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Abstract

Is our memory for pairs of items dependent on item characteristics? The present study

explores this question using a word learning paradigm; specifically, we examined whether

referent characteristics, such as referent type (face/object) and familiarity (known/

unknown), may influence word-referent mapping. Moreover, we examined this effect across

two test sessions to determine if the influence of referent characteristics might be more pro-

nounced over time, and across two age groups (young vs. older adults) to determine if there

might be age-related differences. Participants were presented with pseudoword-referent

mappings in four referent conditions (face/object × known/unknown) and then were tested

with a recognition task immediately after learning, and again after a short delay. Our findings

indicated that names for faces were not learned better than names for objects, despite previ-

ous literature suggesting that faces are processed differently. We also found that known ref-

erents (defined as having a pre-existing label for a referent) were learned better than

unknown items but this familiarity advantage was only observed for faces and not for

objects. While there were several age-related findings, these might be due to the longer

delay between the immediate and delayed tests among the older adults relative to young

adults. Taken together, our results suggest that certain referent characteristics do interact

and influence our learning of and memory for such pairings.

Introduction

One aspect of word learning requires learners to map a word to a meaning referent (hereafter

word-referent mapping). Previous word-referent mapping studies have focused on the word

component, for example, by investigating whether the phonology of the label affects word

learning [1]; the learner component, for example, by investigating learners’ assumptions or

biases [2]; as well as the mapping component such as by examining whether the learning

mechanism is domain-general or domain-specific [3,4]. The present study focuses on the ref-

erent component to address whether our learning of and memory for the links between names

and referents differ according to referent characteristics. Put differently, we explore whether

associative memory may vary for different items.
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Studies on second language (L2) vocabulary learning have identified several factors that

affect vocabulary learning. One such broad category is interlexical factors such as similarity of

word form and meaning relations between first language (L1) and L2 words [5], such that a

high degree of similarity of form and meaning between the two languages (e.g., forest in English

and forêt in French) is said to be facilitative. Another broad category that affects L2 vocabulary

learning is intralexical factors, such as pronounceability and length of the word form [6]. L2

vocabulary learners are constrained by their L1 phonology, which may explain, for example,

why Japanese adults have difficulties differentiating English words such as rice and lice. Referent

characteristics such as abstractness and familiarity of the meaning appear to play a role too

[6,7]. We investigated the effect of two referent characteristics on word-referent mapping in the

present study—referent type (learning names of faces vs. objects) and familiarity (whether

learners have a pre-existing label, i.e., whether the referent is known). Moreover, we explored

whether the effect of referent characteristics (if any) might be more evident over time by com-

paring their performance across two test sessions, and whether there might be age-related dif-

ferences in such learning with two groups of participants, young and older adults.

Concerning referent type, names for faces, or proper names, are said to be represented dif-

ferently than common names or other semantic information. In a seminal study, McWeeny

and colleagues demonstrated that, when shown a picture of a face, learners had poorer recall

the name associated with the face than the occupation, even when the same label was used

(e.g., Mr Baker vs. a baker) [8]. Furthermore, there are reports of a double dissociation

between common name anomia (i.e., an inability to recall names) and proper name anomia

[9]. Proper names are also more prone to the tip-of-the-tongue (ToT) phenomenon—a failure

to retrieve the label given a referent—than common names [10–12]. While the evidence sug-

gests that the representation for proper names and common names are different, it is unclear

why this is the case. One possibility relates to how the referent is processed; for example, faces

are processed more holistically than nonfaces [13,14] and appear to be more salient and atten-

tion-grabbing than nonfaces given their biological and social significance [15–17]. Given lim-

ited cognitive resources [18], it is plausible that learners may spend more resources encoding a

face than an object, which would result in a weaker face-name link and therefore making it

more susceptible to retrieval failure. Moreover, proper and common names also differ in their

retrieval level. Whereas retrieving the name of a face requires one to retrieve the label at the

exemplar level (e.g., Mr Baker), retrieving the name of an object enables one to retrieve the

label at the category level in which there are multiple possibilities (e.g., dog, mutt, hound,

canine, etc.), which would facilitate the retrieval process. Indeed, when one is given the oppor-

tunity to label faces with more than one name, such as by naming the face either by their real

name (e.g., Harrison Ford) or a character for which they are known (e.g., Indiana Jones), the

ToT phenomenon for proper names decreases [19]. Given these differences, it is unclear

whether the two may also differ in terms of their learning and retention; it may be the case that

due to differences in processing demands, the mapping strength between different referent

types and their labels may also differ.

Concerning referent familiarity, there are equivocal findings on whether having a pre-exist-

ing label for a referent (i.e., a known referent) facilitates the learning of another label for the

same referent [20,21]. Whereas children aged between 3 and 5 were able to learn foreign

words for familiar objects, only the older children could do so for unfamiliar objects [20].

However, with additional presentations, the younger children could as well, suggesting that

even though it is typically more challenging to learn labels for unfamiliar referents, it is none-

theless possible [20]. On the other hand, some have reported that children acquire foreign

labels for familiar and novel objects equally well [21]. Such equivocal findings may be attrib-

uted to methodological differences (e.g., number of learning trials, duration of exposure
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during learning, etc.). It may also be attributed to the fact that such studies do not typically

probe whether the referents are truly known/unknown by the learners (e.g., an unknown refer-

ent may not actually be unknown to certain learners or learners may conjure up names for the

referent) but instead referents are assigned as such a priori by the experimenters. It is thus

important to address this assumption, for example, by including a stimulus check to ensure

the correct assignment of the stimuli to their category according to each participant’s lexical

knowledge. According to studies in L2 vocabulary acquisition, a familiarity advantage is seen

because learners would have to relabel familiar meanings only whereas they would need to

construct a new concept and learn a label for unfamiliar meanings, which is arguably more

challenging [6,7,22]. Thus, we argue that a known referent may incur less processing cost, leav-

ing learners with more cognitive resources to process and map the label to the known referent.

It remains to be seen, however, whether familiarity and referent type may interact and influ-

ence the word learning process. That is, the familiarity advantage may be different for faces

than for objects, given that the two referent types are processed and represented differently.

Assuming that referent characteristics (either type or familiarity or an interaction of both)

do influence the word-referent mapping process, then two questions are further posited: is the

influence (i) stable over time and (ii) more evident for certain learners? Concerning the for-

mer, if the association formed between the referent and label (if any) is weak due to certain ref-

erent characteristics, then it is likely that the referent-label association would be more prone to

be forgotten after a delay. To examine this, the associations between labels and referents were

assessed at two time points in the present study: one immediately after learning and again after

a short delay.

It may also be the case that those with less cognitive resources such as older adults will be

affected by the influence of referent characteristics to a greater degree. Previous studies indi-

cate that older adults have poorer associative memory than young adults, such as in learning

names for faces [23–25], but the two show similar recognition of faces and of names separately

[26,27]. This led some to propose the associative deficit hypothesis [26,27], which is the pro-

posal that older adults may have difficulty implementing strategies to associate two arbitrary

components. Some suggested that older adults tend to hyper-bind [23,25,28], that is, form

spontaneous associations between items during learning which may lead to more interference

during retrieval. Regardless of the reasons, evidence suggests that older adults consistently

show poorer performance than young adults in paired-associate learning. Here, we extend pre-

vious research by investigating whether the age-related decline in forming associations

between referents and labels may be modulated by referent characteristics such as type and

familiarity. If certain referent characteristics impose less processing demands on the word-ref-

erent mapping process, then age-related differences may be seen for certain referents.

In summary, the present study explores whether two referent characteristics–referent type

(face/object) and familiarity (known/unknown)—influence word-referent mapping, which

would address whether the link strength between a referent and its label is partly influenced by

referent characteristics. The study also explores whether the influence (if any) is stable across

time by comparing learning performance at two time points and across learners with different

cognitive resources by comparing the performance of young and older adults.

Methods

Participants

The final sample consisted of 50 Singaporean English-Chinese bilinguals, with an equal num-

ber of young and older adults. The sample size was determined from previous studies on com-

paring young vs. older adults on paired-associate learning tasks [23,29]. The young adults (17
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females; Mage = 22.32, SD = 2.25, Range = 20–28) were students from a local university in Sin-

gapore whereas the older adults (14 females; Mage = 66.80, SD = 4.17, Range = 60–77) were

Singaporean residents recruited from the community. The older adults were screened for cog-

nitive impairment using the Mini-Mental State Examination, Second Edition (MMSE-2) [30]

and they scored at least 26 out of 30, indicating that all were cognitively healthy at the time of

testing. Participants provided their written informed consent prior to participating and they

were reimbursed for their participation. Nanyang Technological University Institutional

Review Board approved the study protocol and all methods were performed in accordance

with the relevant guidelines and regulations.

Tasks & stimuli

Name learning task. There were 24 word-referent pairings in the name learning task. The

words were disyllabic pseudowords, synthesised using Mac OS X Speech Service with the voice

Samantha. Disyllabic pseudowords were chosen because they allow for greater variation in

phoneme order, which would enable us to select pseudowords that do not sound like English

or Chinese, the two languages known by the participants (see S1 Table for a list of the pseudo-

words used). The pseudowords were presented auditorily to reflect how we typically learn

names for faces (e.g., in conversations, in films, etc.).

There were two types of referents: faces and objects. Within each referent type, six were

known referents (i.e., faces of famous people and everyday objects) and six were unknown ref-

erents (i.e., faces of unknown people and novel objects). Thus, there were four referent condi-

tions: known-faces, unknown-faces, known-objects, and unknown-objects. The faces were all

of East Asian descent (i.e., identical to the participants) and there was an equal number of

male and female faces. The known-faces and unknown-faces were matched in gender and rela-

tive age. Four of the known-faces for the older participants were different from those for the

younger participants as a pilot study with a different sample revealed age-related differences in

their recognition of known-faces. The known-objects were highly familiar items (e.g., pen,

chair, pot, etc.) whereas the unknown-objects were novel objects for which participants may

not immediately have a label. Familiarity for all the referents was determined for each partici-

pant using a questionnaire at the end of the experiment (see below). Images for the referents

were either sourced from databases (for the unknown-objects [31] and for the unknown-faces

[32]) or from the Internet (for the known-faces and known-objects); see S1 Fig for a represen-

tative sample of the images used in each condition. Images of the faces were cropped such that

only the face and hair were shown. All the images were edited to have a white background and

scaled to 400 × 400 pixels. Two lists of 24 word-referent pairings were formed by randomly

pairing the words and the referents. Participants were randomly assigned to a list prior to the

name learning task.

The name learning task consisted of three phases: learning, immediate test, and delayed test.

At the start of the learning phase, participants were instructed to learn the names of objects and

the nicknames of people in an alien language. The 24 word-referent pairings were then pre-

sented serially with each pairing presented twice overall. On each learning trial, an image was

presented visually on the computer screen for 4.5s and the name for the referent was presented

auditorily via headphones 2s after the image was presented. The inter-trial interval was 0.5s.

The presentation order of the pairings was pseudorandomised such that no two consecutive

pairings were the same. Participants were given an opportunity for a break after every 12 learn-

ing trials. After the learning phase, participants completed the immediate test phase, which was

a six-alternative forced-choice (6AFC) task. In every test trial, participants were presented with

a word auditorily and they had to choose which of the six images on the screen corresponded to

The influence of referent type and familiarity on word-referent mapping
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the word. The target image was always present along with five distractor images sampled from

the same referent condition (e.g., if the target image was from the known-face condition, then

all the distractor images were also from the known-face condition). Each pairing was tested

once, with the order of the test trials randomised. Prior to the start of the actual task, partici-

pants were given two practice trials with pairings not used in the task. A delayed test, of which

participants were not informed beforehand, was administered at the end of the experiment,

after a series of cognitive tests (see below). The delayed test had the same structure as the imme-

diate test. In general, the duration (in mins) between the immediate and the delayed test was

longer among the older adults (M = 44.88, SD = 19.58, Range = 14–99) than the young adults

(M = 35.96, SD = 5.91, Range = 28–48), t(48) = 2.18, p = .034, a point to which we will return in

the Results and Discussion sections. After the delayed test, participants completed a post-task

questionnaire to probe their familiarity with the referents used in the task (see S1 Appendix for

the questions). The questionnaire was completed after the delayed test to ensure (i) that partici-

pants did not have the opportunity to conjure up names for stimuli prior to the word learning

task; and (ii) minimal exposure to the stimuli, especially the unknown stimuli, prior to learning

as previous studies have shown that exposure alone facilitates name learning for novel objects

[33]. In the questionnaire, participants were asked whether they recognised each referent, and if

so, whether they could name the referent (in English for objects and the real names for the

faces). Their response to each referent was coded offline as “Don’t Know”, “Familiar but can’t

recall the name”, or “Know” (regardless of whether the participants recalled the name

correctly).

Measures of general cognitive abilities. To ensure that participants were within the nor-

mal range in their general cognitive abilities, we measured participants’ nonverbal intelligence

(Test of Nonverbal Intelligence 4th Edition, TONI-4) [34] and English receptive vocabulary

(Peabody Picture Vocabulary Test 4th Edition, PPVT-4) [35]. Their scores of each of the test

were transformed to age-normed standard scores.

Procedure

Participants completed the tasks in the following fixed order: (i) name learning task; (ii) imme-

diate test; (iii) TONI-4; (iv) PPVT-4; (v) delayed test; and (vi) post-task questionnaire. The

older participants completed the MMSE-2 at the start of the experiment. Participants were free

to take a short break between tasks. The young adults took approximately 1 hr to complete the

experiment whereas the older adults took approximately 1.5 hrs.

Results

General cognitive abilities

Participants’ nonverbal intelligence performance was within ±2 SD from the mean (Young

adults: Range = 91–119; Older adults: Range = 94–125), suggesting no extreme outliers. Young

adults (M = 104.20, SD = 9.82) and older adults (M = 105.70, SD = 9.59) did not differ signifi-

cantly on nonverbal intelligence scores (t(48) = 0.57, p = .573, d = 0.16).

Participants’ English receptive vocabulary performance was generally within ±2 SD from the

mean, except for one older adult, who scored slightly below 2 SD (Young adults: Range = 91–127;

Older adults: Range = 68–113). An independent sample t-test revealed that older adults

(M = 91.64, SD = 11.53) scored significantly less than the young adults (M = 101.5, SD = 9.18) on

English receptive vocabulary (t(48) = 3.35, p = .002, d = 0.95), presumably due to a later acquisi-

tion of English by older adults in Singapore. Indeed, from the demographic questionnaire, we

found a significant difference between age group and whether they grew up speaking English

(χ2(1) = 7.03, p = .008): whereas most young adults indicated that they grew up speaking English

The influence of referent type and familiarity on word-referent mapping
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(21 vs. 4), less than half of the older adults did so (11 vs. 14). Nevertheless, all participants under-

stood the instructions of each task in the present study, which was administered in English.

Name learning task

Participants’ performance on the name learning task was based only on referents that were

rated as “Don’t Know” and “Know” as indicated in the post-task questionnaire. That is, we

took into account each participant’s familiarity with the referents to decide which referents

were truly known and which were truly unknown (e.g., to avoid cases where participants

might conjure a label for what was a priori assumed to be an unfamiliar object). Referents

rated as “Familiar but can’t recall the name” were discarded from analysis (Overall rate: Young

adults = 7.36%; Older adults = 8.33%) since we were only interested in the learning of names

of referents for which participants have a label (as in the case of “Know”) or not (as in the case

of “Don’t Know”).

Table 1 reports the descriptive statistics of the mean proportion correct for each referent

condition by age group and test session. We first examined whether participants performed

above chance for each referent condition by performing a series of one-sample t-tests against

chance performance (1/6). Performance on all the referent conditions was significantly above

chance for both young and older adults, which suggests that they successfully learned the

names at the group-level.

To examine whether referent type and familiarity influenced name learning performance,

the data were fitted using mixed effects logistic regressions using the lme4 package [36] in R

[37]. The dependent variable was Accuracy, a binary categorical variable (Correct/Incorrect).

Table 1. Descriptive statistics of the proportion of correct responses for each referent condition by age group and

session. t-values represent the t-statistics from the one-sample t-tests against chance performance (1/6).

Referent Condition Mean (SD) 95% CI t(24) d
Young adults: Immediate test

Don’t Know–Face 0.55 (0.29) 0.44–0.67 6.64��� 1.33

Don’t Know–Object 0.58 (0.33) 0.45–0.71 6.28��� 1.26

Know–Face 0.73 (0.30) 0.61–0.85 9.22��� 1.84

Know–Object 0.69 (0.22) 0.61–0.78 11.80��� 2.36

Young adults: Delayed test

Don’t Know–Face 0.55 (0.31) 0.43–0.67 6.20��� 1.24

Don’t Know–Object 0.54 (0.31) 0.41–0.66 5.89��� 1.18

Know–Face 0.78 (0.23) 0.69–0.87 12.52��� 2.70

Know–Object 0.67 (0.23) 0.58–0.76 10.85��� 2.17

Older adults: Immediate test

Don’t Know–Face 0.42 (0.29) 0.30–0.53 4.35��� 0.87

Don’t Know–Object 0.47 (0.29) 0.36–0.59 5.17��� 1.03

Know–Face 0.58 (0.32) 0.46–0.71 6.44��� 1.29

Know–Object 0.44 (0.25) 0.34–0.53 5.45��� 1.09

Older adults: Delayed test

Don’t Know–Face 0.32 (0.24) 0.23–0.41 3.19�� 0.64

Don’t Know–Object 0.35 (0.32) 0.22–0.47 2.81�� 0.56

Know–Face 0.45 (0.32) 0.33–0.58 4.51��� 0.90

Know–Object 0.39 (0.26) 0.29–0.49 4.36��� 0.87

�� p< .01,

��� p< .001

https://doi.org/10.1371/journal.pone.0219552.t001

The influence of referent type and familiarity on word-referent mapping

PLOS ONE | https://doi.org/10.1371/journal.pone.0219552 July 10, 2019 6 / 14

https://doi.org/10.1371/journal.pone.0219552.t001
https://doi.org/10.1371/journal.pone.0219552


All the predictors—Session (Immediate/Delayed), Age Group (Young/Older), Familiarity

(Don’t Know/Know), and Type (Face/Object)—were effect-coded. We first modelled the data

with all four fixed effects and all possible interactions between them. We also included scores

on PPVT and TONI (both of which were centred) to the model as fixed effects. Model selec-

tion was then done using backward elimination, starting with higher order interactions and

dropping the terms one at a time if they do not significantly improve model fit. The final

model consisted of Age Group, Session, Type, Familiarity, Vocabulary, Age Group × Session,

Age Group × Familiarity, and Familiarity × Type (see Table 2). As random effects, we entered

random by-subject and by-item intercepts. Pairwise comparisons were conducted using

lsmeans package [38] in R.

We found a main effect of Vocabulary, suggesting that better vocabulary scores led to better

overall word learning performance. We also found main effects of Age Group, Session, and

Familiarity, all of which were further qualified by two-way interactions: Age Group × Session,

Age Group × Familiarity, and Familiarity × Type. Pairwise comparisons indicated that (i) per-

formance was significantly better on the immediate test than the delayed test for older adults

(ßdiff = 0.43, SE = 0.13, p = .002) whereas no significant difference between the two tests was

observed among young adults (ßdiff = 0.02, SE = 0.14, p = .888); and (ii) performance was sig-

nificantly better on ‘Know’ referents than ‘Don’t Know’ referents (i.e., a familiarity advantage)

among young adults (ßdiff = -0.62, SE = 0.19, p< .001) but not significantly so among older

adults (ßdiff = -0.16, SE = 0.19, p = .405). Importantly, concerning the influence of referent

characteristics on word-referent mapping, a familiarity advantage was seen for faces (ßdiff =

-0.81, SE = 0.22, p< .001), and not for objects (ßdiff = 0.03, SE = 0.22, p = .881) across age

groups and test sessions (see Fig 1).

Given that the delay between the immediate test and the delayed test was significantly lon-

ger among the older adults than the young adults, any effects related to the Session and Age

Group may thus be confounded by the difference in delay duration. We addressed this issue

by exploring the immediate test data. Using the same steps of data analysis as described previ-

ously, the final immediate test model is shown in Table 3. The model revealed that there was a

main effect of Vocabulary such that higher vocabulary scores led to better overall word learn-

ing performance, and a main effect of Age Group such that older adults (ß = -0.06, SE = 0.20)

had significantly worse overall performance than young adults (ß = 0.65, SE = 0.21). There was

also a main effect of Familiarity, which was qualified by a Familiarity × Type interaction. Pair-

wise comparisons revealed that, similar to the full model, there was a familiarity advantage for

faces (ßdiff = -0.81, SE = 0.23, p< .001) but not for objects (ßdiff = -0.15, SE = 0.22, p = .502).

One may argue that the effects that we observed with the referents might be influenced in

part by the pseudowords, such as how English- or Chinese-like they sound and how similar

Table 2. Output of the mixed effects logistic regression model.

Predictors Estimated ß Std. Error z-value p-value

Intercept 0.22 0.15 1.43 .153

Age Group -0.92 0.28 -3.25 .001

Session -0.22 0.10 -2.30 .021

Type -0.10 0.17 -0.59 .558

Familiarity 0.39 0.16 2.49 .013

Vocabulary 0.02 0.01 2.49 .013

Age Group × Session -0.41 0.19 -2.10 .036

Age Group × Familiarity -0.47 0.21 -2.25 .024

Familiarity × Type -0.84 0.30 -2.81 .005

https://doi.org/10.1371/journal.pone.0219552.t002
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Fig 1. Boxplots illustrating proportion of correct responses by referent type (Face vs. Object) and familiarity (Don’t Know vs. Know) averaged across test sessions

and age groups. Dotted line represents chance performance.

https://doi.org/10.1371/journal.pone.0219552.g001

Table 3. Output of the mixed effects logistic regression model for the immediate test.

Predictors Estimated ß Std. Error z-value p-value

Intercept 0.30 0.15 2.04 .041

Age Group -0.71 0.29 -2.43 .015

Familiarity 0.48 0.16 3.04 .002

Type -0.14 0.16 -0.88 .376

Vocabulary .020 0.01 2.46 .014

Familiarity × Type -0.66 0.32 -2.09 .036

https://doi.org/10.1371/journal.pone.0219552.t003

The influence of referent type and familiarity on word-referent mapping

PLOS ONE | https://doi.org/10.1371/journal.pone.0219552 July 10, 2019 8 / 14

https://doi.org/10.1371/journal.pone.0219552.g001
https://doi.org/10.1371/journal.pone.0219552.t003
https://doi.org/10.1371/journal.pone.0219552


they sound to each other. While this is a valid concern, we do not think this is likely since the

pseudowords were randomly paired with the referents to create two languages and participants

were randomly assigned to one. Nonetheless, we examined this concern directly by asking Sin-

gaporean English-Chinese bilingual young adults to rate on a five-point scale how (i) English-

sounding, (ii) Chinese-sounding, and (iii) similar sounding to each other the pseudowords

were. Ten participants were tested, and their ratings were averaged and included in the analy-

sis. Results showed that the more English-sounding the pseudowords were, the better they

were learned, consistent with previous findings [5], and similar-sounding words tend to be

learned marginally worse, though these effects were only observed in the overall model and

not in the immediate-test model. Importantly, our other findings remained the same and no

interactions were observed between the pseudowords and the other predictors (see S2 Table

for the output of the models). Thus, we have some assurance that the reported findings in our

models were not influenced by the pseudowords themselves.

Discussion

The present study explores whether our learning of and memory for pairs of items (such as

word-referent mappings) may differ according to item characteristics. Two such characteris-

tics (type and familiarity) were examined. We speculated that these characteristics may influ-

ence the link strength between the name and the referent, which would affect how well one

learns and remembers the pairing. Furthermore, we asked whether the influence of referent

characteristics may differ across time and age groups by examining if the influence might be

different after a delay between tests and for different age groups, respectively.

Before unpacking the findings, two issues need to be raised, which may influence our inter-

pretation of the results. Firstly, the older adults in our sample have significantly lower English

vocabulary proficiency than the young adults, presumably due to a later English acquisition age

by the former. This may be an issue, given that vocabulary size does seem to predict word learn-

ing performance [39,40]. Indeed, we too found an overall positive relationship between English

receptive vocabulary and word learning score. However, the lack of significant interactions

involving vocabulary knowledge suggests that the effects reported in our model are not depen-

dent on learners’ vocabulary. The second issue relates to the longer delay between the immedi-

ate and delayed tests among the older adults relative to young adults. This was due to the older

adults taking a longer time to complete the cognitive tasks and having more breaks between the

tasks. While this difference may be a confound in the full model, we could turn to the results

from the immediate test to determine if we see a similar pattern of results as the full model.

Learners appear to learn names for faces and objects equally well in general. This is surpris-

ing, given that research has shown that faces are processed and retrieved from memory differ-

ently than objects [12,13,17]. Our findings suggest that despite all that, the link between names

for faces and objects are equally as strong, which implies that when it comes to name learning,

faces are not “special” or a different class of entity, as proposed by some in the face perception

literature. More generally, it appears that the strength of the relationship between the name

and the referent is not influenced by the referent type alone.

We found that names for known items (i.e., having a pre-existing label) were learned better

than unknown items, suggesting a familiarity advantage. The advantage arises presumably

because a familiar referent is less cognitively taxing to process. Similar proposals were made in

second-language (L2) vocabulary acquisition literature, in which it is argued that it would be eas-

ier to acquire names for concepts that already exist in the learners’ language [6,7,22]. However,

the familiarity advantage was qualified by an interaction with referent type, that is, a familiarity

advantage was only seen for faces and not for objects. One possibility for the face-familiarity
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advantage is due to young and older adults engaging in learning additional names for known

faces (e.g., learning character names of actors in films) more often than they do for known

objects; thus, the face-familiarity advantage may simply be a consequence of doing a frequent or

familiar task. Another possibility is that the known faces (which, in this study, were of celebrities

familiar to Singaporeans) may have elicited particular emotions—either positive or negative—

leading to better learning [41,42]. Moreover, while effort was taken to ensure that the stimuli of

the known-faces and the unknown-faces were matched as closely as possible in the present

study, the known-faces had more expressive emotions than the unknown-faces, who mostly had

a neutral expression. In other words, the face-familiarity advantage seen in the present study

may reflect an emotional advantage either from the identity of the faces or the images them-

selves. Further work is necessary to explore these possibilities.

The face-familiarity finding has clinical implications for memory rehabilitation for (re)

learning face-name pairs [43,44]. Specifically, patients may benefit from having prior exposure

or familiarisation to the face-name pairing in order to enhance their learning. Moreover, the

findings from the present study could inform us about the development of face-name tests,

which are argued to be a useful early marker of cognitive impairments such as Alzheimer’s dis-

ease [45,46]. The typical face-name tests use novel face-name pairs, which may be difficult for

some, such as those with memory problems. Our findings suggest that face-name tests could

incorporate trials in which familiar faces are used so that the test becomes more manageable

for some patients and therefore the test would be more sensitive to the underlying cognitive

impairment.

In contrast to the face-familiarity advantage, we did not find a familiarity advantage for

objects. It thus appears that having a pre-existing label does not seem to facilitate the acquisi-

tion of a different label for objects, which, at first glance, may be counterintuitive to the find-

ings from L2 vocabulary acquisition [6,7,22]. Yet this may not be the case; although the

participants did not have labels for the unknown objects in the present study, the unknown

objects might not necessarily be a foreign concept (e.g., “this is a type of toy” or “this is a toy

part”). Therefore, they might not need to conceptualise and label the unknown objects, but

simply relabel, as they did with the known objects. In that sense, the presence of labels them-

selves may not be as important as conceptual familiarity in predicting the difficulty learners

may face in learning L2 vocabulary.

In the comparison between young and older adults, the older adults performed significantly

worse overall than young adults, even on the immediate test. This is unsurprising, given that

older adults tend to have poorer associative memory [26,27]. We found that older adults

showed a decline in performance between immediate and delayed tests, whereas young adults

did not. However, this may be confounded by the fact that there was a longer delay between

the two tests for older adults than young adults and so care should be taken in interpreting this

interaction. We found that, in the full model, older adults apparently did not benefit from the

familiarity advantage seen among the young adults (i.e., the Age Group × Familiarity interac-

tion) though this interaction was not seen in the immediate test model. This suggests that

older adults do enjoy the same familiarity advantage as young adults, but the advantage among

the older adults may have declined as a result of a longer delay between the tests. Taken

together, our results thus suggest that while older adults tend to have worse associative mem-

ory than young adults, their ability to learn names are not differentially affected by referent

characteristics relative to young adults. Put simply, it appears that referent characteristics affect

name learning to the same extent among young and older adults.

Despite conducting a pilot study to ensure that the faces were actually known by the popu-

lation from which the participants were sampled, some items were still not known by our par-

ticipants. Furthermore, participants had labels for some of the supposedly unknown faces and
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objects. While the present study discarded those trials, future research should take this into

consideration in order to maximise the number of trials contributing to each condition for

each participant while still being feasible. It should be noted, however, that when we ran the

analysis on participants that have at least half the number of trials in each condition (young

adults, n = 19; older adults, n = 20), the pattern of results is similar to what was obtained in the

full sample (see S3 Table for the model output). While the statistical significance of some of the

effects is marginal in the reduced sample model, the Familiarity × Type interaction remained

statistically significant, suggesting that the interaction is fairly robust. In addition to the sti-

muli, future research could also vary the task used to probe word-referent knowledge and how

referent characteristics may influence it. The present study used a recognition task—specifi-

cally, learners have to recognise the meaning of the word, which according to some, is the easi-

est type of word-referent knowledge to form [47]. It would thus be interesting to examine

whether a similar pattern of results would be obtained using a recall task, which is arguably

more difficult and is said to assess one’s higher-level word-referent knowledge.

In conclusion, we examined whether our memory for pairs of items, such as word-referent

pairings, might be dependent on referent characteristics such as referent type and familiarity,

and if so, whether the influence would be stable over time and across age groups. We found

that names for faces were not learned better than for objects, but a familiarity advantage was

observed only for faces and not for objects. We propose that this face-familiarity advantage

may be a consequence of a familiar task or that the known faces may have elicited emotions

(due to the identity of the faces or the emotions expressed by the faces), leading to stronger

associations formed between the faces and the labels. We speculate that the lack of an object-

familiarity advantage may be due to the unknown objects still being conceptually familiar to

the learners. While some age-related differences were observed, care should be taken in inter-

preting those differences as they may be confounded by methodological differences between

the age groups. Nonetheless, the present study suggests that certain referent characteristics do

interact and influence word-referent mapping, which has implications for memory rehabilita-

tion and assessment as well as L2 vocabulary acquisition.
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S3 Table. Output of the mixed effects logistic regression model on participants that have
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tical power. Note however, that the Familiarity × Type interaction remained significant, sug-

gesting that the effect is fairly robust.

(PDF)

S1 Fig. A sample of images used in each referent condition. Note that the unknown faces

were drawn from [32] and the unknown objects were drawn from [31]. All other images were

retrieved from the Internet.

(PDF)

The influence of referent type and familiarity on word-referent mapping

PLOS ONE | https://doi.org/10.1371/journal.pone.0219552 July 10, 2019 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219552.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219552.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219552.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219552.s004
https://doi.org/10.1371/journal.pone.0219552


S1 Appendix. Questions on the post-task questionnaire to probe familiarity of each stimu-

lus in the experiment. The questions differ slightly by referent type.

(PDF)

Acknowledgments

We would like to thank Justina Yu Han Tan and Vivien Sze Hwee Lee for assistance with data

collection and all the participants who volunteered their time.

Author Contributions

Conceptualization: Jia Hoong Ong, Alice H. D. Chan.

Data curation: Jia Hoong Ong.

Formal analysis: Jia Hoong Ong.

Funding acquisition: Alice H. D. Chan.

Investigation: Jia Hoong Ong.

Methodology: Jia Hoong Ong.

Project administration: Jia Hoong Ong.

Resources: Alice H. D. Chan.

Supervision: Alice H. D. Chan.

Visualization: Jia Hoong Ong.

Writing – original draft: Jia Hoong Ong.

Writing – review & editing: Jia Hoong Ong, Alice H. D. Chan.

References
1. Gathercole SE, Baddeley AD. The role of phonological memory in vocabulary acquisition: A study of

young children learning new names. Br J Psychol. 1990; 81:439–54.

2. Markman EM. Constraints chidren place on word meanings. Cogn Sci [Internet]. 1990; 14:57–77. Avail-

able from: http://www.sciencedirect.com/science/article/pii/036402139090026S

3. Smith LB. How domain-general processes may create domain-specific biases. In: Bowerman M, Levin-

son S, editors. Language acquisition and conceptual development. Cambridge: Cambridge University

Press; 2001. p. 101–31.

4. Markson L, Bloom P. Evidence against a dedicated system for word learning in children. Vol. 385,

Nature. 1997. p. 813–5. https://doi.org/10.1038/385813a0 PMID: 9039912

5. Swan M. The influence of the mother tongue on second language vocabulary acquisition and use. In:

Schmitt N, McCarthy M, editors. Vocabulary: Description, acquisition and pedagogy. Cambridge: Cam-

bridge University Press; 1997. p. 156–80.

6. Laufer B. What’s in a word that makes it hard or easy? Intralexical factors affecting vocabulary acquisi-

tion. In: Schmitt N, McCarthy M, editors. Vocabulary: Description, acquisition, and pedagogy. Cam-

bridge: Cambridge University Press; 1997. p. 140–55.

7. de Groot AMB, van Hell JG. The learning of foreign language vocabulary. In: Kroll JF, de Groot AMB,

editors. Handbook of bilingualism: Psycholinguistic approaches. New York: Oxford University Press;

2005. p. 9–29.

8. McWeeny KH, Hay DC, Ellis AW. Putting names to faces. Br J Psychol. 1987; 78(2):143–9.

9. Martins IP, Farrajota L. Proper and common names: A double dissociation. Neuropsychologia. 2007;

45(8):1744–56. https://doi.org/10.1016/j.neuropsychologia.2006.12.016 PMID: 17303198

10. Burke DM, MacKay DG, Worthley JS, Wade E. On the tip of the tongue: What causes word finding fail-

ures in young and older adults? J Mem Lang. 1991; 30(5):542–79.

The influence of referent type and familiarity on word-referent mapping

PLOS ONE | https://doi.org/10.1371/journal.pone.0219552 July 10, 2019 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219552.s005
http://www.sciencedirect.com/science/article/pii/036402139090026S
https://doi.org/10.1038/385813a0
http://www.ncbi.nlm.nih.gov/pubmed/9039912
https://doi.org/10.1016/j.neuropsychologia.2006.12.016
http://www.ncbi.nlm.nih.gov/pubmed/17303198
https://doi.org/10.1371/journal.pone.0219552


11. Cohen G, Faulkner D. Memory for proper names: Age differences in retrieval. Br J Dev Psychol [Inter-

net]. 1986; 4(2):187–97. Available from: https://doi.org/10.1111/j.2044-835X.1986.tb01010.x

12. Evrard M. Ageing and lexical access to common and proper names in picture naming. Brain Lang.

2002; 81(1–3):174–9. PMID: 12081390

13. Farah MJ, Tanaka JW, Drain HM. What causes the face inversion effect? J Exp Psychol Hum Percept

Perform [Internet]. 1995; 21(3):628–34. Available from: http://doi.apa.org/getdoi.cfm?doi=10.1037/

0096-1523.21.3.628 PMID: 7790837

14. Thompson P. Margaret thatcher: A new illusion. Vol. 9, Perception. 1980. p. 483–4. https://doi.org/10.

1068/p090483 PMID: 6999452

15. Lavie N, Ro T, Russell C. The role of perceptual load in processing distractor faces. Psychol Sci. 2003;

14(5):510–5. https://doi.org/10.1111/1467-9280.03453 PMID: 12930485

16. Sato S, Kawahara JI. Attentional capture by completely task-irrelevant faces. Psychol Res [Internet].

2015; 79(4):523–33. Available from: https://doi.org/10.1007/s00426-014-0599-8 PMID: 25030814

17. Goren CC, Sarty M, Wu PYK. Visual following and pattern discrimination of face-like stimuli by newborn

infants. Pediatrics. 1975; 56(4):544–9. PMID: 1165958

18. Kahneman D. Attention and Effort. Englewood Cliffs, NJ: Prentice-Hall; 1973.

19. Brédart S. Retrieval failures in face naming. Memory. 1993; 1(4):351–66. https://doi.org/10.1080/

09658219308258243 PMID: 7584277

20. Sera MD, Cole CA, Oromendia M, Koenig MA. Object familiarity facilitates foreign word learning in pre-

schoolers. Lang Learn Dev. 2014; 10(2):129–48.

21. Menjivar J, Akhtar N. Language experience and preschoolers’ foreign word learning. Biling Lang Cogn

[Internet]. 2016; 20(3):642–8. Available from: https://www-cambridge-org.libraryproxy.griffith.edu.au/

core/article/language-experience-and-preschoolers-foreign-word-learning/

2EF1419A871218C6596187CEAB1C9105

22. Kroll JF, de Groot AMB. Lexical and conceptual memory in the bilingual: Mapping form to meaning in

two languages. In: De Groot AMB, Kroll JF, editors. Tutorials in bilingualism: Psycholinguistic perspec-

tives [Internet]. Mahwah, NJ: Erlbaum; 1997. p. 169–99. Available from: http://search.ebscohost.com/

login.aspx?direct=true&db=psyh&AN=1997-08536-006&site=ehost-live&scope=site

23. Biss RK, Rowe G, Weeks JC, Hasher L, Murphy KJ. Leveraging older adults’ susceptibility to distraction

to improve memory for face-name associations. Psychol Aging. 2018; 33(1):158–64. https://doi.org/10.

1037/pag0000192 PMID: 29494186

24. Crook TH, West RL. Name recall performance across the adult life-span. Br J Psychol. 1990; 81:335–

49. PMID: 2224395

25. Weeks JC, Biss RK, Murphy KJ, Hasher L. Face–name learning in older adults: A benefit of hyper-bind-

ing. Psychon Bull Rev [Internet]. 2016; Available from: http://link.springer.com/10.3758/s13423-016-

1003-z

26. Naveh-Benjamin M. Adult age differences in memory performance: Tests of an associative deficit

hypothesis. J Exp Psychol Learn Mem Cogn [Internet]. 2000; 26(5):1170–87. Available from: http://

www.ncbi.nlm.nih.gov/pubmed/11009251 PMID: 11009251

27. Naveh-Benjamin M, Guez J, Kilb A, Reedy S. The associative memory deficit of older adults: Further

support using face-name associations. Psychol Aging. 2004; 19(3):541–6. https://doi.org/10.1037/

0882-7974.19.3.541 PMID: 15383004

28. Campbell KL, Hasher L, Thomas RC. Hyper-binding: A unique age effect. Psychol Sci. 2010; 21

(3):399–405. https://doi.org/10.1177/0956797609359910 PMID: 20424077

29. Naveh-Benjamin M, Shing YL, Kilb A, Werkle-Bergner M, Lindenberger U, Li S-C. Adult age differences

in memory for name-face associations: The effects of intentional and incidental learning. Memory [Inter-

net]. 2009; 17(2):220–32. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18654927%5Cnhttp://

www.tandfonline.com/doi/pdf/10.1080/09658210802222183

30. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: A practical method for grading the cognitive

state of patients for the clinician. J Psychiatr Res. 1975; 12(3):189–98. PMID: 1202204

31. Horst JS, Hout MC. The Novel Object and Unusual Name (NOUN) Database: A collection of novel

images for use in experimental research. Behav Res Methods [Internet]. 2016; 48:1393–409. Available

from: https://doi.org/10.3758/s13428-015-0647-3 PMID: 26424438

32. Ma DS, Correll J, Wittenbrink B. The Chicago face database: A free stimulus set of faces and norming

data. Behav Res Methods. 2015; 47(4):1122–35. https://doi.org/10.3758/s13428-014-0532-5 PMID:

25582810

33. Fennell CT. Object familiarity enhances infants’ use of phonetic detail in novel words. Infancy. 2012; 17

(3):339–53.

The influence of referent type and familiarity on word-referent mapping

PLOS ONE | https://doi.org/10.1371/journal.pone.0219552 July 10, 2019 13 / 14

https://doi.org/10.1111/j.2044-835X.1986.tb01010.x
http://www.ncbi.nlm.nih.gov/pubmed/12081390
http://doi.apa.org/getdoi.cfm?doi=10.1037/0096-1523.21.3.628
http://doi.apa.org/getdoi.cfm?doi=10.1037/0096-1523.21.3.628
http://www.ncbi.nlm.nih.gov/pubmed/7790837
https://doi.org/10.1068/p090483
https://doi.org/10.1068/p090483
http://www.ncbi.nlm.nih.gov/pubmed/6999452
https://doi.org/10.1111/1467-9280.03453
http://www.ncbi.nlm.nih.gov/pubmed/12930485
https://doi.org/10.1007/s00426-014-0599-8
http://www.ncbi.nlm.nih.gov/pubmed/25030814
http://www.ncbi.nlm.nih.gov/pubmed/1165958
https://doi.org/10.1080/09658219308258243
https://doi.org/10.1080/09658219308258243
http://www.ncbi.nlm.nih.gov/pubmed/7584277
https://www-cambridge-org.libraryproxy.griffith.edu.au/core/article/language-experience-and-preschoolers-foreign-word-learning/2EF1419A871218C6596187CEAB1C9105
https://www-cambridge-org.libraryproxy.griffith.edu.au/core/article/language-experience-and-preschoolers-foreign-word-learning/2EF1419A871218C6596187CEAB1C9105
https://www-cambridge-org.libraryproxy.griffith.edu.au/core/article/language-experience-and-preschoolers-foreign-word-learning/2EF1419A871218C6596187CEAB1C9105
http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=1997-08536-006&site=ehost-live&scope=site
http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=1997-08536-006&site=ehost-live&scope=site
https://doi.org/10.1037/pag0000192
https://doi.org/10.1037/pag0000192
http://www.ncbi.nlm.nih.gov/pubmed/29494186
http://www.ncbi.nlm.nih.gov/pubmed/2224395
http://link.springer.com/10.3758/s13423-016-1003-z
http://link.springer.com/10.3758/s13423-016-1003-z
http://www.ncbi.nlm.nih.gov/pubmed/11009251
http://www.ncbi.nlm.nih.gov/pubmed/11009251
http://www.ncbi.nlm.nih.gov/pubmed/11009251
https://doi.org/10.1037/0882-7974.19.3.541
https://doi.org/10.1037/0882-7974.19.3.541
http://www.ncbi.nlm.nih.gov/pubmed/15383004
https://doi.org/10.1177/0956797609359910
http://www.ncbi.nlm.nih.gov/pubmed/20424077
http://www.ncbi.nlm.nih.gov/pubmed/18654927%5Cnhttp://www.tandfonline.com/doi/pdf/10.1080/09658210802222183
http://www.ncbi.nlm.nih.gov/pubmed/18654927%5Cnhttp://www.tandfonline.com/doi/pdf/10.1080/09658210802222183
http://www.ncbi.nlm.nih.gov/pubmed/1202204
https://doi.org/10.3758/s13428-015-0647-3
http://www.ncbi.nlm.nih.gov/pubmed/26424438
https://doi.org/10.3758/s13428-014-0532-5
http://www.ncbi.nlm.nih.gov/pubmed/25582810
https://doi.org/10.1371/journal.pone.0219552


34. Brown L, Sherbenou RJ, Johnsen SK. Test of Nonverbal Intelligence-4 (TONI-4). Austin, TX: Pro-Ed;

2010.

35. Dunn LM, Dunn DM. Peabody Picture Vocabulary Test—Fourth Edition (PPVT-4). Minneapolis, MN:

Pearson Assessment; 2006.

36. Douglas B, Maechler M, Bolker B, Walker S. Fitting linear mixed-effects models using lme4. J Stat

Softw. 2015; 67(1):1–48.

37. R Core Team. R: A language and environment for statistical computing. Vienna, Austria: R Foundation

for Statistical Computing; 2017.

38. Lenth R V. Least-Squares Means: The R Package lsmeans. J Stat Softw. 2016; 69(1):1–33.

39. Thom EE, Sandhofer CM. More is more: The relationship between vocabulary size and word extension.

J Exp Child Psychol [Internet]. 2009; 104(4):466–73. Available from: https://doi.org/10.1016/j.jecp.

2009.07.004 PMID: 19732906

40. Bion RAH, Borovsky A, Fernald A. Fast mapping, slow learning: Disambiguation of novel word-object

mappings in relation to vocabulary learning at 18, 24, and 30 months. Cognition [Internet]. 2013; 126

(1):39–53. Available from: https://doi.org/10.1016/j.cognition.2012.08.008 PMID: 23063233

41. Kensinger EA, Corkin S. Memory enhancement for emotional words: Are emotional words more vividly

remembered than neutral words? Mem Cogn. 2003; 31(8):1169–80.

42. Doerksen S, Shimamura AP. Source memory enhancement for emotional words. Emotion. 2001; 1

(1):5–11. PMID: 12894807

43. Clare L, Wilson BA, Carter G, Roth I, Hodges JR. Relearning face-name associations in early Alzhei-

mer’s disease. Neuropsychology. 2002; 16(4):538–47. PMID: 12382992

44. Kesslak JP, Nackoul K, Sandman CA. Memory training for individuals with Alzheimer’s disease

improves name recall. Behav Neurol [Internet]. 1997; 10:137–42. Available from: http://www.embase.

com/search/results?subaction=viewrecord&from=export&id=L28104983 https://doi.org/10.3233/BEN-

1997-10407 PMID: 24486826

45. Rentz D, Amariglio R, Becker A, Frey M, Olson L, Frishe K, et al. Face-name associative memory per-

formance is related to amyloid burden in normal elderly. Neuropsychologia. 2011; 49(9):2776–83.

https://doi.org/10.1016/j.neuropsychologia.2011.06.006 PMID: 21689670

46. Sanabria A, Alegret M, Rodriguez-Gomez O, Valero S, Sotolongo-Grau O, Monté-Rubio G, et al. The
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