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Abstract Maternal interaction behavior, particularly maternal language input, is 
considered to be one of the key factors for child vocabulary development. Previous 
studies have shown that a higher quantity and diversity of maternal language input 
is associated with faster vocabulary development. In the present study, we examined 
cognitive-verbal stimulation as a specifc aspect of maternal input, controlling for 
other relevant internal child characteristics and external environmental infuences. 
Additionally, we compared the effects of cognitive stimulation on vocabulary de-
velopment with a standard measurement of maternal language input, such as its 
quantity, to identify specifc the effects of cognitive-verbally stimulating interaction 
behavior. We used data from the Newborn Cohort Study of the German National 
Educational Panel Study (N= 1127 families) and conducted latent growth curve mod-
eling to examine the vocabulary growth of children between 3 and 7 years of age. 
As control variables, we also included maternal education and household income 
in the analyses as well as the children’s age, gender, and initial vocabulary level 
when they were 2 years old, their phonological working memory, and whether they 
were learning another native language other than German. The results indicated that 
general aspects of maternal input, such as the quantity and length of the utterances 
of maternal language input for 2-years-olds, were relevant in the earlier stages of 
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vocabulary development, while cognitive stimulation was an important predictor of 
growth across the later stages of vocabulary development in 3- to 7-year-olds. 

Keywords Vocabulary Development · Maternal Language Input · Cognitive 
Stimulation · German National Educational Panel Study · Latent Growth Curve 
Modeling · Phonological Working Memory 

Kognitiv-sprachliche Anregung der Mutter als Prädiktor für die 
kindliche Wortschatzentwicklung 

Zusammenfassung Die mütterliche Sprache gilt als einer der Schlüsselfaktoren 
für die früh-kindliche Wortschatzentwicklung. Vorangegangene Studien haben ge-
zeigt, dass eine höhere Quantität und Diversität des mütterlichen Sprachangebots mit 
einer schnelleren Wortschatzentwicklung assoziiert ist. In der vorliegenden Studie 
wird das kognitiv-sprachliche Anregungsverhalten der Mutter unter Kontrolle wei-
terer relevanter internen Kindesmerkmale und externer Umwelteinfüsse untersucht. 
Zudem wird der Einfuss des mütterlichen kognitiv-sprachlichen Anregungsverhal-
tens auf die kindliche Wortschatzentwicklung mit einer, in der Forschung häufger 
verwendeten, stärker quantitativen Messung des mütterlichen Sprachangebots ver-
glichen, um spezifsche Effekte beider Anregungsindikatoren zu identifzieren. In 
der Studie wurden Daten der Neugeborenen-Kohortenstudie des Nationalen Bil-
dungspanels (N= 1127 Familien) verwendet und eine latente Wachstumskurvenmo-
dellierung durchgeführt, um die Wortschatzentwicklung von Kindern zwischen 3 
und 7 Jahren zu untersuchen. Kontrolliert wurden die mütterliche Bildung und das 
Haushaltseinkommen sowie – auf Seiten des Kindes – das Alter, Geschlecht, ihr 
Wortschatz mit 2 Jahren, das phonologische Arbeitsgedächtnis sowie, ob die Kinder 
monolingual deutschsprachig aufwuchsen. Die Ergebnisse zeigen, dass allgemeine 
Aspekte der mütterlichen Sprache, wie beispielsweise Menge des Sprachangebots 
und Äußerungslänge, in den früheren Phasen der Wortschatzentwicklung prädiktiv 
waren, während eine kognitiv-sprachliche Anregung ein signifkanter Prädiktor für 
den Wortschatzzuwachs in den späteren Phasen der Wortschatzentwicklung zwi-
schen 3 und 7 Jahren war. 

Schlüsselwörter Wortschatzentwicklung · Mütterliche Sprache · Kognitiv-
sprachliche Anregung · Nationales Bildungspanel · Latente 
Wachstumskurvenmodellierung · Phonologisches Arbeitsgedächtnis 

1 Introduction 

Vocabulary acquisition is a complex phenomenon which has not yet been completely 
deciphered by scientists. The acquisition of vocabulary is particularly complex be-
cause it includes many different processes, from the reception of single phonemes to 
understanding complex sentences (Grimm 2012; Owens 2019). Furthermore, vocab-
ulary is an important variable for (and partially depends on) the acquisition of other 
important linguistic and pragmatic skills such as grammar and verbal communica-
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tion (e.g., Moyle et al. 2007), listening comprehension of texts (Heppt et al. 2014), 
or reading competence (e.g., Baumann, 2008). Moreover, vocabulary also associ-
ated with the cognitive, socio-cognitive, and social development of children (Weinert 
2004, 2020), which is why vocabulary acquisition is fundamental for further child 
development. 

Although there are inter-individually similar patterns of vocabulary growth (Hoff 
2008; Owens 2019), empirical research has also revealed substantial variability in 
vocabulary development (Bates et al. 1994; Fernald and Marchman 2011; Ramey  
and Ramey 2004). This variability is affected by numerous variables, including the 
internal characteristics of a child and external environmental factors (Aktas 2020; 
Hoff 2008). A particularly important factor for successful language acquisition is 
the language input provided in the family environment, especially the input provided 
by mothers, as the primary caregiver in most families (e.g., Hoff, 2003). Previous 
research has shown that a high quantity and quality of language input has a positive 
impact on children’s vocabulary development (Hart and Risley 1995; Hurtado et al. 
2008; Huttenlocher et al. 1991). For example, studies have demonstrated that the 
number of words (Huttenlocher et al. 1991) and the diversity of linguistic input 
(Huttenlocher et al. 2010; Pan et al. 2005; Rowe  2012) correlate positively with 
vocabulary growth. 

In contrast to the majority of previous research, the present study examines cog-
nitive stimulation as a specifc aspect of maternal input. Cognitively stimulating 
language includes why-questions, hypotheses, or mental words that challenge chil-
dren to shift from a concrete situation to a more abstract conception. Thus, the main 
aim of this study is to investigate how maternal cognitively stimulating language is 
related to later child vocabulary growth. Moreover, the effects of cognitive stimula-
tion are compared with the effects of a general indicator of maternal input, which 
covers aspects that have been shown to be relevant for children’s early language 
acquisition. Compared to cognitive stimulation, this indicator includes more quanti-
tative linguistic aspects, such as the amount of verbal expressions and the length of 
maternal utterances. 

2 Theoretical background 

2.1 Vocabulary development 

Vocabulary development is a complex challenge for children who have to accom-
plish various milestones in this regard in the frst years of their life. Overall, three 
different phases of vocabulary growth can be differentiated (Weinert and Grimm 
2018). In the frst phase, vocabulary growth is rather slow. Infants are already able 
to differentiate different features, such as stress patterns or word segments in the 
frst months of their life (e.g., Weber et al. 2004). However, they only begin to 
understand frst words at around 8 months of age, before expanding their receptive 
vocabulary up to approximately 200 words at around 18 months of age (Grimm 
and Weinert 2002). At the same age, the second phase of vocabulary growth starts, 
with word learning accelerating signifcantly, resulting in a rapid increase in chil-
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dren’s vocabulary (Hoff 2008). From the second to third year of life, the third 
phase follows, as children expand their comprehension and production of varied 
sentences of increasing length. From understanding short, simple sentences during 
their second year of life, children expand their knowledge, with them understanding 
longer and increasingly more complex sentences when they are about 3 years old 
(Bockmann et al. 2020). Furthermore, their growing grammatical knowledge and 
understanding of increasingly complex sentences support word acquisition, facili-
tating the acquisition of unknown verb meanings in particular (Gleitman 1990). In 
addition, children at this age learn to understand more abstract nonvisible entities 
or internal states. However, they still have problems understanding and using cog-
nitive internal state words such as may, guess, or  mean (Bretherton and Beeghly 
1982; Ebert  2011). Johnson and Maratsos (1977) showed that 4-year-olds begin to 
understand the words know and guess correctly. In general, understanding abstract 
nonvisible entities—including mental words—is a challenge throughout preschool 
years (Johnson and Wellman 1980; Moore et al. 1989; Papafragou et al. 2007). At 
the age of 4, children increasingly understand in-depth facts and tasks from their 
immediate environment as well as longer stories (Bockmann et al. 2020). 

Parallel to vocabulary acquisition, children extend their knowledge about cate-
gories and concepts as well as about the meanings and relations between different 
words and categories, which in turn is related to further vocabulary development 
(Borovsky and Elman 2006). More specifcally, children expand their conceptual 
knowledge by building hierarchically organized knowledge about different objects/ 
entities and their relationships (Murphy and Lassaline 1997), including taxonomic 
categories (Markman 1989). As their vocabulary increases, this conceptual knowl-
edge becomes increasingly specifc and broad, facilitating the learning of new word 
meanings (Weinert 2000, 2020). Overall, there is empirical evidence that the two do-
mains—vocabulary and conceptual knowledge—although separable in principle, are 
bidirectionally related and mutually benefcial (Borovsky and Elman 2006; Gopnick 
and Meltzoff 1987; Weinert  in press). 

In sum, the empirical literature shows that there is a general pattern of vocabulary 
development across early childhood. After children have learned their frst words, 
there is a rapid increase in their repertoire of vocabulary with a spurt at the age 
of about 18 months, after which general vocabulary growth slows down (Weinert 
and Grimm 2018). This pattern has been empirically confrmed, in particular by 
longitudinal studies. For example, Rowe et al. (2012) showed that the initial in-
creasing vocabulary growth rate is followed by a deceleration of general vocabulary 
growth. These results are in line with other recent longitudinal studies which have 
demonstrated similar patterns of progression using latent growth curve modeling 
(Farkas and Beron 2004; MacLeod et al. 2018). Despite these generalized patterns 
of vocabulary development, vocabulary growth can vary substantially (Bates et al. 
1994; Fenson  et  al.  1994). Therefore, one of the main goals in this feld of research 
is to identify relevant factors and their impact on vocabulary development. 
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2.2 Variability of vocabulary growth 

Vocabulary development has a trajectory which is affected by numerous factors 
(Bornstein et al. 1998; Ebert et al. 2013; Hoff  2008) including internal child char-
acteristics and external environmental infuences (Aktas 2020). 

One of the most important child characteristics affecting vocabulary growth is 
the individually different capacity of phonological working memory. More precisely, 
phonological working memory is important for correctly storing sound sequences, 
which is relevant for learning new words (Baddeley et al. 1998). The association 
between phonological working memory and vocabulary has already been empiri-
cally demonstrated (see Gathercole 2006, for an overview). In particular, longitudi-
nal studies support the relational direction between phonological working memory 
and vocabulary development. For example, Gathercole et al. (1992) demonstrated 
a unidirectional cross-lagged association between phonological working memory 
and vocabulary acquisition in children between 4 and 5 years of age. This result is 
in line with other longitudinal studies that used latent growth curve modeling and 
showed a positive association between phonological memory and a latent growth 
factor, particularly in the earlier phases of vocabulary development (Ebert et al. 
2013; Weinert et al. 2012). 

Gender is another child characteristic that is related to vocabulary development. 
Some studies have shown that girls are slightly more advanced in their development 
than boys of the same age (Bornstein et al. 2004; Huttenlocher et al. 1991; Zhang 
et al. 2008). However, these effects are not consistent (Klann-Delius 1981). 

In addition to child characteristics, environmental factors play a major role in vo-
cabulary development. In this view, the bioecological model of development (Bron-
fenbrenner and Morris 2006) assumes that the home learning environment is an 
especially important factor for child development. Furthermore, structural charac-
teristics of the family, such as parental education or family income, have an impact 
on the home learning environment (Kluczniok et al. 2013) which, in turn, is as-
sociated with child development. Thus, there is substantial empirical evidence that 
the socioeconomic status (SES) of a family is signifcantly associated with child 
vocabulary development (Hoff 2006; Schneider and Linberg 2022; Vasilyeva and 
Waterfall 2011). The majority of studies have shown that children from families 
with lower socioeconomic backgrounds show slower rates of language development 
than children from higher socioeconomic strata (Arriaga et al. 1998; Hart and  Ris-
ley 1995; Weinert et al. 2012). The main mechanism that is assumed to mediate the 
association between SES and vocabulary growth is language input by more highly 
educated mothers. According to this, mothers with a higher SES use a more ex-
tensive lexical repertoire in their language, which is associated with better child 
vocabulary development (Hoff 2003). 

Furthermore, bilingualism is another factor that contributes to children’s vocab-
ulary development (Byers-Heinlein and Fennell 2014). For children learning more 
than one language, researchers have found less advanced vocabulary in each of the 
languages compared to children growing up monolingually (Bialystok et al. 2010; 
Fennell et al. 2007). These differences in majority language development have also 
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been confrmed by longitudinal studies (Ebert et al. 2013; Mancilla-Martinez and 
Lesaux 2011; Weinert and Ebert 2013). 

With respect to external factors, the language input to which a child is exposed is 
considered to be one of the most important factors that has a lasting effect on child 
vocabulary development. In this vein, various properties of maternal language input 
and how they are associated with child vocabulary development have been examined 
(see Hoff 2006 for an review). For example, studies have shown that a higher quantity 
of maternal speech (Hart and Risley 1995; Huttenlocher et al. 1991), longer maternal 
utterances (Hoff and Naigles 2002; Huttenlocher et al. 2002), a higher lexical diver-
sity (Pan et al. 2005), or more sophisticated maternal speech (Weizman and Snow 
2001) are positively associated with child vocabulary development. In addition to 
these linguistic properties of maternal speech, social-communicative aspects of ma-
ternal speech are positively correlated with child vocabulary development (Hoff and 
Naigles 2002). Accordingly, responsive maternal behavior (Tamis-LeMonda et al. 
2001), contiguous and contingent maternal behavior (Tamis-LeMonda et al. 2014) 
or joint attention (Carpenter et al. 1998) are factors that are associated with and 
predictive for child vocabulary development. 

Overall, there are many different internal and external variables that have a sig-
nifcant impact on vocabulary development. However, maternal language input rep-
resents a particularly important factor for further child development. For this reason, 
the present study concentrates on cognitively stimulating maternal language as a pre-
dictor for vocabulary growth. 

2.3 This study 

One characteristic of maternal input that has received less attention in previous 
research is the cognitive component of maternal linguistic stimulation as a predictor 
for vocabulary development. Cognitive linguistic stimulation includes, for example, 
distancing language which has  been  shown to be  a  positive factor for a child’s 
cognitive development (Sigel 2002; Sigel et al. 1980). This form of distancing 
language includes statements and questions that challenge children to shift from 
a concrete situation to a more abstract conception. One example of such cognitively 
stimulating language is the use of open wh-questions which, in contrast to closed 
yes- or no-questions, challenge children to recall, organize, and express information, 
fostering the development of representational thoughts, which underpin vocabulary 
development (Seidl et al. 2003; Sigel  2002). In the literature, some studies have 
demonstrated positive effects of wh-questions on vocabulary development (Hoff-
Ginsberg 1985; Rowe et  al.  2017). Similarly, exposing children to alternative point 
of views can help them to build mental representations as they are encouraged to 
think about and compare different scenarios or situations (Heath 1982). Another 
form of cognitively stimulating language is mental state language, which contains 
words for describing thoughts, desires, feelings, and beliefs, such as mean, think, 
or believe (Bartsch and Wellman 1995). Furthermore, decontextualized language is 
also characterized by longer utterances and a more complex syntax (Curenton and 
Justice 2004). 
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Although there are already some studies that have researched the association 
between stimulating interaction behavior and vocabulary development, there are 
very few studies that have investigated vocabulary growth longitudinally using latent 
growth curve modeling (e.g., Ebert et al. 2013; Weinert et al. 2012). Interestingly, 
only positive associations have been found between the quality of stimulation and 
the latent intercept, but not with the latent growth factor. 

Rather than examining cognitive-verbal stimulation behavior, the majority of pre-
vious studies have used linguistic quantity measures of maternal input such as the 
mean length or number of utterances (e.g., Hoff 2003; Hoff and Naigles 2002) 
and/or the number of different word types (e.g., Huttenlocher et al. 1991). Some 
studies have found that quantitative measurements are positively associated with 
a child’s language and, particularly, grammar acquisition (Huttenlocher et al. 2010), 
whereas cognitive stimulation has been found to be only associated with vocab-
ulary development and not with grammar acquisition (Anderka 2018; Lehrl et al. 
2012). Furthermore, Rowe (2015) proposed that greater attention should be paid 
to examining the qualitative properties of maternal language, going beyond quanti-
tative measures of input to gain more knowledge about vocabulary acquisition. In 
the same vein, Huttenlocher et al. (2010) argued that quantitative measures cannot 
distinguish between whether the same elements are used repeatedly or whether dif-
ferent elements are used. Rowe (2015) also stated that outcomes are best predicted 
by examining quality measures of maternal input and controlling for quantity prop-
erties. Therefore, this study examines both aspects: qualitative aspects, in particular 
cognitive language stimulation, and quantitative aspects of maternal input. 

The main aim of the study was to investigate the infuence of a particularly cog-
nitively stimulating language on vocabulary development. In contrast to previous 
research, we a) used a broader latent construct to measure cognitively stimulating 
language, b) controlled for other relevant internal child characteristics and external 
environmental factors, c) used a nationally representative sample of German chil-
dren, and d) implemented latent growth curve modeling to investigate vocabulary 
growth in children aged between 3 and 7 years. We hypothesized that a higher 
level of maternal cognitively stimulating language input for 2-year-olds would be 
positively associated with later vocabulary growth. 

The second aim of the study was to compare the effect of cognitively stimulating 
language with a more standard measurement of quantity and quality of maternal 
input on vocabulary development in order to identify specifc effects of cognitive 
language predictors. 

3 Method  

3.1 Sample and procedure 

The present study used data from the Newborn Cohort Study of the German National 
Educational Panel Study (NEPS; Weinert et al. 2016). It examined data from four 
different waves of the study which included measures of child vocabulary in the 
assessments. At the frst measurement time point used in the present study, the 
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children were 26 months old (T1); at the second measurement time point considered 
in the analyses, the children were 38 months old (T2); at the third measurement time 
point, they were 5 years old (T3); at the last measurement time point considered 
in the present analyses, the children were 7 years old (T4). To assess maternal 
cognitive stimulation behavior, we used data from mother-child interaction that took 
place at the frst measurement time point when the children were 2 years of age. To 
investigate vocabulary growth, we analyzed the data from T2–T4, i.e., for children 
aged 3 to 7 years, using latent growth curve modeling. 

As part of the Newborn Cohort Study of the NEPS, when the children were 
26 months old (T1), mother-child interaction was videotaped for 10min during 
a semi-standardized toy play situation in their homes (Linberg et al. 2019) where  
mothers were instructed to play as naturally as possible with their child. In addition, 
in each wave of the Newborn Cohort Study of the NEPS, the mothers participated 
in an interview where demographic data and other relevant variables were collected. 
To measure receptive vocabulary, the German version of the Peabody Picture Vo-
cabulary Test was administered at the ages of 3 (T2), 5 (T3), and 7 years (T4) at 
home. 

Overall, we included N= 1127 families in the analysis. For each of the families 
complete data were available on the mother-child interaction at the age of 2 years and 
child vocabulary outcome measures at the age of 3 years. Families were excluded if 
the children achieved fewer than fve points in the PPVT to ensure that only children 
who understood the task correctly were included in the analysis. We chose fve as 
the cut-off value because all children who scored less than fve had answered too 
many items incorrectly on the frst set of pictures and thus the test was terminated 
early. Moreover, we only analyzed the data of mothers and their children, as the 
number of fathers in the sample was very small. 

3.2 Measures 

3.2.1 Dependent variable 

To measure the children’s receptive vocabulary, a German version of the Peabody 
Picture Vocabulary Test was administered (see Lenhard et al. 2015 for the German 
adaptation of the PPVT-4). The PPVT is a commonly used measure of receptive 
vocabulary where children hear a word and are asked to point to the picture (out 
of four options) that matches the word they heard. The test contains a maximum of 
228 items (19 sets of 12 items) which become increasingly diffcult. If the children 
answer too many items within a set incorrectly, the test is terminated prematurely. 
The test was carried out on tablet computers at home. The internal consistency of 
the German adaptation of the PPVT-4 was 0.97 (Lenhard et al. 2015). 

3.2.2 Independent variables 

To assess maternal interaction behavior, trained raters watched the videos and coded 
different aspects of maternal and child behavior using a micro-analytic coding 
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procedure1. To perform the micro-analytic coding, the 10-minute videos were split 
into 40 intervals of 15 s. For each of the 40 sequences, the coders were asked to rate 
different items, leading to a repeated measurement design. To calculate the interrater 
reliability of the micro-analytic coding, a second rater coded 10% of all videos. The 
weighted percentages of interrater agreement for maternal interaction behavior were 
high (ranging between 82.3% and 97.1%). 

To create indicators for maternal stimulation behavior, we used a two-step ap-
proach. In the frst step, we calculated frequency indicators for each behavior, taking 
into account the repeated measurement design of the micro-analytic coding system. 
For this purpose, we calculated the share of sequences out of all valid intervals 
in which a certain behavior was shown (e.g., the mother asking why-questions or 
not). The resulting value of these indicators ranged between 0 (indicating that a cer-
tain behavior was shown in 0% of all intervals) and 1 (indicating that a certain 
behavior was shown in 100% of the intervals). Then, in a second step, we used 
these frequency indicators and confrmatory factor analyses to identify appropriate 
measurement models. 

To measure maternal cognitive stimulation (see Table 1), specifc levels of the 
following items were used: level of abstraction, sense-making words, alternative 
viewpoints, kind of questions asked, and hypotheses/speculations. The Quantity and 
quality of maternal language input was measured based on the amount of verbal 
expression, level of sentence complexity, kind of questions asked, and level of 
abstraction. Here, it must be noted that the items “level of abstraction” and “kind 

Table 1 Coding and Defnitions for all Items of Cognitive Stimulation 

Item Coding (binary) Defnition 

Level of 
abstraction 

Making-
sense words 

Offering 
alternative 
viewpoints 

Kind of 
asked ques-
tions 

Hypotheses/ 
Assumptions 

0= no verbal expression or 
marginally abstract 
1= somewhat abstract or 
very abstract 

0= no making-sense words 
1= at least one making 
sense-word 

0= no alternative viewpoints 
1= at least one offer of an 
alternative viewpoint 

0= closed questions (yes/no 
or one-word answers) 
1= open-ended questions 

0= no hypotheses/ 
speculations 
1= hypotheses/speculations 

The mother includes not visible characteristics of ob-
jects and not visible objects. She refers strongly to 
objects which are not present but imagined, to con-
cepts which are not situation related and to the past or 
future (beyond the game situation) 

The mother’s utterances contain at least one word that 
articulates thoughts, opinions, or beliefs 

The mother encourages the child to think about alter-
native points of view, to adopt a different perspective, 
or asks the child to form their own hypotheses 

The mother asks a question that allows a large number 
of (mostly longer) answers (this type of question often 
suggests more than one sentence as an answer and 
leaves room for creative suggestions) 

The mother expresses at least one own hypothesis/ 
assumption. Compared to a description there is un-
certainty, or the statement can be recognized as the 
mother’s opinion 

1 While the NEPS coding used a macro-analytic coding system (see Linberg et al. 2019), the micro-cod-
ing was conducted in the project ViVA (Video-Based Validity Analyses of Measures of Early Childhood 
Competencies and Home Learning Environment) funded by the German Research Foundation (grant to 
S. Weinert). 
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Table 2 Coding and Defnitions for all Items of Quantity and Quality of Maternal Language Input 

Item Coding (binary) Defnition 

Amount 
of verbal 
expressions 

Level of 
complexity 

Kind of 
questions 
asked 

Level of 
abstraction 

0= few verbal expres-
sions 
1= some or many ex-
pressions 

0=  simple  
1= moderate or com-
plex 

0= yes/no questions 
1= more open or open-
ended questions 

0= no verbal expression 
or marginally abstract 
1= somewhat abstract 
or 
very abstract 

Some: The mother speaks repeatedly or for several seconds 
Many: The mother speaks noticeably a lot, more than half 
of the observed interval. She speaks in at least 7 of the 15s 

Moderate: The mother uses comprehensible sentences with 
few subordinate clauses and only short nominal phrases 
Complex: The mother uses longer, more complex sentences 
with several subordinate clauses, long nominal phrases 

The mother asks a question that cannot be answered by 
yes/no but affords at least a short answer or allows for 
longer answers 

The mother includes not visible characteristics of objects 
and not visible objects. She refers strongly to objects which 
are not present but imagined, to concepts which are not 
situation related and to the past or future (beyond the game 
situation) 

of questions asked” were used for both latent indicators. However, for the quantity 
and quality of maternal language, we used a different binary coding for the item 
“kind of questions asked” (yes/no questions, others) than for cognitive stimulation 
(closed, open questions; see Tables 1 and 2). We used the same items for both latent 
indicators because these items represent important aspects for both latent indicators. 
For example, the level of abstraction or distancing is often used to characterize, 
in particular, the quality of maternal language input in mother-child interaction 
situations. In addition, the level of abstraction is important for measuring cognitive 
stimulation since more abstract language characterizes a higher level of cognitive 
stimulation. However, it should be noted that this is conservative with respect to 
our hypothesis as we expected the two indicators to have different effects on child 
vocabulary development. Tables 1 and 2 show all items and corresponding levels 
that were used for the latent indicators “cognitive stimulation” and the “quantity and 
quality” of maternal language. 

3.2.3 Control variables 

As control variables, we considered various internal child characteristics and ex-
ternal environmental factors because theses variables are typically associated with 
vocabulary growth. 

Age and gender We controlled for the gender of the child and the age (in days) 
when the children were about 2 years old (T1). 

Initial vocabulary level To control for the initial vocabulary level of the children 
at the age of 2 years, i.e., before the PPVT was assessed for the frst time, we used 
the ELFRA2 (Grimm and Doil 2006), a validated well-known language check-list. 
For the present study, we used the subscale vocabulary which contains a German 
vocabulary checklist of 260 words and phrases which the parent flls out. The raw 
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scores of the sum score of this checklist were z-standardized to obtain a stable 
measure. 

Phonological working memory The children’s phonological working memory 
was measured using the digit span task which was adapted from the German version 
of the “Kaufman Assessment Battery for Children” (Melchers and Preuß 2009). 
The digit span task measures the child’s ability to immediately reproduce a verbally 
presented sequence of digits in the correct order. The task consists of two learning 
items at the beginning, where children receive brief feedback, and 13 test items. 
Overall, there are fve sets, each consisting of three items. In the frst set, the items 
contain two digits; the number of digits increases by one digit per set (the last set 
contains six digits). Up to the third set, the test stops when all items within a set 
are answered incorrectly. After that, the test stops after one incorrect answer. As 
an indicator for phonological working memory, we used the number of correctly 
reproduced digit sequences (the maximum was 15). 

Maternal education Maternal education was measured using an adapted version 
of the international standard classifcation of education 1997 (ISCED; United Na-
tions Educational, Scientifc, and Cultural Organization (UNESCO), 2012) which  
ranges from 0= “no school leaving qualifcation” to 10= “PhD/Habilitation.” 

Table 3 Descriptive Statistics of all Study Variables 

Mean/% (SD) Minimum Maximum 

Child Language 

Vocabulary (ELFRA2) at 2 years 159.60 56.34 4 260 

Vocabulary (PPVT) at 3 years 58.04 21.27 5 118 

Vocabulary (PPVT) at 5 years 86.54 21.28 16 177 

Vocabulary (PPVT) at 7 years 94.16 19.22 42 173 

Maternal Stimulation Behavior (Frequency) – T1 (child age: 2 years) 

Level of abstraction 0.26 0.17 0.00 0.90 

Making-sense words 0.10 0.10 0.00 0.48 

Offering alternative viewpoints 0.02 0.04 0.00 0.30 

Kind of questions askeda 0.04 0.07 0.00 0.80 

Hypotheses/assumptions 0.05 0.05 0.00 0.40 

Kind of questions askedb 0.39 0.15 0.00 0.83 

Level of complexity 0.69 0.31 0.00 1.00 

Amount of verbal verbal expressions 0.85 0.15 0.00 1.00 

Controls 

Age children (T1, in days) 1170.27 27.00 1107 1259 

Gender: boys 51.3% – – – 

Working memory (age 3; T2) 3.47 2.33 0 10 

Maternal education 7.18 2.38 0 10 

Household income (log, in Euro) 8.21 0.46 5.70 9.62 

Bilingualism: only German 87.5% – – – 
a Yes/no or one-word answers vs. open-ended questions 
b Yes/no questions vs. more open or open-ended questions 
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Household income The income of each household served as another indicator 
for SES. Household income was log transformed to improve the distribution and 
skewness for the structural equation modeling. 

Bilingualism To capture bilingualism, we used information from the mother on 
whether their child was learning another native language other than German or 
whether their child was learning only German. 

The descriptive statistics for all study variables are presented in Table 3. 

3.3 Statistical analyses 

To analyze the effects of maternal cognitively stimulating behavior on vocabulary 
development, we conducted regression analyses via structural equation modeling 
using Mplus 8.4 (Muthén and Muthén 1998–2017). 

More specifcally, we used a three-step approach. In the frst step, we computed 
latent growth curve modeling using three measurement points (T2–T4) to identify 
an appropriate growth curve model for vocabulary growth. In the second step, we 
examined the effects of the control variables on the latent intercept and slope factors 
of vocabulary growth. Finally, we specifed two separate models which included the 
latent variables “cognitive stimulation” and “quantity and quality” in the analysis to 
examine the specifc effects of maternal stimulation behavior on vocabulary growth. 

The models were estimated using the robust maximum likelihood (MLR) method, 
which uses parameter estimates with standard errors and chi-square statistics that 
are robust to non-normality and non-independence of observations. The missing data 
were managed with a full-information maximum likelihood approach (FIML). We 
evaluated the model ft using the comparative ft index (CFI), root mean square error 
of approximation (RMSEA), and standardized root mean square residual (SRMR). 
We applied the conventional cut-off criteria proposed by Hu and Bentler (1999): 
0.95 or higher for CFI, 0.08 or lower for SRMR, and 0.06 or lower for RMSEA. 

4 Results  

Table 4 presents the correlation matrix with all relevant study variables. 

4.1 Modeling vocabulary growth 

To identify an appropriate measurement model for vocabulary growth, we used a set 
of different growth curve models. Table 5 presents the model ft indices of these 
models. In the frst model, we modeled a classical growth curve model with a linear 
change from T2 (when the children were 3 years old) to T4 (when the children were 
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Table 4 Correlations of all Study Variables 

Variables  1 2  3 4 5 6 7 8 9 10  11  

1 Age  – –  – – – – – – – – –  

2 Gender  –0.03  –  – – – – – – – – –  

3  Education  0.01  0.02  –  –  –  –  –  –  –  –  –  

4 Household 0.04  0.04  0.42*  –  –  –  –  –  –  –  –  
income 

5 Bilingualism –0.04 –0.06* 0.15* 0.08* – – – – – – – 

6 Working 0.07*  –0.04  0.08*  0.13*  –0.03  –  –  –  –  –  –  
Memory (T2) 

7 ELFRA 0.01 0.10* 0.18* 0.16* 0.01 0.56* – – – – – 
(age 2; T1) 

8 PPVT (age 3; 0.06 0.03 0.17* 0.17* 0.14* 0.26* 0.32* – – – – 
T2) 

9 PPVT (age 5; –0.02 –0.12* 0.21* 0.19* 0.18* 0.15* 0.22* 0.31* – – – 
T3) 

10 PPVT (age 7; –0.05 –0.19* 0.23* 0.19* 0.17* 0.17* 0.21* 0.32* 0.46* – – 
T4) 

11 Cognitive –0.02 –0.04 0.18* 0.17* 0.04 0.08 0.17* 0.12* 0.19* 0.13* – 
stimulation 
(T1) 

12 Quantity and 0.06 0.03 0.18* 0.22* 0.06 0.08 0.23* 0.19* 0.07 0.09* –0.60*a 

quality (T1) 

* p< 0.05. N= 1127. Gender: 0= female. 1=male. Bilingualism: 0= bilingual German, 1=monolingual 
German. Household income was logarithmized. Cognitive stimulation and quantity and quality were mod-
eled as latent variables 
a It should be noted, that we used one item that was exactly the same for both constructs. Moreover, we used 
two different and mutually exclusive codings of the item “Kind of questions asked” for both constructs. 

Table 5 Model Fit Indices for Latent Growth Curve Models for Vocabulary Growth 

Model χ2 Df p<  CFI RMSEA SRMR 

M1: Intercept, slope 228.761 5 0.00 0.292 0.199 0.128 

M2: Intercept, slope, quadratic factor 3.264 2 0.19 0.996 0.024 0.013 

M3: Freely estimated growth parameter 21.345 4 0.00 0.945 0.062 0.111 

7 years old). In Model 2, we added an additional latent quadratic factor2. Model 3 
consisted of a freely estimated shape of vocabulary growth. 

Of the three models, Model 2 showed the best model ft, followed by Model 3 
and Model 1. To test whether the differences in model ft were signifcant, we cal-
culated the Satorra-Bentler scaled χ2-difference test (Satorra and Bentler 2001). The 
χ2 test statistic of Model 2 was signifcantly better than for Model 3 (M2–M3: �χ2 
(2)= 8.07, p< 0.05). Therefore, we decided to use a latent growth curve model in-

2 It must be noted, that three measurement points are not enough to specify a latent growth curve model 
including latent linear slope and quadratic factors. Therefore, we added the age and gender of the child to 
the model and regressed both variables on the latent intercept and slope factors to calculate more model 
parameters. Otherwise, the model would be saturated and no model ft indices could be calculated in order 
to evaluate the model. 
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Fig. 1 Empirical Growth Plot for Vocabulary Growth. Development of vocabulary from three to seven 
years based on the PPVT. The blue line based on local trend analysis representing the average vocabulary 
development 

cluding a linear and a quadratic growth factor which also ftted the empirical data 
well (see Fig. 1 for the empirical growth plot). This model showed that vocab-
ulary growth was steeper between T2 (3 years) and T3 (5 years) before slowing 
down between the ages of 5 and 7 years (T4). Therefore, the model included an 
additional negative quadratic factor which decelerated the linear growth. The latent 
intercept and slope factors were allowed to correlate but did not show any signifcant 
correlation. 

4.2 Modeling of maternal input 

Before including the latent indicators of maternal interactional behavior as predictors 
for vocabulary growth in the analyses, we conducted confrmatory factor analyses 
to identify appropriate measurement models for the maternal interaction indicators. 
The model ft indices showed acceptable values for cognitive-verbal stimulation 
(CFI= 0.939; SRMR= 0.035; RMSEA= 0.060) and for the quantity and quality of 
maternal language (CFI= 0.948; SRMR= 0.029; RMSEA= 0.060). In addition, we 
tested whether a two-factor model ftted the data better than an alternative one-
factor model where all items loaded on only one factor. The results showed that 
a model with two factors (CFI= 0.927; SRMR=0.039; RMSEA= 0.065) ftted the 
data signifcantly better than the one-factor model (CFI= 0.820; SRMR= 0.056; 
RMSEA= 0.097). 
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Table 6 Standardized Regression Coeffcients for Vocabulary Growth (Model 4 and Model 5) 

Model 4a Model 5b 

Predictors Intercept Slope Intercept Slope 

Child characteristics 

Age of child at T2 0.065 (0.04) –0.185 (0.13) 0.066 (0.04) –0.192 (0.13) 

Gender –0.010 (0.04) –0.208 0.000 (0.04) –0.206 
(0.05)* (0.04)* 

Working memory 0.301 (0.06)* –0.351 0.294 (0.06)* –0.361 
(0.15)* (0.15)* 

Initial vocabulary level 0.444 (0.05)* –0.186 (0.15) 0.407 (0.05)* –0.207 (0.14) 
(ELFRA) 

Environmental characteristics 

Maternal education (ISCED) – – 0.103 (0.05)* 0.208 (0.15) 

Household income (log, in – – 0.097 (0.05) 0.129 (0.15) 
Euro) 

Bilingualism – – 0.203 (0.04)* 0.110 (0.13) 

R2= 0.360* R2= 0.278* R2= 0.436* R2= 0.355* 

n= 1127. Standard errors are shown in brackets 
* p< 0.05. Gender: 0= female, 1=male. Bilingualism: 0= bilingual German, 1=monolingual German 
a Model ft indices: CFI = 0.972, SRMR= 0.023, RMSEA= 0.055 
b Model ft indices: CFI = 0.971, SRMR = 0.019, RMSEA= 0.047 

4.3 Effects of control variables on vocabulary growth 

In order to examine the effects of maternal stimulation behavior on children’s vo-
cabulary growth, we conducted four different models. In Model 4, we regressed 
internal children characteristics as control variables on the latent intercept and slope 
factors. In Model 5, we added external environmental factors as control variables in 
the analysis. The results of these analyses are presented in Table 6. 

The results of Model 4 showed that the latent intercept at the age of 3 was signif-
cantly positively associated with the children’s phonological working memory at the 
age of 3 and the initial vocabulary level (ELFRA) one year earlier. Thus, children 
who performed better on the digit span task also had a more advanced vocabulary 
level. Similarly and as expected, children who had a higher vocabulary at the age of 
2 years also performed better on the PPVT when they were 3 years old. With respect 
to the latent slope factor, gender and working memory were signifcantly negatively 
correlated. In other words, children with a better working memory and boys showed 
a slower vocabulary growth between the ages of 3 and 7 years. In Model 5, mater-
nal education and bilingualism showed a signifcantly positive association with the 
intercept factor. That is, children whose mothers had a higher level of education and 
who only spoke German with them had a larger vocabulary at the age of 3 years. 
For the latent slope factor, there were no signifcant associations. 

4.4 Maternal stimulation as predictor for vocabulary growth 

Model 6 and Model 7 considered maternal cognitive-verbal stimulation behavior 
and the quantity and quality of maternal language input (see Table 7). The re-
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Table 7 Standardized Regression Coeffcients for Vocabulary Growth (Model 6 and Model 7) 

Model 6a Model 7b 

Predictors Intercept Slope Intercept Slope 

Child characteristics 

Age of child at T2 0.068 (0.04) –0.161 (0.12) 0.060 (0.04) –0.173 (0.12) 

Gender 0.027 (0.04) –0.379 (0.11)* 0.027 (0.04) –0.378 (0.11)* 

Working memory 0.294 (0.05)* –0.360 (0.13)* 0.295 (0.06)* –0.349 (0.14)* 

Initial vocabulary level 0.394 (0.05)* –0.199 (0.13) 0.375 (0.05)* –0.131 (0.14) 
(ELFRA) 

Environmental characteristics 

Maternal education (ISCED) 0.096 (0.05) 0.159 (0.13) 0.091 (0.05) 0.211 (0.14) 

Household income (log, in 0.090 (0.05) 0.087 (0.13) 0.076 (0.05) 0.165 (0.14) 
Euro) 

Bilingualism 0.202 (0.04)* 0.064 (0.12) 0.199 (0.04)* 0.094 (0.12) 

Maternal stimulation behavior 

Cognitive stimulation 0.049 (0.06) 0.344 (0.13)* – – 

Quantity and quality – – 0.140(0.06)* –0.228 (0.16) 

�R2= 0.073 �R2= 0.215 �R2= 0.105 �R2= 0.016 

R2= 0.433* R2= 0.492* R2= 0.452* R2= 0.460* 

n= 1127. Standard errors are shown in brackets 
* p< 0.05. Gender: 0= female, 1=male. Bilingualism: 0= bilingual German, 1=monolingual German 
a Model ft indices: CFI = 0.961, SRMR= 0.021, RMSEA= 0.030 
b Model ft indices: CFI = 0.957, SRMR = 0.021, RMSEA= 0.038 

sults indicated two interesting opposite associations. While a high level of cognitive 
stimulation was positively associated only with the latent slope, differences in the 
quantity and quality of maternal linguistic input were positively associated only 
with intercept for 3-year-olds. This means that 2-year-old children who had been 
exposed to comparatively more cognitive-verbal stimulation at the age of 2 years 
(T1) did not signifcantly differ regarding their vocabulary development at the age 
of 3 (T2), but showed faster vocabulary growth between the ages of 3 (T2) and 
7 years (T4). In contrast, children who were more frequently exposed to compara-
tively more complex maternal language input (T1) showed an advanced repertoire 
of vocabulary one year later (T2; controlling for earlier vocabulary status), but their 
overall vocabulary growth over the next fve years (T3–T4) was not affected by 
this indicator. The model ft indices indicated an acceptable model ft for all four 
models. In both models the effect of maternal education lost its signifcance when 
the characteristics of maternal interaction behavior were included in the model. Ad-
ditional path analyses revealed a signifcant indirect effect of maternal education 
via the quantity and quality of maternal input on the latent intercept of vocabulary 
development (Β = 0.120; SE= 0.60; p< 0.05) but no signifcant indirect effects via 
cognitive stimulation (Β = 0.100; SE= 0.55; p> 0.05). 

As a robustness check, we also calculated the models without working memory 
to control for possible suppression effects as well as for monolingual children only 
(i.e., without considering bilingual children). All effects remained stable in these 
analyses (see supplement). 
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5 Discussion 

This study examined the relation between the cognitive-verbally stimulating inter-
action behavior of mothers with their 2-years-old children and the children’s vocab-
ulary development from preschool until school age, controlling for other relevant 
internal child characteristics and external environmental factors. The main fnding 
was that a comparatively high level of cognitive stimulation was positively related 
to the latent slope factor of the growth curve model. This underlined the impor-
tance of cognitively stimulating maternal interaction behavior and language input 
for vocabulary development, beyond pure quantitative characteristics. In contrast, 
the more quantitative characteristics of maternal language input were associated 
with the intercept for 3-year-olds, even when controlling for child vocabulary at the 
age of 2 years. In the following, we will discuss the results of the control variables 
with respect to vocabulary development. Subsequently, the effects of the different 
predictors of maternal stimulation behavior regarding vocabulary growth will be 
discussed. 

5.1 Effects of internal and external characteristics on vocabulary growth 

In addition to maternal interaction behavior, we controlled for other relevant in-
ternal child characteristics as well as external environmental factors as predictors 
for vocabulary growth. The results showed some expected but also some differen-
tial associations with respect to the intercept and slope factors of the growth curve 
model. 

First, gender was signifcantly associated with the latent slope factor. Boys had 
a slower vocabulary growth than girls between the ages of 3 and 7 years, which is 
in line with previous fndings (Huttenlocher et al. 1991; Zhang et al. 2008). In the 
literature, various biological, psychological, and social mechanisms are discussed 
(see Bornstein et al. 2004, for an overview). One possible biological explanation is 
that girls generally mature faster than boys, and faster neurological development has 
a positive effect on language development (Waber 1976). However, we only found 
a signifcant association between gender and the slope factor, but not with the in-
tercept, which undermines the biological explanation. Another potential mechanism 
is the way in which parents talk to their children. There is empirical evidence that 
parents talk more to girls and in a more conducive way than they do to boys (see 
Leaper et al. 1998, for a meta-analysis). However, the effects between gender and 
slope remained stable when we included the indicators for the quantity and cognitive 
stimulation of maternal input in the analyses. Based on our study, gender does not 
appear to be relevant for vocabulary until the later years of early childhood, when 
children are in preschool and start school. Thus, it might be possible that gender 
differences in vocabulary development are related to different conversation and inter-
action styles with peers, parents, and teachers. In this vein, Bornstein et al. (2004) 
hypothesized that girls are more verbal because they identify more with female 
stereotypes, which results in them engaging in more conversations and developing 
a better vocabulary. Nevertheless, more data and analyses are needed to gain a better 
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understanding of which mechanisms cause gender differences regarding vocabulary 
development. 

Second, phonological working memory showed two interesting but opposite re-
sults. It was signifcantly positively associated with the intercept and signifcantly 
negatively associated with the slope factor. As expected and in agreement with pre-
vious fndings, a better phonological working memory performance at the age of 
3 years was associated with a larger vocabulary when the children were 3 years 
old, even when controlling for earlier vocabulary status (Ebert et al. 2013; Weinert  
et al. 2012). However, contrary to other studies and against our expectations, chil-
dren with a better phonological working memory showed slower vocabulary growth 
between the ages of 3 and 7 years. It should be noted, however, that across all 
measurement points and ages phonological working memory and vocabulary sta-
tus were positively associated. This association was particularly pronounced at the 
earlier ages. A potential explanation for the rather counterintuitive negative asso-
ciation found with the growth factor could be that children with a comparatively 
better phonological working memory reach their fastest vocabulary growth rate ear-
lier and, after that, expand their vocabulary less quickly. In fact, the results show 
that the intercept and slope factor are negatively related; however, the relationship 
is not signifcant, weakening this explanation. In general, the fndings underline the 
importance of working memory for vocabulary acquisition, especially in the earlier 
phases of vocabulary development, which supports previous fndings (Gathercole 
et al. 1992; Weinert et al. 2012). As the negative effect of working memory could 
also indicate a suppression effect within the analyses, all analyses were also con-
ducted without including the children’s working memory performance. Overall, all 
other results remained robust. 

Third, concerning bilingualism, the results indicate that monolingual German-
speaking 3-year-old children have a larger vocabulary than bilingual children, which 
is consistent with earlier fndings (Ebert et al. 2013; Weinert and Ebert 2013). 
However, we found no signifcant differences between monolingual and bilingual 
children in terms of vocabulary growth from preschool to school age. As some older 
studies found an increasing gap (Ebert et al. 2013), this could be due to a better 
quality of language promotion in preschool. However, it is not possible to specifcally 
test this assumption with our data. 

Fourth, children whose mothers had a higher education showed a greater vocab-
ulary level when the children were 3 years old. These disparities did not seem to 
change signifcantly as there was no effect of maternal education on vocabulary 
growth in the following years. This fnding is consistent with other studies that have 
shown the same pattern for maternal education and vocabulary development (Ebert 
et al. 2013). Therefore, maternal education seems to be particularly relevant for 
the earlier stages of vocabulary development. Interestingly and in accordance with 
family investment models, the effects of maternal education lost its signifcance 
when the characteristics of maternal verbal input and maternal interaction behavior 
were included in the model. This indicated a potential mediation effect; i.e., higher 
maternal education is associated with a more stimulating home-learning and richer 
linguistic environment for children, which, in turn, has a positive effect on vocab-
ulary. This mechanism has already been empirically documented by several other 
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studies (Hoff 2003) and is supported by the results of the present study. In contrast 
to maternal education, there were no signifcant effects for household income, which 
is another SES-related variable with regard to vocabulary growth. This result sup-
ports some previous studies that have shown that maternal education is particularly 
predictive for child development (see Bradley and Corwyn 2002, for  a  review).  

5.2 Effects of specifc aspects of maternal input on vocabulary growth 

The main aim of this study was to examine the association between cognitive stim-
ulation and children’s vocabulary growth and to compare these effects with a more 
standard measurement of the quantity and quality of maternal language input which 
focuses more on general linguistic properties. 

The results show two interesting but opposite effects for ‘cognitive stimulation’ 
and the ‘quantity and quality’ of maternal input. Whereas cognitive stimulation 
was associated only with the slope factor but not with the intercept, the pattern of 
the fndings was reversed for the quantity and quality of maternal language input. 
To acquire a better understanding of this fnding, it is important to know how the 
PPVT is structured. The test contains a maximum of 228 items which become 
increasingly diffcult. At the beginning, the words are relatively simple: nouns and 
verbs that occur frequently in children’s everyday lives and that are associated in 
particular with visible objects or actions, such as paint or ball. Subsequently, the 
words become more abstract and increasingly refer to mental states such as confused 
or surprised. In addition, the nouns become more and more specifc. Initially, general 
superordinate category labels are presented, such as body. Later items refer to more 
specifc aspects, such as ankle. Finally, more diffcult items include words that are 
especially used in the context of adult everyday life, such as to apply for a job or 
to arrest. Hence, advanced cognitive skills and extended conceptual knowledge are 
necessary to correctly solve more diffcult items. 

The results also demonstrate that exposure to a high amount of verbal expressions 
as well as a certain level of abstraction and complexity of maternal input have 
a positive effect on vocabulary development when children are 3 years old. This 
holds true even when controlling for vocabulary at the age of 2 years and is in 
line with many previous studies which have also shown that a higher quantity and 
higher lexical diversity are positively related to children’s vocabulary development 
(Hoff and Naigles 2002; Huttenlocher et al. 1991; Pan et al. 2005). The majority of 
these studies particularly examined the early stages of vocabulary development in 
rather young children. The present study considered vocabulary development beyond 
these stages and did not fnd a relationship between the indicator for the quantity 
and quality of maternal input for 2-year-old children and vocabulary growth between 
the ages of 3 and 7 years. This suggests that the relevant interaction behavior that 
promotes children’s vocabulary development changes as children develop, with the 
amount and length of utterances being particularly relevant for fostering children’s 
acquisition of words describing less abstract, visible entities. This effect seems to 
be less relevant for the acquisition of more abstract words. 

In contrast, a higher level of maternal cognitively stimulating behavior was not 
related to the initial level of vocabulary when the children were 3 years old (con-
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trolling for vocabulary at the age of 2 years), but was a signifcant predictor for 
further vocabulary growth. This fnding suggests that cognitive stimulation particu-
larly facilitates the learning of more abstract words and specifc words that are more 
relevant for later general vocabulary growth. That assumption is also supported by 
other fndings suggesting a link between vocabulary development and cognitive de-
velopment (Bowerman and Levinson 2001). Open wh-questions and exposure to 
alternative perspectives might challenge children to explore their environment more 
and to build associations between objects, actions, and, for example, mental states, 
resulting in more elaborate conceptual knowledge and more sophisticated word 
meanings (Weinert 2000). In addition, there are other—possibly related—potential 
mechanisms linking cognitive stimulation and vocabulary. It is possible that mothers 
who are more cognitively stimulating use rare words more often, which may have 
a positive effect on later vocabulary growth. Furthermore, it is also possible that 
conversations with a higher level of cognitive stimulation, including open-ended 
questions or hypotheses, are also more interactive and lead to more pronounced 
dialogues, which are associated with better cognitive linguistic development (Sigel 
2002). Thus, it is also conceivable that children learn to hold a more constructive 
dialogue, which could have a positive effect on their vocabulary in preschool years. 
It should be noted that these effects cannot be attributed to a suppressor effect of 
the control variables, as shown by the reported robustness checks. 

5.3 Implications 

The results of the present large-scale study carry several theoretical and practical 
implications. Overall, they underline the specifcity principle, according to which 
specifc experiences affect specifc outcomes at specifc times in specifc individu-
als (Bornstein 2017). Vocabulary development is a complex and multidimensional 
process, with specifc aspects of maternal interaction behavior and linguistic input 
assuming an important role at different stages of vocabulary development. While 
general quantitative and qualitative aspects of maternal input matter more in the 
early stages of child vocabulary development, the importance of cognitive stimula-
tion seems to increase in the later stages of development. Thus, it seems to be positive 
for later vocabulary development when a child is exposed to cognitively challenging 
open-ended questions, alternative viewpoints, and especially mental terms such as 
think or mean. 

Moreover, the results show that this challenging stimulating behavior by moth-
ers, which affects later development, is not detrimental to early child vocabulary 
development. Such behavior is not associated with the early stage of vocabulary 
development, implying that it does not impede early learning. It should be noted, 
however, that other factors might be relevant for children’s early grammar acquisition 
(Weinert and Ebert 2017). 

Furthermore, it would be interesting to investigate whether the positive association 
between maternal cognitively stimulating language and later receptive vocabulary 
development is also evident for productive vocabulary development (e.g., Conway 
et al. 2017). Previous studies have found a moderate to high correlation between re-
ceptive and productive vocabulary development at preschool age; we would therefore 
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expect similar effects. However, more research is needed to support this hypothe-
sis, as no information on productive vocabulary development was collected in the 
present study. 

5.4 Limitations and conclusion 

This study also has some noteworthy limitations. First, to measure maternal inter-
action behavior the mothers were instructed to play with their child as naturally as 
possible. However, it is not clear whether videotaped interaction behavior is a re-
liable measurement of normal maternal behavior in everyday life or whether the 
camera infuenced their behavior. Second, we only had information on mother-child 
interaction when the children were 2 years old. Further measurements of mother-
child interactions, especially in preschool years, would generate more information 
about how interaction behavior changes and affects vocabulary development. Third, 
the variance of maternal education was relatively limited in our sample, and the 
mean level was high. A sample that is characterized by a lower SES level might 
provide more information on how SES, in particular maternal education, and vo-
cabulary development are related. Fourth, previous studies have shown potential 
bidirectional associations between maternal interaction behavior and child language 
(Mimeau et al. 2020; Song et al. 2014), which we considered by controlling for child 
vocabulary at the age of 2 years. Future research should also explicitly address the 
possible effects of children’s language on later maternal interaction behavior which, 
in turn, also affects children’s further vocabulary development. 

In sum, the fndings demonstrate differentiated effects of specifc aspects of ma-
ternal interaction behavior with respect to children’s vocabulary development. While 
general aspects of maternal interaction behavior, such as the quantity and complexity 
of linguistic stimulation, are relevant in the earlier stages of vocabulary development, 
cognitively stimulating language input, as a more specifc aspect of maternal input, 
is an important predictor in later stages of vocabulary development. More research 
is needed to better understand the mechanisms between cognitive stimulation and 
vocabulary growth in preschool years. Therefore, other relevant variables, such as 
the interactions of children with their peers, parents, and teachers, should also be 
considered. 
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