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Abstract

The inhibition deficit theory posits that older adults have insufficient inhibitory
ability, rendering them susceptible to interfering information that hinders re-
trieval of target words and leads to more frequent tip-of-the-tongue (TOT) phe-
nomena than younger adults. Experiment 1 manipulated the inhibitory access
sub-function to investigate its role in TOT phenomena among older adults, em-
ploying a 2 (interference condition: present, absent) x 2 (age group: older,
younger) mixed design. Compared to the no-interference condition, the age
difference in TOT phenomena was exacerbated under interference conditions,
indicating that TOT phenomena in older adults are related to access function.
Experiment 2 manipulated the inhibitory deletion sub-function, employing a
2 (whether interference is activated: yes, no) x 2 (age group: older, younger)
mixed design. The age difference in TOT phenomena was not significant when
interference was not activated, but became significant when interference was
activated; the age-related increase in TOT phenomena is associated with insuffi-
cient deletion function. Insufficient access and deletion functions are important
contributors to the increase in TOT phenomena among older adults.
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Abstract

The inhibition deficit theory posits that older adults’ insufficient inhibitory ca-
pacity makes them more susceptible to interference, which hinders target word
retrieval and results in more frequent tip-of-the-tongue (TOT) experiences com-
pared to younger adults. Experiment 1 examined the role of the access sub-
function of inhibition in older adults” TOT phenomenon using a 2 (interference
condition: present vs. absent) x 2 (age group: older vs. younger) mixed design.
The age difference in TOT rates became significantly larger under interference
compared to the no-interference condition, indicating that TOT in older adults is
related to access function. Experiment 2 manipulated the deletion sub-function
of inhibition using a 2 (interference activation: yes vs. no) x 2 (age group: older
vs. younger) mixed design. No significant age difference in TOT emerged when
interference was not activated, whereas a significant age difference appeared
when interference was activated, suggesting that age-related increases in TOT
are associated with deletion function deficits. Deficits in both access and dele-
tion functions constitute important factors underlying the increased prevalence
of TOT among older adults.

Keywords: tip-of-the-tongue; older adults; inhibition; access; deletion
Classification Code: B844

The tip-of-the-tongue (TOT) phenomenon represents the most salient form of
word retrieval difficulty, referring to a state where a speaker temporarily can-
not retrieve a specific word yet feels certain they know its meaning, creating
a sensation of the word being on the verge of articulation (Brown & McNeill,
1966). Both naturalistic observations and laboratory studies have demonstrated
that TOT episodes increase with age (Burke, MacKay, Wothley, & Wade, 1991;
Rastle & Burke, 1996). Moreover, TOT is not only an unavoidable and em-
barrassing speech production impediment (Gollan & Brown, 2006) but also the
most frequently reported memory difficulty among the 28 memory problems
identified by older adults (Sunderland, Watts, Baddeley, & Harris, 1986). TOT
experiences cause greater difficulties in verbal expression for older adults and
increase their sense of frustration in social interactions. Therefore, investigat-
ing the aging mechanisms underlying TOT is of great significance for improving
communication quality among older adults.

Brown and McNeill (1966) pioneered experimental research on TOT by employ-
ing a low-frequency word method, presenting participants with word definitions
and requiring them to retrieve the corresponding target words. For example,
participants would see “An ornamental stoppered glass vessel used for serving
wine” with the target word being “Decanter.” TOT was identified when par-
ticipants could not produce the answer but were certain they knew the target
word.

The inhibition deficit theory proposes that when individuals activate target
words through semantic cues, related interference words disrupt retrieval and
extraction processes, activating incorrect lexical information associated with the
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target word. Under conditions of insufficient inhibitory function, this can cause
retrieval pathways to deviate, ultimately leading to more TOT episodes (Wood-
worth, 1938). This theory has received support from numerous researchers
(Anderson & Bjork, 1994; Brown, 1991; Reason & Lucas, 1984; Schacter, 1999).
Jones et al. (1987, 1989) found that interference words first activate informa-
tion related to target words and further activate recently processed interference
words, disrupting target word retrieval and causing more TOT episodes. If
participants could suppress these interference effects, TOT might not increase.
Choi and Smith (2005) argued that if TOT results from blocking effects—that
is, interference words obstructing retrieval of correct answers—then delaying the
TOT question should allow participants to overcome interference and resolve
the retrieval failure. Their results showed that delayed retesting yielded twice
the resolution rate of immediate retesting. Reason and Lucas (1984) used diary
methods to study TOT and found that 59% of TOT episodes were accompanied
by at least one interference word. In daily life, particularly with proper names
(e.g., people’ s names, place names), interference words can involuntarily and
repeatedly become active in the mind, hindering target word retrieval (Burke
et al., 1991; Cohen & Faulkner, 1986).

Hasher and Zacks (1988) and Zacks and Hasher (1994, 1997) proposed that in-
hibitory function declines with age in older adults, who activate more irrelevant
information than younger adults and have difficulty suppressing its influence on
current tasks. Inhibition comprises three sub-functions: limiting access to irrele-
vant information (access), deleting information no longer relevant from the focus
of attention (deletion), and restraining the production of dominant responses
(restrain) (Lustig, Hasher, & Zacks, 2007). During target word retrieval, failure
to effectively prevent irrelevant information from entering the focus of attention,
delete stimuli no longer relevant to the current task, or restrain strong dominant
responses can lead to interference activation and maintenance, thereby blocking
target word retrieval and producing TOT episodes.

Both cross-sectional and laboratory studies have demonstrated close relation-
ships between inhibition and language aging. Borella, Ghisletta, and De Rib-
aupierre (2011) used structural equation modeling to confirm that inhibitory
ability influences age differences in text processing performance through work-
ing memory capacity. Additionally, Arbuckle and Gold (1993) found that older
adults’performance on tasks reflecting deletion function (verbal fluency test, Wis-
consin Card Sorting Task) and restraint function (Trailmaking Test) correlated
significantly with off-topic verbosity levels. Pushkar et al. (2000) obtained sim-
ilar results, finding that test performance reflecting access (verbal fluency test)
and restraint functions (Stroop test) were closely related to off-topic verbosity.
Laboratory studies have further confirmed these conclusions. Chen, Zhang, and
Zhu (2015) found that in Chinese sentence construction tasks, older adults per-
formed significantly worse than younger adults when required to inhibit role
information, suggesting that insufficient inhibitory function constitutes an im-
portant cause of deteriorating language task performance in older adults. Yin
and Peng (2016) explored the role of inhibitory sub-functions in age-related
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off-topic verbosity and found that off-topic verbosity in aging was closely re-
lated to age-related declines in deletion and restraint functions. Ayasse and
Wingfield (2017) found that more competing information led to poorer sentence
comprehension task performance. Cohen and Gordon-Salant (2017) found that
greater irrelevant audiovisual interference resulted in poorer speech recognition
performance in older adults. These findings indicate that aging in language
production and comprehension abilities (text comprehension, sentence under-
standing, speech recognition, off-topic verbosity, sentence construction tasks) is
closely related to inhibitory function.

Brain function research also suggests a relationship between inhibition and TOT
aging. Shafto and Tyler (2014) noted that TOT aging is associated with brain
function decline. When naming pictures of faces, older adults showed activation
in brain regions such as the inferior frontal gyrus and right middle frontal gyrus
during TOT episodes compared to successful naming (Shafto, Stamatakis, Tam,
& Tyler, 2010). Inhibitory function is believed to be closely related to the
right frontal cortex (Aron, Robbins, & Poldrack, 2004), and when inhibitory
function is insufficient, activation in frontal cortex regions increases (Dempster,
1992; Hartley, 1993; Arbuckle & Gold, 1993). This suggests that increased TOT
episodes in older adults are related to insufficient inhibitory function.

Cross and Burke (2004) noted that the effect of insufficient inhibition is more
pronounced in older adults’ TOT experiences, with inhibition potentially oper-
ating through two processes: first, the widespread “spreading” of interference
words in the semantic system, activating interference words related to target
words; and second, older adults’ difficulty in effectively controlling activated in-
terference information from entering conscious awareness, causing interference
information to repeatedly appear in the mind. This suggests that inhibition
may function during the semantic system activation stage, and if participants
can suppress interference word effects during semantic activation, TOT episodes
may decrease.

Analysis of existing research reveals that most studies on inhibition and lan-
guage aging have focused on analyzing correlations between inhibitory test per-
formance and older adults’ language performance, preventing causal inferences
and failing to clarify inhibition’ s specific role in language aging. Laboratory
studies have rarely manipulated inhibitory sub-functions, leaving their respec-
tive influences on language aging unknown. TOT represents the most frequently
occurring language expression difficulty among older adults (Ryan, Meneer, &
Trovato, 1994) and has very detrimental effects on their daily verbal commu-
nication. However, current TOT research has not manipulated inhibitory sub-
functions, making causal inference difficult. Therefore, the specific mechanisms
through which inhibitory function operates in older adults’ TOT require urgent
clarification.

This study investigates the specific role of inhibitory sub-functions in older
adults’ TOT through experimental manipulation, which will not only help clarify
the causal relationship between inhibition and TOT aging and understand the
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psychological mechanisms underlying TOT aging but also provide a basis for im-
proving TOT experiences and quality of life among older adults. Furthermore,
confirming the specific roles of inhibitory sub-functions in older adults’ TOT
is important for clarifying the mechanisms of language function aging. Since
the restraint sub-function refers to suppressing strong dominant responses from
within the individual and is difficult to manipulate experimentally, this study
only examines the influence of access and deletion sub-functions on older adults’
TOT. This research uses laboratory methods to test two hypotheses:

If older adults experience more TOT episodes due to access sub-function deficits,
then older adults should show more TOT than younger adults under conditions
requiring high access function. If older adults experience more TOT episodes
due to deletion sub-function deficits, then older adults should show more TOT
than younger adults under conditions requiring high deletion function.

Experiment 1: The Role of Access Function in Older
Adults’ TOT

Participants

Thirty younger adults aged 18-33 years (10 males) were recruited in Beijing, with
a mean age of 22.73 + 2.89 years, mean education of 16.27 + 1.74 years, and
vocabulary test scores of 18.17 4+ 2.07. Thirty older adults aged 60-79 years (9
males) were recruited from Beijing communities, with a mean age of 68.17 + 5.63
years, mean education of 14.63 + 2.16 years, and vocabulary test scores of 17.43
+ 2.01. All participants were native Chinese speakers with normal (corrected)
vision and no history of brain disease or cognitive impairment. Younger adults
had significantly higher education levels than older adults, t(58) = 3.23, p <
0.01, but vocabulary test scores showed no significant age difference, t(58) =
1.39, p > 0.05.

Experimental Design

Following Brown and McNeill’ s (1966) TOT experimental task, we employed a
2 (interference condition: present vs. absent) x 2 (age group: older vs. younger)
mixed design, with interference condition as a within-subjects variable and age
group as a between-subjects variable. The dependent variable was TOT rate,
calculated as the number of TOT episodes divided by the total number of ques-
tions. In the interference condition, participants were presented with a TOT-
inducing question simultaneously with an interference stimulus [Figure 1: see
original paper] and were instructed to ignore the interference stimulus as much
as possible. This required participants to prevent the interference stimulus from
entering the focus of attention, reflecting access function. The no-interference
condition presented only the TOT-inducing question. If older adults’ TOT is
related to access function deficits, older adults should be more susceptible to
interference stimuli and exhibit more TOT episodes, with the age difference in

chinarxiv.org/items/chinaxiv-201809.00075 Machine Translation


https://chinarxiv.org/items/chinaxiv-201809.00075

ChinaRxiv [$X]

TOT rates being significantly larger in the interference condition than in the
no-interference condition.

Materials and Measures

TOT Task. TOT-inducing questions were presented via computer. After read-
ing each question, participants who knew the answer spoke it aloud (target
word); those who did not know the answer reported “don’ t know” ; those ex-
periencing TOT reported “TOT.” Participants proceeded to the next question
after completing each item. There was no time limit for each question, and par-
ticipants controlled their own response pace. They were instructed to respond
truthfully without guessing or repeated deliberation. TOT was operationally
defined as temporarily being unable to produce the answer while feeling certain
that one knew it, with the sensation that the answer was on the tip of the
tongue. TOT rate was calculated as the number of TOT episodes divided by
the total number of questions.

Task Materials. Since previous research primarily used Western participants,
the questions were too unfamiliar for Chinese participants and difficult to use
to induce TOT. Therefore, it was necessary to develop experimental materials
suitable for Chinese participants.

We recruited 26 younger and 18 older adults for a pilot study. Referencing
general knowledge questions used by Nelson and Narens (1980), Schwartz (2010),
and Zhang (2013), we developed 300 questions, such as “Who was the founding
emperor of the Song Dynasty? (Zhao Kuangyin),” covering categories including
history, geography, and general life knowledge.

Questions were presented in questionnaire format, and participants rated their
knowledge of each answer: 1 = knew the answer and could state it accurately,
2 = did not know the answer, 3 = currently experiencing TOT. Based on re-
sponses, we eliminated questions that completely failed to induce TOT (i.e.,
questions where participants either always knew the answer or always did not
know it), leaving 170 questions with a TOT induction rate of 0.1697 4+ 0.094.
These 170 questions were randomly divided into two sets for the interference
and no-interference conditions, with TOT induction rates of 0.1698 + 0.094 and
0.1695 + 0.093, respectively, showing no significant difference, t(84) = 0.02, p
> 0.05.

Interference Stimuli. Older adults may have difficulty inhibiting interference
from semantically related stimuli, contributing to TOT aging. Therefore, we
obtained interference stimuli with semantic similarity to target words through
pilot testing. Semantic relatedness refers to the degree of shared semantic fea-
tures between two concepts (Fang & Zhang, 2013). The more shared semantic
features, the higher the relatedness. For example, “cat” and “dog” share higher
semantic relatedness than “cat” and “ant,” though all three belong to the “an-
imal” category. Three graduate students in psychology collaboratively designed
three sets of incorrect interference stimuli with semantic relatedness. Each TOT-
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inducing question had three incorrect semantically related interference stimuli
(e.g., for “Which Chinese city is famous for hot dry noodles? Answer: Wuhan,”
interference stimuli were Changsha, Nanchang, and Macau). Fifteen younger
adults rated the semantic relatedness between each of the three interference
stimuli and the correct answer on a 1-7 scale (1 = low relatedness, 7 = high
relatedness). Ratings ranged from 1.13 to 6.40, with a mean of 3.57 + 1.27.
Fang and Zhang (2013) found that interference words with high semantic re-
latedness facilitated target word retrieval, but interference words with too low
relatedness had no interfering effect. Therefore, we selected interference stimuli
with moderate semantic relatedness (mean rating = 3.85). Additionally, a t-
test on word frequency between answers (0.008 £ 0.014) and interference words
(0.023 + 0.074) showed no significant difference, t(85) = -1.79, p = 0.075 >
0.05, indicating equivalent familiarity between answers and interference words.

Education level and vocabulary comprehension ability are considered possible
factors influencing age differences in TOT (Dahlgren, 1998; Cross & Burke,
2004). Therefore, subsequent data analyses should control for education level
and vocabulary comprehension ability as covariates.

Vocabulary Test. We used the vocabulary subtest from the Chinese version of
the Wechsler Adult Intelligence Scale (Gong, 1992) to assess vocabulary compre-
hension ability. Ten words were randomly selected from the vocabulary subtest,
and participants were asked to explain the meaning of each word. Each word
received a score of 0-2, with total scores ranging from 0-20, where higher scores
indicated better vocabulary comprehension ability.

Procedure

Participants first completed a demographic form (name, age, gender, education
level, etc.) and then took the vocabulary comprehension test before proceeding
to the experimental task.

The order of interference and no-interference conditions was counterbalanced
across participants. The experimental task was presented on a computer (screen
resolution: 1024$x$768) in 60-point Song font. In the interference condition,
an italicized interference word appeared randomly above or below the TOT-
inducing question (Samanez-Larkin et al., 2009; Gao, 2013). Each condition
began with two practice questions to ensure participants understood the rules.

Instructions for the no-interference condition were: “Please read each question
carefully and answer (do not guess). If you definitely know the answer, please
say it aloud. If you feel you know the answer but cannot say it or can only
say part of it, please report ‘TOT. If you completely do not know the answer,
please report ‘don’ t know.” ” The interference condition added: “When the
question is presented, an italicized word will appear on the screen. The less you
pay attention to it, the better your performance.”
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Results

Background Variables Analysis Correlation analysis revealed that only
education level correlated significantly with TOT rates in both experimental
conditions (r_ {interference} = -0.262, p < 0.05; r_ {no}-interference = -0.291,
p < 0.05). Therefore, only education level was included as a covariate in subse-
quent analyses.

Manipulation Check If interference words produced interfering effects, ques-
tions that participants originally knew should show higher error rates, with a
higher proportion of incorrect answers reported in the interference condition
than in the no-interference condition. A t-test on the proportion of incorrect
answers reported for known items revealed that the error rate in the interfer-
ence condition (0.27 + 0.16) was significantly higher than in the no-interference
condition (0.19 £+ 0.10), t(59) = 6.37, p < 0.001, indicating that interference
stimuli produced interfering effects.

The Role of Access Function in Older Adultss TOT TOT rates for
different age groups are presented in Table 1 and Figure 2 [Figure 2: see original
paper]. A 2 x 2 repeated-measures ANOVA was conducted with education level
as a covariate, age and interference condition as independent variables, and
TOT rate as the dependent variable. Results showed that the covariate effect
was not significant, F(1,57) = 0.08, p > 0.05; the main effect of interference
condition was not significant, F(1,57) = 0.06, p > 0.05; the main effect of age
was significant, F(1,57) = 11.90, p = 0.001, p? = 0.173; and the interaction
was significant, F(1,57) = 5.91, p < 0.05, p2 = 0.094.

Simple effects analysis revealed significant age differences in both the interfer-
ence condition (F(1,57) = 16.29, p < 0.001, p? = 0.222) and the no-interference
condition (F(1,57) = 5.12, p < 0.05, p? = 0.082), with older adults showing
higher TOT rates than younger adults in both conditions, and the age dif-
ference being larger in the interference condition. Furthermore, older adults
showed significantly higher TOT rates in the interference condition than in the
no-interference condition, F(1,58) = 23.49, p < 0.001, p? = 0.288, whereas
younger adults showed no significant difference, F(1,58) = 1.56, p > 0.05. Com-
paring the differences in TOT rates between the two conditions for both groups
(interference condition: 0.090 £ 0.097; no-interference condition: 0.053 4 0.098),
a t-test revealed that the age difference in TOT rates was significantly larger in
the interference condition than in the no-interference condition, t(58) = 2.40, p
< 0.05.
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Experiment 2: The Role of Deletion Function in Older
Adults’ TOT

Participants

Thirty younger adults aged 19-27 years (11 males) were recruited in Beijing,
with a mean age of 22.47 + 1.94 years, mean education of 16.07 + 1.29 years,
and vocabulary test scores of 18.67 + 1.69. Thirty older adults aged 61-78
years (9 males) were recruited from Beijing communities, with a mean age of
68.93 + 5.42 years, mean education of 14.20 4 2.40 years, and vocabulary test
scores of 15.70 + 3.50. Experiment 2 used newly recruited participants, all
native Chinese speakers with normal (corrected) vision and no history of brain
disease or cognitive impairment. Both education level (t(58) = 3.76, p < 0.001)
and vocabulary test scores (t(58) = 4.19, p < 0.001) showed significant age
differences between the two groups.

Experimental Design

A 2 (interference activation: yes vs. no) x 2 (age group: older vs. younger)
mixed design was employed, with interference activation as a within-subjects
variable and age group as a between-subjects variable, and TOT rate as the
dependent variable.

Because deletion function was being investigated, participants needed to first
activate interference information in their minds. In the interference activation
condition, participants studied interference information before performing the
TOT task, using the interference materials from Experiment 1 as interference
information. In the no-activation condition, participants proceeded directly to
the TOT task.

In the interference activation condition, participants needed to delete activated
interference information from the focus of attention to perform the TOT task
well, requiring good deletion function. If older adults experience TOT due to
deletion function deficits, then the age difference in TOT rates should be signif-
icantly larger in the interference activation condition than in the no-activation
condition.

Procedure

Participants completed a demographic form (name, age, gender, education level,
etc.) and then took the vocabulary comprehension test before proceeding to the
experimental task.

The order of experimental conditions was counterbalanced across participants.
The no-activation condition followed the same procedure as the no-interference
condition in Experiment 1. In the interference activation condition, participants
first studied 85 interference words before the TOT task. To ensure participants
processed the interference stimuli carefully, the experimenter informed them in
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advance that a recognition test would follow the study phase. Each condition
began with two practice questions to ensure participants understood the rules.

During the interference information learning task, interference words were pre-
sented on a computer for 2 seconds each. After studying, participants completed
a 30-item number comparison task. For the recognition test, 30 words were
randomly selected from the 85 interference words, and participants made recog-
nition judgments about whether they had studied each word. If recognition
performance was significantly above chance level, it indicated that participants
had studied the interference words. Recognition rate was calculated as the
number of correct judgments divided by the total number (Huang et al., 2014).

Results

Background Variables Analysis Correlation analysis revealed that neither
education level nor vocabulary test scores correlated significantly with TOT
rates, so no covariates were included in subsequent analyses.

Manipulation Check A t-test on participants’ recognition rates showed that
the younger group had a recognition rate of 0.79 + 0.14, significantly above
chance, t(29) = 11.54, p < 0.001, while the older group had a recognition rate
of 0.64 + 0.19, also significantly above chance, t(29) = 4.02, p < 0.001. The
younger group’ s recognition rate was significantly higher than the older group’
s, t(58) = 3.63, p < 0.01, indicating that both groups studied the interference
stimuli carefully. A t-test on the proportion of incorrect answers reported for
“known” items across the two conditions revealed that the error rate in the inter-
ference activation condition (0.30 4+ 0.15) was significantly higher than in the
no-activation condition (0.23 + 0.15), t(59) = 5.98, p < 0.001, indicating that
the experimental manipulation effectively activated more interference informa-
tion.

The Role of Deletion Function in Older Adults’ TOT TOT rates for
older and younger adults are presented in Table 1 and Figure 2. A 2 x 2
repeated-measures ANOVA was conducted with TOT rate as the dependent
variable and age and interference activation as independent variables. Results
showed that the main effect of interference activation was significant, F(1,58) =
4.41, p < 0.05, p? = 0.071; the main effect of age was significant, F(1,58) =
4.43, p < 0.05, p? = 0.071; and the interaction was significant, F(1,58) = 5.32,
p < 0.05, p? = 0.084.

Simple effects analysis revealed a significant age difference in the interference
activation condition, F(1,58) = 6.70, p < 0.05, p? = 0.104, with older adults
showing higher TOT rates than younger adults. No significant age difference
emerged in the no-activation condition, F(1,58) = 1.33, p > 0.05. This con-
firmed our hypothesis that activating interference increased the age difference
in TOT rates, making it significantly larger than in the no-activation condition.
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Additionally, older adults showed significantly higher TOT rates in the interfer-
ence activation condition than in the no-activation condition, F(1,58) = 9.71,
p < 0.01, p? = 0.143, whereas younger adults showed no significant difference,
F(1,58) = 0.02, p > 0.05.

General Discussion

This study used two experiments to investigate the roles of inhibitory sub-
functions (access and deletion) in older adults’ TOT, supporting the inhibition
deficit theory and further expanding its content. The inhibition deficit theory
proposes that when individuals activate target words through semantic cues, re-
lated interference words disrupt retrieval, causing retrieval pathway deviations
that ultimately lead to more TOT episodes. However, it does not elaborate
on the possible sources of interference words or how they cause retrieval path-
way deviations. Our study demonstrates that interference words originate from
both internal and external sources. Older adults with poor inhibitory function
may have their focus of attention occupied by external interference information,
preventing target word extraction (i.e., weak access function), or they may be
unable to shift attention away from previously activated information, leading
to target word retrieval failure (i.e., weak deletion function).

In Experiment 1, under natural no-interference conditions, younger and older
adults’” TOT rates were 7.9% and 13.3%, respectively, consistent with previous
reports. For example, Choi and Smith (2005) and James and Burke (2000)
found TOT rates of 8% and 7.9% in younger adults using general knowledge
questions, while Cross and Burke (2004) found an 8.1% TOT rate in younger
adults using picture naming. James and Burke (2000) found a 13.8% TOT
rate in older adults. These findings indicate that our TOT task materials were
appropriately selected.

Experiment 1 investigated the role of access function in older adults’ TOT. In
the interference condition, participants needed to prevent interference words
from entering the focus of attention. Older adults’ access function deficits made
it difficult to inhibit interference effects, resulting in more TOT episodes.

Experiment 1 results showed significant age differences in TOT rates under
both experimental conditions, with older adults showing significantly higher
TOT rates in the interference condition than in the no-interference condition,
whereas younger adults showed no significant difference. Moreover, older adults
had higher TOT rates than younger adults in both conditions. Comparing the
differences in TOT rates between the two conditions for both groups revealed
that the change in the older group was significantly larger than in the younger
group, indicating that interference had a greater impact on older adults’ TOT.
These results collectively demonstrate that interference caused older adults to
experience more TOT episodes, while younger adults’ TOT was unaffected by
the experimental manipulation, supporting our hypothesis and suggesting that
access function deficits constitute an important factor in age-related TOT in-
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creases. Research indicates that TOT episodes are caused by blocking from the
first related word information that comes to mind (Jones, 1989; Jones & Lang-
ford, 1987; Reason & Lucas, 1984; Roediger, 1974; Brown, 1991). Meyer and
Bock (1992) presented semantically related words while participants answered
questions and found that semantically related words caused more TOT episodes
than other words, suggesting that semantically related words may be important
factors interfering with target word access. In Experiment 1’s interference condi-
tion, participants needed to prevent italicized interference words from entering
the focus of attention. Younger adults, with intact access function, could effec-
tively prevent interference words from entering the focus of attention, whereas
older adults, due to access function deficits, had difficulty inhibiting interference
effects, resulting in higher TOT rates.

Yin and Peng (2016) found that access function was unrelated to increased off-
topic verbosity in older adults, which is inconsistent with our results. This dis-
crepancy may be related to differences between TOT and off-topic verbosity.
Off-topic verbosity may be influenced by activated interference information,
with individuals producing excessive speech, difficulty focusing on the current
topic, and lack of logical coherence—functions regulated by restraint and dele-
tion functions. Additionally, Yin et al. may have used tasks with relatively
low difficulty that did not place high demands on older adults’ access abili-
ties, resulting in no effect of access function on off-topic verbosity. In contrast,
TOT involves insufficient language expression ability and may be simultane-
ously influenced by access and inhibition functions. Our manipulation check in
Experiment 1 showed that interference stimuli produced interfering effects, and
the task placed high demands on access function, yielding different results from
Yin et al.

In summary, older adults’ access function deficits lead to more TOT episodes,
supporting the inhibition deficit theory of TOT.

Experiment 2 examined the role of deletion function in older adults’ TOT. In
the interference activation condition, participants needed to delete previously
activated information from the focus of attention to perform the TOT task well.
Researchers have suggested that older adults’ deletion function deficits make it
difficult to delete irrelevant information activated during retrieval, easily causing
current retrieval tasks to deviate from the correct direction and producing more
TOT episodes (Abrams, Trunk, & Merrill, 2007). Analysis of participants’ per-
formance revealed significant age differences in the interference activation condi-
tion, with older adults showing higher TOT rates than younger adults, whereas
no significant age difference emerged in the no-activation condition. Further-
more, older adults showed significantly higher TOT rates in the interference
activation condition than in the no-activation condition, while younger adults
showed no significant difference, indicating that activating interference caused
older adults to experience more TOT episodes, while younger adults’ TOT was
unaffected by the experimental manipulation. This confirmed our hypothesis
that activating interference increased the age difference in TOT rates, making
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it significantly larger than in the no-activation condition.

The manipulation check revealed that the younger group’ s recognition rate
was significantly higher than the older group’ s, which could be interpreted as
differences in learning depth or memory effectiveness. This may be related to the
older group’s poorer memory function. The depth of learning interference words
directly relates to the degree of activation of interference information in the
mind—the deeper the learning, the greater the interfering effect of interference
words during the TOT task. The older group’ s poorer learning of interference
words should have resulted in less activated interference information than the
younger group. If older adults’ deletion function were as good as younger adults’
, older adults should have shown fewer TOT episodes. However, results showed
that younger adults had significantly lower TOT rates than older adults in the
interference activation condition. The fact that older adults still experienced
more TOT episodes despite poorer learning of interference words suggests that
older adults’ deletion function is indeed worse than younger adults’ , providing
indirect evidence that deletion function deficits constitute an important factor
in age-related TOT increases.

Why did TOT not show age differences in the no-activation condition? We com-
pared TOT rates from Experiment 2 (no-activation condition) and Experiment
1 (no-interference condition) and found no significant difference in older adults’
TOT rates between the two studies (£(58) = 0.38, p > 0.05, 0.140 vs. 0.133),
whereas younger adults’ TOT rates differed significantly (t(58) = 2.62, p <
0.05, 0.120 vs. 0.079). Therefore, the lack of significant age differences in TOT
in the no-activation condition may be attributable to younger participants. T-
tests on background information for younger participants across the two exper-
iments revealed no significant differences in education level (t(58) = -0.51, p >
0.05, 16.07 vs. 16.27) or vocabulary test scores (t(58) = 1.03, p > 0.05, 18.67
vs. 18.17). Could this be related to differences in knowledge breadth between
the two younger participant groups? T-tests on younger participants’ know and
don’ t-know rates across the two experiments revealed no significant differences
(know rate: t(58) = 0.20, p > 0.05, 0.615 vs. 0.607; don’ t-know rate: t(58) =
-0.54, p > 0.05, 0.261 vs. 0.283), indicating that knowledge breadth was not
responsible. The reason for the lack of significant age differences in TOT in the
no-activation condition requires further investigation.

In conclusion, older adults’ inability to effectively delete previously activated
interference information leads to more TOT episodes, confirming the inhibition
deficit theory and suggesting that TOT aging may be related to age-related
declines in the ability to delete irrelevant interference information.

In both experiments, the proportion of incorrect answers reported for “known”
items in the experimental conditions was significantly higher than in control
conditions, indicating that interference stimuli indeed activated more incorrect
interference information and that the experimental tasks placed high demands
on inhibitory function. Due to deficits in access and deletion functions, older
adults showed reduced ability to prevent irrelevant information from entering
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the focus of attention and to delete information irrelevant to the current task,
resulting in more TOT episodes.

This study used laboratory methods to manipulate inhibitory access and dele-
tion functions, providing causal-level explanations for the relationship between
inhibition and older adults’ TOT. It also expands and supplements the inhibition
deficit theory, offering a clearer perspective on explaining older adults’ TOT
—namely, that decreased ability to prevent irrelevant information and delete
semantically related interference stimuli constitutes an important reason for in-
creased TOT among older adults. Practically, this study provides important
evidence and insights for improving older adults’ TOT: (1) For cognitive inter-
vention, training programs specifically targeting inhibitory sub-functions could
be designed to improve older adults’ access and deletion functions; (2) In daily
life situations, efforts could be made to reduce interference information in older
adults’ verbal communication environments, with greater emphasis on the cur-
rent topic when conversations involve topic shifts.

This study confirmed the influence of inhibitory access and deletion functions on
older adults’ TOT, partially filling a gap in this research area. However, because
current research on the relationship between inhibition and older adults’ TOT
is limited, our findings require further verification. Additionally, although we
confirmed the important roles of access and deletion functions in older adults’
TOT, we have not yet determined which plays a greater role, requiring further
research. Furthermore, we did not manipulate the restraint function to examine
its role in older adults’ TOT, which future studies could explore. Finally, this
study used laboratory methods, and the experimental materials cannot fully
encompass the speech problems that trigger TOT in daily life. Moreover, the
questions used to induce TOT in this study involved historical and literary
knowledge, requiring participants to have certain education levels. Therefore,
caution is needed when generalizing our findings.
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