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Abstract

Age of acquisition (AoA) is an important variabfeword recognition research. Up to now,
nearly all psychology researchers examining the atfAct have used ratings obtained from
adult participants. An alternative basis for det@ing AoA is directly testing children’s
knowledge of word meanings at various ages. Ircaalonal research, scholars and teachers
have tried to establish the grade at which padicwords should be taught by examining the
ages at which children know various word meanirgsch a list is available from Dale and
O’Rourke’sLiving Word Vocabularyor nearly 44 thousand meanings coming from over 3
thousand unique word forms and multiword expressidhe current paper relates these test-
based AoA estimates to lexical decision times dsageAoA adult ratings and reports strong
correlations between all measures. Thereforeptestd estimates of AoA can be used as an

alternative measure.



Test-based Age-of-Acquisition norms

for 44 thousand English word meanings

Age-of-acquisition (AoA) is one of the most impartaariables in word recognition: Early-
acquired words are processed more efficiently themacquired words even when word
frequency, word length, and similarity to other d®are controlled for (Brysbaert & Ellis,
2016; Brysbaert, Stevens, Mandera, & Keuleers, 20d6nston & Barry, 2006; Juhasz,

2005).

The existing AOA norms are based on ratings praligeeadult volunteers (often students).
Participants are asked to indicate the ages atwithiy think they have learned various words
(e.g., Kuperman, Stadthagen-Gonzalez, & Brysbaedt?). A weakness of such ratings is
that they may be influenced by factors other thare AoA. For instance, participants may be
inclined to underestimate the AoA of easy words everestimate the AoA of more difficult
words. Easy words tend to be short and frequesi un the language; in contrast, difficult
words tend to be long, less used words. So AoAgatmay be affected by word length and
word frequency, in addition to other variables timatke some words easier than others
(Baayen, Milin, & Ramscar, 2016; Lété & Bonin, 2013n the other hand, all validation
studies thus far have indicated that adult AoAnggicorrelate highly with test-based
measures of word acquisition order (Biemiller, Rstein, Sparks, Landauer, & Foltz, 2014;

Brysbaert, in press; Luniewska et al., 2016; MomisChappell, & Ellis, 1997).

Another limitation of AoA ratings is that they tetmlbe constrained in a number of ways.
First, they are not available for all words. Theg&st collection of AoA ratings in English
includes 30 thousand words (Kuperman et al., 2048ich is still short of a full vocabulary.

Second, very few studies take the various mearahgmbiguous words into account (for an



exception, see Bird, Franklin, & Howard, 2001). Fmtance, ‘wrong’ can mean ‘not right’
but also ‘to treat unfairly.” Both interpretatioase unlikely to be acquired at the same age.
Finally, no norms are available for familiar multvd expressions, such as phrasal verbs

(give in, give over, give up, ...) or compound no(nwgness stand, word of honor, ...).

For the above reasons, it would be better if redeas had access to another, large-scale
database of AOA estimates. Such an effort was rhgd2ale and O’Rourke (1981), who
wanted to provide teachers with guidelines aboutlwivords to teach in which grades. Dale
and O’'Rourke tested nearly 44,000 meanings (31dif@€rent word forms) to determine at
which age children were considered to “know” a niegun This was assessed by giving the
pupils three-alternative multiple-choice test iterigords were assigned to the grade level at
which 67-80% of specific word meanings were pasaeglusted for guessing on a three
alternatives multiple-choice test, this amountedrte@stimated 50-70% known. In other
words, the assigned grade level for a word meawagiknown byhalf or slightly more
students. The tests were administered in gradésg},10, 12, and college levels (13 and 16).
The researchers estimated the grade level to Ifetbte result for a specific meaning fell

outside of the 67-80% range, it was tested at &éx¢ Imgher or lower grade level.

Testing was conducted in schools throughout the Mi8west. Various written tests were
sent to participating classrooms. Any specific niieg was given to about 200 children
across a number of schools. At the time of teqtif®$0-1980), most children were English-

speaking. A range of socio-economic backgroundsraces were sampled.

Biemiller (2010) used the Dale and O’Rourke’s (10i&k as the basis of a new list of root
words worth teaching. He made an additional categbgrade 2, in which he put all words
known by more than 80% of the children in gradbaged on findings in Biemiller & Slonim

(2001).



The purpose of the present study is to use anhtlligpdate the Dale and O’Rourke (1981)
database and to validate its use as a source fareAbmates based on word knowledge at
different school grades. For the validation, wepare the test-based AoA data with rated
AOA estimates, lexical decision times (Balota et2007), and word frequency. We suggest
that the available test-based data (Dale & O’Routk81) provide a useful additional
estimate of word AoA in English, which has the &daial advantage that multiple meanings

of ambiguous words are considered.

Three other, smaller lists of test-based AoA edimare available. First, Goodman, Dale,
and Li (2008) published a list of the first 562 Hsig word learned by toddlers, as scored by
thousands of parents. Second, Morrison et al. (199@lished AoA ratings in young children
on the basis of picture naming for 297 picturemally, a recent website for American
teachers published a list of 1,461 words to beltaugvarious classes from Kindergarten to

grade 8 (https://www.flocabulary.com/wordlistsfrreved on March 4, 2016).

Words present in the lists of Goodman et al. (200&% assigned to grade 2, the lowest
estimated value in Dale and O’Rourke’s scale aseevby Biemiller (2010). For a few words,
this meant a large change in estimated AoA. Faaimte yogurtwent from grade 10 to grade
2. Because the Morrison et al. (1997) study wasmuhe UK, no similar adjustment was

made, although in the large majority of cases tta dgreed with Dale and O’'Rourke.

Validation of the Dale and O’Rourkd est-Based AoA norms



In the present study, we used two ways to valittegenew test-based AoA norms: First by
correlating them with AoA ratings; and second, byrelating them with word processing

times?

There were 18,139 words for which we had test-b&sekl estimates, AoA ratings, and
standardized lexical decision times in the Engliskicon Project (Balota et al., 2007). For
words with multiple meanings, the test-based Aofasuee was the youngest meaning in the
database, based on the assumption that particiggetsthe word’s first acquired meaning.
Biemiller et al (2014) also found this “earliest Aomneaning” to be the one that fits with the

existing AoA ratings.

We gave a rating of 14 tdving Word Vocabularyneanings above level 13 (Figure 1

confirms that this was the most sensible valueve)g

Table 1 shows the correlations between the vanatiables. From this table it is clear that
the test-based AoA estimates correlate highly ighratings collected by Kuperman et al.

(2012). Figure 1 shows the correlation.

! Some readers may wonder why we do not validate the test-based AoA norms on the basis of variables derived
from word frequencies at various school ages, such as the “word frequency trajectory”. More information on
this can be found in Brysbaert (in press), who called word frequency trajectory one of the worst word
characteristics ever introduced in psycholinguistics, because it does not correlate well with any of the
validation criteria used. Although one can compare word frequencies at different grades, the differences do not
correspond well to the order in which words are acquired, probably because many words are acquired after a
few observations and because frequency norms at different ages come from different language registers.
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There is a higher correlation between the AoA gatiand lexical decision times (r = .608)
than between the test-based AoA estimates andaledécision times (r = .525). On the other
hand, the correlations between the test-based Atifnates with word frequency and word

length are smaller, indicating that the test-bastunates are less affected by these variables.

To calculate the contribution of both AOA measueword processing times, hierarchical
regression analyses were run, which additionatjuched word frequency and word length.
They are shown in Table 2. As can be seen, the hmoddeding AoA ratings does

significantly better than the model including tbsised AoA estimates (z = 5.24 according to
a Vuong test for non-nested models; Merkle & Yol &), but the difference in terms of
explained variance is 1.2%, instead of the 9.4%etqul on the basis of the correlations listed
in Table 1. This is due to the lower intercorrelas of the test-based AoA estimate with word

frequency and word length.

Discussion

In this paper, a new test-based AoA measure isdated, largely based on the work of Dale
and O’'Rourke (1981), who presented words with thesponse alternatives to children from
primary and secondary school and examined at wgnatie the words were known. The list
was updated with the more recent CDI resource, wWoicked at younger ages. All in all, data
are available for nearly 44 thousands meaningsmgmom over 31 thousand English words

and multiword expressions.



Although the test-based measure has a rather saade (in steps of 2 grades), it does quite
well to predict lexical decision times (Table 2daas such, takes away some of the concerns
that have been raised against the use of AoA mtimg@xamine a genuine effect of AoA in
word processing times (Baayen et al., 2016; Lét®o&in, 2013; see also Brysbaert, in press).
The Dale and O’Rourke grades are slightly infettothe more recent and more refined
Flocabulary grades, as they correlate less withetkieal decision times of the English

Lexicon Project for the 1260 words with information all variables (r = .433 instead of r

= .487; Hotelling-Williams test: t(1257) = -1.91<p06)), but the Flocabulary grades are only

available for 1,461 words.

The new measure is not perfect, but it presentataresting alternative to the Kuperman et al.
(2012) ratings. First, as indicated above, it &t-teased rather than a subjective, retrospective
estimate. Second, it is available for other woldstthe existing ratings. The regression to go
from the grades to the best fitting AoA rating dgueating = 5.72 + .554 * grade. By using
this regression, both sources can be combinedd,Tthie measure is available for many
familiar multiword expressions (in particular, psahverbs and compound nouns). Fourth, it
is the first measure really taking into accountwhgous meanings words may have. It is
estimated that 15% of the words in English haveentiban one meaning (Goulden, Nation, &
Read, 1990). Now, we can look at the processinganfl meanings that follow earlier
acquired meanings. Finally, the new measure maakeularly interesting for studies with
older participants (Brysbaert & Ellis, 2016), givirat the AoA values were derived at the

time when they were young.

To help researchers, we have made a file withdbeliased AOA measure used in the present

study (available at https://osf.io/kz2px/). Thefdlso contains the AoA ratings collected by

Kuperman et al. (2012), the original LWV gradeg @DI and Morrison et al. (1997)

estimates in number of months, and the Flocabgeagles (see Figure 2). The list is made
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A0Aating Frequency Length LDT

AOA est-based 0.757 -0.587 0.262 0.525
AOA rating -0.675 0.395 0.608
Frequency -0.401 -0.640
Length 0.510

Table 1: Pearson correlations between the variables (N = 18,139). AOAtest based iS the present
scale based on actual performance. AoA.iing are the ratings collected by Kuperman et al.
(2012). Frequency is the log SUBTLEX-US frequency (Brysbaert & New, 2009). Length is the
number of letters in the word. LDT is the standardized lexical decision time from the English
Lexicon Project (Balota et al., 2007). Very similar values are obtained when Spearman
correlations are calculated.
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Test-based AoA estimates

LDT = frequency + length 51.9% 51.9%

LDT = frequency + length + AoA 54.4% 2.5%
AoA ratings

LDT = frequency + length 51.9% 51.9%

LDT = frequency + length + AoA 55.2% 3.3%

Table 2: Percentage of variance accounted for by the various variables. Non-linear estimates
for word frequency and word length (restricted cubic splines). A linear estimate for AoA, as
more was not required.
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15

AOA rating
10

Performance-based AoA estimate

Figure 1: Correlation between the test-based AoA estimates and the AoA ratings. Jitter
added to the test-based AoA estimates to diminish the overlap of the observations.
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A B C D E F G H

1 WORD MEANING AoAtestt AoArating LWV CDI Morr Floc
3030 bastille a prison 12 12 #N/A #N/A #N/A
3087 bastings long stitches 8 8 #N/A #N/A #N/A
30E2 bastion fortification 14 15.4 16 #N/A #N/A #N/A
3083 bat hard blow 2 4.7 4 2 56.5  #N/A
3084 bat ball-player’s stick 2 4.7 4 56.5  #N/A
3035 bat small flying animal 4 4.7 4 2 56.5  #N/A
3086 bat wild good time 14 4.7 16 25 56.5  #N/A
3087 bat boy takes care of team's bats 4 4 H#N/A #N/A #N/A
2033 bat your eyes to close and open eyelids quickly 4 4 #N/A #N/A #N/A
3089 batch lot of 4 7.2 4 #N/A #N/A 1
3030 batch unmarried man 12 7.2 12 #N/A #N/A 1
3037 batch male housekeeping 13 2 13 #N/A #N/A 1
3052 bate to reduce in intensity 12 12 #N/A #N/A #N/A
3033 bateau flat-bottomed boat 12 12 #N/A #N/A #N/A
3094 bath wash 2 3.5 4 17 234 #N/A

Figure 2: Screenshot of the file containing thé-besed AoA measures used in the present
paper. It shows the words with their different megs, as tested by Dale and O’Rourke
(1981). The figure also shows how the LWV gradeseveslapted (4 became 2 when more
than 80% of the children in grade 4 knew the meanirthe word or when the word was part
of the 562 first learned words according to the @Btiabase; 16 became 14). The file further
contains the AoA ratings collected by Kupermanlet2912), the age at which children can
name pictures according to Morrison et al. (1947 the suggested grade to teach the word
according to the Flocabulary website. Because Dallg and O’Rourke provide different
values for the various meanings of homographsother measures always have the same
value for all meanings of a word. The Flocabulargdgs in general are lower than the Dale
and O’Rourke grades, suggesting that children reannl words at an earlier age than 40-50
years ago.
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