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Purpose: Age-related changes in connected speech production remain a subject 
of debate, yielding inconsistent findings across various tasks and measures. This 
study aimed to investigate the effects of aging on picture description tasks using 
two types of pictures: a standardized picture (the Beach picture) and a culturally and 
linguistically modified picture tailored for Korean speakers (the Han River picture).

Method: Twenty-four young adults and 22 older adults participated in two picture 
description tasks while their eye movements were recorded. Word-level linguistic 
variables were used to assess informativeness (Correct Information Units per 
minute) and productivity (noun and verb counts per utterance) of connected 
speech production. Eye-movement measures were employed to evaluate real-
time cognitive processing associated with planning connected speech (pre-
speech fixation counts and durations; eye fixations before the speech onset of 
each utterance).

Results and conclusions: The findings revealed age-related declines in 
linguistic measures, with older adults exhibiting decreased CIUs per minute and 
smaller counts of nouns and verbs per utterance. Age-related changes in eye 
movement measures were evident in that older adults displayed longer pre-
speech fixation durations. Unlike younger adults, older adults exhibited higher 
pre-speech fixation counts on the Han River picture compared to the Beach 
picture, suggesting cognitive challenges in performing the task that requires 
producing more words and detailed descriptions. These results suggest that 
aging is associated with reduced informativeness and productivity of connected 
speech, as well as a decline in cognitive processing efficiency.
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1 Introduction

The aging population has been increasing globally at an unprecedented rate. A recent 
report from the World Health Organization projected that one in six people worldwide will 
be aged 60 years or older by 2030. Among the significant concerns associated with aging are 
the risks of neurodegenerative conditions, such as dementia or mild cognitive impairment, 
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which have posed substantial socioeconomic burdens on family 
caregivers and governments. Early detection of cognitive-linguistic 
changes associated with aging could be used as a guide for normal 
aging and clinical populations in the prevention and treatment of 
neurodegenerative conditions.

Recent research has aimed to capture subtle alterations in the 
cognitive-linguistic abilities of older adults through language 
production tasks. Some studies sought to demonstrate that early 
symptoms can be  discerned by analyzing connected speech 
samples obtained from tasks such as picture descriptions, 
interviews, or storytelling tasks (cf. Mueller et al., 2016; Filiou 
et al., 2019). Connected speech refers to spontaneously spoken 
discourse with minimal speaker monitoring, representing the 
most systematic form of language production (Ash and Grossman, 
2015). Connected speech production imposes various cognitive 
and linguistic demands on the speakers, including processing 
speed, working memory, attention, semantic storage and retrieval, 
syntactic formulation, and alignment with a communication goal 
or topic to create a coherent discourse (cf. Griffin and Spieler, 
2006; Collette et  al., 2009; Mueller et  al., 2018). Given its 
complexity and cognitive demands, examining connected speech 
production may serve as a valuable method to detect age-related 
changes in cognitive-linguistic domains among aging populations. 
Moreover, it offers an opportunity to identify changes in language 
production that are more akin to real-life communications than 
to the language elicited by the tasks of single-word naming or 
verbal fluency.

The primary objective of this study is to explore the linguistic and 
cognitive attributes associated with connected speech production, 
aiming to discern age-related change among young-old adults 
(typically defined as individuals in late middle age to early old age). 
Existing evidence from language production studies suggests that the 
aging process manifests from late midlife to young-old age. Schmitter-
Edgecombe et al. (2000) reported that the young-old group (aged 
58–74 years) exhibited a higher proportion of word-finding errors 
compared to younger adults (aged 18–22 years). Also, Verhaegen and 
Poncelet (2013) reported slowed processing in word retrieval from the 
age of 50. While individuals in their 50s and younger adults (aged 
25–35) exhibited no difference in naming accuracy, those in their 50s 
showed significantly longer naming latencies. A longitudinal study by 
Connor et al. (2004) documented a gradual decline in word retrieval 
abilities over time among participants aged 30 to 87, indicating that 
the participants in the late midlife and young-old age were 
experiencing a decline in naming abilities.

The extent to which aging affects connected speech production, 
particularly in terms of word retrieval, has been a matter of debate. 
The variability in research findings is partly attributed to two factors: 
the diverse tasks and various linguistic outcome measures employed 
in previous studies (Kavé and Goral, 2016). To begin with, the task 
paradigms have ranged from picture description to story narration 
and to conversations or interviews (Saffran et al., 1989; Schmitter-
Edgecombe et al., 2000; Kemper and Sumner, 2001; Boschi et al., 
2017). Older adults tended to produce more words (James et al., 
1998) and retrieve a greater variety of words (Kemper and Sumner, 
2001) in spontaneous conversations or interviews. In contrast, older 
adults were less talkative (James et al., 1998) and showed a more 
restricted selection of words (Capilouto et al., 2015) in structured 
tasks such as picture descriptions.

One of the most frequently employed methods to elicit connected 
speech samples is the picture description task. In the task, participants 
are presented with a picture depicting characters engaged in familiar 
activities and instructed to describe it (Brookshire and Mcneil, 2014). 
It creates a constrained environment for identifying intended words 
and assessing the success of word retrieval, enabling easy cross-group 
comparisons (Chenery and Murdoch, 1994). Picture descriptions are 
widely adopted and proven to be invaluable across diverse populations, 
ranging from healthy older adults to individuals with 
neurodegenerative diseases and aphasia (Ash and Grossman, 2015; 
Drummond et al., 2015; Vandenborre et al., 2017; Hameister and 
Nickels, 2018; Mueller et al., 2018; Boucher et al., 2019; Richardson 
and Dalton, 2019). Moreover, the task enables researchers to examine 
real-time measures of eye movements as the speakers are looking at 
the picture while performing the task. Eye movements have been 
suggested to provide valuable insights into the cognitive processes 
underlying language production. Notably, prolonged and frequent eye 
fixations are indicative of heightened cognitive processing demands 
(Rayner, 1998; Schotter, 2011).

In adopting picture description tasks, studies have used various 
types of pictures, including single pictures, sequential pictures, or 
story pictures (cf. Mueller et al., 2018). Recently, researchers have 
emphasized cultural and linguistic factors in the pictures that may 
significantly influence speakers’ interpretation and description of 
them. Some studies attempted to enhance linguistic and cultural 
sensitivity in pictures. The ‘Cookie Theft’ picture from the Boston 
Diagnostic Aphasia Examination (BDAE; Goodglass and Kaplan, 
1972), which was standardized and is the most commonly used 
picture stimuli in the field of communication disorders, has been 
critiqued for containing gender, racial, and socioeconomic stereotypes 
(Steinberg et al., 2022). Thus, there have been attempts to address 
these limitations by modifying the background scene and characters 
and adding more objects and actions to it (Berube et  al., 2019). 
Additionally, some studies have examined the influence of ethnicity 
on descriptions of the Cookie Theft picture by comparing the 
connected speech of Black/African Americans and non-Hispanic 
whites (Evans et al., 2022). Another study compared Turkish speakers’ 
descriptions of the Cookie Theft picture to a picture tailored for 
Turkish speakers and found the tailored one elicited more distinctive 
morphosyntactic features unique to the Turkish language (Seçkin and 
Savaş, 2023). These studies demonstrate the importance of using 
pictures that resonated with participants’ linguistic, cultural, and 
social backgrounds to effectively capture linguistic characteristics and 
semantic knowledge in connected speech samples (Mueller et  al., 
2018). Therefore, picture stimuli tailored for a specific language would 
produce a more accurate assessment of the cultural and linguistic 
differences of diverse populations.

In South Korea, the Beach picture from the Paradise-Korean 
version of the Western Aphasia Battery-Revised (PK-WAB-R; Kim 
and Na, 2012) has been the standardized picture most commonly used 
in picture description tasks, both in research and clinical settings. It 
has also been extensively utilized in various populations including 
healthy young and older adults (Kwon et al., 1998; Lee and Kim, 2001; 
Jeon and Kim, 2015; Kim et al., 2015; Choi, 2020), individuals with 
dementia (Kim et al., 2006; Ha et al., 2009), and those with aphasia 
(Kim et al., 1998; Lee et al., 2009; Kim and Sung, 2022), to name a few. 
However, the Beach picture exhibits certain inherent linguistic and 
cultural issues. The objects and actions depicted in the picture may 
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be less familiar to Korean speakers. This is because the Beach picture 
was adopted from the Western Aphasia Battery (Kertesz, 2007), with 
its fundamental scenery remaining unchanged. Furthermore, the 
picture portrays limited events that may not sufficiently elicit action-
related information or specific lexical items, such as verbs. The 
presence of only six active agents (see ‘Materials and methods’ section 
for further detailed descriptions), contributes to this limitation. This 
presents a crucial concern given that Korean is characterized as a 
pro-drop and verb-salient language, which allows the omission of verb 
arguments (e.g., subject or object, which are nouns) from a sentence 
when their identity can be inferred from context (Kwon et al., 2006; 
Jung and Lee, 2018). This verb saliency in Korean has been observed 
in previous studies on connected speech, where Korean speakers with 
aphasia demonstrated a greater number of verbs compared to that of 
English speakers with aphasia for the same picture description tasks 
(Sung et al., 2016).

With the limitations of the Beach picture in consideration, Sung 
and colleagues (Jeong et al., 2023) introduced a new picture called 
the ‘Han River’ picture (Patent no. D2022-0004KR), which was 
specifically designed for Korean speakers. They took the verb saliency 
of the Korean language as a key variable and included diverse action 
drawings in the picture scene in order to elicit more verbs (e.g., daily 
activities seen on the river banks). Furthermore, cultural familiarity 
was enhanced by depicting the background scene as the Han River 
and including daily activities happening there. The Han River holds 
a symbolic significance in Korean cultural identity as the river passes 
through the center of Seoul. It has served as a social and economic 
hub for residents and visitors alike and represents a familiar space 
intertwined with the daily lives, aspirations, and emotions of Korean 
people (Baik and Kim, 2012). Along the river bank parks, people 
gather to exercise, have picnics, and take leisurely walks while 
enjoying the scenic river.

One of the objectives of this study was to investigate how different 
picture types influence age-related differences in the task of describing 
picture scenes. We are particularly interested in whether the Han 
River picture would evoke a greater number of information units and 
action-related words, particularly verbs for Korean speakers. In 
Korean, verbs are hypothesized to impose a greater cognitive load due 
to their complex grammatical structure. Korean sentences follow an 
“SOV” (Subject-Object-Verb) structure, where verbs typically appear 
at the end of the sentence. Thus, activation of semantic and syntactic 
elements preceding the verb would be necessary before its production. 
Previous studies with the tasks of single-word production have already 
shown the age-related difficulties in producing heavy verbs compared 
to light verbs in generative naming tasks (Choi et al., 2021), as well as 
challenges in generating verbs compared to nouns in verbal fluency 
tasks (Östberg et al., 2005; Stokholm et al., 2013; Clark et al., 2014). 
However, to our knowledge, no studies have specifically investigated 
age-related changes in eliciting verbs within the context of connected 
speech. By utilizing the Han River picture, which was designed to 
draw out many verbs, our study aimed to investigate age-related 
changes in verb production abilities in connected speech.

Turning to the second factor, outcome measures in previous 
studies have also shown considerable variation. Thus far, the 
examination of outcome measures in language studies involved two 
analyses: (1) linguistic variable analysis and (2) real-time variable 
analysis. First, different linguistic variables have been used in 
connected speech analysis, which includes productivity (e.g., the 

number of words produced) and communication efficiency (e.g., 
correct words per unit of time). These measures have yielded mixed 
results, reporting both age-related declines and no significant 
changes. Some studies have reported significant age-related 
decreases in the number of produced words (Heller and Dobbs, 
1993; Kemper and Sumner, 2001; Cho et al., 2021), while others 
have found no change with age (Cooper, 1990; Castro and James, 
2013; Capilouto et al., 2015). Additionally, some studies have found 
fewer propositions relative to the total number of words produced 
(MacKenzie, 2000), while others have reported no decline in 
measures such as the number of propositions per minute (Cooper, 
1990), the number of words needed to convey an information unit 
(Boucher et al., 2019), or the number of Correct Information Units 
per minute (Capilouto et al., 2005).

Among those linguistic measures, Correct Information Units 
(CIUs) serve as one of the most frequently used linguistic measures 
for capturing semantic deficits across languages. Originally developed 
by Nicholas and Brookshire (1993), CIUs represent words that are 
both (1) intelligible in context and (2) accurate, relevant, and 
informative about the picture or topic of connected speech. To count 
CIUs, intelligible words are first collected, excluding unintelligible 
words or non-word fillers. From those intelligible words, CIUs are 
determined according to the specific criteria; importantly, they do not 
have to be used in a grammatically correct manner, but words that 
incorrectly describe the picture or attempts to correct sound errors are 
excluded (see Nicholas and Brookshire, 1993, for further details).

The current study investigated age-related differences in word 
retrieval ability in the context of connected speech production by 
utilizing CIUs per minute and counting the number of nouns and 
verbs produced. These single-word measures were employed since 
word retrieval was the domain of interest. The CIUs per minute 
represented informativeness, and the number of nouns and verbs 
showed productivity in connected speech samples. Nouns and verbs 
were chosen as dependent measures because they constitute the core 
lexicon in Korean, making them representative indicators of lexico-
semantic retrieval abilities and core words in constructing sentences.

Secondly, real-time measures, such as eye movements, have been 
employed in language production tasks. Eye-tracking can provide a 
direct measure of visual attention and cognitive effort during picture 
description tasks, which is an aspect not fully captured by analyses of 
spoken data after task completion (Rayner, 1998; Henderson and 
Ferreira, 2004; Schotter, 2011; Conklin et al., 2018). Given the complex 
interplay between cognitive and linguistic processes in picture 
description tasks, the cognitive-linguistic challenges faced by older 
adults may result in distinct eye movement patterns compared to the 
ones from younger adults. During these tasks, speakers must visually 
process a scene, identify key elements, retrieve and organize words, 
and make inferences about relationships among the depicted elements 
(Cummings, 2019). Age-related changes in cognitive processes, such 
as declines in working memory capacity and attentional control 
(Salthouse, 1990; Zacks and Hasher, 1994), may affect the process of 
generating verbal descriptions. For instance, decreased working 
memory resources may hinder the maintenance of active lexical 
representations for production and the tracking of information 
already produced in preceding utterances (Martin and Slevc, 2012; 
Marini, 2023).

Researchers have temporally synchronized language and eye 
movement data to investigate cognitive processing during a 
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specific period of time. Eye movements have been scrutinized 
during the planning stage of language production when speakers 
were to comprehend events, assign roles to subjects, and possibly 
select verbs (Meyer and Dobel, 2003). While speakers selected 
words and assembled phonemes to name specific objects, eyes 
often fixated on them (Meyer et al., 1998; Griffin, 2004). Many 
studies consistently reported a close temporal relationship between 
eye movements and language production. The time interval 
between initiating eye gaze on an object and uttering its name 
typically remains consistent across studies, which lasts 
approximately a second. Even if speakers had previously fixated on 
an object, they often redirect their gaze back to it for about a 
second before naming it (Griffin and Bock, 2000). Additionally, the 
duration of gaze on an object before its naming reflects one’s 
cognitive efforts that are required to name it (Griffin, 2004). For 
example, individuals tend to spend more time observing objects 
before verbally describing them rather than simply scanning them 
to form a general impression (Griffin and Bock, 2000). These 
findings collectively suggested a deliberate cognitive effort for 
language production, reflected in looking time.

Most studies have employed an eye-tracking paradigm to study 
the production of simple phrases. Albeit few, some studies have 
examined eye movements during sentence- or connected speech-level 
production. Spieler and Griffin (2006) investigated the description of 
a simple array of objects into simple sentences following a fixed format 
(“The A and the B are above the C”) for the older and younger adults. 
Their findings revealed that older adults exhibited longer fixation 
durations on the picture before initiating the first object (“the A”) 
compared to those for younger adults. This suggested that older adults 
required more time to prepare and retrieve the name of the first noun 
before initiating the sentence. Jang et al. (2021) examined connected 
speech and eye movements during the description of the ‘Cookie 
Theft’ picture (Goodglass and Kaplan, 1972). With the goal of 
classifying individuals with Alzheimer’s disease, mild cognitive 
impairment, and subjective memory complaints from healthy 
controls, they analyzed a linguistic variable (e.g., information units) 
and eye movement measures (e.g., eye fixations). Findings from 
machine learning experiments showed that the combination of eye 
movement and language features yielded the most accurate 
classification performance, highlighting the effectiveness of 
eye-tracking data in assessing language production skills. Additionally, 
Holšánová (2008) investigated connected speech in the description of 
complex, realistic scenes, with a focus on the temporal relationship 
between eye fixations and verbal descriptions. During the message 
planning stage, eye fixations tended to shift to the next region to 
be described, indicating the preparation stage for language production.

Drawing upon these findings, which suggested that eye 
movements indicate cognitive processing and reveal patterns of 
pre-fixation while planning language production, the current study 
aimed to investigate age-related changes in the planning process of 
connected speech by analyzing eye fixations. Specifically, we focused 
on pre-speech fixations, those fixations that occur during the 
planning stage of the utterance. Our approach is guided by the 
hypothesis that the planning and retrieval of words or information 
units influence speech onset and timing, drawing from previous 
research findings (Griffin and Oppenheimer, 2006; Griffin and 
Spieler, 2006). Building upon the established temporal correlation 
between eye movements and verbal descriptions of scenes, where 

fixations on objects typically precede their corresponding naming 
(Meyer et al., 1998; Griffin and Bock, 2000; Holsanova, 2001; Meyer 
and Dobel, 2003; Meyer, 2004), we seek to explore whether older 
speakers engage in an increased pre-speech preparation which would 
be  reflected in their eye movements during the picture 
description tasks.

This study aimed to examine differences in connected speech 
production between older and younger adults, focusing on linguistic 
(informativeness and productivity) and real-time (eye fixation) 
measures, using two picture types. Participants were presented with a 
standardized Beach picture and a culturally adapted Han River 
picture, from which connected speech samples were obtained while 
eye movements were recorded. The study addressed two primary 
questions. Firstly, we anticipated that older adults would demonstrate 
decreased word retrieval abilities in terms of informativeness (CIUs 
per minute) and productivity (noun and verb count per utterance). 
We expected the Han River picture to elicit greater differences between 
the two age groups due to its cultural and linguistic modifications, 
which include a more diverse array of familiar actions and objects 
occurring in the culturally symbolic background of the Han River. 
Secondly, we hypothesized that older adults would exhibit decreased 
processing efficiency in connected speech production, as evidenced 
by increased pre-speech fixation count and duration. Additionally, 
we anticipated that the Han River picture would evoke larger group 
differences, as it would require more cognitive effort to process due to 
the greater number of elements to describe compared to the 
Beach picture.

The research questions are as follows.

 1 Are there age-related differences in linguistic measures (CIUs 
per minute, noun and verb count per utterance) depending on 
the picture types (traditional vs. modified picture)?

 2 Are there age-related differences in real-time eye movement 
measures (pre-speech fixation count, duration) depending on 
the picture types (traditional vs. modified picture)?

2 Materials and methods

2.1 Participants

A total of 25 younger and 25 older adults consented to participate 
in the study, which was approved by the Institutional Review Board 
on Human Subjects of Ewha Womans University (No. ewha-202209-
0028-01). All participants (a) were native Korean speakers, (b) had a 
normal or corrected-to-normal vision, (c) reported no history of 
neurological or psychiatric diseases based on a health screening 
questionnaire (Christensen et al., 1992), and (d) showed a normal 
range of performance in Korean Mini-Mental State Examination 
(K-MMSE; Kang, 2006; age- and education-adjusted scores >16th 
percentile). Additionally, the older adults presented within the normal 
range in (a) a Short version of the Geriatric Depression Scale (S-GDS; 
Jung et al., 1997; scored below 7) and (b) the Seoul Verbal Learning 
Test (SVLT; Kang et al., 2012; age- and education-adjusted scores 
>16th percentile). The K-MMSE and SVLT are parts of the 
standardized neuropsychological assessments that are part of the 
Seoul Neuropsychological Screening Battery-II (SNSB-II; Kang et al., 
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2012). These tests were conducted to ensure that all participants were 
cognitively healthy.

The quality of eye movement recordings was visually inspected in 
Eyelink Data Viewer 4.2.1 (SR Research Ltd., 2020b). One younger 
and three older participants were excluded from the final analysis due 
to the errors caused by eyelashes or eye makeup, excessive eye 
blinking, or head movements during the task. The final analysis 
included 24 younger (Mean age = 23.54 years, SD = 3.44, 
range = 19–32 years, 15 women) and 22 older adults (Mean 
age = 63.73 years, SD = 4.38, range = 59–78 years, 13 women). There 
were no significant differences in years of education (t30.036 = 0.277, 
p > 0.05) between the younger adults (Mean years of 
education = 13.82 years, SD = 3.065) and the older adults (Mean years 
of education = 14.25 years, SD = 1.511) (Figure 1 and Table 1).

2.2 Eye-tracking

During the picture description task, each participant’s eye 
movements were recorded using an Eyelink Portable Duo (SR 
Research Ltd.) at a sampling rate of 1,000 Hz. The participants were 
seated approximately 650 mm from the top of the monitor, 690 mm 
from the bottom of the monitor, and 450 mm from the eye-tracker 
camera. To ensure a stable head position, participants placed their 
foreheads and chins against the rest while their monocular eye 
movements were recorded. The experiment was programmed using 
Experiment Builder 2.3.1 (SR Research Ltd., 2020a), and the picture 
stimuli were presented on a 550 mm × 300 mm monitor screen with a 
resolution of 1680 × 1050 pixels. Each participant’s speech during the 
task was recorded via a sound card (model M-Audio Air 192 I 4) using 
a condenser microphone (model BM800).

Each participant was tested individually in a soundproof room. 
Before the task began, a practice trial was conducted using a standardized 
picture from the Screening Test for Aphasia and Neurogenic-
communication Disorders (STAND; Kim et  al., 2009). During the 
practice trial, participants were instructed to verbally describe everything 
happening in the picture using complete sentences. The picture depicted 

a crosswalk with various individuals on the crosswalk, and participants 
were required to provide detailed descriptions about who was doing 
what activities at what place while the picture was displayed on the 
monitor. Additionally, participants were prompted to indicate when they 
had finished by saying, “I’m done.” The practice session ended when each 
participant provided his/her explanations for all the elements in the 
picture and signaled that they had completed the task.

After the practice session, each participant was informed about the 
calibration and validation process before the main task of describing 
the Beach and the Han River, in the same manner as the practice 
session. The 13-point calibration and validation process was conducted 
in order to ensure accurate eye tracking. After the calibration and 
validation with an average error of <0.5° and a maximum error of 
<1.0°, the computer displayed either the Beach or Han River picture 
and began recording data. The participants were instructed to describe 
the pictures at their own pace without a time limit. The order of picture 
presentation was randomized to prevent any bias. No additional 
instructions were provided once the participants began the task of 
describing. When each participant completed one picture and 
indicated to have done so, he/she was provided with the other picture 
to describe. The experimental procedures are illustrated in Figure 2. 
Each participant’s eye movement recordings were then analyzed in 
EyeLink Data Viewer 4.2.1 (SR Research Ltd., 2020b). The fixation 
counts and durations of eye movements within Areas of Interest 
(AOIs) were extracted and documented in a Microsoft Excel file.

2.3 Outcome variables

2.3.1 Linguistic measures
The linguistic outcome measures for this study included the 

number of Correct Information Units (CIUs; Nicholas and Brookshire, 
1993) per minute and the counts of nouns and verbs per utterance.

2.3.1.1 Transcriptions and utterances
The connected speech samples obtained from picture description 

tasks were transcribed verbatim and then segmented into utterances 

FIGURE 1

Histograms of participants by age. (A) Younger adults, (B) older adults.
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based on the criteria established in the previous studies on connected 
speech analysis in Korean (Kim et al., 1998; Lee and Kim, 2001). An 
utterance was defined as a sentence or a shorter unit of language. Thus, 
each utterance in this study typically was counted for a sentence or 
phrase related to a specific Area of Interest (AOI).

The segmentation rules for utterances (Kim et al., 1998; Lee 
and Kim, 2001) are outlined as follows. First, an utterance is 
segmented at the point of a sentence-ending particle (e.g., ‘-ta’). If 
a sentence-ending particle is present but followed by contextually 
connected words, those words are included in the same utterance. 
Second, if a conjunction (e.g., “and”) appears, the utterance is 
segmented from the conjunction to the sentence-ending particle. 
Third, an utterance is segmented if a pause of more than 2 seconds 
occurs between words. Finally, if speech continues with a 
conjunctive suffix (e.g., ‘-ko’), segmentation happens at the 
junction of a significant change in intonation or a pause exceeding 
2 seconds. Without such changes or pauses, the utterance extends 
to the second conjunctive suffix.

2.3.1.2 CIUs per minute
The number of words and CIUs were counted according to the 

rules of Nicholas and Brookshire (1993). The words in the collected 
data were initially identified based on the detailed set of rules, 
adhering to the comprehensive guidelines outlined by Nicholas and 
Brookshire. The inclusion criterion stipulated that words must 
be “intelligible in context but did not have to be accurate, relevant, or 
informative relative to the eliciting stimulus” (Nicholas and 
Brookshire, 1993, p. 340). Subsequently, among the collected words, 
those that are “accurate, relevant, and informative relative to the 
eliciting stimulus” (Nicholas and Brookshire, 1993, p.  340) were 
designated as CIUs. A CIU corresponded to a single word, and only 
the words initially counted in the word count were counted for the 
CIUs (see Nicholas and Brookshire, 1993, for further elaboration). 
The resulting CIU count was then normalized by the duration of the 
picture description task in minutes, yielding the measure of CIUs 
per minute.

2.3.1.3 The number of nouns and verbs
Both nouns and verbs were tallied in terms of ‘type’ or ‘token.’ 

The number of nouns-token, nouns-type, verbs-token, and verbs-
type were counted from the transcriptions of the connected speech 
data. These measures were then normalized by the number of 
utterances to mitigate the influence of the total number of utterances 
on the number of words. The method of tallying the number of 
nouns and verbs was adapted from Sung et al. (2016). The noun 
counts included common nouns, proper nouns, and pronouns. The 

pronouns were counted as nouns for two primary reasons: firstly, 
pronouns serve a similar grammatical function to content nouns. In 
Korean grammar, content nouns and pronouns are both frequently 
marked by case markers to signal grammatical roles in sentences. 
Secondly, pronouns have specific referents and function similarly to 
content nouns by referring to specific contents depicted in the 
pictures (Sung et al., 2016).

In the counts of verbs, both regular verbs and auxiliary verbs were 
included to capture verbs involved in serial verb construction, which 
is one of the characteristics of Korean verb usage. Auxiliary verbs are 
also expressed as distinct verbs with semantic significance in the 
Korean language (Lee, 1976; Sohn, 1996) and are integrated with the 
preceding main verbs, functioning as independent syntactic elements. 
They convey information regarding not only tense and aspect but also 
psychological attitudes (Park, 2005; Hwang et al., 2009). For example, 
the auxiliary verb ‘ju-da’ (‘give’) is appended to the main verb ‘nol-da’ 
(‘play’) to form ‘nol-a juda’ (‘play-give’, to allow him/herself a play 
with someone).

2.3.2 Eye movement measures

2.3.2.1 Areas of interest (AOIs)
Previous studies have utilized the concept of information units 

to identify key components of a picture and defined corresponding 
Areas of Interest (AOIs) (e.g., Jang et al., 2021). In this study, AOIs 
in the pictures were selected to correspond to the expected CIUs. The 
Han River picture was assigned 12 AOIs, comprised of nine AOIs of 
people or animals (active agents) and three AOIs of background 
elements (static objects). Those AOIs encompassed (1) a family 
eating a lunch box, (2) a girl lying on the lawn, (3) a girl listening to 
music, (4) a boy kicking a ball, (5) a boy throwing a ball with his dog, 
(6) three friends taking a picture, (7) a man running along the track, 
(8) a man drinking beverage, (9) two bikers, (10) a yacht, (11) 
buildings, and (12) a tree. Twelve AOIs were also defined for the 
Beach picture which consisted of six AOIs depicting people or 
animals (active agents) and six AOIs of background elements (static 
objects). The AOIs included (1) a family building a sandcastle, (2) a 
woman reading a book, (3) a guitar, (4) a parasol, (5) a barking dog, 
(6) a couple walking together, (7) three friends playing volleyball, (8) 
the sea, (9) a yacht, (10) seagulls, (11) condominiums, and (12) 
a mountain.

The AOIs were delineated in a freehand shape using the EyeLink 
Data Viewer 4.2.1 (SR Research Ltd., 2020b). Given the picture’s 
crowded nature, the AOIs were set with a buffer around the individuals 
and objects. These AOIs were slightly larger than the targets themselves, 
ensuring that eye fixations recorded in the proximity to the target would 

TABLE 1 Descriptive information for participants.

Characteristic Younger adultsa Older adultsb Test statistics p-value

Gender (male:female) 9:15 9:13 – –

Age (yrs) 23.54 (3.44)

19–32

63.73 (4.38)

59–78

– –

K-MMSE 29.75 (0.44)

29–30

29.09 (0.87)

27–30

– –

Years of education 14.25 (1.51)

12–18

13.82 (3.07)

9–18

0.277 >0.05

Values are presented as means (SD). an = 24, bn = 22. K-MMSE = Korean-Mini Mental State Examination (Kang, 2006).
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still be included in the AOIs. Table 2 and Figure 3 illustrate AOIs in 
two pictures.

2.3.2.2 Pre-speech fixation count and duration
The starts and ends of each utterance in the connected speech 

samples were manually checked in milliseconds using Praat 

software (Boersma and Weenink, 2022). For the eye fixation 
measures, pre-speech fixations included fixations on AOIs which 
occurred right before each participant began his/her AOI-related 
utterances. It is important to note that only the AOI-related 
utterances were considered, as those picture elements were 
expected to be described in the form of CIUs during the picture 

FIGURE 2

Experimental procedures.

TABLE 2 Areas of interests (AOIs).

AOI number Han River picture Beach picture

1 A family eating a lunch box A family building a sandcastle

2 A girl lying on the lawn A woman reading a book

3 A girl listening to music A guitar

4 A boy kicking a ball A parasol

5 A boy throwing a ball with his dog A barking dog

6 Three friends taking a picture A couple walking together

7 A man drinking beverage Three friends playing volleyball

8 A man running along the track The sea

9 Two bikers riding bicycles A yacht

10 A yacht Seagulls

11 Buildings Condominiums

12 A tree A mountain

FIGURE 3

(A) Areas of interests (AOIs) of the ‘Han River’ picture. (Patent no. D2022-0004KR; Jeong et al., 2023). (B) AOIs of the ‘Beach’ picture (only outlines of 
AOIs were depicted due to the absence of permission to use copyrighted material).
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description task. For example, if an eye fixation lands on an AOI 
representing a dog, the corresponding utterance should ideally 
contain the CIU ‘dog’. If the utterance did not specifically contain 
information about the AOI, no pre-speech fixations were counted. 
For example, statements of personal thoughts such as “This picture 
reminds me of my vacation” were excluded from the eye movement 
measurements since a direct relationship could not be  verified 
between the visually attended region in the picture and the 
spoken description.

To determine pre-speech fixation counts and durations for 
each utterance, the onset of the previous utterance was set as the 
starting point and the onset of the current utterance was 
determined as the endpoint. Within this defined time span, the 
only eye fixations on the AOI corresponding to the current 
utterance were counted as pre-speech fixations. A typical pattern 
of eye fixations in connected speech production is represented in 
Figure  4. The eyes begin to fixate on the man drinking water 
shortly before the onset of utterance (A): “A man is drinking water.” 
As the utterance is about to finish, the eyes shift to the next AOI to 
be described, which is a family having lunch, and then begin the 
utterance (B): “Mom, dad, and their daughter….” Thus, the 
pre-speech fixations for (B) are the fixations on the family picture 
that occur between the utterance onset for (A) and the onset for 
(B). These pre-speech fixation counts and fixations for each 
utterance were then aggregated and divided by the total number of 
AOI-related utterances.

Studies investigating simple phrase or sentence production have 
examined eye fixations preceding the target word (e.g., Meyer et al., 
1998; Griffin and Bock, 2000; Meyer and Dobel, 2003; Meyer, 2004; 
Spieler and Griffin, 2006). However, in the context of connected 
speech, which involves higher-level and more complex language 
production, eye fixations were reported to correspond to larger 
linguistic units beyond single words or phrases (Holšánová, 2008). 
Furthermore, studies indicate that language planning unfolds 
incrementally in that speakers continuously strategize small and 
sequential units rather than composing entire sentences at once 
(Griffin, 2001; Wheeldon et al., 2013). This perspective implies that 
planning for subsequent utterances may begin while simultaneously 
expressing the current one. Therefore, in this study, pre-speech 

fixations were counted as those occurring during the duration of the 
preceding utterance. Through this investigation, we aimed to uncover 
age-related changes in the covert cognitive processes involved in 
planning connected speech production.

2.4 Data analysis

Statistical analysis was performed using IBM SPSS Statistics 
(Version 29.0) (IBM Corp., 2021). A two-way mixed-design (2×2) 
ANOVA was employed to explore potential interactions between age 
groups (young vs. older adults) and between the two picture types 
(‘Han River’ vs. ‘Beach’) using the linguistic (CIUs per minute) and 
eye-tracking measures (pre-speech fixation count and duration). 
Additionally, a three-way mixed-design (2×2×2) ANOVA was 
conducted to investigate noun and verb counts for the variables of age, 
picture types, and parts of speech (noun vs. verb).

3 Results

3.1 Linguistic measures

3.1.1 CIUs per minute
The analysis for CIUs per minute showed a significant main effect 

for the picture types [F(1,44) = 26.812, p < 0.001, ηp
2 = 0.379] and group 

[F(1,44) = 5.324, p = 0.026, ηp
2 = 0.108]. The Han River picture elicited 

more CIUs per minute than the Beach picture, and younger adults 
produced more CIUs than older adults. However, there were no 
significant interactions between the picture types and group 
[F(1,44) = 0.371, p = 0.546, ηp

2 = 0.008]. These results are visualized in 
Figure 5.

3.1.2 Token analysis (nouns and verbs)
Analysis of the tokens revealed significant main effects for picture 

types [F(1,44) = 31.298, p < 0.001, ηp
2 = 0.416], group [F(1,44) = 19.624, 

p < 0.001, ηp
2 = 0.308], and parts of speech [F(1,44) = 192.764, p < 0.001, 

ηp
2 = 0.814]. The Han River picture elicited significantly more tokens 

than the Beach picture and the younger adults produced significantly 

FIGURE 4

Idealized Illustration of Pre-speech Fixations. The duration of fixations is represented by box size. The figure is adapted from Griffin and Oppenheimer 
(2006).
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more tokens than older adults. A larger number of nouns were 
produced compared to verbs.

Significant two-way interactions were observed between the picture 
types and group [F(1,44) = 5.385, p = 0.025, ηp

2 = 0.109] and between the 
picture types and parts of speech [F(1,44) = 11.017, p = 0.002, ηp

2 = 0.200], 
but not between the parts of speech and group [F(1,44) = 0.983, 
p = 0.327, ηp

2 = 0.022]. The younger adults produced significantly more 
tokens than the older adults and the group difference in tokens was 
more pronounced for the Han River picture compared to the Beach 
picture. The Han River picture elicited more tokens than the Beach 
picture and the difference between the picture types was more 
prominent in verbs than in nouns. There was no significant three-way 
interaction among the picture types, groups, and parts of speech 
[F(1,44) = 1.062, p  = 0.308, ηp

2  = 0.024]. These results are visually 
represented in Figure 6A.

3.1.3 Type analysis (nouns and verbs)
Analysis of the types showed significant main effects for picture 

types [F(1,44) = 14.842, p < 0.001, ηp
2 = 0.252], group [F(1,44) = 20.960, 

p < 0.001, ηp
2 = 0.323], and parts of speech [F(1,44) = 494.336, p < 0.001, 

ηp
2 = 0.918]. The results showed Han River picture elicited significantly 

more types than the Beach picture, the younger adults produced 
significantly more types than older adults, and more nouns were used 
compared to verbs.

Significant two-way interactions were observed between the groups 
and parts of speech [F(1,44) = 10.429, p = 0.002, ηp

2 = 0.192], picture 
types and parts of speech [F(1,44) = 35.807, p = <0.001, ηp

2 = 0.449], but 
not between the picture types and groups [F(1,44) = 1.260, p = 0.268, 
ηp

2 = 0.028]. The younger adults produced a significantly higher number 
of types than the older adults, and the difference between the groups 
was more pronounced in the nouns than the verbs. The Han River 
picture elicited more types than the Beach picture, and the difference 
between pictures was more prominent in the verbs than nouns. No 
significant three-way interaction was observed amongst the picture 
types, group, and parts of speech [F(1,44) = 0.426, p = 0.518, ηp

2 = 0.010]. 
These results are visually represented in Figure 6B.

3.2 Eye movement measures

Results on the pre-speech fixation count indicated a significant 
main effect for the picture types [F(1,44) = 4.438, p = 0.041, ηp

2 = 0.092] 
but not for the group [F(1,44) = 0.001, p = 0.979, ηp

2 = 0.000]. The ‘Han 
River’ picture elicited a higher pre-speech fixation count for both 
groups, while there was no statistically significant difference between 
the groups. A significant interaction between the picture types and 
group was found [F(1,44) = 6.748, p = 0.013, ηp

2 = 0.133]. The older group 
exhibited significantly more fixation counts on the Han River than 
those on the Beach picture, whereas the younger group did not show 
significant differences between the two pictures. These outcomes are 
shown in Figure 7A.

In terms of the pre-speech fixation duration, the main effect was 
not significant for the picture types [F(1,44) = 2.468, p = 0.123, ηp

2 = 0.053] 
but significant for the groups [F(1,44) = 5.067, p = 0.029, ηp

2 = 0.103]. The 
older adults showed a longer duration of fixation than that of younger 
participants. No significant interaction was between the picture types 
and groups [F(1,44) = 1.216, p = 0.276, ηp

2 = 0.027]. Figure 7B provides a 
visual display of these results.

Words per minute (WPM) were analyzed to examine the potential 
impact of different speech rates of age groups on pre-speech fixations. 
The results of the independent samples t-tests showed no significant 
difference in WPM between the younger and older adult groups for 
either of the ‘Han River’ (t44 = 1.671, p = 0.102) or ‘Beach’ (t44 = 1.122, 
p = 0.268) pictures. Therefore, any potential differences in pre-speech 
fixation duration between groups could not be attributed to differences 
in speech rate.

FIGURE 5

CIUs per minute.

FIGURE 6

(A) Nouns-token, verbs-token, (B) nouns-type, verbs-type.
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4 Discussion

The purpose of this study was to investigate age-related 
differences in connected speech produced for a picture description 
task using two pictures: a standardized picture (‘Beach’) and a 
culturally and linguistically tailored picture (‘Han River’). The 
investigation employed linguistic measures (i.e., informativeness 
and productivity of connected speech) and real-time eye 
movement measures (eye fixations). The hypothesis was that older 
adults would demonstrate reduced CIUs per minute and fewer 
noun and verb counts per utterance, which could indicate 
age-related declines in informativeness and productivity. 
Additionally, we  explored the possibility of the older adult’s 
increased pre-speech fixation duration and count during the task, 
which would indicate greater cognitive processing effort and 
reduced processing efficiency in producing connected speech. 
Furthermore, the effects of picture types on the connected speech 
production were also explored. The hypothesis was that the Han 
River picture, which was designed with considerations for Korean 
cultural and linguistic factors, was expected to elicit greater 
age-related differences than the other picture.

4.1 Age-related changes in linguistic 
measures

Age-related differences were investigated in linguistic measures 
for the Beach and the Han River picture. We  analyzed CIUs per 
minute (CIUs/min) and the noun and verb types and tokens per 
utterance (NV types and tokens). Our findings revealed significant 
group differences in all linguistic measures: the older adults 
demonstrated a marked decrease in informativeness (CIUs/min), 
lexical quantity (NV tokens), and lexical diversity (NV types) 
compared to those of younger adults. Our findings were consistent 
with previous research in that older adults convey less informational 
content in connected speech compared to their younger counterparts 
(e.g., Kemper et al., 2001).

Another age-related difficulty was in verb production in which the 
older adults showed decreased type and token counts. In our study, 
older adults tended to convey non-specific verbs, while the younger 
adults employed specific verbs to vividly describe many actions in the 
picture. For example, the younger adults might say, “Three seagulls are 

flying in the sky,” whereas the older adults might simply state that 
“There are seagulls too.” This non-specific verb usage in older adults 
may be attributed to the semantic and syntactic requirements in verbs 
in the Korean language. Given that Korean sentences follow a Subject-
Object-Verb (SOV) construction, verb arguments must be activated 
and structured before the verb is produced in a grammatically correct 
sentence structure. Consequently, older adults may encounter 
challenges in verb production due to the increased cognitive load 
associated with this process. Our findings of reduced verb production 
are consistent with a previous study in regard to older adults’ 
challenges in generating heavy verbs compared to light verbs in older 
adults (Choi et al., 2021). Additionally, difficulties in verb production 
relative to nouns have been reported in both healthy older adults and 
individuals with mild cognitive impairment during verbal fluency 
tasks (Östberg et al., 2005; Stokholm et al., 2013; Clark et al., 2014). 
Our findings suggest that the age-related decline in verb production 
observed at the single-word level may extend to connected speech.

Our results revealed that the Han River picture elicited a higher 
number of CIUs/min and NV types and tokens compared to the 
Beach picture. This difference could be attributed to the Han River 
picture portraying more objects and actions, thus facilitating the 
elicitation of information units and verb production in Korean 
speakers. Korean is considered a verb-salient language, which makes 
eliciting a sufficient number of verbs crucial in assessing language 
production abilities in this population. Furthermore, culturally 
familiar elements like the setting of the Han River or the daily life 
activities depicted in the picture may have contributed to eliciting 
more words. The participants’ prior knowledge and own experiences 
might have facilitated easier identification and description of the 
elements and activities in the Han River picture. Our findings 
support the premise of incorporating cultural and linguistic factors 
in picture stimuli for language assessments (Evans et  al., 2022; 
Steinberg et  al., 2022) in order to effectively evaluate speakers’ 
language production abilities.

The analysis of group differences between the two picture types 
revealed that the age-related decline in NV tokens was more 
pronounced in the Han River picture compared to the Beach picture. 
This discrepancy seems to pinpoint the decreased productivity in 
older adults, especially for the Han River picture, where detailed 
descriptions were required for diverse people, objects, and actions. 
These findings support that the Han River picture would be sensitive 
to age-related distinctions, particularly in terms of productivity 

FIGURE 7

(A) Pre-speech fixation count (# counts/# utterances), (B) pre-speech fixation duration [durations (ms)/# utterances].
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measures. Even with richer contents in the Han River picture, older 
adults did not elaborate as extensively as their younger counterparts.

4.2 Age-related changes in eye movement 
measures

Age-related differences were explored in real-time eye movement 
measures for the picture types. Two measures, the count and duration 
of pre-speech fixation, were employed to investigate younger and 
older adults’ cognitive processing efficiency during the planning stage 
of connected speech production. These measures included eye 
fixations preceding each utterance rather than encompassing all 
fixation values throughout the picture description task. This was to 
understand the cognitive efforts specific to planning utterances within 
continuous connected speech production.

The analysis of pre-speech fixation duration revealed significant 
age-related differences. The older individuals exhibited longer 
pre-speech fixation duration, indicating increased cognitive efforts 
required for encoding and planning the utterances about those fixated 
AOIs. The effort hypothesis states that eye fixations reflect attention 
and mental effort (cf. Griffin, 2004). Longer and more frequent 
fixations would indicate greater cognitive efforts required for 
processing information at the AOIs, while shorter and a skipping 
manner of fixations would imply decreased cognitive processing 
(Rayner, 2009; Conklin et al., 2018). Additionally, longer pre-speech 
fixation durations could be  interpreted as indicative of slowed 
processing. The theory of general cognitive slowing (Salthouse, 1996) 
posits an overall deceleration in cognitive processes among older 
adults, impacting the efficiency of language processes. In this context, 
the duration would reflect the time course of language planning 
processes and would imply reduced efficiency due to the prolonged 
time required for planning and initiating utterances. Our results are in 
line with the findings of the previous research. Spieler and Griffin 
(2006) reported that older participants showed longer fixation 
durations on the first noun when generating simple sentences 
compared to younger adults. Verhaegen and Poncelet (2013) noted 
that older adults showed increased latencies in single-word retrieval 
in picture naming tasks. Considering the age-related decline in CIUs 
per minute and noun and verb count along with the longer pre-speech 
fixation duration, older adults required more time to prepare their 
utterances than young adults while still displaying a lower level of 
content measures, such as CIUs per minute and the number of nouns 
and verbs produced.

The analysis of pre-speech fixation count revealed a significant 
difference between the picture types; the Han River picture induced 
greater fixation counts. A significant interaction between the groups and 
picture types was observed. While the older adults showed significantly 
greater pre-speech fixation counts in the Han River picture, the younger 
adults showed no significant difference between the two pictures. This 
suggests that, unlike younger adults, the older adults might have 
responded to the increased complexity of the Han River picture. The Han 
River picture included more referents to describe compared to the less 
referents in the Beach picture. This finding could be interpreted as the 
increased cognitive demand may have tapped into the older adults’ 
experiences in the more complex picture description task. It has been 
studied that visually complex (e.g., highly cluttered) scenes tend to elicit 
more words in verbal descriptions (Clarke et al., 2013). The increased 
visual complexity and demands to produce more words may have posed 

additional cognitive challenges for older adults. Notably, this discrepancy 
was not observed among younger adults. Older adults seem to be more 
susceptible to visual complexity during picture descriptions, showing 
declined efficiency in language planning in the more complex picture 
description task. Our findings suggest that the Han River picture appears 
to demonstrate its sensitivity in distinguishing between age groups 
compared to the Beach picture. The modified picture effectively 
addresses some inherent limitations of the traditional image while 
effectively eliciting information units, particularly verbs.

Both pre-speech fixation duration and counts revealed patterns of 
inefficient cognitive processing for planning connected speech 
production in older adults. Previous literature has also employed eye 
movements as a real-time index in sentence production and reported 
decreased efficiency in cognitive processing for sentence production in 
people with aphasia. Several studies have shown that as the complexity 
of sentence production increases, people with aphasia display different 
fixation patterns compared to normal adults. Shin and Sung (2020) 
interpreted these patterns as a sign of difficulty in allocating thematic 
roles, leading to more errors in producing passive sentences. 
Additionally, Thompson et al. (2007) found that eye fixation patterns 
indicated greater processing difficulty when producing sentences with 
verbs that have complex argument structures in people with aphasia. 
Our study supports these findings and further extends the discussion 
on real-time indicators of challenges in language production.

4.3 Limitations and future implications

A limitation and future implications of this study are as follows. 
Firstly, more comprehensive measures for the exploration of language 
and speech fluency could offer a deeper understanding of connected 
speech production. Future research endeavors might consider 
incorporating diverse metrics, such as grammaticality and syntactic 
complexity, in order to examine language production. Another area 
could involve the aspect of dysfluency, which often signals word 
retrieval challenges in older adults (Bortfeld et al., 2001; Castro and 
James, 2013). Beyond the quantitative analysis of linguistic measures 
employed in this study (i.e., CIUs per minute, noun and verb counts 
per utterance), investigating speech fluency measures (i.e., fillers, 
hesitations, and pauses) could offer other insights into critical aspects 
of older adults’ connected speech production.

Second, mapping the instances of disfluency with eye fixations 
during language production could deepen our understanding of the 
cognitive processes involved. Qualitative analysis of eye movements at 
the moments of speech disfluency could illuminate the interplay 
between speech disfluency and visual attention during language 
production. Moreover, although our study aimed to explore the 
cognitive processing involved in connected speech production, the 
specific cognitive demands required in connected speech production 
remain unspecified. Future research could target various cognitive 
functions using in-depth assessment to explore potential correlations 
between specific cognitive functions and pre-speech fixations.

Third, while our study did not primarily investigate social 
factors as independent variables, previous research has suggested a 
relationship between older adults’ cognitive and linguistic abilities 
and various social factors. For instance, social isolation and 
segregation in older adults’ later years in life have been linked to 
cognitive declines (Read et al., 2020; Cardona and Andrés, 2023; 
Ren et al., 2023). Additionally, socioeconomic status (SES) has been 
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associated with cognitive ability in older age. The lower SES has 
been correlated with lower cognitive ability or cognitive decline 
(Zahodne et al., 2015; Park et al., 2017; Muhammad et al., 2022; Shi 
et  al., 2023). Future studies could explore the impact of social 
factors on the connected speech of the aging population.

Also, there is a possibility that social-interactional factors may 
have influenced the volubility of older adults in our study. While the 
fixation data suggest slowed processing, it may be plausible that the 
more limited language output observed in older adults could 
be influenced by their attitude toward the task and the experimenter. 
Unfortunately, our analysis did not allow us to disentangle these 
factors. Addressing the influence of social-interactional factors in 
future studies could provide valuable insights into age-related 
differences in language production.

Lastly, although we did not incorporate measures related to 
eyesight, it is plausible to note that age-related changes in eyesight 
at the physiological level could potentially influence eye movement 
measures. Spieler and Griffin (2006) suggested that aging may 
impact the utilization of extrafoveal information, as there is a 
decline in extrafoveal sensitivity associated with age. “Extrafoveal” 
refers to the area of vision outside the central fovea of the retina, 
which is responsible for sharp central vision. The extrafoveal region 
encompasses the surrounding peripheral visual field. Extrafoveal 
visual information may be utilized to gather information about an 
object while individuals are moving their eyes to begin identifying 
it. Typically, directing attention to an object occurs approximately 
200 ms faster than moving the eyes to the object’s location. Younger 
adults may preprocess objects before fixation more efficiently than 
their older counterparts, potentially resulting in shorter fixation 
durations or fewer fixations due to their relatively physiologically 
sensitive and faster abilities to explore extrafoveal information 
(Spieler and Griffin, 2006). In future research, it would be beneficial 
to investigate how age affects peripheral vision. If this influence is 
significant, efforts could be  made to statistically control for 
oculomotor changes when analyzing eye movement measures for 
language processing.

In conclusion, the current study examined the impact of aging on 
connected speech and eye movement measures during the picture 
description tasks, utilizing both standardized and modified pictures 
that incorporated Korean cultural and linguistic factors. It was 
demonstrated that older adults produced fewer CIUs/min and NV 
types and tokens per utterance, indicating reduced informativeness 
and productivity during connected speech production. The eye 
movement measures also revealed that older participants experienced 
cognitive challenges, as evidenced by the longer durations of 
pre-speech fixation on both of the picture types and more pre-speech 
fixation counts on the modified picture. These findings highlight the 
need for further investigation into age-related changes in connected 
speech production in both linguistic and cognitive processes.
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