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Abstract

This study employed a picture-word interference task to investigate and compare
the distractor frequency effect in spoken word production in Chinese between
young and older adults, as well as the impact of non-selective inhibitory ability
on the distractor frequency effect and picture naming latency in both groups.
The results revealed that the frequency of unrelated distractor words influenced
the picture naming process in young adults, producing a distractor frequency ef-
fect that likely occurred at the response exclusion stage and was not modulated
by non-selective inhibitory ability. In contrast, no distractor frequency effect
was observed in older adults, possibly attributable to degraded phonological rep-
resentations in the elderly that prevented them from utilizing distractor word
frequency information, thereby supporting the transmission deficit hypothesis of
cognitive aging in spoken production. Non-selective inhibitory ability affected
picture naming latency in the picture-word interference task for older adults;
diminished non-selective inhibitory ability resulted in prolonged picture nam-
ing times, indicating that declines in general cognitive abilities influence the
language production process.
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Abstract

This study employed a picture-word interference task to investigate and com-
pare distractor word frequency effects in young and older adults during Chinese
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spoken word production, and to examine how non-selective inhibition ability
influences these effects and picture naming latencies in both age groups. The
results revealed that irrelevant distractor word frequency affected young adults’
picture naming processes, producing a distractor frequency effect that likely oc-
curs during the response exclusion stage and is not influenced by non-selective
inhibition ability. In contrast, no distractor frequency effect was observed in
older adults, possibly due to degraded phonological representations preventing
them from utilizing distractor frequency information. This finding supports the
transmission deficit hypothesis of cognitive aging in speech production. Non-
selective inhibition ability significantly affected picture naming latencies in older
adults: weaker non-selective inhibition capacity led to longer naming times, in-
dicating that declines in general cognitive abilities impact language production
processes.

Keywords: aging of speech production; picture-word interference task; distrac-
tor frequency effect; word frequency effect; non-selective inhibition

1. Introduction

Language production refers to the psychological process by which people express
thoughts through language, involving the conversion from conceptual codes to
linguistic codes and then to physiological and motor codes—using vocal organs
for speech production or writing organs for written production. Spoken word
production comprises conceptual preparation, lexical selection, phonological en-
coding, phonetic encoding, and articulation. The classic paradigm for studying
spoken word production is the picture-word interference task (PWTI), in which
pictures and distractor words are presented simultaneously. Participants are
instructed to ignore the distractor words and name the pictures as accurately
and quickly as possible. Researchers have found that when semantic distractors
belong to the same semantic category as the target name, they significantly pro-
long picture naming times compared to unrelated distractors—an effect known
as semantic interference (Glaser & Diingelhoff, 1984; Schriefers, Meyer, & Lev-
elt, 1990; Starreveld & La Heij, 1996). When using unrelated distractors in the
PWI paradigm, researchers have observed that naming times are faster with
high-frequency than low-frequency unrelated distractors (Miozzo & Caramazza,
2003), termed the distractor frequency effect. These two effects play important
roles in theoretical models of lexical selection in spoken word production.

1.1 Lexical Selection Mechanisms: Competitive and Non-Competitive
Accounts

In response to semantic interference effects observed in the PWI paradigm, re-
searchers proposed the lexical selection competition hypothesis, which assumes
that target word selection depends not only on the activation level of the target
itself but also on the activation levels of other competing words. The higher the
activation level of competing words, the longer the time required for target selec-
tion. Cutting and Ferreira (1999) argued that non-target words influence target
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selection through inhibitory connections among lexical entries in the mental
lexicon—all activated words mutually inhibit each other, with the most strongly
activated lexical node exerting the strongest inhibition on others. When a word’s
activation reaches threshold, that word is selected as the target. Semantic inter-
ference effects provide supporting evidence for the competitive account (Glaser
& Diingelhoff, 1984; Schriefers, Meyer, & Levelt, 1990; Starreveld & La Heij,
1996; Zhu, Damian, & Zhang, 2015; Zhu, Zhang, Damian, 2016).

An alternative theoretical perspective opposing the competition hypothesis is
the non-competitive account of lexical selection, which holds that the most
highly activated word is selected as the target regardless of other simultane-
ously activated words. The most prominent version of this view is the Response
Exclusion Hypothesis (REH), which posits that conflict between target and
distractor occurs in the response output buffer—that is, at a post-lexical level
rather than during lexical selection. According to this view, activation among
lexical entries facilitates rather than inhibits each other (Finkbeiner & Cara-
mazza, 2006; Mahon, Costa, Peterson, Vargas, & Caramazza, 2007). Mahon
et al. theorized that the response output buffer can hold only one response at
a time. In the PWI task, distractor words gain priority access to the response
buffer and must be cleared before the target can be articulated. This process is
closely related to the distractor’ s “response relevance,” which determines how
long it takes to clear the buffer. Compared to unrelated conditions, semantically
related distractors have higher response relevance and thus require more time to
be excluded from the buffer, producing semantic interference effects. The REH
therefore locates semantic interference effects observed in the PWI task at the
post-lexical level in the response buffer.

The distractor frequency effect provides supporting evidence for the REH
(Miozzo & Caramazza, 2003; Dhooge & Hartsuiker, 2010). Miozzo and
Caramazza (2003) found a distractor frequency effect and examined whether
it interacted with phonological and semantic relatedness. They found differ-
ent time courses for semantic interference and distractor frequency effects,
suggesting these effects occur at different levels of lexical access—semantic
processing for the former and lexical node selection for the latter. The
researchers found an interaction between distractor frequency and phonological
relatedness, suggesting these two effects may occur at the same stage of
spoken word production: phonological encoding. According to competition
theory, since high-frequency words are more activated than low-frequency
words, high-frequency distractors should produce stronger competition with
the target than low-frequency distractors—yet the results showed the opposite
pattern. From the REH perspective, Miozzo and Caramazza (2003) argued
that in the PWI task, speakers do not first select the target word but must
first inhibit the interfering distractor word. One factor affecting target naming
time is how quickly the distractor can be inhibited. At the response output
stage, inhibition of low-frequency distractors is slower than for high-frequency
distractors. Although high- and low-frequency distractors are equally unrelated
to the target and thus have equivalent response relevance, high-frequency
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words are recognized and processed faster than low-frequency words, reaching
the response buffer earlier. Consequently, they are inhibited and excluded from
the buffer more quickly, producing faster response times in the high-frequency
unrelated distractor condition.

Proponents of the competition account (Roelofs, Piai, & Schriefers, 2010) ar-
gue that critics have failed to consider attentional mechanisms within the com-
petition framework, focusing only on lexical production processes in the PWI
paradigm. When selective attention mechanisms are incorporated, the com-
petition hypothesis can also explain the distractor frequency effect. In the
PWI paradigm, after initial processing of the picture and distractor, attentional
mechanisms inhibit the distractor while increasing activation of the target word
(Duncan, 2004). The speed of distractor inhibition depends on how quickly
distractor information (form encoding) is accessed (Protopapas, Archonti, &
Skaloumbakas, 2007). For high- and low-frequency unrelated distractors, high-
frequency words are processed faster than low-frequency words, so attentional
mechanisms operate earlier and more quickly on high-frequency words, thereby
reducing their impact on picture naming within the competition framework.
Roelofs (2005) simulated the effect of word frequency on picture naming through
computer modeling, producing results consistent with existing distractor fre-
quency effect data (Miozzo & Caramazza, 2003). Thus, a revised competition
hypothesis incorporating attentional modulation can also account for the dis-
tractor frequency effect.

1.2 Cognitive Aging in Speech Production

Most language production research has used young adults or university students
(typically under 35 years old), with few studies focusing on older adults. Older
adults exhibit declines in general cognitive abilities such as working memory,
processing speed, inductive reasoning, and even lexical abilities—a phenomenon
known as cognitive aging (Schaie, 2000). Similar to memory and other cognitive
processes, human language production abilities also decline with age (Burke &
Shafto, 2008), possibly due to declines in general cognitive abilities. Research
indicates that cognitive aging in speech production occurs at the phonological
encoding stage (Mortensen, Meyer, & Humphreys, 2006). Older adults expe-
rience more tip-of-the-tongue phenomena than young adults, suggesting they
know the word they want to express but cannot successfully retrieve its pronun-
ciation, indicating difficulty at the phonological encoding stage of spoken word
production (Burke, MacKay, Worthley, & Wade, 1991).

In Chinese spoken word production, Yang and Zhang (2015) found that older
adults had longer picture naming times than young adults, with larger word fre-
quency and syllable frequency effects in older adults. Additionally, older adults
showed an interaction between word frequency and syllable frequency, whereas
young adults did not, indicating that information interaction patterns change
with age. Compared to young adults, older adults experience more character
writing blocks in writing. MacKay and Abrams (1998) found that when words
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were presented auditorily, older adults were more likely than young adults to
produce spelling errors. When asked to judge whether visually presented words
were spelled correctly, both groups showed equivalent accuracy, but when asked
to write the words they had just seen, older adults produced more spelling errors
(MacKay, Abrams, & Pedroza, 1999). These results suggest that access to ortho-
graphic representations weakens with age, possibly due to weaker connections
between orthographic and phonological representations in older adults (Burke
et al., 1991)—a phenomenon termed the Transmission Deficit Hypothesis (TDH).
This hypothesis posits that aging in speech production is language-specific, re-
lated to characteristics of the language itself.

The TDH was proposed within the theoretical framework of the competition hy-
pothesis. Researchers argue that older adults’ semantic interference effects occur
during lexical selection and are comparable to those of young adults, occurring
at the lexical selection stage rather than the response exclusion stage. Cognitive
aging in speech production primarily manifests as reduced phonological activa-
tion strength compared to young adults, resulting from weakened connections
between semantic activation at the lemma selection stage and phonological acti-
vation at the phonological encoding stage. Other researchers propose that cog-
nitive aging in language production may result from older adults’ reduced ability
to inhibit interfering information—the Inhibition Hypothesis—which attributes
aging effects to declines in general cognitive abilities and is thus language-non-
specific.

Current research on distractor frequency effects has focused on Indo-European
languages. Studies indicate that connection patterns between semantic and
phonological nodes during spoken word production show cross-linguistic varia-
tion. In Chinese word production, the time course of semantic and phonological
information activation is serial: semantic information is activated first, followed
by phonological information, with no mutual influence between the two types of
activation (Zhu, Damian, & Zhang, 2015; Zhu, Zhang, & Damian, 2016; Zhang,
Zhu, & Damian, 2018). In alphabetic languages like English, however, the time
courses of semantic and phonological activation overlap, with mutual influences
between the two types of information and feedback from phonological activation
to semantic nodes (Starreveld & La Heij, 1995; Dell’ Acqua et al., 2010). Com-
pared to alphabetic languages, connections between semantic and phonological
nodes may be weaker in Chinese, resulting in different patterns of relationship
between semantic and phonological processing across languages. These different
patterns may lead to variations in the manifestation of distractor frequency ef-
fects, which may be jointly influenced by spoken word production patterns and
attentional mechanisms in different languages.

In summary, the competition hypothesis posits that the distractor frequency ef-
fect occurs during lemma selection (including lexical selection and phonological
encoding), with attentional mechanisms playing an important role. The non-
competitive hypothesis locates this effect at the response output stage. Theories
of cognitive aging in speech production suggest that aging manifests as weak-

chinarxiv.org/items/chinaxiv-201906.00069 Machine Translation


https://chinarxiv.org/items/chinaxiv-201906.00069

ChinaRxiv [$X]

ened connections between lemma selection and phonological encoding processes
(language-specific aging) or as reduced ability to inhibit interfering information
(language-non-specific aging). No previous research has investigated whether
the distractor frequency effect in Chinese spoken word production shows age-
related changes. The present study used the picture-word interference paradigm
to examine whether and how distractor frequency effects occur in Chinese spo-
ken word production and their cognitive aging mechanisms. Experiment 1 in-
vestigated and compared distractor frequency effects and their time courses in
young and older adults. Experiment 2 examined whether non-selective inhibi-
tion ability affects picture naming processes in the PWI paradigm for both age
groups.

2. Experiment 1
2.1.1 Participants

Twenty-five undergraduate and graduate students (ages 19-28 years, 7 male,
mean age 23.2 years) with a mean education level of 16.2 years participated,
along with twenty-four retired researchers with undergraduate degrees or higher
(ages 63-79 years, 10 male, mean age 68.5 years) with a mean education level
of 15.8 years. All participants had normal or corrected-to-normal vision and
were right-handed native speakers of Northern Standard Mandarin. Prior to the
experiment, older adults were screened using the Chinese version of the Montreal
Cognitive Assessment Scale (MoCA) to select participants (see Castro & James,
2014; Soros, Bose, Sokoloff, Graham & Stuss, 2011). Older adults with MoCA
scores below 26 were excluded. The mean MoCA score was 27.5 (range 26-30),
indicating normal cognitive function.

2.1.2 Materials

Fifty-four black-and-white line drawings were selected from the standardized
picture database established by Zhang and Yang (2003), including 2 practice
pictures and 52 experimental pictures. The selected target picture names var-
ied in word frequency: 15 high-frequency words (frequency > 130 per million),
22 medium-frequency words (47 < frequency < 130 per million), and 15 low-
frequency words (frequency < 47 per million). Each picture was paired with
two distractor characters: one high-frequency Chinese character (frequency >
130 per million) and one low-frequency character (frequency < 47 per million).
Distractor characters were unrelated to target characters in phonology or se-
mantics, yielding 104 distractor characters total. High- and low-frequency dis-
tractor characters were matched for stroke count, with both groups averaging
9.62 strokes.

2.1.3 Design

The independent variables included age (young vs. older), distractor character
frequency (high vs. low), and stimulus onset asynchrony (SOA) between target
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pictures and distractor characters, which had three levels: -100 ms (distractor
preceded picture by 100 ms), 0 ms (simultaneous presentation), and +100 ms
(picture preceded distractor by 100 ms). Distractor frequency and SOA were
within-subjects variables, while age was a between-subjects variable. The 52
target pictures were paired with unrelated high-frequency and low-frequency
distractor characters, creating 104 picture-distractor pairs. The formal experi-
ment was completed in three blocks, each with a fixed SOA value. Each block
contained 104 trials, with each picture presented twice. Trials were pseudo-
randomized to prevent consecutive presentation of identical pictures. The order
of the three blocks was fully counterbalanced across participants using a Latin
square design. FEach participant completed 312 trials across the three SOA
conditions. Practice trials corresponding to each SOA condition preceded each
block.

2.1.4 Apparatus

The experiment was programmed using E-Prime. A PST-SRBOX response box,
microphone, and computer were used. Pictures were presented at the center
of a PIII-667 computer screen. Participants’ responses were recorded via a
microphone connected to the response box. All stimulus presentation, timing,
and response time collection were computer-controlled.

2.1.5 Procedure

Before the formal experiment, each picture and its corresponding name were
presented sequentially at the center of the screen for 2 seconds each (54 pictures
total). Participants were informed that these pictures would appear in the
formal experiment and were asked to memorize the corresponding names. If
participants misnamed a picture, they were corrected and reminded to remember
the correct name. Generally, because these were common pictures with high
naming consistency, participants’ naming matched the names provided by the
program.

During the formal experiment, a fixation cross “4” appeared at the center of the
screen for 500 ms, followed by a blank screen for 500 ms. The picture and dis-
tractor character were then presented simultaneously or with a temporal offset,
with the distractor character positioned at the center of the picture. Partici-
pants were instructed to ignore the distractor character and name the picture
as accurately and quickly as possible. The picture and distractor disappeared
when the participant responded, and the experimenter judged the response ac-
curacy. The next trial began after a 1000 ms interval. The computer recorded
response times. The entire experiment lasted approximately 30 minutes.

2.2 Results

For response time data, trials with response times below 300 ms or above 2500
ms, as well as data points beyond 2.5 standard deviations from the mean, were

chinarxiv.org/items/chinaxiv-201906.00069 Machine Translation


https://chinarxiv.org/items/chinaxiv-201906.00069

ChinaRxiv [$X]

excluded. At SOA = -100 ms, 171 data points were excluded (4.72% of total
data). At SOA = 0 ms, 177 data points were excluded (4.88%). At SOA = +100
ms, 177 data points were excluded (5.38%). Table 1 shows mean response times
and effect sizes for the distractor frequency effect in young and older adults
across different SOAs.

Table 1 Mean Picture Naming Latencies (SD) in ms for Young and Older
Adults Across SOA and Distractor Frequency Conditions

Age SOA  Low-Frequency High-Frequency Effect Size Cohen’
Group (ms) Distractor Distractor (Low-High) sd
Young -100 702 (64) 691 (57) 11 0.18
0 712 (85) 691 (74) 21 0.27
+100 588 (70) 580 (60) 8 0.12
Older -100 847 (128) 842 (121) 5 0.04
0 827 (114) 825 (118) 2 0.02
+100 725 (121) 734 (106) -9 -0.08

e p < 0.05 ¥ p < 0.01; *** p < 0.001

Response time analysis revealed a significant main effect of distractor frequency,
F (1,47) = 6.11, p = 0.017, MSE = 626.12, 2 = 0.12; F (1,108) = 5.03, p
= 0.027, MSE = 909.38, 2 = 0.04. The main effect of age was significant,
F (1,47) = 26.04, p < 0.001, MSE = 46576.79, 2 = 0.36; F (1,108) = 387.32,
p < 0.001, MSE = 4762.55, 2 = 0.78. The main effect of SOA was significant,
F (2,47) = 7.21, p < 0.001, MSE = 3067.17, 2 = 0.80; F (2,108) = 23.09,
p < 0.001, MSE = 24967.22, 2 = 0.30. The three-way interaction between
distractor frequency, age, and SOA was marginally significant in the participant
analysis but not in the item analysis, F (2,47) = 3.19, p = 0.080, MSE =
301.29, 2=0.06; F (2,108) = 1.18, p = 0.312, MSE = 771.76, 2= 0.02. Other
interactions were not significant (ps > 0.05). To further examine the relationship
among distractor frequency, age, and SOA, simple-simple effect analyses were
conducted to investigate the distractor frequency X age interaction at each SOA.

At SOA = -100 ms, the main effect of distractor frequency was significant,
F (1,47) = 7.21, p = 0.010, MSE = 345.75, 2 = 0.13; F (1,36) = 4.74, p =
0.036, MSE = 642.09, 2 = 0.12. The main effect of age was significant, F (1,47)
= 24.22, p < 0.001, MSE = 16217.69, 2 = 0.34; F (1,36) = 127.76, p < 0.001,
MSE = 4605.31, 2 = 0.78. The distractor frequency x age interaction was not
significant, F (1,47) = 0.01, p = 0.923, MSE = 345.75, 2 < 0.01; F (1,36) =
0.001, p = 0.98, MSE = 718.76, 2 < 0.01.

At SOA = 0 ms, response time ANOVA revealed a significant main effect of
distractor frequency, F (1,47) = 7.91, p = 0.007, MSE = 496.52, 2 = 0.14;
F (1,36) = 6.55, p = 0.015, MSE = 762.89, 2 = 0.15. The main effect of age
was significant, F (1,47) = 19.48, p < 0.001, MSE = 19594.70, 2=0.29; F (1,36)
= 138.18, p < 0.001, MSE = 4174.44, 2 = 0.78. The distractor frequency x
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age interaction was not significant, F (1,47) = 0.01, p = 0.923, MSE = 496.52,
2 < 0.01; F (1,36) = 0.159, p = 0.692, MSE = 780.45, 2 < 0.01.

At SOA = +100 ms, response time ANOVA revealed no significant main effect
of distractor frequency, F (1,47) = 0.08, p = 0.777, MSE = 371.11, 2 = 0.002;
F (1,36) = 0.06, p = 0.811, MSE = 1323.17, 2 = 0.002. The main effect of age
was significant, F (1,47) = 27.08, p < 0.001, MSE = 16240.58, 2=0.37; F (1,36)
= 123.83, p < 0.001, MSE = 5507.89, 2 = 0.78. The distractor frequency x
age interaction was significant, F (1,47) = 4.76, p = 0.034, MSE = 371.11, 2
= 0.09; F (1,36) = 4.03, p = 0.052, MSE = 816.03, 2 = 0.10.

Picture naming error rates were less than 1%, so no further ANOVA was con-
ducted on error rates.

To quantify the magnitude of the distractor frequency effect, Cohen’ s d values
were calculated to compare effect sizes between young and older adults (see
Table 1). Cohen’ s d is an index of effect size magnitude (Snyder & Lawson,
1993) that is relatively independent of sample size and allows for comparisons
across different participant populations (Zheng, Wen, & Wu, 2011). A Cohen’
s d between 0.2 and 0.5 indicates a small effect, between 0.5 and 0.8 a medium
effect, and above 0.8 a large effect (Cohen, 1988). The results showed that young
adults’ distractor frequency effect was small (d = 0.38), while older adults’ effect
sizes were all below 0.2.

The primary finding of Experiment 1 was that young adults showed significant
distractor frequency effects at SOAs of -100 ms and 0 ms, with the largest effect
size when pictures and distractors were presented simultaneously—consistent
with previous research (Miozzo & Caramazza, 2003; Dhooge & Hartsuiker, 2010).
This indicates that a distractor frequency effect similar to that in Indo-European
languages also exists in Chinese spoken word production. In contrast, older
adults showed no distractor frequency effect at any SOA level.

We hypothesize two possible reasons for this absence in older adults. First,
as general inhibitory abilities decline with age, the capacity to use attentional
mechanisms to regulate speech production may weaken, making high- and low-
frequency unrelated distractors equally impactful on picture naming, thus elim-
inating the distractor frequency effect. Researchers have distinguished between
selective and non-selective inhibition (Forstmann et al., 2008). Non-selective
inhibition includes top-down inhibition of planned responses and the ability to
handle any unexpected responses, typically measured by the stop-signal task,
reflecting individuals’ ability to inhibit prepared responses. Selective inhibition
refers to top-down inhibition of responses that strongly compete with target re-
sponses, typically measured by Stroop, Simon, and Flanker tasks (Nigg, 2000).
Shao et al. (2013) used the PWI paradigm and stop-signal task to examine the
relationship between selective and non-selective inhibition and how these abili-
ties affect picture naming speed. They found that non-selective inhibition ability
significantly correlated with average picture naming latencies but not with se-
lective inhibition measures or semantic interference effect sizes, suggesting that
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selective inhibition of competing information and non-selective inhibition in pic-
ture naming tasks are somewhat dissociated (Shao, Meyer, & Roelofs, 2013).

Second, target picture word frequency might influence the distractor frequency
effect. Previous research on Chinese spoken and written production has found
that target picture word frequency affects picture naming processes (Yang &
Zhang, 2015; He & Zhang, 2017; Zhang & Wang, 2014), with faster retrieval
times for high-frequency than low-frequency target words, producing a target
word frequency effect. Speakers’ picture naming processes are thus sensitive
to target picture name frequency, with older adults showing significantly larger
target word frequency effects (low-frequency minus high-frequency) than young
adults, demonstrating language-specific cognitive aging. In the PWI task, when
unrelated distractors are presented, speakers process both distractors and tar-
gets. As noted, access speed for both distractors and targets is influenced by
frequency information. In English spoken word production, Miozzo and Cara-
mazza (2003) found that target word frequency and distractor frequency oper-
ated independently without interaction. However, no research has examined
whether these two variables interact in Chinese. Thus, attentional modulation
ability, target word frequency, and distractor frequency may jointly influence
the distractor frequency effect in older adults’ spoken word production. Al-
though Experiment 1 reported word frequency information for target pictures,
the number of target pictures at each frequency level was not matched.

Experiment 2 manipulated target word frequency and, following Shao et al.” s
(2013) methodology, used the stop-signal task to measure non-selective inhibi-
tion ability in both young and older adults to examine the relationship between
non-selective inhibition and the distractor frequency effect and their influence
on speech production processes.

3. Experiment 2
3.1.1 Participants

Twenty-five university students and graduate students (ages 18-30 years, 7 male,
mean age 23.28 years) with a mean education level of 16.96 years (range 13-22
years) participated, along with thirty-eight older adults over 60 years old (ages
63-79 years, 17 male, mean age 69.13 years) with a mean education level of 13.0
years (range 8-17 years). Prior to the experiment, older adults were screened
using the Chinese version of the Montreal Cognitive Assessment Scale (MoCA).
Only older adults with MoCA scores above 26 and normal cognitive function
were selected. The mean MoCA score for the 38 older adults was 26.8.

3.1.2 Materials

Sixty-two black-and-white line drawings were selected from the standardized
picture database established by Zhang and Yang (2003), including 2 practice
pictures and 60 experimental pictures. The selected target picture names var-
ied in word frequency: 20 high-frequency words (frequency > 130 per million),
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20 medium-frequency words (47 < frequency < 130 per million), and 20 low-
frequency words (frequency < 47 per million). The three groups of target pic-
ture names did not differ significantly in stroke count or component number,
F(2,57) = 0.06, p = 0.943 for stroke count; F(2,57) = 2.15, p = 0.126 for com-
ponent number. Each picture was paired with two distractor characters: one
high-frequency Chinese character (frequency > 130 per million) and one low-
frequency character (frequency < 47 per million). Distractor characters were
unrelated to target characters in phonology, semantics, or orthography, yielding
120 distractor characters total. High- and low-frequency distractor characters
were matched for stroke count, with both groups averaging 9.57 strokes.

3.1.3 Design

The independent variables included age (young vs. older), distractor character
frequency (high vs. low), and target picture name frequency (high, medium,
and low). Distractor frequency and target word frequency were within-subjects
variables, while age was a between-subjects variable. The 60 target pictures
were paired with unrelated high-frequency and low-frequency distractor char-
acters, creating 120 picture-distractor pairs. Each picture was presented twice.
Trials were pseudo-randomized to prevent consecutive presentation of identical
pictures.

3.1.4 Apparatus

The apparatus was identical to Experiment 1.

3.1.5 Procedure

The experiment consisted of two parts. The first part used the stop-signal task
to measure each participant’ s non-selective inhibition ability (Roelofs, Piai &
Rodriguez, 2011). The second part was a picture naming task under the picture-
word interference paradigm, with identical procedures and stimulus presentation
to Experiment 1.

The stop-signal task comprised a go task and a stop task (Logan, 1994). In
the go task, a fixation cross “4” appeared at the center of the screen for 250
ms, followed by a blank screen for 250 ms, after which a 1 cm square or 1 cm
diameter circle appeared at the center. Participants were instructed to press
the “F” key for squares and the “J” key for circles. The shape remained on
screen for a maximum of 1250 ms, with all participants using matched left-
right hand responses. The stop-signal task built upon the go task: after a
shape appeared, participants might hear a 75 ms, 750 Hz auditory tone, which
signaled them to withhold their response for that trial. The initial stop-signal
delay (SSD) between shape onset and the tone was 250 ms. If participants
successfully inhibited their response, the SSD increased by 50 ms on the next
trial to increase inhibition difficulty; otherwise, it decreased by 50 ms.
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The go task measured choice reaction time, while the stop task required partici-
pants to inhibit a prepared response upon hearing the stop signal. The interval
between the stop signal and the choice reaction task was determined by partic-
ipants’ performance on the previous stop trial. The stop-signal task program
consisted of two phases: a practice phase with one block of 32 trials and a
test phase with three blocks of 64 trials each. The ratio of go to stop trials
in each block was 3:1, presented randomly. Non-selective inhibition ability was
indexed by the stop-signal reaction time, calculated as the difference between
mean reaction time in go trials and mean SSD (Verbruggen, Logan, & Stevens,
2008).

3.2 Results

In young adults, 41 error trials were excluded (1.49% of total). Trials with
response times below 300 ms or above 2500 ms, plus trials beyond 2.5 standard
deviations, totaled 109 trials (3.95% of data). In older adults, 77 error trials
were excluded (1.69%). Trials with response times below 300 ms or above 2500
ms, plus trials beyond 2.5 standard deviations, totaled 149 trials (3.27%). Table
2 shows mean response times and standard deviations for each condition.

Table 2 Mean Response Times (ms) and Standard Deviations for Young and
Older Adults Across Conditions

Age Target Word Low-Frequency  High-Frequency =~ Cohen’ s d

Group  Frequency Distractor Distractor (Low-High)
Young High 752 (98) 742 (96) 0.10
Medium 762 (99) 750 (91) 0.13
Low 731 (99) 703 (92) 0.29%%
Older High 854 (86) 841 (73) 0.16
Medium 856 (87) 857 (76) -0.01
Low 812 (93) 809 (79) 0.04

e p < 0.05; ** p < 0.01; *** p < 0.001

Table 3 shows the ANOVA results for the three independent variables of age,
target word frequency, and distractor word frequency. The three-way interaction
was significant in the participant analysis but not in the item analysis. We
further analyzed the target word frequency x distractor frequency interaction
separately for young and older adults.

Table 3 ANOVA Results for Response Times by Age, Target Word Frequency,
and Distractor Frequency

Effect Participant Analysis Item Analysis
Target Word F (2, 122) = 42.13, p < .001 F (2,114) =3.95, p =
Frequency .022
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Effect Participant Analysis Item Analysis
Distractor F (1, 61) = 27.43, p < .001 F(1,114) =1397,p <
Frequency .001

Age x F (1, 61) = 15.21, p < .001 F(1,114) =712, p =
Distractor .009

Frequency

Age x F (2, 122) = 3.15, p = .046 F(2,114) =1.21,p =
Distractor x 301

Target

Frequency

For young adults, the main effect of target picture word frequency was significant
in the participant analysis but not in the item analysis, F (2,48) = 21.71, p <
0.001, MSE = 958.11, 2 = 0.48; F (2,57) = 2.30, p = 0.110, MSE = 7852.42,

2 = 0.08. The distractor frequency effect was significant, F (1,24) = 26.57, p
< 0.001, MSE = 405.07, 2= 0.53; F (1,57) = 13.31, p = 0.001, MSE = 760.14,

2 = 0.19. The interaction between target picture frequency and distractor
frequency was not significant, F (2,48) = 2.39, p = 0.102, MSE = 560.02, 2 =
0.09; F (2,57) = 1.36, p = 0.265, MSE = 760.14, 2 = 0.05. Thus, young adults’
distractor frequency effect was not influenced by target picture word frequency.

For older adults, the main effect of target word frequency was significant in the
participant analysis but not in the item analysis, F (2,36) = 22.42, p < 0.001,
MSE = 1812.90, 2 = 0.56; F (2,57) = 1.65, p = 0.201, MSE = 15649.93, 2 =
0.06. The distractor frequency effect was not significant, F (1,37) = 0.86, p =
0.358, MSE = 1374.24, 2 =0.02; F (1,57) = 0.66, p = 0.420, MSE = 49751.04,

2 = 0.01. The interaction between target picture frequency and distractor
frequency was not significant, F (2,36) = 1.15, p = 0.329, MSE = 1371.51, 2
= 0.06; F (2,57) = 0.85, p = 0.432, MSE = 49751.04, 2 = 0.03.

Older adults’ non-selective inhibition ability (M = 178 ms, SD = 99 ms, range:
-4 ms to 398 ms) was weaker than that of young adults (M = 100 ms, SD =
124 ms, range: -107 ms to 291 ms), with a significant difference between groups,
F(1,62) = 7.75, p = 0.007, d = 0.35, indicating that older adults required
more time to inhibit responses. To examine whether non-selective inhibition
ability affected picture naming processes, Pearson correlation coefficients were
calculated separately for each age group between non-selective inhibition ability
and mean picture naming latencies. For young adults, non-selective inhibition
ability was not significantly correlated with mean response times in the PWI
task, r = -0.042, p = 0.841. For older adults, this correlation was significant, r
= 0.338, p = 0.038. Neither age group showed significant correlations between
non-selective inhibition ability and the magnitude of the distractor frequency
effect (young: r = 0.303, p = 0.140; older: r = 0.058, p = 0.732). Figure 1
[Figure 1: see original paper] shows scatter plots of the relationship between
non-selective inhibition ability and mean picture naming latencies for both age
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groups.

To determine which variables significantly predicted older adults’ picture naming
times when simultaneously considering age, education level, general cognitive
ability (MoCA), and non-selective inhibition ability, regression analysis was
conducted. Table 4 shows the results. Only the standardized coefficient for
non-selective inhibition ability was significant, with a 95% CT of [-0.01, 0.48], in-
dicating that non-selective inhibition ability significantly predicted older adults’
picture naming times.

Table 4 Regression Analysis of Age, Education, General Cognitive Ability, and
Non-Selective Inhibition Ability on Older Adults’ Mean Picture Naming Laten-
cies

Predictor SE t ) 95% CI
Age 0.12 008 150 014 [-0.04, 0.28]
Education -0.08 0.05 -1.60 0.12 0.18, 0.02]

[_
MoCA -0.06 0.03 -1.67 0.10 [-0.11, 0.01]
Non-selective Inhibition 0.23  0.11 2.09  0.04* [0.01, 0.45)

e p<0.05

3.3 Discussion

Experiment 2 yielded three main findings. First, both young and older groups
showed the classic target word frequency effect, indicating that speakers are
highly sensitive to target word frequency. Previous picture naming studies have
consistently demonstrated target word frequency effects (Zhang & Wang, 2014;
Yang & Zhang, 2015). Second, after manipulating target word frequency, the
distractor frequency effect remained significant only in the young group. The
results from Experiments 1 and 2 consistently showed that young adults’ dis-
tractor frequency effects were small (Cohen’ s d = 0.38 or 0.29), while older
adults’ effect sizes were all below 0.2, indicating a weak but present distractor
frequency effect in young adults and an absent effect in older adults. Neither age
group showed a significant interaction between target word frequency and dis-
tractor frequency, consistent with findings from alphabetic languages (Miozzo
& Caramazza, 2003) and suggesting that these two variables operate indepen-
dently in young adults. Third, older adults’ mean picture naming latencies
were significantly longer than young adults’ , and their non-selective inhibition
ability was weaker. Non-selective inhibition ability correlated significantly with
picture naming latencies in older adults but not in young adults. However, non-
selective inhibition ability did not correlate significantly with the magnitude of
the distractor frequency effect in either age group. These results indicate that
declines in non-selective inhibition ability affect language production speed.

Shao et al. (2013) examined relationships between picture naming latencies and
selective and non-selective inhibition abilities in speakers aged 16 to 63 years.
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They found that non-selective inhibition ability, measured by the stop-signal
task, significantly correlated with mean picture naming latencies in the PWI
task but not with semantic interference effect magnitude. Our older adult re-
sults replicate Shao et al.’s findings, though young adults’non-selective inhibition
ability did not affect picture naming latencies in our study. This may be due to
our narrow age range for young adults, resulting in limited variation in naming
latencies and thus no significant correlation. Older adults’ average naming la-
tencies were 800 ms (Experiment 1) and 838 ms (Experiment 2), substantially
longer than young adults’ 677 ms (Experiment 1) and 740 ms (Experiment 2).
This likely reflects both general cognitive declines (Schaie, 2000) and language
production deficits (Burke et al., 1991) associated with aging. Although MoCA
scores indicated normal cognitive function for older adults, this does not rule
out potential influences from changes in general cognitive abilities (working
memory, attention, motor execution) and language processing capacities (e.g.,
vocabulary size). Future research should examine relationships among selective
inhibition, non-selective inhibition, and picture naming latencies across the full
adult lifespan (ages 18-80).

Correlations between stop-signal task response times and distractor frequency
effect magnitude were not significant in either age group. This suggests that
for unrelated distractors, non-selective inhibition ability affects high- and low-
frequency distractors equivalently. Shao et al. (2013) examined relationships be-
tween semantic interference effects and non-selective inhibition ability in Dutch
picture naming. Semantic interference effects compare semantically related ver-
sus unrelated distractors. They found no significant correlation between non-
selective inhibition ability and semantic interference magnitude, concluding that
non-selective inhibition is indeed non-selective—it affects semantically related
and unrelated distractors equally. Similarly, our study found that non-selective
inhibition ability affected overall picture naming processes but not the magni-
tude of the distractor frequency effect.

4. General Discussion

Using the picture-word interference task, two experiments investigated and com-
pared distractor frequency effects in young and older adults during Chinese spo-
ken word production and explored how non-selective inhibition ability affects
these effects and picture naming latencies. The main findings were: (1) Both
age groups showed classic target word frequency effects; (2) Distractor frequency
effects were found only in young adults, not in older adults, with no interaction
between distractor frequency and target word frequency in either group; (3)
Non-selective inhibition ability affected picture naming latencies in older adults
but did not influence the distractor frequency effect in either group.

The consistent presence of distractor frequency effects in young adults across
Experiments 1 and 2 indicates that young adults can utilize distractor word
frequency information in the PWI task. According to the REH, this effect
likely occurs at the post-lexical stage—specifically, the response exclusion stage.
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When distractors are presented, high-frequency words are recognized and pro-
cessed faster than low-frequency words, reaching the response buffer earlier.
Consequently, they are inhibited and excluded from the buffer more quickly,
producing the distractor frequency effect. Both age groups showed target word
frequency effects, indicating that word frequency information strengthened ac-
tivation of high-frequency target words, resulting in faster naming. Research
suggests that word frequency effects occur at lexical selection or phonological
encoding stages (Jescheniak & Levelt, 1994; Stemberger & MacWhinney, 1986;
Jescheniak, Meyer, & Levelt, 2003)—that is, at lexical-level processing. Qu et
al. (2016) found that target word frequency effects in Chinese written produc-
tion emerged 200 ms after picture onset, indicating lexical-level processing. The
absence of interaction between target word frequency and distractor frequency
in young adults suggests these variables operate at different processing stages
(Sternberg, 1969). If target word frequency effects occur at lexical-level pro-
cessing, distractor frequency effects more likely occur at non-lexical processing
stages. According to the revised competition hypothesis (Roelofs, 2005), at-
tentional modulation of distractor frequency would still occur at lexical-level
processing, which is inconsistent with the observed lack of interaction. Dhooge,
Baene, and Hartsuiker (2013) used ERP technology to show that the distractor
frequency effect emerged in the time window after 420 ms post-picture onset,
providing support for the REH. Therefore, integrating these findings, our re-
sults for young adults’ distractor frequency effects favor the Response Exclusion
Hypothesis.

The absence of distractor frequency effects in older adults across both experi-
ments raises the question: Why does this effect disappear with age? General
cognitive abilities such as inhibitory capacity and working memory span de-
cline with age. Speech production abilities also deteriorate, with older adults
showing longer picture naming latencies and more word retrieval failures or
errors than young adults. Older adults can generally retrieve semantic informa-
tion for target words but fail to retrieve or only partially retrieve phonological
information (Fieder, Nickels, & Biedermann, 2014; Cleary, Konkel, Nomi, &
McCabe, 2010). Difficulties in speech production may stem from two sources.
First, general cognitive decline may impair the ability to exclude irrelevant in-
formation—older adults’ poorer interference exclusion ability may lead to speech
production deficits. The stop-signal task index reflects how quickly individuals
can exclude responses, not absolute response speed (Shao et al., 2013). Older
adults’ weaker non-selective inhibition ability suggests they require more time
to exclude distractors. Within the non-competitive theoretical framework, this
prolonged exclusion time may prevent the distractor frequency difference from
manifesting in response times. In older adults, high- and low-frequency distrac-
tors had minimal impact on response times for high- and medium-frequency
target conditions, while for low-frequency targets, the difference was 13 ms but
not statistically significant.

Second, word retrieval difficulties may stem from language-specific processing
declines, such as the weakened semantic-phonological connections posited by
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the TDH. As noted, the TDH was developed within the competition hypothe-
sis framework, which can explain distractor frequency effects when attentional
modulation is added. Picture-word interference studies have found that phono-
logically related distractors produce significant phonological facilitation effects,
indicating that older adults do process distractor characters and automatically
activate their phonological representations. However, older adults show smaller
phonological facilitation effects than young adults, suggesting weaker semantic-
phonological connections (Yang & Zhang, 2015; He & Zhang, 2017). Research
indicates that word frequency information may be extracted during phonological
encoding (Miozzo & Caramazza, 2003; Kandel, Alvarez, & Vallée, 2006). Miozzo
and Caramazza (2003) found no interaction between distractor frequency and
semantic relatedness but a significant interaction with phonological relatedness,
suggesting that distractor frequency effects occur at the phonological encod-
ing stage. We propose that reduced phonological representation activation in
older adults during phonological encoding may prevent them from extracting
or activating frequency information for unrelated distractors. In summary, the
disappearance of the distractor frequency effect has two causes: reduced non-
selective inhibition ability and weakened phonological representation activation
that prevents distractor frequency information from being activated.

Regression analysis further demonstrated that non-selective inhibition ability
significantly predicted older adults’ picture naming times, while the correlation
was not significant in young adults. This indicates that non-selective inhibition
ability affects older adults’ picture naming processes but not young adults’. Shao
et al. (2013) examined relationships between selective inhibition, non-selective
inhibition, and picture naming latencies, finding that non-selective inhibition
correlated with naming latencies but not with selective inhibition measures, sug-
gesting these two inhibitory abilities independently affect picture naming. Peng
et al. (2018) compared access and deletion functions of inhibition in young and
older adults, finding that older adults’ inhibitory deficits made them more sus-
ceptible to interference, hindering target word retrieval. Language processing
and non-selective inhibition abilities mutually influence each other. Spauld-
ing (2010) found that children with specific language impairment showed lower
non-selective inhibition ability than typically developing children. Thus, our
findings indicate that declines in non-selective inhibition ability affect language
production speed.

The lack of significant correlation between non-selective inhibition ability and
picture naming latencies in young adults may be due to our narrow age range
and limited variation in naming latencies. Older adults’average naming latencies
were 800 ms (Experiment 1) and 838 ms (Experiment 2), substantially longer
than young adults’ 677 ms (Experiment 1) and 740 ms (Experiment 2), likely
reflecting both general cognitive declines (Schaie, 2000) and language production
deficits (Burke et al., 1991). Although MoCA scores indicated normal cognitive
function, this does not preclude influences from changes in general cognitive
abilities (working memory, attention, motor execution) and language processing
capacities (e.g., vocabulary size). Future research should examine how different
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inhibitory abilities (selective and non-selective) affect picture naming across the
full adult lifespan (ages 18-80).

Correlations between stop-signal task response times and distractor frequency
effect magnitude were not significant in either age group. This suggests that
for unrelated distractors, non-selective inhibition ability affects high- and low-
frequency distractors equivalently. Shao et al. (2013) found no significant corre-
lation between non-selective inhibition ability and semantic interference magni-
tude, concluding that non-selective inhibition is indeed non-selective, affecting
semantically related and unrelated distractors equally. Similarly, our study
found that non-selective inhibition ability affected overall picture naming pro-
cesses but not the magnitude of the distractor frequency effect.

5. Conclusion

Our findings demonstrate that target word frequency affects picture naming pro-
cesses in both young and older adults, with faster production of high-frequency
than low-frequency words. In the picture-word interference paradigm, distrac-
tor word frequency affects young adults’ picture naming, producing a distractor
frequency effect that likely occurs at the response exclusion stage and is not
influenced by non-selective inhibition ability. In contrast, older adults showed
no distractor frequency effect, possibly due to degraded phonological representa-
tions preventing them from utilizing distractor frequency information—support-
ing the transmission deficit hypothesis of cognitive aging in speech production.
Non-selective inhibition ability affected older adults’ picture naming latencies:
weaker non-selective inhibition capacity led to longer naming times, indicat-
ing that declines in general cognitive abilities also impact language processing.
Future research should examine how different inhibitory abilities (selective and
non-selective) affect picture naming processes across the full adult lifespan (ages
18-80).
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