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Abstract
Mean Length ofUtterance (MLU) has beenwidely used tomeasure children’s early language
development in a variety of languages. This study investigates the utility of MLU tomeasure
language development in four agglutinative and morphologically complex Southern Bantu
languages. Using a variant of MLU, MLU3, based on the three longest sentences children
produced, we analysed the utterances of 448 toddlers (16-32 months) collected using the
MacArthur-Bates Communicative Development Inventory, a parent-report tool. MLU3,
measured in words (MLU3-w) and morphemes (MLU3-m), significantly correlated with
age and other indices of language growth (e.g., grammar and vocabulary). MLU3 measures
also accounted for significant variance in language development particularmorphosyntactic
development. Our results suggest that MLU3-m is a more sensitive measure thanMLU3-w.
We conclude thatMLUmeasured inmorphemes provides a useful addition to other indices
of language development in these kinds of morphologically complex languages.

Keywords: Mean length of utterance; Southern Bantu languages; child language development

Introduction

One widely used way of measuring early language development is to determine the mean
length of children’s utterances (MLU) (R. Brown, 1973; Nice, 1925). MLU is determined
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by counting either words (MLU-w) or morphemes (MLU-m) in a sample of spontaneous
recorded utterances (typically 100 per child) and dividing the total words or morphemes
by the number of utterances (R. Brown, 1973; Oosthuizen & Southwood, 2009). For
example, an utterance such as ‘I kicked the ball’ can be counted as either 4 words or
5 morphemes where ‘kicked’ consists of two morphemes.

As children’s utterance length in natural interactions varies considerably, calculating
an MLU that is representative of a child’s language development requires a sufficient
number of utterances. Smaller sample sizes may not accurately reflect children’s MLU
(Oosthuizen & Southwood, 2009). Gavin and Giles (1996) found that a minimum of
175 utterances was necessary for high test-retest reliability, whereas R. Brown (1973)
recommended that MLU calculations be based on a sample size of 50-100 utterances.
However, he also used the longest utterance produced as an additional measure to
determine a child’s grammatical development.

Following R. Brown (1973), children’s longest utterances have been used as an
alternative method for measuring grammatical development to avoid lengthy analyses
required with large numbers of utterances in spontaneous samples. This way of measur-
ing children’s development, commonly referred to as MSL (Mean Sentence Length) or
MLU3 (the term we use in this paper)2, has been used in parent report tools on child
language development such as the MacArthur-Bates Communicative Development
Inventory (MB-CDI; see Fenson et al., 1993 for the original American English MB-CDI).
The MB-CDI asks parents to report on their children’s lexical production and grammat-
ical development and to provide the three longest sentences produced by their children in
the past week (Fenson et al., 1994).

AlthoughMLU has been a widely used proxymeasure for child language development
in both research and clinical settings (Dethorne et al., 2005), questions have been raised
regarding the usefulness and use of MLU (see Ezeizabarrena & Garcia Fernandez, 2018;
Jackson-Maldonado & Conboy, 2007; Oosthuizen & Southwood, 2009): Is MLU an
accurate measure of language development? What exactly does it measure? Is it a general
measure of language development or does it measure a specific ability such as lexical or
morphosyntactic development? Does MLU measure the same features across typologi-
cally different languages? How should MLU be measured? Are words or morphemes
equally suitable units for measuringMLU or is onemore accurate than the other for all or
only some languages?

MLU seems to be a general measure of language development in languages such as
English, but in polysynthetic languages like Canadian Inuktitut, it appears to be primarily
a measure of morphosyntactic development (Allen & Dench, 2015). In many languages,
using words or morphemes to measure MLU appears to be equally valid, even among
languages that aremorphologically more complex and typologically distant from English,
such as Basque (Ezeizabarrena & Garcia Fernandez, 2018). However, in some synthetic
languages like Russian and agglutinative languages like Turkish, morpheme counts are
more accurate when calculating MLU (Ege, 2010; Tomas & Dorofeeva, 2019). There are,
however, many other typologically distinct andmorphologically complex languages, such
as Bantu languages, where these questions remain untested.

2The term MLU3 is used to distinguish it from MLU that is based on a large sample of spontaneous
utterances (usually between 50 to 175) and MLU2, a term introduced by Johnston (2001), that refers to a
spontaneous sample that excludes elliptical responses to questions, imitative utterances and single word
yes/no responses (Oosthuizen & Southwood, 2009).
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This paper addresses how best to measure language development in Bantu languages
which are morphologically complex, agglutinative and typologically distinct (having
noun class systems) from languages in previous studies of MLU. In this study, we focus
on typically developing monolingual children between 1;4 (years;months) and 2;8 speak-
ing four Southern Bantu languages: isiXhosa, Sesotho, Setswana and Xitsonga. Our aim is
to establish whetherMLU (specifically MLU3) can be used as a measure of early language
development in these languages and how best to calculate it. IsMLU3 a valid and practical
measure given that there are few clinical tools to assess language development in Bantu
languages? We also want to contribute to broadening knowledge of child language
development and the use of MLU by including studies on languages that are under-
represented in the child language literature (Kidd & Garcia, 2022).

This study uses MLU3 data comprising children’s longest utterances, collected using
MB-CDIs adapted for these four languages. These MB-CDIs are part of a project to adapt
the MB-CDI for all South Africa’s 11 spoken official languages (https://sa-cdi.org).
MB-CDIs have been developed for over 100 languages worldwide (https://md-cdi.stan
ford.edu). These parent report instruments have proved to be valid and reliable tools for
gathering lexical and grammatical norms for language development between 0;8 and 2;6
(Frank et al., 2021).

Previous research

MLU as a measure of child language development

The idea that average sentence length might be a way of assessing children’s language
development was first proposed byNice (1925). R. Brown’s (1973) use ofMLU as a simple
index of the development of constructional complexity in children’s early language was
the impetus for wider uptake. He proposed five stages of children’s early morphosyntactic
development using MLU and the longest sentence produced at specific ages. Since then,
MLU has been extensively applied in child language research and clinical practice (Parker
& Brorson, 2005).

Although developed for English, studies using MLU have been done on a variety of
different languages, including Afrikaans (Oosthuizen & Southwood, 2009); Basque
(Ezeizabarrena & Garcia Fernandez, 2018); Bengali (Gouda et al., 2020); Canadian
Inuktitut (Allen & Dench, 2015); Greek (Voniati, 2016); Icelandic (Thordardottir &
Weismer, 1998); Irish (Hickey, 1991); Mandarin Chinese (Wu, 2020); Spanish
(Jackson-Maldonado & Conboy, 2007); and Turkish (Ege, 2010). MLU has also been
used to address questions about bilingual children’s development (see Ezeizabarrena &
Garcia Fernandez, 2018; Marchman et al., 2004; Meisel, 2011; Thordardottir, 2005).

Overall, MLU has been found to be a reliable measure correlating with age and other
measures of general language development (Dethorne et al., 2005; Ezeizabarrena&Garcia
Fernandez, 2018; Rice et al., 2006). MLU has also been usefully applied to children with
language impairments (Dethorne et al., 2005; Parker & Brorson, 2005; Rice et al., 2006;
Wieczorek, 2010;Wu, 2020). However, MLUmay not be a valid measure of development
at all ages (see Eisenberg et al., 2001, for a discussion). R. Brown (1973) suggests that after
Stage 5, at an MLU of four morphemes, the nature of an interaction will shape children’s
responses more than their underlying linguistic knowledge of a language system (see
Southwood & Russell, 2004; Tolentino, 2022).

Several scholars also argue that, in older children, further linguistic complexity may
involve internal embedding rather than additional length (Oosthuizen & Southwood,
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2009) and a decrease in morphological growth (Parker & Brorson, 2005). Various studies
have reported different ages at which MLU may no longer be a sensitive measure (see
Allen & Dench, 2015; Cheung, 1998; Ezeizabarrena & Garcia Fernandez, 2018; Oosthui-
zen & Southwood, 2009; Rice et al., 2006, 2010; Scarborough et al., 1991; Tomas &
Dorofeeva, 2019; Wu, 2020).

When using spontaneous language samples, the number of children’s utterances
needed to accurately measure MLU has also been debated (see Eisenberg et al., 2001,
for a discussion). Pragmatic variation means that children may respond with single-word
answers in interactions because it is not necessary for them to use additional words.
Moreover, a single interactive event may not comprehensively represent a child’s lan-
guage abilities (Oosthuizen & Southwood, 2009; Southwood & Russell, 2004). Although
R. Brown (1973) recommended using samples of 50 to 100 utterances, some studies have
cautioned against using samples containing fewer than 175 utterances (Gavin & Giles,
1996; Oosthuizen & Southwood, 2009; Tomas & Dorofeeva, 2019).

Another variant of MLU is MLU3, based on the longest sentences a child currently
produces. Studies that useMLU3 have found it to be a useful and valid tool for calculating
utterance length as a measure of child language development (Allen & Dench, 2015;
Ezeizabarrena & Garcia Fernandez, 2018; Fenson et al., 1994; Heilmann et al., 2005;
Jackson-Maldonado & Conboy, 2007). Parent report studies find significant correlations
betweenMLU3, age and other indices of language growth such as vocabulary and syntactic
development (Ezeizabarrena&Garcia Fernandez, 2018). Jackson-Maldonado andConboy
(2007) suggest that parent report is more efficient as it can “bypass the performance
limitations inherent in spontaneous and structured language sampling” (p. 147).

During early childhood, children show considerable variation in language skills when
considered by age (Frank et al., 2021). MLU correlates significantly with age, but there is
also considerable variability in MLU at specific ages (Dethorne et al., 2005; Tomas &
Dorofeeva, 2019; Vasilyeva et al., 2008). R. Brown (1973) has argued that MLU is a more
accurate tool for predicting children’s expressive language abilities than age becauseMLU
permits the identification of children at similar levels of constructional complexity
regardless of chronological age. He holds that “two children matched for MLU are much
more likely to have speech that is, on internal grounds, at the same level of constructional
complexity than are two children of the same chronological age” (R. Brown, 1973, p. 55).

Some studies based on natural language samples report significantly high correlations
between MLU-m and age, supporting the use of MLU-m as a general index of language
development (Miller & Chapman, 1981, r = .88; Ege, 2010, r = .81; Thordardottir &
Weismer, 1998, r = .84). However, other studies report that MLU-m is significantly but
not necessarily always strongly correlated with age, with r scores between .3 and .8 (see
Allen&Dench, 2015). Several studies also show thatMLU-mhas higher correlations with
other indices of development than age does (Dromi & Berman, 1982; Thordardottir &
Weismer, 1998).

Significant correlations are found between MLU and other indices of language
development. For English, Dethorne et al. (2005) found that MLU-m is associated with
both lexical and morphosyntactic development, with lexical development –measured as
the number of different words – strongly correlating with MLU-m and accounting for
51% variance in MLU-m. Ezeizabarrena and Garcia Fernandez (2018) also report high
correlations between MLU and other scales of communicative development, suggesting
thatMLU is a general measure of early development rather than ameasure of one specific
component such as semantics or morphosyntax. However, in some studies, MLU
correlated better with measures of grammatical development and therefore may be a
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more reliable indicator of grammatical ability when compared to other indices (Allen &
Dench, 2015; Miller & Chapman, 1981; Thordardottir & Weismer, 1998).

Measurement of MLU in words versus morphemes

A central issue has been whether to measure MLU in words or morphemes. R. Brown
(1973) argued that counting morphemes is a more accurate method as it takes inflectional
complexity into account. With a language like English that has lower inflection and is
morphologically sparse, theremay be little difference between calculatingMLU inwords or
morphemes (Ezeizabarrena & Garcia Fernandez, 2018). For instance, Parker and Brorson
(2005) found high correlations (r = .998) between MLU scales (MLU-m andMLU-w) and
age (r = .69 for both) in English-speaking children (3;0–3;10), concluding thatMLU-w is as
effective a measure as MLU-m. Similarly, there appears to be minimal difference between
measurements inwords versusmorphemes inCantonese andMandarinChinese – isolating
languages with little inflection (Allen & Dench, 2015; Cheung, 1998; Klee et al., 2004; Wu,
2020). Similar results have also been found for more inflectional languages such as Dutch
(Arlman-Rupp et al., 1976), Icelandic (Thordardottir &Weismer, 1998) and Irish (Hickey,
1991), with correlations of between .98 and .99 for MLU-w and MLU-m. Basque, an
agglutinative and morphologically rich language, also reports a high correlation between
MLU3-m andMLU3-w (r = .97) and strong correlations between vocabulary, nominal and
verbalmorphology, andMLU3-mandMLU3-wwith an r range .81-.97 (reduced to .66 - .95
when controlling for age (Ezeizabarrena & Garcia Fernandez, 2018)).

Based on significantly high correlations betweenMLU-m andMLU-w, several studies
conclude that MLU-w provides a better alternative to MLU-m for tracking children’s
language development trajectories because it is easier to count words (Jackson-
Maldonado & Conboy, 2007; Parker & Brorson, 2005; Thordardottir & Weismer,
1998). However, whereas measurements using words or morphemes might be similar
in some languages, MLU-w is always likely to be equal to, or slightly lower than, MLU-m
(Gouda et al., 2020, for Bengali; Oosthuizen & Southwood, 2009). Wieczorek (2010)
challenges the conclusion that high correlations between MLU-w and MLU-m mean
either can be used, arguing thatMLU-w is related to lexical development whereasMLU-m
measurements are better indicators of grammatical development.

Some studies claim that a morpheme count is more accurate in morphologically
rich languages such as synthetic languages like Russian (Tomas & Dorofeeva, 2019)
and Hebrew (Dromi & Berman, 1982); polysynthetic languages like Canadian Inuk-
titut (Allen & Dench, 2015); or agglutinative languages like Turkish (Ege, 2010). Allen
and Dench (2015) found that MLU-w had no significant correlation with age in
Inuktitut, a polysynthetic language. They found that MLU-m and Mean Length of
Words measured in morphemes and syllables, respectively, correlated significantly
with age. However, some studies on morphologically rich languages (such as Basque)
report that both MLU-m and MLU-w indicate children’s expressive language skills
equally well althoughMLU-w is a consistently lower measure (Ezeizabarrena & Garcia
Fernandez, 2018).

Identifying and counting morphemes has its challenges. In synthetic languages like
Spanish, Finnish, Dutch, Italian and Icelandic, one morpheme may contain more than
one grammatical feature such as tense and person (see Allen & Dench, 2015; Arlman-
Rupp et al., 1976; Jackson-Maldonado & Conboy, 2007; Parker & Brorson, 2005, for
discussions). Consequently, Allen and Dench (2015) argue that we may underestimate
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morpheme counts in synthetic languages compared to agglutinative ones. Researchers
need to decide whether to include zero, fused and suppletive morphemes in the mor-
pheme count, and how to handle multimorphemic words such as portmanteaus and
compounds (Ezeizabarrena & Garcia Fernandez, 2018). Researchers may find counting
morphemes for MLU-m difficult – particularly for cross-linguistic studies – as decisions
need to be made morpheme by morpheme and are language dependent (see, e.g., Allen &
Dench, 2015, for Inuktitut; Dromi & Berman, 1982, for Hebrew; Eisenberg et al., 2001,
general, with reference to American English; Hickey, 1991, for Irish; Tomas &Dorofeeva,
2019, for Russian; Voniati, 2016, for Cypriot Greek).

Whereas studies discuss the operationalization of morphemes and how to ensure
consistent computation of an MLU-m index, we have found that most research does not
question the definition of a ‘word’ or how to operationalize a word count, especially cross-
linguistically. In fact, almost all studies conflate words with orthographic conventions.
The only studies that question this issue are Allen and Dench’s (2015) study of Inuktitut,
and the Bengali study by Gouda et al. (2020). Allen and Dench (2015) suggest that word
counts are less arbitrary thanmorpheme counts, and that operationalizing aword count is
not a challenge for most languages. However, they point out that in morphologically rich
polysynthetic languages like Inuktitut – the focus of their study –much of the grammar is
realized within the morphology word boundaries, which they then identify orthograph-
ically (Allen & Dench, 2015, p. 384). Their solution is to introduce morphemes per word
counts as a word can contain ten or more morphemes.

E. K. Brown and Miller (2013, p. 473) conceive of a ‘word’ as an uninterruptible
linguistic unit consisting of a stem with or without affixes, where no constituents may be
inserted between a stem and its affixes. This definition aligns closely with orthographic
word boundaries in most languages where MLU-w has been employed as a measure.
Typically, orthographic boundaries (i.e., spaces) between morphemes have been taken to
indicate the boundaries of a ‘word’, and each item orthographically separated by a space to
be equal to one ‘word’. Given that orthographies are products of convention and consen-
sus, orthography should be treated with caution if used as a basis for linguistic analysis.
However, orthographic boundaries may serve as good common-sense dividing lines
between ‘words’ (especially for clinical purposes) in languageswhose orthographies closely
align word boundaries with morpheme boundaries (e.g., English, Dutch). For example,
Allen andDench (2015) view counting words as more practical if, and only if, a language’s
writing system “leaves spaces between words,” (p. 384) again equating the concept of
‘word’ with orthographic boundaries. For such languages, researchers and clinicians may
perceiveMLU-w to bemore convenient, faster, easier,more reliable, simpler to implement,
more adaptable and less arbitrary in nature thanMLU-m (Hickey, 1991; Parker&Brorson,
2005). However, when orthographic word boundaries do not align with linguistic bound-
aries as an uninterruptible stem + affixes unit, the accuracy of MLU-w as a measure is in
doubt.3 In agglutinative Bantu languages, we note that orthographic standards may
determine the segmentation of words rather than linguistic criteria. Using orthographic
word boundaries for countingwords presents challenges in agglutinative languages such as
Basque (Ezeizabarrena, personal communication December 22, 2022) and polysynthetic
languages such as Inuktitut (Allen & Dench, 2015).

3The orthographic conventions of the Southern Bantu languages present some challenges in this regard
and are discussed under Southern Bantu Languages.
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Southern Bantu Languages

The languages in this study belong to the Bantu language family (Atlantic-Congo) and
represent three Southern Bantu language groups: Nguni group (isiXhosa), Sotho-
Tswana group (Sesotho and Setswana), and Tswa-Ronga group (Xitsonga). These four
languages are agglutinative. They have high inflectional paradigms, strong agreement,
high derivation and morpheme-to-word ratio, and a very low number of free roots
(Nurse & Philippson, 2006). Both nouns and verbs have abstract roots. Bantu languages
categorise nouns using a noun class system – comparable to grammatical genders in
some other languages – where each noun class uses a particular morphemic prefix, or
‘noun class prefix’ (Nurse & Philippson, 2006). The noun classes are numbered using an
internationally recognized system, and some Bantu languages have up to 19 noun
classes (Nurse & Philippson, 2006). Adjectives, verbs, and function words show
agreement with the class of the noun they are referring to, overtly expressed with a
morphemic prefix (Nurse & Philippson, 2006). Tense, aspect, mood, causativity and
negation are marked on the verb with affixes (Nurse & Philippson, 2006). The default
word order is Subject-Verb-Object (SVO), but free word order and extraposition for
discourse purposes are common (Demuth, 1992; Nurse & Philippson, 2006). The
syllable structure is typically Consonant-Vowel (CV). These aspects of Bantu languages
contrast with analytic languages like English, that has a weak inflectional paradigm and
agreement, high derivation, and a high number of free roots with a low morpheme-to-
word ratio (Nurse & Philippson, 2006).

The orthographies of SouthAfrican Bantu languages have not been standardized to the
same degree as those of European languages (Taljard & Bosch, 2006). The Nguni
languages use a conjunctive orthography, whereas Sotho-Tswana languages employ a
disjunctive orthography. Xitsonga orthography is less clear-cut but is more disjunctive
than conjunctive (Lee & Hlungwani, 2017). The different orthographic conventions,
decided by missionaries, can be seen more as historical accidents than as indicative of
underlying differences in phrase construction in these languages. The disjunctive orthog-
raphies of Sesotho and Setswana regularly insert word boundaries between affixal and
stem morphemes that do not constitute uninterruptible words (see examples 1a and 1b).
In languages with a conjunctive orthography, one orthographic ‘word’may correspond to
two or more linguistic elements (see examples 1c and 2c), whereas in languages with
disjunctive orthography, several orthographic ‘words’ may correspond to one linguistic
‘word’ (see examples 3a and 3b).

The following examples demonstrate these orthographic differences across the four
languages and the relative consistency of phrase construction between them.4

(1a) Sesotho
Ke a o rata [4 words]
ke-a-o-rat.a [4 morphemes]
SM.1SG-PROG-OM.2SG-love.FV
ʻI love youʼ

4The less commonmorpheme glosses are as follows: SM= subject marker, OM= object marker, FV = final
vowel, HORT = hortative, PVB = preverb, SIM = simultaneous aspect. Roman numerals indicate the number
of the relevant noun class (e.g., XV = noun class 15).
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(1b) Setswana
Ke a go rata [4 words]
ke-a-go-rat.a [4 morphemes]
SM.1SG-PROG-OM.2SG-love.FV
ʻI love youʼ

(1c) isiXhosa
Ndiyakuthanda [1 word]
ndi-ya-ku-thand.a [4 morphemes]
SM.1SG-PROG-OM.2SG-love.FV
ʻI love youʼ

(1d) Xitsonga
Ndza ku rhandza [3 words]
ndza-ku-rhandz.a [3 morphemes]
SM.1SG.PRES-OM.2SG-love.FV
ʻI love youʼ

(2a) Sesotho
Ha re yeng ho bapala [5 words]
ha-re-y-e-ng-ho-bapal.a [7 morphemes]
HORT.PVB-SM.1PL-go-HORT-AGR.1PL-AGR.XV-play.FV
ʻLet’s go to playʼ

(2b) Setswana
A re ye go tshameka [5 words]
a-re-y-e-go-tshamek.a [6 morphemes]
HORT.PVB-SM.1PL-go-HORT-AGR.XV-play.FV
ʻLet’s go to playʼ

(2c) isiXhosa
Masiyokudlala [1 word]
ma-si-yo-ku-dlal.a [5 morphemes]
HORT.PVB-SM.1PL-go-XV-play.FV
ʻLet’s go to playʼ

(2d) Xitsonga
Ahi fambe hi ya tlanga [5 words]
a-hi-famb-e-hi-ya-tlang.a [7 morphemes]
HORT.PVB-SM.1PL-go-HORT-SM.1PL-go-play.FV
ʻLet’s go to playʼ

(3a) Sesotho
Letsatsi le leng [3 words]
le-tsatsi-le-le-ng [5 morphemes]
V-day-SIM-AGR.V-ADJ.one
ʻAnother dayʼ
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(3b) Setswana
Letsatsi le lengwe [3 words]
le-tsatsi-le-le-ngwe [5 morphemes]
V-day-SIM-AGR.V-ADJ.one
ʻAnother dayʼ

(3c) isiXhosa
Olunye usuku [2 words]
o-lu-nye-u-suku [5 morphemes]
DEM-AGR.XI-ADJ.one-XI-day
ʻAnother dayʼ

(3d) Xitsonga
Siku rin’wana [2 words]
Ø-siku-ri-n’wana [3 morphemes]
III-day-SM.III-ADJ.one
ʻAnother dayʼ

Whereas morpheme boundaries are relatively clear, examples 1 to 3 illustrate the
challenges that the different orthographic conventions for these morphologically rich,
agglutinative languages pose, and that operationalizing word boundaries is not as simple
as in analytic or even synthetic languages with relatively disjunctive orthographies.
However, following most other studies, we operationalize ‘word’ using the definition of
an orthographic word: all linguistic elements that are written separately in the practical
orthography and are separated by spaces (Louwrens & Poulos, 2006). Since some of the
languages in this study are written conjunctively and some disjunctively, we will see
whether the outcome of using morphemes or words in languages with disjunctive and
conjunctive orthographies is substantially different. These comparisons will have clinical
implications in a multilingual situation when comparing children speaking typologically
different languages with different orthographic conventions as is the case in South Africa
where different Bantu and Germanic languages are spoken.

The present study

This study explores the use of MLU to measure early language development in
morphologically complex Bantu languages, that are also agglutinative and typologically
different from languages in previous studies of MLU. As stated above, MLU is generally
regarded as a better predictor of language abilities than age in early acquisition, but
previous findings differ as to whether MLUmeasures general language development or
morphosyntactic development. Prior research also diverges on what is the most suitable
unit in which to measure MLU in typologically different languages. Given these
knowledge gaps, especially in relation to morphologically complex languages, our study
addresses the following questions:

1. Is MLU a valid measure of language development in (Southern) Bantu languages?
What does MLU measure, and is it a more reliable indicator of development than
age in these languages?
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Given that previous studies found MLU to be a valid measure of general language
abilities and often a better predictor than age, we hypothesize that MLU3 will
correlate positively with age, vocabulary (i.e., lexical production) and grammar
measures, indicating its validity as a measure of general language development
and a more reliable indicator than age.

2. Is MLU best measured, from linguistic and clinical perspectives, in words or
morphemes in these Bantu languages, given their complex morphology and
inconsistent orthographies? Can we claim that words and morphemes are equally
valid measures in agglutinative languages?

Given that morphemes have been found to be a more accurate measure in several
morphologically complex, agglutinative and synthetic languages, we hypothesize
that morphemes will also be a more accurate and appropriate measure of language
development thanwords in these Bantu languages that aremorphologically complex
and agglutinative: where languages are written conjunctively, the difference between
word and morpheme measures will be significant with morpheme measures signifi-
cantly higher than word measures.

Data collection and methods

The MB-CDI instrument

The MB-CDIs for toddlers (1;4-2;6) were adapted by mother tongue speaking linguists
and speech-language therapists of the four languages following the MB-CDI Board’s
guidelines (http://mb-cdi.stanford.edu).5 These adaptations were informed by the word-
lists in the UK and USA versions of the MB-CDI, and by the grammatical items in the
Kenyan Kilifi versions of the MB-CDI6 that focus on two Bantu languages as well as by
spontaneous speech samples from six children per language collected in their homes.
These versions underwent further adaptation in focus groups followed by two pilot
studies with participants from communities in which these languages are spoken. At
each stage, lexical and grammatical items were evaluated and retained or removed
depending on their suitability. A total of 1200 words were tested per language in the first
pilot and between 733 and 748 in the second. Forty grammatical items were tested in the
first pilot and reduced to 37 items in the second pilot. Where possible, we retained
lexicosemantic and grammatical equivalence across the four languages. This study is
based on data from the second pilot.

The toddler MB-CDI measures lexical production and early grammatical develop-
ment. It presents caregivers with a word list grouped into 21 semantic domains and asks
them to identify the words their child produces. Then caregivers are asked about their
children’s early grammatical development. The first two grammar sections focus on word
complexity relating to noun class prefixes and verbal affixes. Caregivers are then asked
whether their child is combining words and, if they are, to provide their child’s three
longest utterances of the past week (see Fenson et al., 1994; Frank et al., 2021). Sentence

5Permission to conduct these adaptations was obtained from the MB-CDI Advisory Board.
6We acknowledge the important contribution made by Katie Alcock who shared her work on the Kenyan

Kilifi versions.
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length and complexity are then measured by presenting the caregivers with a series of
items (e.g., inflected words, phrases, and sentence constructions) with three to four
options reflecting different levels of morphosyntactic development. Caregivers are asked
to identify which option reflects best what their child currently produces. (Examples of
items testing word and sentence complexity and how they are scored can be found in
Statistical Analysis below).

Procedure

Whereas CDIs can be answered by caregivers independently in many contexts, in the
South African environment, low literacy levels and lack of familiarity with answering
questionnaires – especially online – necessitated that we recruit and train fieldworkers
from local communities to administer the CDIs either in person or (during COVID)
telephonically or online. Fieldworkers recruited participants through local social net-
works and childcare organizations in their communities. Fieldworkers used the Qualtrics
(2019–2020) online survey tool to capture participants’ responses.

In addition to completing the CDIs, participants were asked to complete a family
background questionnaire that collected information on the mother’s pregnancy, the
parents’ education and employment status, the socio-economic status of the child’s
family, family composition and housing, the child’s medical history (e.g., ear infections),
known or suspected areas of communication difficulties (speech-language difficulty,
hearing impairments, developmental disability), and the child’s level of exposure to other
languages.

Participants

Data were collected from caregivers of 472 toddlers (1;4–2;8). The isiXhosa, Sesotho and
Setswana toddlers were recruited from urban and rural areas where these languages
predominate (See Table 1). Previous studies on language development inAfrican contexts
point to differences between rural and urban children (Alcock et al., 2015; Vogt et al.,
2015). However, monolingual Xitsonga toddlers could only be recruited from rural and
semi-urban areas. (Xitsonga is a minority language, and Xitsonga-speaking toddlers in
urban areas acquire other languages from an early age.) We sampled isiXhosa urban
speakers in the city of Cape Town in the Western Cape Province and rural speakers in
Ilinge in the Eastern Cape Province. Urban Sesotho speakers were drawn from the city of
Bloemfontein in Free State Province and rural participants from a rural area 300 km
north-east of Bloemfontein in the same province. Urban Setswana speakers were sampled
in the town of Rustenburg and rural speakers in the Taung area (394 km from Rusten-
burg), both in North-West Province. We recruited Xitsonga speakers from semi-rural
Giyani and rural Malamulele in Limpopo Province; young Xitsonga-speaking children
have little exposure to another language in these areas.

The combined monthly income of households of participants ranged from 0 to 80,000
ZAR (0–4,661 USD). The mean monthly income per household was in the range 2,401 to
5,000 ZAR (140–291 USD), whereas the mean monthly food expenditure per household
was in the range 1,201 to 2,000 ZAR (70–117 USD). Regarding parental education, for
29% of children both parents had completed high school or studied beyond, for 21%
neither parent had completed high school or studied beyond, and for 38% one parent had
completed high school or studied beyond (11%were fathers and 27%mothers). In 12% of
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the cases, there was incomplete information on parental education. Regarding employ-
ment status, for 12% of children, both parents were employed; for 20%, neither parent was
employed; and for 41%, one parent was employed (26% were fathers and 15% mothers).
Twenty seven percent had incomplete information on employment status. The mean
number of adults per household in urban areas was lower (M = 2.8, SD = 1.5) than in rural
areas (M = 3.5, SD = 1.8). The mean number of children younger than 18 in each
household in urban areas was also lower (M = 1.5, SD = 2.3) than in rural areas (M = 4.3,
SD = 5.1).

All children with suspected language difficulties, as reported by participants, were
excluded. We found differences in vocabulary size for children exposed to another
language for more than four hours per day (see Southwood et al., 2021); thirteen children
were excluded for this reason (isiXhosa = 2, Sesotho = 2, Setswana = 8, Xitsonga = 1). Out
of the remaining 459 toddlers, 11 were excluded due to (a) missing vocabulary scores
(i.e., only the background questionnaire was completed, not the CDI too), or (b) being
outside the target age range. The 448 children included in the study (males: n = 222;
females: n = 224; not specified n = 2) were aged 1;4–2;8. We included the children whose
gender was not specified as gender comparison was not the focus of the study, and as we
do not yet have norms that would allow us to consider gender differences. Table 1 gives
the number of children per language, the sample distribution per age in months, gender,
and whether rural or urban.

Informed consent was sought from the parents before interviews, after the details of
the study had been explained to them. Theywere informed of their right to withdraw from
the study at any point without any negative repercussions. Data were collected anonym-
ously and stored securely. Participating caregivers received a supermarket voucher of
approximately 10 USD to thank them for participating. The study was reviewed and
approved by the Ethics Committee of the Linguistics Section, and the Faculty of Health
Sciences Human Research Ethics Committee, both at the University of Cape Town.

Table 1. Child Demographic Information by Language

Variable Sesotho Setswana IsiXhosa Xitsonga Total

Number of Children 113 123 113 99 448

Child Age (Months)

Range 16–32 16–32 16–32 16–32 16–32

Median 24.0 23.0 22.0 23.0 23.0

Interquartile Range 20–28 19–28 18–27 19–28 19–27

Child Sex

Female 62 60 54 43 219

Male 51 63 57 56 227

Sex not Specified 2 2

Area

Rural 58 59 59 99 275

Urban 55 64 54 - 173
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Calculating MLU3-w and MLU3-m

The data for Sesotho, Setswana and Xitsonga were analysed by two linguists and a first
language speaker with formal linguistic training at university level. For isiXhosa, a linguist
who is a second language speaker of isiXhosa worked with a first language speaker with no
formal linguistic training to analyse the data. One of the linguists participated in the
analysis of all four languages to ensure consistency across languages.

Uniform inclusion and exclusion criteria were applied across all four languages. As
there are morphological differences between the languages – such as the use of pre-
prefixes in isiXhosa but not in the other three languages – another set of morpheme-
counting rules was also applied, some of which were language-specific.

Inclusion and exclusion criteria for all four languages
1. If the participant indicated that the child was not yet combining words (and

therefore did not provide any sentence examples on the CDI), an MLU3 score of
1 was given (isiXhosa = 43, Sesotho = 34, Setswana = 33, Xitsonga = 17).

2. If the participant gave fewer than three sentences as examples, these data sets were
included, and an average score was calculated on the number of sentences pro-
vided. This did not lead to complications as other criteria (4 and 5) also resulted in
only two sentence examples being analysed for some children (Sesotho = 11, isiX-
hosa = 5, Setswana = 3, Xitsonga = 1).

3. If two sentences were given as one example, theywere separated and an average was
calculated counting each sentence separately (Sesotho = 4; isiXhosa, Setswana,
Xitsonga = 0).

4. Sentence examples were excluded if the meaning of the sentence could not be
determined (isiXhosa = 5, Setswana = 3, Xitsonga = 1, Sesotho = 0).

5. If a sentence was entirely in a different language, it was excluded. (There was only
one occurrence hereof in the data – namely, ‘I love youmommy’, in English, for one
Setswana child).

6. Sentences that contained a loan word from another language were not excluded
(Setswana = 10, Sesotho = 5, isiXhosa = 2, Xitsonga = 1).

Morpheme counting and language-specific rules
1. Contractions were counted as separate words (e.g., Setswana ke a ‘I am’, written as

ka; Sesotho ile go ‘went to’, written as ilo).
2. Noun class prefixes were counted as separatemorphemes. This included noun class

prefixes applied to foreign loan words (e.g., Sesothoma-Simba ‘Simba chips’). This
rule had two exceptions:
2.1. The noun class prefix of mass nouns (where the root is not a free morpheme)

was not counted as a separate morpheme (e.g., Setswana me.tsi ‘water’,
compared to me-sese ‘dresses’).

2.2. If the noun class prefix was a null prefix, it was not counted as a separate
morpheme (e.g., Xitsonga Ø-siku ‘day’, compared to ri-tiho ‘finger’).

3. The final vowel in verbs was counted as part of the root.
4. In isiXhosa, nouns have a vowel pre-prefix before the noun class prefix (compare

Setswana le-so ‘spoon’, to isiXhosa i-li-so ‘spoon’). The pre-prefix was counted as a
separate morpheme, even if it preceded a bound noun class prefix (see rule 2.1).
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4.1. In Xitsonga, some data were in a dialect that had both a pre-prefix and a noun
class prefix, whereas other data were in a dialect that had no pre-prefix (e.g.,
swa-ku-dya or swo-dya ‘food’). Rule 4 was applied in instances with a pre-
prefix.

5. Morphemes that were reduplicated (onomatopoeically or for emphasis) were
counted only once (e.g., isiXhosa nqo-nqo-nqo ‘knocking’, or ‘knock-knock’;
Setswana hu-hu-hu ‘barking / woof-woof’).

Statistical analysis

To establish whether MLU3 is a valid indicator of language development, and whether
MLU3-w or MLU3-m is a better measure, we compared both MLU3-w and MLU3-m
scores, based on the three longest sentences caregivers reported for each child, with their
vocabulary (i.e., lexical production) and grammar scores, based on the wordlist and
grammatical items, respectively, in their completed MB-CDIs. To obtain their MLU3-w
and MLU3-m scores, we counted the words and morphemes in each child’s reported
sentences and calculated simple averages. Their vocabulary scores were obtained by
counting the number of words from the CDI wordlist that each caregiver said their child
produced. For the four languages, the maximum possible vocabulary score ranged from
733 to 748 lexical items (isiXhosa = 748, Sesotho = 741, Setswana = 734, Xitsonga = 733).

For grammar, caregivers were asked whether their child had started using grammatical
features such as plurals and noun class prefixes. These items were scored one for yes and
zero for no. Grammatical complexity at the word level was then tested in detail with each
option minimally more complex or more grammatically correct than the last. For
example, noun prefixes were tested by presenting a word stem with no prefix, then the
word with a shadow prefix7 followed by the word with its full and correct prefix. For
example, in Sesotho, the caregiver could choose between shemane, a-shemane, or the fully
correct form bashemane ‘boys.’ These were scored one, two and three, respectively. For
sentence complexity, each item had between two and four options for the participant to
choose from, set in order of increasing length and complexity. For example, we asked the
caregiver to choose which option best reflected what the child would say for phrases such
as ‘the ball is on top of the table.’ In Xitsonga, the choice was for instance between (a) bolo
tafula ‘ball table’, (b) bolo henhla tafula ‘ball on table’, and (c) bolo yile henhla ka tafula
‘the ball is on top of the table’. These options were scored 1, 2, and 3, respectively, and a
fourth option would be scored 4 if the item had one. Themaximumpossible scores for the
entire grammar section ranged from 93 to 103 across the languages (Setswana =
103, Sesotho = 102, isiXhosa = 98, Xitsonga = 93).

Underlying distributions of responses were described through empirical distribution
plots, and consideration of skewness and kurtosis parameters. Internal consistency of
scales was assessed using Cronbach’s alpha. Association betweenmeasures was illustrated
using pairwise scatterplots and measured using Spearman correlation coefficients, as
opposed to Pearson correlation coefficients, to guard against bias due to possible
deviations from normality. Regressionmodels were used to further estimate and compare
(using adjusted multiple correlation squared [R2] and Akaike Information
Criterion [AIC] statistics) associations between grammar and vocabulary scales with

7Shadow prefixes are a feature of development in the acquisition of noun class prefixes (Demuth, 2003)
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age, MLU3-m, and MLU3-w measurements. Regression models were validated through
an examination of the model residuals.

Results

Cronbach’s Alpha statistics for MLU3-m, MLU3-w, grammar, and vocabulary scales
demonstrated high internal consistency, yielding alpha levels above .90 (α = >.90).
Skewness statistics for MLU3-m (.562), MLU3-w (.399), grammar (.276), and vocabulary
(.529) were in the acceptable ranges. Kurtosis ranges for MLU3-w (�.537), grammar
(�.753), and vocabulary (�.665) were in the negative but not for the MLU3-m (.249)
measure. Overall, data were approximately normally distributed.

Means and standard deviations for MLU3-m,MLU3-w, grammar, and vocabulary are
presented per language in Table 2. Scores on all four scales increasedwith age (inmonths).
However, as expected, there was considerable variability across age within each language
and variability between the four languages for MLU3-m, MLU3-w, grammar, and
vocabulary.

We hypothesized that MLU3 would correlate with age, vocabulary and grammar
measures, indicating its validity as a measure of language development, and that MLU3
would be a more sensitive measure of grammar and vocabulary development than age.
Figure 1 presents the pairwise scatterplots for age, MLU3-m, MLU3-w, grammar, and
vocabulary variables in each language.

Spearman correlation coefficients are presented, though Spearman and Pearson
correlation analyses yielded similar results: all pairwise associations were significant,
with all but two of them with p < 0.001. However, the relative strength of pairwise
correlations differed between scales and within languages. The interpretation guideline of
Dancey and Reidy (2007) was used to interpret the strength of correlations. Correlation
analysis indicated that age was associated withMLU3-m (isiXhosa r = .62, Sesotho r = .58,
Setswana r = .40, Xitsonga r = .36). The relationship between age andMLU3-m was weak
for Xitsonga, moderate for Sesotho and Setswana, and strong for isiXhosa. There was an
association between age and MLU3-w across languages (Sesotho, isiXhosa r = .59;
Setswana r = .42; Xitsonga r = .38). This association was moderate for Sesotho, Setswana,
and isiXhosa but again slightly weaker in Xitsonga. Age showed significant and moderate

Table 2. Mean and Standard Deviation Scores for MLU3-m, MLU3-w, Grammar, and Vocabulary Scales
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Figure 1. Pairwise Scatterplots for Sesotho, Setswana, isiXhosa, and Xitsonga.
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correlations with grammar across languages (Sesotho r = .56, isiXhosa r = .52, Setswana
r = .51, and Xitsonga r = .50). Moderate correlations were also observed between age and
vocabulary scores across languages (Setswana r = .54, Sesotho r = .48, isiXhosa r = .46, and
Xitsonga r = .40).

MLU3-m and MLU3-w were very strongly correlated in each language (Sesotho,
Setswana r = .97; isiXhosa, Xitsonga r = .95). MLU3-m correlated with grammar across
languages (isiXhosa r = .82, Sesotho r = .80, Setswana r = .78, Xitsonga r = .49), with
strong correlations for Sesotho, Setswana, and isiXhosa, and a moderate correlation for
Xitsonga. MLU3-w also correlated with grammar across languages (Setswana r = .81,
Sesotho r = .79, isiXhosa r = .76, and Xitsonga r = .45), again with strong correlations for
Sesotho, Setswana, and isiXhosa but a moderate correlation for Xitsonga. MLU3-m
correlated with vocabulary across languages (isiXhosa r = .71, Setswana r = .55, Sesotho
r = .44, Xitsonga r = .24). The correlations were weak for Xitsonga, moderate for Sesotho
and Setswana, and strong for isiXhosa. MLU3-w also correlated with vocabulary
development across languages (isiXhosa r = .64, Setswana r = .56, Sesotho r = .44,
Xitsonga r = .26). A weak correlation was observed for Xitsonga, and moderate
correlations for Sesotho, Setswana, and isiXhosa. MLU3-m and MLU3-w had higher
correlations with grammar than with vocabulary, for all languages. MLU3-m and
MLU3-w also had higher correlations with grammar than age had with grammar,
except for Xitsonga. For vocabulary, the correlations between MLU3 variables and
vocabulary were similar to the correlations between age and vocabulary for Setswana;
however, MLU3 measures in isiXhosa correlated better than age whereas it was the
opposite for Sesotho and particularly for Xitsonga.

To compare the reliability of MLU3-m with MLU3-w as measures of language
development in these morphologically rich languages, we conducted simple regression
analyses (see Tables 3 and 4) and compared the strength of the associations using model
fit statistics. Age, MLU3-m, and MLU3-w served as the independent variables whereas
grammar and vocabulary were the dependent variables. AIC was used to compare the
goodness of fit of the MLU3-m and MLU3-w models, in each language and for all
languages combined. Residual distributions did not differ significantly from the normal
distribution, neither was significant non-constant variance observed.

Findings based on combined data sets (Tables 3 and 4) indicated that the proportion of
variance accounted for by age in grammar (28%) and vocabulary (16%) development was
low. MLU3-m accounted for 49% of the variability in grammar and 22% in vocabulary
scores across all languages combined. MLU3-w contributed 48% and 16% of the variance
in grammar and vocabulary scores, respectively, across all languages combined. Notwith-
standing these lowR2 statistics, theAIC showed that of the twoMLU3 variables,MLU3-m
is the better predictor for grammar and vocabulary.

Within-group statistics for Sesotho (Tables 3 and 4) showed that age accounted for
32% and 20% of the variance in grammar and vocabulary scores, respectively. MLU3-m
accounted for 62% of the variance in grammar and 17% in vocabulary measures, whereas
MLU3-w explained 59% of the variability in grammar and 17% in vocabulary develop-
ment. MLU3 variables were thus better predictors of grammar than of vocabulary. The
AIC results provide support for MLU3-m being a better model than MLU3-w for
grammar. For vocabulary, the AIC also suggests MLU3-m as a better model for Sesotho;
however, the R2 statistics are very low.

Setswana group findings (Tables 3 and 4) indicated that age accounted for 25% and
22% of the variance in grammar and vocabulary measures, respectively. MLU3-m
explained significant variance in grammar (55%) and vocabulary (21%) scales, and
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Table 3. Simple Linear Regression for Age, MLU3-m, and MLU3-w Predictors of Grammar

Language

Grammar

Parameter Est. SE t p R2 AICc

Sesotho Intercept �13.2 9.1 �1.5 .148

Age 2.7 0.4 7.8 <.001 .32

Intercept 22.3 2.5 8.9 <.001

MLU3-m 8.9 0.7 13.5 <.001 .62 911.8

Intercept 20.4 2.8 7.4 <.001

MLU3-w 10.9 0.9 12.8 <.001 .59 919.2

Setswana Intercept �7.3 7.7 �0.9 .352

Age 2.1 0.3 6.4 <.001 .25

Intercept 11.1 2.7 4.1 <.001

MLU3-m 9.9 0.8 12.2 <.001 .55 989.0

Intercept 12.9 2.8 4.6 <.001

MLU3-w 11.6 0.9 12.6 <.001 .56 984.4

IsiXhosa Intercept �18.6 7.8 2.3 .018

Age 2.5 0.3 7.5 <.001 .33

Intercept 15.1 2.2 6.8 <.001

MLU3-m 7.4 0.6 12.9 <.001 .60 918.7

Intercept 8.9 3.3 2.8 .007

MLU3-w 15.3 1.5 10.1 <.001 .48 949.3

Xitsonga Intercept �0.6 9.8 �0.1 .949

Age 2.4 0.4 5.8 <.001 .25

Intercept 27.8 4.8 5.8 <.001

MLU3-m 7.5 1.2 6.1 <.001 .27 877.9

Intercept 2.5 5.4 4.7 <.001

MLU3-w 9.4 1.6 5.8 <.001 .25 881.1

Four languages combined Intercept �11.7 4.4 -2.6 .009

Age 2.5 0.1 13.3 <.001 .28

Intercept 19.0 1.5 12.6 <.001

MLU3-m 8.4 0.4 20.9 <.001 .49 3761.5

Intercept 15.9 1.7 9.5 <.001

MLU3-w 11.6 0.6 20.6 <.001 .48 3768.0
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Table 4. Simple Linear Regression for Age, MLU3-m, and MLU3-w Predictors of Vocabulary

Language

Vocabulary

Parameter Est. SE t p R2 AICc

Sesotho Intercept �16.1 10.8 �1.5 .138

Age 2.4 0.5 5.4 <.001 .20

Intercept 23.8 4.1 5.9 <.001

MLU3-m 5.2 1.1 4.9 <.001 .17 1020.7

Intercept 22.3 4.3 5.2 <.001

MLU3-w 6.5 1.3 4.9 <.001 .17 1020.8

Setswana Intercept �18.0 6.7 �2.7 .009

Age 1.7 2.3 5.9 <.001 .22

Intercept 5.6 3.0 1.9 .063

MLU3-m 5.3 0.9 5.9 <.001 .21 1016.3

Intercept 5.2 3.1 1.7 .093

MLU3-w 6.0 1.0 5.7 <.001 .21 1017.5

IsiXhosa Intercept �10.3 8.9 �1.1 .253

Age 2.1 0.3 5.5 <.001 .21

Intercept 16.1 2.7 5.9 <.001

MLU3-m 6.9 0.7 9.8 <.001 .46 966.5

Intercept 11.1 3.9 2.9 .005

MLU3-w 13.9 1.8 7.7 <.001 .35 988.2

Xitsonga Intercept �3.6 11.9 �0.3 .763

Age 2.2 0.5 4.4 <.001 .16

Intercept 32.0 6.3 5.1 <.001

MLU3-m 4.6 1.6 2.8 .005 .07 930.7

Intercept 28.8 6.9 4.2 <.001

MLU3-w 6.3 2.1 3.0 .003 .08 929.7

Four languages combined Intercept �11.8 5.3 �2.2 .026

Age 2.1 0.2 9.3 <.001 .16

Intercept 16.0 2.1 7.8 <.001

MLU3-m 6.3 0.5 11.4 <.001 .22 4037.7

Intercept 17.2 2.3 7.3 <.001

MLU3-w 7.3 0.8 9.2 <.001 .16 4075.9
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MLU3-w explained 56% of the variance in grammar and 21% in the vocabulary scale. As
was the case for Sesotho, bothMLU3 variables were better predictors of grammar than of
vocabulary. AIC showed that MLU3-w is a slightly better model for grammar, with a
lower AIC score compared to MLU3-m, though R2 values for both MLU3-m andMLU3-
w are relatively similar. For vocabulary, the AIC indicated that MLU3-m is the better
model, although the R2 values are low.

IsiXhosa group statistics (Tables 3 and 4) showed that age explained 33% and 21% of
the variance in grammar and vocabulary development, respectively. MLU3-m explained
significant variance in grammar (60%) and vocabulary (46%) measures, whereas MLU3-
w accounted for 48% of the variance in grammar and 35% of the variance in vocabulary.
MLU3 variables were thus better predictors of grammar than of vocabulary in isiXhosa.
AIC findings provide support for MLU3-m being a better model than MLU3-w for
grammar and vocabulary development in isiXhosa.

Xitsonga group findings (Tables 3 and 4) indicated that age explained 25% and 16% of
the variance in grammar and vocabulary scales, respectively. MLU3-m explained 27% of
the variance in grammar and 7% in vocabulary and MLU3-w 25% of the variance in
grammar and 8% in vocabulary. Both MLU3 variables were thus better predictors of
grammar than of vocabulary. AIC findings indicated that MLU3-m is a better model for
grammar than MLU3-w is, although the R2 values were low. For vocabulary, AIC results
showed that MLU3-w is the slightly better model; however, the R2 values were very low.

To adjust for possible uneven age distributions within language groups, we reran the
regressionmodels, including age in all models in addition to eitherMLU3-m orMLU3-w.
The age-adjusted associations of grammar and vocabulary scales with either MLU3-m or
MLU3-w were similar to those reported in Tables 3 and 4. For Xitsonga, these adjusted
models indicated that age was a stronger predictor of grammar and vocabulary scales than
either MLU3-m or MLU3-w.

Discussion

Our first research question was whether MLU3 is a valid measure of early language
development in the four Bantu languages concerned. We hypothesized that MLU3 would
correlate positively with age, vocabulary and grammar measures, indicating its validity as
a measure of development. We also hypothesized that MLU3 could be a more sensitive
measure of grammar and vocabulary development than age.

There were moderate correlations between MLU3 measures and age for all languages
except Xitsonga, which was on the border of weak to moderate. However, the Xitsonga
results for morphemes (r = .36) and words (r = .38), while lower than the other three
languages, are not unusual. Other studies have also reported significant but not strong
correlations of .3 between age andMLUmeasures (Allen &Dench, 2015). There were also
moderate to strong correlations between MLU3 variables and other indices of language
growth – namely, grammar and vocabularymeasures; although correlations with vocabu-
lary were weak for Xitsonga. Overall, our results show that MLU3 scales are develop-
mentally sensitive, correlating with age, vocabulary, and grammar scores, supporting the
validity of MLU3 as a measure of language development in these languages. This result is
in line with previous studies that demonstrate the validity of MLU3 as a child language
development measure (e.g., Allen & Dench, 2015; Ezeizabarrena & Garcia Fernandez,
2018; Fenson et al., 1994; Heilmann et al., 2005; Jackson-Maldonado & Conboy, 2007).

As children’s language levels in this age group tend to show considerable variation in
relation to age, we considered whether MLU3 might be a more sensitive indicator of
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language development than age.We found thatMLU3measures correlatedmore strongly
with grammar than with age in all languages and accounted for a higher proportion of the
variance than age in relation to grammar. However, there were mixed results for the
correlation between age and vocabulary and between MLU3 measures and vocabulary:
overall, there was notmuch difference except for (a) isiXhosa, whereMLU3 accounted for
a higher proportion of the variance than age in relation to vocabulary, and (b) Xitsonga,
where age was a better predictor of vocabulary size than MLU3 was. Some studies based
on natural language samples have shown thatMLU-m correlates better than agewith both
grammatical and lexical indices of development (Dromi & Berman, 1982; Thordardottir
& Weismer, 1998). Given our results, age and MLU3 need to be considered in tandem
rather than relying on MLU3 as alternative measures, particularly in relation to vocabu-
lary development.

Our second question was whether MLU3-m is a more sensitive measure of language
development than MLU3-w. High correlations between MLU3-m and MLU3-w across
the four languages suggest that both can be used as measures of language development.
Spearman correlations comparing morphemes and words with grammar and vocabulary
were also similar across languages. Where correlations are similar between morphemes
and words, most studies of other languages – including agglutinative ones like Basque –
have concluded that either words or morphemes can be used (Ezeizabarrena & Garcia
Fernandez, 2018). However, our model comparison with AIC indicates that morphemes
are either an equally or marginally more sensitive measure of grammatical and lexical
development in our languages, except for isiXhosa, where morphemes are clearly more
sensitive than words. Counting morphemes is therefore more suitable than orthographic
word boundaries in agglutinative languages with conjunctive orthographies. These
findings are in line with previous research that supports using a morpheme count as a
more accurate tool for assessing language complexity in highly inflected languages (Allen
& Dench, 2015; Ege, 2010; Meisel, 2011; Tomas & Dorofeeva, 2019).

Previous studies of MLU have almost invariably accepted the notion of a ‘word’ as a
linguistic unit (with the exception of Allen & Dench, 2015; Gouda et al., 2020). ‘Word’
boundaries have been seen as consistent with orthographic boundaries – i.e., spaces –
although few studies have explicitly stated this assumption. This is not necessarily a
problem in languages with standardised and consistent orthographies, and where word
boundaries closely align withmorpheme boundaries (e.g., English, Dutch). However, this
study demonstrates that counting ‘words’ to measure MLU3 may not be as reliable a
measure for isiXhosa as it is in Sesotho, Setswana and Xitsonga. We suggest that the word
as unit of measurement is theoretically not universally a valid linguistic concept for the
analysis of morphosyntactic complexity.

Some studies suggest that MLU is a general measure of early language development
based on high correlations betweenMLU, on the one hand, and grammar and vocabulary
scales, on the other (Dethorne et al., 2005; Ezeizabarrena & Garcia Fernandez, 2018).
However, other studies have found that MLU correlates better with grammatical devel-
opment, suggesting it is a measure of specifically morphosyntactic development. This is
the case for morphologically rich polysynthetic Inuktitut (Allen & Dench, 2015) and
synthetic Icelandic (Thordardottir & Weismer, 1998). Our results support the latter
position, withMLU3measures accounting for amuch higher percentage of the variability
in grammar than in vocabulary for our agglutinative languages that are also morpho-
logically rich and highly inflected. These differences between studies suggest that MLU
may bemeasuring different kinds of linguistic knowledge in typologically and structurally
different languages.
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Conclusion

This paper examined the suitability of MLU3-m and MLU3-w as language development
measures in four Southern Bantu languages (isiXhosa, Sesotho, Setswana, and Xitsonga)
of the Bantu language family (Atlantic-Congo), an understudied group of languages.
MLU3 proved to be a sensitive measure of expressive language development in conjunc-
tion with age. Although strong correlations were observed betweenMLU3-m andMLU3-
w, MLU3-m was a more reliable measure than MLU3-w across the four languages.
MLU3-m appears to be a useful indicator of children’s linguistic abilities in this group
of languages that are distinct from languages in previous studies of MLU. This study
highlights the possible pitfalls of linguistic assumptions about ‘words’ based on ortho-
graphic conventions, particularly for agglutinative languages with conjunctive and
inconsistent orthographies.

In terms of clinical implications, MLU counts may be useful for clinicians to obtain a
general idea of a child’s linguistic development, particularly where there is an absence of
standardised assessment instruments. Our findings suggest that MLU3 (which is based on
the three longest recent utterances) could provide an alternative measure to time-
consuming MLU calculations (based on spontaneous language samples of 50 or more
utterances) that clinicians perform as part of language sample analysis to diagnose language
disorder or delay. In clinical contexts where a number of morphologically complex
languages with different orthographic conventions are spoken, MLU3-m should be used
rather thanMLU3-w, especially if onewants to establish comparable cross-linguistic norms
for children and compare development across languages in countries like South Africa. As
our results have shown, MLU3-w is likely to underestimate children’s abilities in agglu-
tinative languages with conjunctive orthographies. In the African context, orthographies
are inconsistent between related languages and evenwithin one language (see Tucker, 1949,
for a discussion).Any clinical application ofMLUorMLU3 is necessarilymediated through
the language’s orthography, as clinicians need to transcribe the utterances before calculat-
ing theMLU orMLU3. Inconsistences in relation to orthographymean that cliniciansmay
need to rely on a more consistent unit of analysis than the word.

Although utterance length measured in morphemes appears to be the better indicator
of children’s linguistic development, identifying and operationalizingmorpheme counts is
not always easy in research and clinical settings (Arlman-Rupp et al., 1976). Several studies
point out challenges with identifying morphemes and the applicability of rules for the
identification of morphemes across different languages. Some argue that syllables are a
more reliable and theoretically justifiable measure than morphemes (Arlman-Rupp et al.,
1976; Tomas & Dorofeeva, 2019). The alternative of using syllable counts as a measure of
language development (MLU-s) still needs to be tested on our data. Testing the sensitivity
and specificity ofMLU3-mandMLU3-s in differentiating between child speakers of Bantu
languages with typical language development and those with delayed or disordered
language development will also be necessary. In future studies, syllables should be explored
for languages with similar morphological richness, particularly as MLU-m correlates well
withMLU-s inRussian (Tomas&Dorofeeva, 2019), andMeanLength ofWords – counted
inmorphemes and syllables – in Inuktitut (Allen&Dench, 2015).Nevertheless, identifying
and counting syllables consistently may be as difficult to apply as counting morphemes or
words in research and clinical settings (Parker & Brorson, 2005) although Tomas and
Dorofeeva (2019) suggest that automated parsing is possible. Both researchers and
clinicians may also need to consider what syllables measure in terms of language devel-
opment and whether they inflate MLU scores as Hickey (1991) has suggested.
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As this study is the first attempt to apply MLU as a measurement of development in
Southern Bantu languages, further research should include larger samples of these
languages andmore languages that are typologically similar. A larger sample for Xitsonga,
comparisons with similar samples of rural children speaking other Bantu languages as well
as careful examination of the development sequence of morphosyntactic features of
Xitsonga in comparison to other Southern Bantu languages may shed light on the slightly
different trends in relation to Xitsonga in our study. Comparing our findings on isiXhosa,
where MLU3-m was a better measurement than MLU3-w, with isiZulu (a closely related
agglutinative with conjunctive orthography) may confirm our conclusions. Along with
comparisons of more languages, we should also explore alternative measurements such as
MLU in syllables, orMean Length ofWords inmorphemes as applied by Allen andDench
(2015). In addition, more detailed investigation of the developmental trajectory of seman-
tic and morphosyntactic elements in the acquisition of these languages may guide us on
how to interpretMLU counts asmeasures of developing language complexity. This kind of
investigation (a) will help us to understand howMLU relates to linguistic knowledge and
the relationship between lexical andmorphosyntactic development (Dethorne et al., 2005),
given that the languages in our study are typologically and structurally distinct from
languages in other studies of MLU; and (b) may aid us in finding other, more sensitive
measures such as the average number of grammatical forms in a sample as applied by
Tomas and Dorofeeva (2019) to Russian or the number of different words and tense
accuracy composite applied by Dethorne et al. (2005) to English.

In African contexts, there has been little research on the development of indigenous
languages, especially large-scale studies that provide indices of typical development.
Consequently, there is a dearth of validated tools for clinicians with which to measure
language development. This study is a first step towards establishing the validity of MLU
as a useful tool for clinicians to measure early language development in Bantu languages.
Research efforts in the pursuit of understanding language-specific acquisition patterns in
Bantu languages are of great importance. To date, there are few language assessment tools
developed and standardized as accurate diagnosticmeasures or indicators of either typical
or atypical language development in South Africa and most other African countries. The
scarcity of such tools places a serious burden on clinicians. The findings of this study,
while having theoretical implications (such as encouraging debate on the operationalisa-
tion of ‘word’) are also a step, albeit small, towards addressing the need for linguistically
appropriate child language assessment tools in African languages.
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