procedures, we ran our baseline mixed 

effects model again, but this time included testing procedure (lab, online) as a main effect. 

The result was not significant, χ2(1) = 0.02, p = .891, suggesting that testing procedure did not 

further predict word recognition accuracy with the current sample.  

In sum, our analyses document a convergence between the lab and online test 

procedures in overall accuracy, suggesting that unmoderated online administration was 

equally successful for the current word recognition task. However, closer inspection of 

response patterns revealed a significantly higher proportion of trials in the lab setting which 

did not elicit touch responses from the toddler, and a higher proportion of correct responses in 

the online setting.  
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Figure 8 

Distribution of task responses by lab and online setting 

     
 

Discussion 

 The current study assessed 60 monolingual 18-20-month-old Norwegian toddlers’ 

performance on a word recognition task. The task was designed to be administered on a 

tablet, taking advantage of the touchscreen interface to assess recognition accuracy by correct 

touches to the named target out of two displayed items. The study had three aims: One, to 

examine the roles of semantic relatedness, animacy and word difficulty in toddlers’ word 

recognition. Two, to assess whether parents are reliable sources of information on their 

toddlers’ comprehension of words. Three, to examine the efficacy of remote testing of word 

comprehension through online administration of our touch-based task.  

 

Semantic relatedness, word difficulty and animacy of items in word recognition 

 The data from the current study showed that when 18-20-month-old toddlers are asked 

to correctly identify the labelled target out of two displayed items through a touch response on 

a tablet device, they manage to do so very well for the selection of words used in our task. We 

report the expected gradual effect of word difficulty: Difficult words were recognized less 

well, however, toddlers’ performance was above chance even for the most challenging trials, 

that is, when words were reportedly known by less than 40% of toddlers at this age (e.g., 

zipper), on average, our participants correctly recognized the target 7.8 out of 10 times. This 

implies caution when using CDI vocabulary norms on the individual level, but contrary to the 

overestimation by frequency norms found in British 9-month-olds (Syrnyk & Meints, 2017), 

the pattern in the current study lean towards underestimation of the norms for comprehension. 
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Contrary to our predictions, our main experimental manipulation of semantic 

relatedness between the target and distractor item did not seem to have a major impact on 

toddlers’ word recognition. In the semantically unrelated condition (e.g., disambiguating a 

zipper from an owl), toddlers recognized the target word 8.6 out of 10 times, and in the 

semantically related condition (disambiguating a zipper from a pair of shorts), they were 

almost equally accurate, with successful recognition 8.4 out of 10 times. However, 

exploratory analyses, that computed, for each child, the difference between the two conditions 

at a word level, revealed a significant advantage for word recognition in unrelated over 

related trials, although the effect was minimal. We propose two different accounts that could 

explain our lack of finding stronger effects of semantic relatedness on word recognition.  

One possibility is that, with the current sample of 18-20-month-old toddlers, we may 

have missed the developmental window in which semantic representations for the words 

(used in the study) are still so coarse that the presence of a distracting, within the same 

semantic category item, compromised recognition. That is, word-referent-fits in the lexicon 

were already strongly consolidated. Previous studies reporting that items from the same 

semantic category impair word comprehension have mainly used younger participants, for 

example 6-month-olds (Bergelson & Aslin, 2017a) or 12-month-olds (Bergelson & Aslin, 

2017b). In the latter study, the older toddlers in the sample (18-20-month-olds) did not show 

semantic competition effects. Yet, another study (Arias-Trejo & Plunkett, 2010) reported that 

perceptual similarity impaired recognition of semantically related items in 18-24-month-olds. 

Our stimuli selection was not balanced with regard to perceptual similarity (e.g., horse-cow 

share perceptual features, whereas apple-banana do not), so we cannot decipher whether these 

effects came into play and facilitated toddlers’ word recognition, as they could have used 

perceptual cues to distinguish semantically related items in this condition. 

A second possibility for the weak effects of semantic condition relates to the apparent 

bias towards animate items. As expected, we found that toddlers were more accurate in their 

recognition of animate over inanimate words, and surprisingly, they recognized animates 

almost equally well with the increased difficulty level of words, whereas the recognition for 

inanimates declined. This suggest that for animals, individual experience might override 

population wide norms. In the semantically related condition, there was no difference in 

recognition of animates versus inanimates, but in the semantically unrelated condition, 

animates were recognized better (on average 8.9 out of 10 times) compared to inanimates, 

driving the significant interaction effect of condition and animacy. There might be a simple 

explanation for this: In the unrelated condition, animate items were always paired with an 
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inanimate object in a trial (e.g., dog-airplane, lion-train or moose-pasta), so any inherent 

preference for animates would bias the results of condition. Thus, what we initially proposed 

as an independent feature of our design and a stand-alone hypothesis, which indeed was 

confirmed, might have restrained the effect of semantic relatedness. Potentially, in the 

unrelated condition, toddlers might have just gone for the animal over the object when given 

the chance (which was a possibility in 50% of these trials), and therefore the expected boost 

in performance in this condition may have been diluted.  

Although pairing animates with inanimates was a key feature of our design that might 

have weakened our ability to conclude on semantic specificity of word representations, it 

makes an important methodological point: As previous studies have shown, it seems that 

infants and toddlers have a particular interest in animates (Borgi & Cirulli, 2013; DeLoache et 

al., 2011; LoBue et al., 2013), and as word recognition studies often include animate items in 

their stimuli, typically to increase engagement in the task, while also being a clear-cut 

semantic category for studies with such conditions (e.g., Arias-Trejo & Plunkett, 2010), this 

bias is something to be aware of. Careful counterbalancing of animate stimuli has been 

recommended when used with visual gaze measures (Delle Luche et al., 2015; Fernald et al., 

2008), due to the inherently quicker and more accurately allocated attention towards animate 

entities. Based on the present results, researchers using touch-based tasks need to further 

acknowledge that this bias might also elicit temptation to touch an animal if possible, even 

when prompted to identify the inanimate object. As executive functions are still 

underdeveloped in infancy and early toddlerhood (Fiske & Holmboe, 2019; Friedman et al., 

2011), these responses might be difficult to inhibit for participants at this age. 

Finally, our analyses found no gender differences or effects of SES on toddlers’ word 

recognition. This is perhaps surprising, given what we know from previous research on the 

advantage of girls (Eriksson et al., 2012; Frank et al., 2017b; Simonsen et al., 2014) and the 

‘SES gap’ (Fernald et al., 2013; Hart & Risley, 1995; Romeo et al., 2018) in early language. 

However, it seems plausible that sample characteristics, namely a bias towards participants 

with high SES and little heterogeneity on this measure, masked such effects in the present 

study. That is, 60% of the mothers in our sample reported having a master’s or professional 

degree, which is much higher than the Norwegian census data on educational attainment 

(SSB, 2020). With regard to gender differences, some evidence suggests that the discrepancy 

between boys and girls are less prominent in high-SES samples (Barbu et al., 2015; Zambrana 

et al., 2012).  
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What Norwegian parents know about their toddlers’ word comprehension 

 The results of the current study, in Norwegian toddlers, indicate that parents are quite 

reliable, yet conservative when reporting word comprehension on behalf of their children. 

Similar to previous studies (Fernald & Marchman, 2012; Friend et al., 2012; Hurtado et al., 

2008) we found a moderate-to-strong correlation (r = .48) between global CDI scores for 

comprehension and performance on our recognition task. That is, toddlers who reportedly 

understood more words were more accurate in identifying the target in the task, supporting 

the feasibility of the CDI as a general proxy for receptive vocabulary. Still, our primary goal 

was to assess parental precision on an item level. Three key findings speak to this: First, we 

found a weak-to-moderate correlation (r = .29) between toddlers’ recognition accuracy and 

parental reports of knowledge for the same words. Second, we found that parental reports of 

target and distractor knowledge predicted recognition accuracy in toddlers, that recognition 

was highest for trials in which the target was reportedly known, and that the reported 

knowledge of the distractor appeared to influence target recognition, when the target was not 

known. Third, we found that toddlers performed well above chance level (74%) even for trials 

with target and distractor items their parents reported them not to understand.     

 These results land somewhere in the middle of the landscape compared to previous 

studies. While our results are consistent with the tendency of parental underestimation as 

reported by Houston-Price and colleagues (2007), we still find a major increase in toddlers’ 

accuracy for words reported to be known by parents (as in Styles & Plunkett, 2009 and 

Syrnyk & Meints, 2017), as well as an increase in recognition accuracy for trials where only 

the distractor is reportedly known compared to neither word known. That is, it seems that 

when parents first do report knowledge of a word, they are typically right. As previously 

mentioned, the alignment of parental reports and infants’ behaviour in Syrnyk & Meints 

(2017) might be explained by the more limited lexicon in 9-month-olds. Parents inferring the 

content in 18-20-month-olds receptive vocabulary, the recommended upper age limit for the 

CDI–Words and Gestures, face a far more daunting challenge. Yet, similar to the results in 

Styles & Plunkett (2009), Norwegian parents seemed to overcome this quite well. The 

apparent underestimation found in our study when looking at the above-chance performance 

for trials in which neither word should be understood might be explained by the total of four 

exposures to each item in the recognition task. That is, although the use of two different 

pictures per item was meant to reduce familiarity bias, the additional exposures may still have 

consolidated initial weak word-object mappings, so that toddlers could eventually identify the 

target word. Still, having multiple exposures and both distractor and target roles for each item 
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enabled us to control for any inherent preference for either. Previous research (however, not 

incorporating direct measures of child comprehension) have also suggested that parental 

accuracy on the CDI might be moderated by SES, although the direction of these effects are 

not agreed upon, as both overestimation (Feldman et al., 2000; Goldfield & Reznick, 1990) 

and underestimation (Roberts et al., 1999) have been suggested for lower SES groups. Given 

the tendency of underestimation on the item-level in our high-SES sample, our results add yet 

another layer of ambiguity to the role of SES for the validity of CDI reports.   

Although our model resulted in significant effects of reported item pair knowledge, we 

did not find any interaction with word difficulty level or semantic condition, as predicted. 

However, this might be due to ceiling effects (recall that on average all items were highly 

recognized), so that knowledge of the distractor was not required for accurate recognition of 

the words used in the task, even for difficult words in the related condition. Another 

possibility is that parental tendency to underestimate toddlers’ word comprehension blurred 

these interactions.   

Overall, the valuable contributions of our study are (1) the assessment of parental 

accuracy on the CDI for a language other than English, and (2) the convergence of such 

reports with a toddler-controlled, overt measure of word comprehension. While previous 

studies have used indirect measures of eye gaze (Houston-Price et al., 2007; Styles & 

Plunkett, 2009; Syrnyk & Meints, 2017), arguably overt responses on a tablet might be a more 

ecologically valid way of measuring comprehension, perhaps providing less noise in the 

output compared to implicit measures. Thus, it might better reflect theories parents could 

adopt when inferring word knowledge (their child physically picking out an object). Whether 

this is the case requires further investigation, but we encourage a larger pool of studies 

incorporating touch-based measures (for age groups where the required motor actions are 

possible) to evaluate the accuracy of vocabulary reports.          

In a perfect world, parental reports of receptive vocabulary would align with toddlers’ 

demonstration of word comprehension, for all words, all the time. Yet, given what we know 

about the rapid growth of vocabulary in infancy and toddlerhood and the often-ambiguous 

nature of comprehension depending on the availability of various cues, this is likely an 

unrealistic aim. Perhaps then, the CDIs are the best solution we have so far for a quick and 

cheap measure of early vocabulary, as even for comprehension, evidence in favour of the 

validity of the instrument is strengthened by the current study. Still, our results also reveal 

that there seems to be some discrepancies between parental intuition when reporting 

comprehension and toddlers’ recognition of words, suggesting that the evidence parents have 
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at their disposal might not always be enough to refer accurate word knowledge. This means 

that careful considerations should be made before overtly relying on the CDI in situations 

where by-word precision is important, such as in clinical settings, or in research focusing on 

specific semantic categories or word classes.  

 

The efficacy of online testing procedures 

 Our model showed no significant effect on participants’ recognition accuracy as a 

function of being tested in the lab, with an experimenter, versus at home through the online 

administered task. Because the toddlers in these two samples did not differ in terms of 

receptive vocabulary size, it suggests that data collection from our word recognition task was 

indeed equally feasible through online, unmoderated administration. Arguably, describing the 

online setting as unmoderated wrongfully creates the impression of a liberal testing 

procedure, which was not the case. Recall that the same task was used in both settings, with 

pre-recorded prompts and automatized scoring of trials.  

Interestingly, our analyses on the distribution of all possible participant responses 

(correct/incorrect/absent) found that the toddlers in the online setting had a significantly lower 

threshold for touching either picture in a trial, with 13% no-answers, compared to 18% for 

toddlers in the lab setting. In addition, there was a significant difference in the proportion of 

correct responses, with 74% in the online setting and 69% in the lab. It is not clear if the 

decrease of responses in the lab is what caused the discrepancy in correct responses, although 

it is tempting to suggest that when toddlers at home where indecisive for the target in a trial, 

but still decided to ‘go for it’, it typically resulted in correct responses. The most straight-

forward explanation could be that the toddlers in the online setting were slightly older (on 

average 0.45 months/13 days) compared to the lab setting. However, although statistically 

significant, this marginal difference in age may not be practically significant given the 

substantial individual differences in language domains during infancy and toddlerhood (Kidd 

& Donnelly, 2020). Another possibility might be parental inference, as we cannot rule out the 

possibility that parents at home engaged in behaviour that biased their children’s responses in 

some way, although they were instructed to not interfere. Finally, another possibility is that 

the various distributions of responses might come from the influence of the test environment 

on differences in participant shyness or temperament (Hilton et al., 2019; Putnam et al., 

2006). It seems reasonable to think that the (younger) toddlers in the lab, who were not 

confident in the correct referent for a word in a trial, with an unfamiliar experimenter next to 

them, would more likely steer away from touching anything at all. On the other hand, in the 
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comfort of their home with their parent, such ambiguity might not have restrained toddlers in 

the online setting.  

Clearly, these are only speculations, and there might be other factors influencing the 

response patterns that varied between the samples in the two settings, such as prior experience 

with tablets (Frank et al., 2016; Semmelmann et al., 2016). Our lack of insight in why a 

toddler chose to not engage in a trial is the reason these no-answer responses were omitted 

from the main analyses. Shortage of attention or interest, fussiness or shyness are all plausible 

candidates. It should be noted, however, that other studies incorporating visual reaction time 

measures in parallel with touch responses (Hendrickson et al., 2015; Hendrickson et al., 2017) 

have suggested that no-answers in 2AFC word recognition tasks reflect a failure of 

comprehension, whereas distractor and target touches reflect partly, and complete, 

comprehension. Admittedly, analyses in which no-answers were treated as incorrect might 

have painted a different picture in the current study. Featuring reliable reaction time measures 

in touch-based word recognition, and thus having multimodal outcome variables could be 

worthwhile to improve the accuracy of interpretations in future studies (LoBue et al., 2020).  

 In sum, however, our main analysis found no difference in toddlers’ accuracy in the 

two testing procedures, and thus, in line with the few other studies that exists with 

developmental samples (Nussenbaum et al., 2020; Scott et al., 2017), we conclude that remote 

and in-lab data collection are overall comparable. The potential advantages of remote data 

collection (Sheskin et al., 2020), out of which testing in children’s familiar environments is 

one, may outweigh any downsides when experiments are carefully designed. 

 

Limitations and future directions 

 Some limitations in the current study should be addressed. First, our sample was 

largely biased towards higher SES participants, and our results do not necessarily generalize 

to other groups. Further, items used in the recognition task were selected from standardised 

word lists, and we cannot assume that items were equally familiar across participants. Next, 

our eagerness to include animate stimuli may have hindered potential effects of semantic 

condition. Finally, although our assessment of the efficacy of remote data collection is timely, 

due to our reduced control of this testing situation, we cannot rule out all potential 

confounders in these results.  

Future studies should, if possible, address these limitations. Moreover, a good 

candidate for investigation would be the stability of word representations through 

manipulation of a wider range of cues, such as contextual distinctions for younger toddlers, or 
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perceptual similarities for older. Crucially, while introducing new experimental manipulations 

to assess the robustness of word comprehension, the importance of meticulously matching 

target and distractor items on other levels (frequency, difficulty, animates vs. inanimates) 

remain. Next, implementation of reliable reaction time measures in touch-response tasks 

could enable more fine-grained analyses of online processing in infants’ and toddlers’ 

responses, and perhaps help disentangle some of the questions that have been raised here. 

Regarding the validity of the CDI, we suggest further assessment of parental insight into their 

children’s comprehension on a wider range of words, word-classes (although this provides 

challenges for the use of images), and perhaps of how various instructions given to parents 

prior to administration of the CDI might influence their precision. 

 Overall, we propose that the next steps in language research follow down the newly 

started path, in striving to find explanations for how input, but also context, shape language 

development in infancy and toddlerhood, especially regarding the nature and mechanisms 

leading to the expansion of the receptive vocabulary. In addition, we encourage further work 

on the psychometric properties of the CDIs, across various age groups, languages and SES 

strata, which would add to the legitimacy of a productive line of research informing language 

development by use of the instrument. Lastly, given this challenging time for data collection, 

we are optimistic on behalf of remote testing, but propose that any relocation to online 

platforms must be done with caution and build on evidence. 

 

Conclusion 

 The current study examined the roles of semantic relatedness, animacy and word 

difficulty in 18-20-month-old Norwegian toddlers’ word recognition; the insight parents have 

into their toddlers’ receptive lexicon; and the feasibility of adopting online administration of a 

touch-based word recognition task with a developmental sample. Our results revealed the 

expected improvement in word recognition accuracy with lower item difficulty, a bias for 

animate over inanimate items, and a weak effect of semantic relatedness. Further, the parents 

of our participants were found to be relatively reliable informers of their toddlers’ word 

comprehension, although they were conservative in their approach; recognition accuracy was 

well above chance even for words parents reported their child not to know. Finally, our 

analyses found no overall effect of testing procedure on toddlers’ word recognition – with 

results being comparable between lab-based settings and online data collection, thus offering 

a promising avenue for online testing paradigms in developmental psychology.  
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