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Abstract: Purpose: Understanding how older adults perceive and interpret emotional cues in speech prosody
contributes to our knowledge of cognitive aging. This study provides a systematic review with meta-analysis
to investigate the extent of the decline in affective prosody recognition (APR) among older adults in terms of
overall and emotion-specific performance and explore potential moderators that may cause between-study
heterogeneity. Method: Incorporated into the literature search were six electronic databases, with a specific
emphasis on studies comparing the APR performance of older adults with that of younger adults. This
comparison was focused on basic emotions. Meta-regression analyses were executed to pinpoint potential
moderators related to demographic and methodological characteristics. Results: A total of 19 studies were
included in the meta-analysis, involving 560 older adults with a mean age of 69.15 years. The findings indicated
a substantial negative effect size (g = —1.21). Furthermore, the magnitude of aggregated effect sizes showed a
distinct valence-related recognition pattern with positive prosody exhibiting smaller effect sizes. Years of
education were found to moderate the overall performance effect estimate while age and gender significantly
influenced the effect estimate of happiness. Conclusions: The results confirmed a significant decline in APR
ability among older adults, but this decline was unbalanced across basic emotions. Educational level emerged
as a significant factor influencing APR ability. Moreover, participants with a higher mean age exhibited notably
poorer performance in recognizing happy prosody. These findings underscore the need to further investigate
the neurobiological mechanisms for APR decline associated with aging.

Keywords: affective prosody recognition; older adults; meta-analysis; systematic review

Introduction

Accurate emotion recognition is essential for effective daily communication (Blair, 2003).
Previous research findings show that older adults often experience challenges in comprehending and
interpreting emotions in speech (Gurera & Isaacowitz, 2019; Ruffman et al.,, 2008). This specific
difficulty substantially contributes to the social and communication hurdles faced by this
demographic.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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There are multiple verbal and nonverbal channels to convey and interpret emotions, among
which affective prosody, or emotions portrayed via voice intonation, is identified as a crucial element
in emotion recognition (Banse & Scherer, 1996; Paulmann et al., 2008). It conveys speakers’ emotions
through various acoustic parameters such as pitch, intensity, and speech rate (Schmidt et al., 2016).
Additionally, it holds pivotal significance in the comprehension and analysis of sentences (Sbattella
et al., 2014). Current studies on affective prosody recognition (APR) in older adults consistently
indicate that they perform significantly less effectively than their younger counterparts (e.g., Cortes
et al., 2021; Dupuis & Pichora-Fuller, 2015; Hunter et al., 2010; Maltezou-Papastylianou et al., 2022;
Martzoukou et al., 2022; Mitchell, 2007; Ruffman et al., 2009; Schaffer et al., 2009). These age-related
disparities begin to manifest as early as an individual’s fourth decade (Mill et al., 2009; Paulmann et
al., 2008).

1.1. Recognition pattern for older adults in APR across emotion types

While there is general consensus on the notable age-related declines in APR among older adults,
it is important to recognize that the extent of decline can vary depending on specific emotions (e.g.,
Cortes et al., 2021; Dupuis & Pichora-Fuller, 2015; Ruffman et al., 2008; Wong et al., 2005). A meta-
analysis by Ruffman et al. (2008) revealed that older adults encountered greater difficulty in
recognizing happy, sad, and angry voices, while showing no significant difference from younger
individuals in recognizing fear, disgust, and surprise voices. However, subsequent empirical studies
have presented divergent findings. For example, in a study by Ruffman et al. (2009), no statistically
significant difference was found between older and younger groups in recognizing auditory
expressions of happiness, surprise, disgust, sadness, and fear. Yet it was observed that older
individuals displayed significantly poorer performance in recognizing angry voices. Additionally,
Dupuis and Pichora-Fuller (2015) noted that older adults demonstrated inferior performance across
nearly all basic emotions in APR, including happy, sad, angry, fear, disgust, and neutral, except for
pleasant surprise, when compared to their younger counterparts. In a recent study, Martzoukou et
al. (2022) found that the older group exhibited notably lower accuracy in decoding fear, sadness,
anger, neutrality, and surprise, in comparison to younger participants. However, no significant
difference was observed between the two groups in their ability to recognize happy voices.

Notably, amid the diverse APR findings in among older adults, some researchers have proposed
the presence of a positivity bias, suggesting that older adults may identify positive emotions better
than negative ones (Hunter et al., 2010; Martzoukou et al., 2022). This bias aligns with observations
in other psychological domains, including attention and memory (Reed et al., 2014).

Several explanations based on motivational and biological mechanisms account for this
positivity bias. Socioemotional selectivity theory (SST), a prominent motivational theory, posits that
individuals alter their goals as motivation evolves with age, leading older adults to focus more on
intimate interpersonal relationships and reduce exposure to negative emotions (Carstensen et al.,
1999; Carstensen & DeLiema, 2018; Cortes et al., 2021). Dynamic integration theory (DIT) offers an
alternative motivational perspectives, suggesting that negative information possesses greater
complexity, making it more challenging to incorporate into cognitive-affective systems than positive
information (Labouvie-Vief et al., 2010; Labouvie-Vief, 2003). A more recent model, the strength and
vulnerability integration (SAVI) model, asserted that experiential knowledge accumulated over a
lifetime enhances an individual's ability to choose appropriate emotion regulation techniques,
leading to more evident positive effects when employed before encountering negative stimuli
(Charles, 2010; Gurera & Isaacowitz, 2019).

From a biological standpoint, some studies have attributed the lower recognition accuracy of
negative emotions, including sadness, to age-related changes in the human brain (Martzoukou et al.,
2022; Sowell et al., 2003). The identification of vocal emotions is specifically associated with the
orbitofrontal cortex (OFC; Wildgruber et al., 2002, 2005). The recognition of angry, sad, and fearful
prosody involves the OFC, the inferior frontal gyrus, and the amygdala (Morris et al., 1999; Sander
et al., 2005). Early declines in normal aging, notably in regions like the frontal and medial temporal
lobes, have been reported in several studies (Sowell et al., 2003). It is anticipated that older individuals
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may encounter challenges in accurately recognizing specific emotions, particularly anger, sadness,
and fear (Martzoukou et al., 2022).

However, consensus on the existence of a positivity bias in older adults” APR is currently lacking.
Wong (2005) reported that older adults exhibited lower performance in identifying sadness and
happiness, but not in recognizing anger, fear, disgust, and surprise. Lima et al. (2014), on the other
hand, showed decreased accuracy for older adults across all investigated emotions. Recently, Cortes
et al. (2021) observed that older adults encountered similar challenges in identifying both positive
and negative emotions. They proposed that the previously observed positivity effect might be
attributed to a ceiling effect, particularly when happiness was the sole positive emotion considered.
This effect diminished when multiple positive emotions and response options were available.

1.2. Why an updated meta-analytic review is needed

There has been a notable surge in research on auditory emotion recognition in aging subsequent
to Ruffman et al.’s (2008) meta-analysis. However, many studies have been unable to replicate the
age-related patterns observed by Ruffman et al. (2008). These divergent findings and the lack of
consensus regarding the positivity bias highlight the complexity and intricacy of the research topic
and the need of quantitative evidence with a meta-analysis approach to guide further research to
advance our understanding of age-related decline of APR. The previous meta-analysis was
conducted 15 years ago to examine older adults” emotion recognition in three modalities (Ruffman et
al., 2008). There is currently a gap in the literature focusing on the auditory domain. A recent
systematic review has summarized various studies on this topic (Baglione et al., 2023), but it fell short
of providing a meta-analysis to statistically aggregate the results to obtain a more precise estimate
and in-depth analysis of the moderating factors (X. Zhang et al., 2022). To our best knowledge, this
meta-analysis represents the first with a focus on emotion perception in the auditory domain
specifically in older adults, aiming to provide updated quantitative evidence for APR research in this
population.

What sets our study apart from the previous meta-analysis (Ruffman et al., 2008) lies in a detailed
examination of the moderating effects of demographic characteristics and methodological aspects to
help explain the convergent or divergent findings. By considering these moderators, our new meta-
analysis could contribute to a more nuanced understanding of the research findings and illuminate
the influence of these potential factors to guide future studies.

1.3. Objectives and hypotheses of the current study

The primary objective of this study is to evaluate the extent of the decline in APR among older
adults and to ascertain if the age-related APR pattern reported by Ruffman et al. (2008) persists
considering recent research. To concentrate on assessing older adults” APR ability in the auditory
domain, we exclusively focused on research explicitly investigating age-related effects on APR.
Studies involving multimodal tasks or rating tasks assessing valence or arousal were excluded. We
hypothesize that older adults would show lower APR than younger adults, consistent with most
studies. The focus is on whether the age effect across emotion types aligns with the previous meta-
analysis that reported no evidence of a positivity bias (Ruffman et al., 2008). If age-related challenges
in APR are equally observed across basic emotion types, it would imply a general age-related
cognitive decline. If older individuals are better at identifying some emotions than others,
motivational models such as the SST, DIT, or SAV], or biological mechanisms could provide plausible
accounts.

The second objective is to systematically investigate the potential factors or moderators
impacting study outcomes, including demographic characteristics and methodological factors.
Although it is difficult to predict the exact effects, it is conceivable that demographic characteristics,
including mean age (Amorim et al., 2021), gender distribution (Lambrecht et al., 2014), and years of
education (Demenescu et al., 2014), as well as methodological aspects in task design, material type
and task difficulties (M. Zhang et al., 2022), may contribute to result heterogeneity.
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2. Methods

2.1. Eligibility criteria

The studies were considered eligible if they were published in English and adopted an
experimental method comparing APR between older adults (mean age above 60) and younger adults
(mean age under 35). Participants with psychiatric disorders (e.g., schizophrenia, bipolar disorder)
or physical disabilities (e.g., blindness, hearing loss, brain damage) were excluded. Studies had to
involve at least one of the six basic emotions defined by Ekman (1992) (happiness, sadness, anger, disqust,
fear, and surprise) in the auditory modality. Studies that focused on complex or social emotions (e.g.,
sarcasm, amusement, embarrassment, and contempt) were excluded. Considering the limited
number of existing studies, stimuli could be pure prosody without semantic content or prosody with
verbal semantics. Moderator tests indicated that the semantic information did not affect the meta-
analysis results.

Eligible studies should be primary empirical research with original data published in peer-
reviewed journals. To be included, studies needed to contain sufficient statistical information to
calculate an effect size of the difference in APR performance between older and younger adults.
Studies lacking sufficient data for effect size calculation were excluded unless additional data could
be obtained from the author(s). Review articles, editorials, and meta-analyses were excluded.
Neuroimaging and electroencephalographic studies were also eligible as long as they reported
sufficient behavioral data. Studies that exclusively focused on emotional memory, emotional
production, emotion processing, or emotion perception in other modalities (e.g., visual modality)
were excluded.

2.2. Search strategy

Six electronic databases were searched for comprehensive research: Web of Science Core
Collection, PubMed, APA PsycInfo, APA PsycArticles, and Academic Search Complete. The
advanced search keywords were “emotional prosody OR affective prosody” AND “older adults OR
older people OR aging OR aged OR elderly OR seniors OR geriatrics”. There are no restrictions on
publication dates, and the search was completed in August 2023. Furthermore, to identify additional
potential studies, articles derived from the references of the selected ones and other review articles
were also included.

2.3. Study selection

Two researchers (XF, ET) independently examined titles and abstracts to identify articles that
needed to be reviewed in full text. Articles meeting the specified criteria and reporting sufficient data
for meta-analysis were included in the quantitative analysis after full-text examination. Studies
meeting other criteria but lacking adequate statistical information for effect size calculation were
subjected to qualitative analysis. In cases of disagreement between the two researchers regarding
article eligibility, consensus was sought through re-evaluation and discussion.

2.4 Data extraction

Two authors (XF, ET) extracted the following key elements from each included study: (1) study
characteristics (e.g., publication year, author information, and region), (2) participant-related
information (e.g., sample size, mean age, gender ratio, and years of education), (3) methodology-
related information (e.g., materials, number of speakers, and number of trials), (4) major results that
were necessary for meta-analysis of overall performance and emotion-specific meta-analysis (e.g.,
means and standard deviations, t-test values, and F values).

2.5. Outcome measures

Accuracy data of APR in performance-based measures such as identification and discrimination
were extracted from studies to reveal differences between older adults and younger adults. If the
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results were reported as the number of trials corrected or errored, or as percentages of errors, the
corresponding percent correct data were manually calculated. Studies that did not summarize overall
accuracy but only reported data on each emotion were excluded from overall performance estimates
but synthesized in emotion-specific meta-analysis.

2.6. Moderator variables

Moderators were chosen based on their potential to impact the observed effect size estimate. The
following factors were considered: (1) demographic characteristics: mean age, gender distribution,
and years of education; (2) methodology-related variables: material type (stimuli with pure prosody
(SPP), stimuli with neutral semantic content (SNSC), stimuli with congruent meaning and prosody
(SCMP), or stimuli with incongruent meaning and prosody (SIMP)), task difficulty (including the
number of speakers, number of trials, and number of answer options), emotional valence of positivity
(only for the emotion of surprise, since some studies employed pleasant surprise while some used
negative surprise). However, material type was not included in the moderator analysis of emotion-
specific performance due to an insufficient number of studies that specified material type.

2.7. Statistical analysis

Meta-analyses were conducted using software R (version 4.2.1). This study adopted Hedges’ g
for effect size estimates, which uses a correction factor for small sample bias (X. Zhang et al., 2022).
The magnitude of Hedges’ g was interpreted using benchmarks proposed by Cohen (1988): 0.2 for
small, 0.5 for medium, and 0.8 for large. However, these benchmarks have been challenged by
researchers who argued that the magnitude of effect sizes should be compared against the related
prior studies (Hemphill, 2003; Thompson, 2007). Therefore, we also interpreted effect sizes with
benchmarks proposed by Gaeta and Brydges (2020) for audiology and speech-language pathology
research: 0.25 for small, 0.55 for medium, and 0.95 for large. In addition to employing statistical
benchmarks to determine the magnitude of effect sizes, we also utilize the effect size of neutral as a
baseline for comparing the age-related decline across different emotions.

Considering that demographic characteristics and experimental design varied across the
included studies, we completed meta-analyses with the random-effects model (DerSimonian-Laird
estimate) to estimate effect sizes. A prior power analysis indicated that the number of included
studies was sufficient to detect moderate to large effects in the meta-analysis, with the statistical
power above 95%.

The Cochran’s Q statistic (Borenstein, 2009), I? statistic (Higgins & Thompson, 2002), and
prediction intervals (IntHout et al., 2016) were adopted to assess between-study heterogeneity and
the impact of heterogeneity. If the result of Cochran’s Q-test is significant, it indicates that the
estimated effect sizes are widely dispersed. I? represents the ratio of true heterogeneity in the effect
sizes that is not caused by sampling error, with 25%, 50%, and 75% being considered as low, moderate,
and high degrees of heterogeneity, respectively (Higgins et al., 2003). If the value of 2 is 0, it suggests
that these studies are completely homogeneous, and the random-effects model is simplified to a
fixed-effect model. The prediction intervals provide an expected effect range that future similar
studies may fall into based on the observed evidence.

Outliers were defined as those with effect sizes so significantly different from the overall effect
that their confidence intervals did not overlap with the confidence interval of the pooled effect
(Harrer et al., 2021). We used the Leave-One-Out method to make influential analyses to ensure that
the pooled effect size estimate was not influenced by outlier cases. This method systematically
assesses the impact of individual studies by iteratively removing one study at a time.

Publication bias was evaluated by funnel plots and by Egger’s test to detect asymmetry patterns
(Egger et al.,, 1997). A trim-and-fill method was employed to calculate a bias-corrected estimate
(Duval & Tweedie, 2000) if Egger’s test indicated publication bias (p < 0.05). The bias-corrected effect
size estimate and its 95% CI were reported after detecting outliers and calculating the adjusted effect.

To identify sources of between-study heterogeneity, we employed a mixed-effects model for
meta-regression analyses to examine the contributions of various potential moderators. Moderators
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were considered if information was available from a sufficient number of studies (N = 4; Tang et al.,
2022; Velikonja et al., 2019). The regression coefficients, the Qmodet (Qum) statistics, and the p-values were
reported respectively. To quantify the amount of heterogeneity explained by each moderator, R2 was
calculated to indicate the strength of their relationship with the estimated effect (Borenstein, 2009).

2.8. Quality assessment

Two reviewers (XF, ET) independently assessed the quality of the included quantitative studies
using the 14-item standard quality assessment (SQA) criteria (Kmet et al., 2004). Given that all the
studies were quantitative behavioral experiments, the SQA criteria were deemed appropriate for
quality evaluation. However, as the relevant studies did not involve interventions, ratings for item 5
(If interventional and random allocation was possible, was it described?), item 6 (If interventional
and blinding of investigators to intervention was possible, was it reported?), and item 7 (If
interventional and blinding of subjects to intervention was possible, was it reported?) were excluded.
The two reviewers conducted their assessments individually and then reached a consensus through
discussion.

3. Results

3.1. Literature search results

The electronic search yielded a total of 802 articles. Titles and abstracts of these studies were
checked according to the inclusion and exclusion criteria, resulting in 54 articles remained for further
scrutiny. Two reviewers (XF, ET) independently examined the full texts of these studies and
identified 21 eligible articles for qualitative analysis. An additional five studies were discovered from
the reference lists, bringing the total eligible articles to 26. Among these, ten articles lacked sufficient
data for effect size estimates and were excluded from quantitative synthesis. The remaining 16 articles,
constituting 19 studies/experiments, were included in the meta-analysis (13 studies for the overall
APR effect size calculation, and 14 studies for the emotion-specific APR meta-analysis). Details of the
literature screening are presented in Figure 1. Articles included by one review but excluded by the
other were re-evaluated to reach a consensus after thorough discussion.
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Figure 1. Flow chart for the process of the systematic review and meta-analysis.

3.2. Study characteristics and quality assessment

The 19 included studies spanned from the years 1995 to 2022 and comprised a combined sample
of 751 younger adults (Mean age 23.02 across studies) and 560 older adults (Mean age 69.15 across
studies). Six studies (Brosgole & Weisman, 1995; Chaby et al., 2015; Cortes et al., 2021; Lima & Castro,
2011; Seddoh et al., 2020; Wong et al., 2005) were excluded from the meta-analysis of the overall
performance of APR due to insufficient data for overall accuracy calculation.

Sample sizes varied across the studies, with the younger group ranging from 10 to 155
participants and the older group ranging from 10 to 61 participants, with an average of 39.53 younger
adults and 31.11 older adults in one study. The percentage of male participants ranged from 20.00%
to 50.00%. Eleven studies reported the education years of the participants, and the mean education
years were 13.85 for the younger group and 14.82 for the elderly group. There was no significant
difference in education level between the younger and older adults (t= —0.64, p =0.53).

General characteristics, statistical measures, and quality assessment of included studies for
quantitative analysis were summarized in Supplemental Sheet 1. The inter-rater correlation
coefficient between the two reviewers, calculated using Spearman’s correlation (Gwet, 2014), was
0.86. Any disagreements were resolved through follow-up discussions and reached consensus.
Overall, the articles scored medium to high in the SQA (Todorova et al., 2019; M. Zhang et al., 2022;
Mean = 0.87; SD = 0.09, min-max = [0.68-1.00]).

The majority of the studies included in the analysis were conducted in Europe, accounting for
ten studies (52.63%). Following Europe, seven studies (36.84%) were conducted in North America,
and two studies (10.53%) were in Oceania. English was the predominant language in 14 studies, while



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 December 2023

Swedish was used in two studies, and Greek, French, and Portuguese were each used in one study.
In terms of publication timeline, seven studies (36.84%) were published before 2010, and 12 studies
(63.16%) were published after 2010, indicating a more recent focus on the topic.

All included studies employed at least one identification task, with two studies incorporating
both identification and discrimination tasks (Schaffer et al., 2009). Among studies that reported
material type, the majority utilized one type (N = 14), while two employed a combination of two types,
and two used three types. In the included studies, SNSC was the most utilized material type (N =8),
following SPP (N = 4). Four studies employed a combination of materials: two used SPP and SNSC,
and the other two used a combination of SNSC, SIMP, and SCMP. Stimulus forms included sentences
(N = 12), nonverbal vocalizations (N = 3), monophthongs (N = 2), and a combination of nonverbal
vocalizations and sentences (N =1). All studies provided participants with answer choices rather than
requiring labeling.

3.3. The overall accuracy of older adults on APR

Supplemental Sheet 2 presents a summary of results for the overall APR accuracy of older adults
compared with that of younger participants in each included study. Hedges’ g ranged from -2.68 to
-0.51. According to Cohen’s benchmarks, three studies achieved the medium to large magnitude
effect size, and ten studies reached the large benchmark. Applying more stringent benchmarks in the
clinical audiology field, one study reported a small to medium magnitude, three studies
demonstrated medium to large benchmark, and nine reached the large magnitude benchmark.

The standardized mean effect size was large and significant (Hedges’ g =-1.21, 95% CI -1.50 to
-0.92, p<0.01; Figure 2.). There was significant heterogeneity between studies (Q(12) =35.68, p <0.01),
indicating variability in effect sizes among the included studies. This was further supported by the
moderate to high degrees of true heterogeneity between the included studies (I>? = 66.4%),
independent of heterogeneity caused by sampling error. The prediction interval [-2.21, -0.21]
predicted that future studies would all report APR impairments in older adults. Out of these studies,
one outlier (Martzoukou et al., 2022) was identified through examination of the confidence intervals
(CIs). After removing the outlier, the standardized mean effect size remained large and significant
(Hedges” g =-1.09, 95% CI -1.31 to -0.86, p < 0.01). Influential analyses showed no significant change
in results, with effect sizes ranging from -1.09 (95% CI -1.31 to —0.86) to -1.27 (95% CI -1.55 to —0.98),
suggesting that no study unduly influenced the overall findings (Supplemental Figure 1.).
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Figure 2. Forest plot for overall performance, with individual and pooled effect sizes (Hedges’ g),
standard errors, 95% confidence intervals and weights for the included studies.
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For publication bias assessment, a contour-enhanced funnel plot (Peters et al., 2008) was
generated to evaluate the relationship between effect dispersion and statistical significance, which
detected asymmetry (Supplemental Figure 2.). Egger’s test confirmed significant publication bias (p
< 0.01). To adjust the pooled effect size by imputing potentially missing publications, the trim-and-
fill analysis was conducted twice, with all studies included or the outlier removed (Supplemental
Figure 3.). When all studies were considered, five studies were added, leading to an adjusted smaller
but still significant estimate (Hedges” g = —0.93, 95% CI -1.28 to —0.59, p < 0.01, prediction interval
—2.37 to 0.50). In the other calculation with the outlier removed, four studies were added, producing
a similar effect estimate (Hedges” g =-0.99, 95 % CI -1.36 to —0.61, p <0.01, prediction interval —2.50 to
0.53).

3.4. Emotion-specific accuracy of older adults on APR

In separate random-effects meta-analyses examining performance for each emotion, older adults,
compared to younger participants, demonstrated significantly lower accuracy in recognizing
happiness (Hedges’ g =-0.56, 95% CI -0.82 to —0.29, p <0.01), sadness (Hedges’ g =-0.74, 95% CI-0.95
to —0.52, p <0.001), anger (Hedges” g =-1.15, 95% CI -1.43 to —0.88, p < 0.001), fear (Hedges” g =-0.96,
95% CI-1.17 to -0.74, p < 0.001), disgust (Hedges’ g =-1.03, 95% CI -1.31 to -0.76, p < 0.001), surprise
(Hedges” g = —0.62, 95% CI —1.16 to -0.07, p = 0.03), and neutral (Hedges” g = —0.65, 95% CI -0.89 to
-0.40, p < 0.001). Based on Cohen’s benchmark, effect sizes of happiness, sadness, surprise, and
neutral demonstrated the medium to large magnitude, and effect sizes of anger, fear, and disgust
reached the large benchmark. Similarly, according to the more rigorous benchmarks within the field
of clinical audiology, effect sizes of happiness, sadness, surprise, and neutral fell within the medium
to large range, while effect sizes of anger, fear, and disgust met the benchmark of large magnitude.
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Figure 3. Forest plot for emotion-specific performance, with individual and pooled effect sizes
(Hedges’ g), standard errors, 95% confidence intervals and weights for the included studies.

3.5. Moderators for overall and emotion-specific APR performance of older adults

Meta-regression analyses (refer to Supplemental Sheet 3 for details) were conducted to examine
moderators influencing the heterogeneity of overall and emotion-specific APR effect sizes. Across
eight analyses encompassing biological and study-related variables, only years of education (Qm(1) =
8.34, R2=100.00 %, p =0.004) significantly accounted for the heterogeneity of true effect sizes in overall
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APR performance. Effect size differences were not significantly associated with older adults’ mean
age (Qm (1) =1.69, p = 0.19), male percentage (Qum (1) =3.74, p = 0.053), material (Qm (3) = 1.86, p = 0.60),
number of speakers (Qum (1) =0.18, p = 0.67), number of trials (Qum (1) = 0.001, p = 0.97), and number of
answer options (Qum (1) =0.40, p = 0.53).

Regarding specific emotions, different moderators were associated with the effect size estimates.
For happiness, older adults’ mean age (Qum (1) = 13.97, R? = 85.91%, p < 0.01) and male percentage of
older adults (Qum (1) = 9.22, R? = 62.79%, p < 0.01) emerged as significant factors that could mostly
explain the heterogeneity of true effect sizes. For other emotions, none of the moderators could
account for the heterogeneity of true effect sizes (see Supplemental Sheet 3 for detailed information).

4. Discussion

The present meta-analysis aimed to achieve two primary objectives. The first objective was to
assess the extent of age-related decline in APR and to investigate whether the emotion-specific
pattern observed by Ruffman et al. (2008) remains consistent with more recent research findings. The
second objective was to explore potential contributions of demographic characteristics and
methodological factors to the heterogeneity of results.

Regarding the first objective, this meta-analysis significantly built upon and expanded the prior
work of Ruffman et al. (2008) (which included findings from only five studies) by incorporating
findings from a much larger number of studies (N = 19; for overall performance estimate, N = 13; for
emotion-specific performance analysis, N = 14, and numbers differed across different emotions). Our
meta-analysis results revealed that (i) older adults did exhibit significantly lower accuracy in overall
APR, (ii) the emotion-specific pattern observed by Ruffman et al. (2008) was not consistently
replicated, and (iii) older adults demonstrated a positivity bias in recognizing affective prosody. In
the emotion-specific analysis, fear, disgust, anger, and sadness exhibited greater declines in older
adults compared to happiness and surprise, with neutral serving as the baseline.

Aligning with the second objective, the systematic investigation of participants’” demographic
features and methodological factors showed that (i) participants’ years of education contributed to
the heterogeneity of the overall performance results, and (ii) the heterogeneity in the results of
happiness was influenced by the male percentage and mean age of older adults. These findings
provide valuable insights for future research directions in the study of APR in the elderly population
as discussed in the following sections.

4.1. Evidence for APR decline in older adults (Aim 1a)

The overall performance estimate, based on a comprehensive analysis of 13 studies
encompassing 378 older adults, revealed a very large effect size (—1.21), indicating significant
challenges in APR among the elderly. This aligns with the conclusions of the previous meta-analysis
(Ruffman et al., 2008) and the recent systematic review (Baglione et al., 2023), both highlighting the
APR difficulties experienced by older adults. Importantly, the effect size estimate of the meta-analysis
remained largely unchanged even after correcting for publication bias (Hedges” g= —0.93 or —0.99),
with the 95% CI still indicative of the medium magnitude. This suggests that publication bias did not
significantly impact the overall effect size estimate, reinforcing the notion that older adults indeed
exhibit impaired APR abilities compared to their younger counterparts.

Various factors have been proposed to explain the APR decline in older adults, including age-
related changes in cognitive functions, hearing loss, and alterations in brain mechanisms. The
subsequent analysis will delve into a comprehensive examination and discussion of the impact of
these three distinct perspectives on older adults” APR.

Roles of cognitive functions

The connection between age-related cognitive decline and the identification of emotions has
been a subject of investigation (Mitchell, 2007). Most reviewed articles considered participants’
general cognitive status before experiments, employing various assessments, including standardized
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tests such as Mini-Mental State Examination (MMSE; Folstein et al., 1975), Montreal Cognitive
Assessment test (MoCA; Nasreddine et al., 2005), Wechsler Adult Intelligence Scales-III (WAIS-III;
Wechsler, 1997), and non-standardized tests such as short interview and self-reports (see
Supplemental Sheet 1 for more detailed information).

Despite efforts to link older adults’ impaired APR to general cognitive decline, studies, such as
the one by Orbelo et al. (2005), concluded that standard neuropsychological tests may not fully
explain impairments in APR for healthy older adults. The recognition of emotions encompasses a
variety of cognitive abilities, including processing speed, intelligence, and working memory.
Researchers have explored potential cognitive mediators. For example, Mitchell (2007) found that
only frontal lobe load and verbal IQ were linked to the decline in older adults” APR after controlling
for hearing loss and some cognitive features. They thus postulated that while some cognitive features
may exaggerate age-related difficulties, APR challenges in older adults were, to some extent, primary
in origin.

Due to the diverse measurement methods for assessing mental status across different studies, it
is not possible to quantitatively analyze the mental status of the participants. To investigate whether
cognitively normal participants also exhibited age-related decline in APR, we conducted an
additional meta-analysis focusing on studies that employed standardized tests to screen the general
cognitive ability of older participants. By synthesizing the available data, we again obtained a large
and statistically significant effect size (Hedges’ g =-1.87, 95% CI -2.52 to —-1.22, p < 0.01), suggesting
a notable decline in APR ability even among older adults with normal general cognitive ability.
Therefore, it is crucial to acknowledge that the age-related deterioration of cognition may not entirely
explain the discrepancies reported in the capacity to perceive and interpret affective prosody.
However, since the number of studies included in this additional analysis was relatively small (N =
4), further inclusion of more studies is needed to strengthen the statistical power for a robust
conclusion. Moreover, the variation in age-related decline across different emotions, as seen in
emotion-specific performance, implies that cognitive abilities may not entirely account for the
observed APR decline among older participants.

4.1.2. Roles of hearing sensitivity

Some researchers have postulated that age-related hearing loss could be a factor influencing
APR in older adults (Lambrecht et al., 2012; Picou, 2016). Picou (2016) examined the differences in
APR between older adults with varying degrees of hearing loss and middle-aged adults with normal
hearing. Results indicated that hearing loss, rather than age, was the primary factor influencing
emotional valence rating. Lambrecht et al. (2012) found a mediation effect of hearing loss at the
frequency of 4000 Hz on APR, proposing that interpreting nonverbal affective prosody may require
auditory signals from the 4000 Hz band.

Contrastingly, other studies reached different conclusions. Conventional audiometric pure-tone
thresholds did not correlate with APR difficulties in individuals with age-related hearing loss,
especially those with mild to moderate hearing loss (Mitchell, 2007; Orbelo et al., 2005). According to
Orbelo et al. (2005), older adults with mild to moderate hearing impairment exhibited APR
impairments, but the variability within older adults was associated with aging effects on the right
hemisphere of the brain, not the degree of hearing loss. In a study by Dupuis (2015) focusing on
normal-hearing older adults, acoustical features (vowel FO difference limens, gap detection, and
intensity difference limens) did not significantly impact APR, suggesting that hearing sensitivity
might not be a prominent determinant of APR in older adults with normal hearing.

The heterogeneity in assessing hearing sensitivity, mirroring the varied measurement of
cognitive ability, precluded a quantitative analysis. Nonetheless, an additional meta-analysis
focusing on studies rigorously screening participants’ hearing sensitivity showed an aggregated
effect size of —1.05 (95% CI -1.43 to -0.66, p < 0.01), still indicating a large and significant decline in
APR. While limited by a small number of studies (N =4), this underscores the need for more research
to enhance generalizability. Importantly, since all reviewed studies included participants with
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normal hearing, age-related hearing decline may not entirely explain observed APR challenges in
older adults.

4.1.3. Roles of age-related changes in neural mechanisms

The age-related decline in APR can be linked to the changes in brain mechanisms involved in
emotion processing. Emotion processing, whether visual or auditory, relies on specific brain regions
and networks like the frontal and temporal lobes, which undergo significant declines in functional
activity with age (Raz et al., 2005; Ruffman et al., 2008). Notably, age-related alterations in these brain
regions may contribute to the challenges in APR for older individuals. While cognitive functions and
hearing sensitivity alone cannot fully explain the age-related decline in APR, we also consider that
aging brain mechanisms play a role in this decline. This perspective aligns with the findings of a
previous meta-analysis (Ruffman et al., 2008), which suggested that changes in emotion recognition
with age might be attributed to alterations in the brain.

However, the neuroanatomical mechanisms underlying APR deficits have received limited
attention (Baglione et al., 2023). Existing literature has predominantly focused on behavioral and
cognitive aspects of APR decline among older individuals, with few studies directly exploring the
neural substrates. Among the included studies, only one investigated the relationship between
neuro-stimulation targeting the inferior frontal cortex and APR in older adults (Maltezou-
Papastylianou et al., 2022). Nevertheless, their results indicated that neither transcranial direct
current stimulation (tDCS) nor high-frequency transcranial random noise stimulation (tRNS)
facilitated APR in the elderly group. Further research is needed to delve into the precise nature of
age-related alterations and their direct impact on APR in older adults.

4.2. Patterns of emotion-specific APR performance in older adults (Aim 1b)

This study conducted meta-analyses to assess the effect sizes of specific emotions. The included
studies predominantly reported results for sadness (N = 14), happiness (N = 11), and anger (N = 11).
About one-third of the studies provided results for fear (N = 8), disgust (N =7), and surprise (N = 6).

4.2.1. Comparing findings with previous meta-analysis: Divergence and convergence

In comparison to Ruffman et al.’s (2008), our study yielded some convergent findings. Similar
to their observations that older adults performed worse than younger adults in recognizing happy,
sad, and angry prosody, our study also revealed challenges for the elderly group in these affective
prosodies (Hedges” g = —0.56 for happiness, —0.74 for sadness, and —1.15 for anger).

Contrary to Ruffman et al.’s (2008) findings that older adults performed similarly to younger
adults in identifying fearful, disgusted, and surprised prosody, our results indicated challenges for
older adults in these affective prosodies as well (Hedges” g = —0.96 for fear, —1.03 for disgust, —
0.62 for surprise). Thus, our findings did not support the notion that recognition abilities for the other
three affective prosodies were preserved in older adults. Instead, we suggested that all affective
prosodies exhibited varying degrees of decline, potentially due to the inclusion of a greater number
of studies in the current analysis.

Our results indicated that the elderly group has difficulties in APR across all six basic emotions.
The largest effect size was observed in anger (—1.15, favoring the younger group), with happiness
showing the smallest effect size (—0.56, favoring the younger group). Considering the observed
decline in all emotions, we chose the effect size of neutral prosody (Hedges” g= —0.65) as the baseline
to assess the extent of the decline in basic emotions. Compared to the neutral prosody, older adults
exhibited greater difficulties in recognizing angry, fearful, disgusted, and sad prosody, while
showing relatively preserved recognition abilities for happy and surprised prosody. Notably,
surprise was not an inherently positive emotion since it can also convey negative emotion in an
unpleasant manner (Hunter et al., 2010; Ruffman et al., 2008), but most studies included in this meta-
synthesis employed pleasant surprise (4 out of 6). When we specifically examined positive surprise,
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the effect size diminished (Hedges” g = —0.39), indicating an even stronger recognition ability for
positive surprise prosody among older adults.

4.2.2. Positivity bias in older adults

One important finding of our meta-analysis is that the effect sizes for positive prosody were
lower than those for negative prosody. This is in contrast to the prior meta-analysis (Ruffman et al.,
2008) that did not show a positivity bias in the auditory domain of emotion recognition. It is
important to note that the positivity bias in older adults did not imply superior or equivalent
performance compared to younger individuals. Instead, it suggested a relative preservation of
recognition abilities for positive prosody compared to neutral stimuli, albeit still inferior to the
younger adults.

Some previous studies suggested that the elderly group exhibits an asymmetric APR pattern in
favor of positive prosody (Carstensen & Mikels, 2005; Hunter et al., 2010). There are several potential
explanations. Firstly, limited future time views may motivate older adults to prioritize positive social
interactions and emotion control skills for improved emotional well-being (SST; Carstensen et al.,
1999; Carstensen & DeLiema, 2018). Secondly, the complexity of negative information might make it
more challenging for older adults to integrate negative emotions into cognitive-affective processes
than positive information (DIT; Labouvie-Vief et al., 2010; Labouvie-Vief, 2003). Thirdly, older adults
might enhance their emotion perception accuracy when more familiar with experiential knowledge
of positive emotions (SAIV; Charles, 2010). Lastly, age-related decline in certain brain regions
associated with negative emotions might contribute to this positivity bias (Martzoukou et al., 2022;
Sowell et al., 2003). However, since our study did not directly investigate these theories or models,
we refrained from delving into further discussion on these explanations in this context.

It is important to note that although we found superior performance for positive prosody
compared to negative prosody among the elderly group, it does not imply its presence in all scenarios.
Within the six basic emotions, the number of positive emotions was limited, with happiness being
the only strictly positive emotion. Even with the inclusion of surprise, there were only two positive
emotions represented. Therefore, in most studies, participants might be more inclined to employ
strategies that categorize all positive emotions as happiness or surprise, since there were no other
competing options to identify, leading to higher accuracy rates in the recognition of positive emotions
(Cortes et al., 2021). Future research can incorporate the balance of valence as a consideration and
further investigate how valence influences the age-related APR performance.

4.3. Moderator variable effects on APR in older adults (Aim 2)

To elucidate the heterogeneity observed between studies, we conducted meta-regression
analyses of demographic characteristics and methodology-related factors for all meta-analyses. The
results of meta-regression analyses provided insights into the association between the moderator
variables and the effect estimate.

4.3.1. Participant-related moderators

For the overall performance effect estimate, years of education were investigated as a potential
moderator for heterogeneity (p = 0.004) across studies. Most studies included in the review provided
information on participants” education, revealing a range from 10.4 to 16.3 years for older adults. The
findings indicated that studies with participants having fewer years of education showed larger effect
sizes, suggesting that older adults with higher educational levels exhibit smaller differences in APR
compared to younger adults.

While higher education is typically associated with improved cognitive function and reduced
dementia risk (Lovdén et al., 2020), it has been debated whether cognitive abilities directly impact
APR in healthy elderly individuals (Mitchell, 2007; Orbelo et al., 2005). The present study suggested
that education level may exert a direct influence on APR ability in later life, potentially independent
of cognitive mediation. This aligns with Demenescu et al.’s (2014) findings, revealing a significant
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correlation between higher education and better recognition of fearful and happy voices. However,
in our study, this impact was observed at a general recognition level rather than being specific to
individual emotions. While the existing research indicates a connection between education and APR
ability in older adults, it lacks conclusive data, necessitating further exploration.

In addition, our meta-analysis also examined gender distribution as a moderator. Results
showed a significant influence of gender distribution on between-study heterogeneity for happiness
(p = 0.002). Notably, a higher percentage of males in the elderly group was linked to a reduced
performance gap in identifying happy prosody, indicating that older males might excel in
recognizing happy prosody compared to older females. However, Sen et al. (2018) discovered that
older females exclusively outperformed older males in happy vocal emotion, indicating that the
female advantage in older adults’” APR performance was emotion-specific. Additionally, an overall
trending association (p = 0.053) between gender distribution and effect size variation in overall APR
performance was observed. However, this time, the effect was inverse. Elderly groups with a higher
proportion of males exhibited a larger performance discrepancy, suggesting that older male adults
performed worse than older females in overall APR tasks. This aligns with existing literature
demonstrating a female advantage in overall APR performance in older adults (Keshtiari &
Kuhlmann, 2016; Lausen & Schacht, 2018; Paulmann & Uskul, 2014; Scherer et al., 2001) and in older
adults in particular (Demenescu et al., 2014; Ross & Monnot, 2011).

While some studies have found that there were no significant gender effects (Hyde, 2014; Lima
et al., 2014; Paulmann et al., 2008), very few studies have found evidence to suggest that males were
better than females at emotion recognition. The discrepancy between the current findings and the
previous research might be influenced by two influential studies included in the syntheses, where
gender distribution was intertwined with variables such as mean age and educational level. The
study with the highest proportion of older males (60%) had the youngest mean age (66.96 years old)
and the highest level of education (15.08 years), while the other study that had the lowest proportion
of older males (17.9%) had the highest mean age (75.2 years old). Exclusion of these studies resulted
in non-significant results for gender distribution in the happiness analysis (p = 0.94). This underscores
the need for additional research to unravel the interplay of variables contributing to gender
distribution’s impact on APR outcomes and to establish the true extent of its influence.

Furthermore, the analysis revealed a significant association between the mean age of older
participants and effect size variation in happiness (p < 0.001), with a trending association noted in
surprise (p = 0.069). Older participants with higher mean age showed significantly lower accuracy
than their younger counterparts specifically in happiness recognition. However, no significant
relationship between mean age and effect size variation was observed for other emotions. A study by
Amorim et al. (2021) using a lifespan approach reported variations in age-related decline patterns
across different emotion categories in APR. This diversity in age sensitivity across affective prosody
categories may explain why the overall effect size variations in APR performance were not linked to
the mean age of the older group. The aggregation of results from different affective prosodies might
counteract the influence of mean age in the overall analysis.

4.3.2. Methodology-related moderators

In addition to participant characteristics, we explored methodological variability as a potential
contributor to result heterogeneity. Specifically, we examined the impact of material type (for overall
performance) and task difficulty (for both overall and emotion-specific performance) on result
heterogeneity. Our investigation into material type aimed to discern whether the presence of
semantic information played a role in result variability. Task difficulty was gauged through three
variables: the number of speakers, the number of trials, and the number of answer options.
Additionally, we explored the impact of positivity on the heterogeneous results related to surprise.

Our analysis revealed no significant association between material type and result heterogeneity.
It is important to note that, as described in the Methods section, studies employing materials with
verbal semantic content were also included. The meta-regression results suggested that material type
did not contribute significantly to result variability. However, caution is warranted in interpreting
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these findings, as they only indicate that the inclusion of semantic information did not have a
significant impact on result variability across studies. It does not necessarily imply that semantic
content had no influence on older adults’ APR performance. Some previous research tentatively
suggests that older adults might lean toward making emotional judgments based on semantic content
(Ben-David et al., 2019). However, since this review specifically focuses on older adults’ ability to
accurately identify affective prosody of basic emotions, the interaction effect between affective
prosody and content (neutral or emotion-laden) on older adults falls outside the scope of the current
examination, warranting more comprehensive investigation.

Apart from material type, the influence of task difficulty, including the number of speakers,
trials, and answer options, was investigated, and none of these moderators emerged as significant
sources of heterogeneity across studies in either overall or emotion-specific performance. Among the
19 included studies, more than half (N = 10) presented stimuli using one or two speakers, and only
one study used ten speakers. The gender distribution of speakers was not balanced, as only six studies
demonstrated an equal ratio of male and female speakers, while five studies had entirely male
speakers, and the rest exhibited a male speaker proportion of less than 50% or lacked male
representation. The limited number and unbalanced gender distribution of speakers may be
attributed to time and resource constraints faced by researchers, highlighting the need for a
standardized affective prosody database with diverse speakers and balanced gender representation
(Hearnshaw et al., 2019; M. Zhang et al., 2022).

Similarly, the number of trials and answer options did not have a significant effect on effect size
heterogeneity in either overall or emotion-specific performance. In the studies analyzed, the number
of trials ranged from 12 to 980, with more than half (N = 11) using less than 50 trials. The number of
answer options ranged from two to eight, with more than half (N = 12) providing participants with
no fewer than six options. Despite studies in psychiatric disorders suggesting that task complexity
may increase cognitive demands and affect perception difficulties (Hoekert et al., 2007; Tang et al.,
2022; M. Zhang et al., 2022), our results indicated that neither the number of trials nor the number of
answer options had association with between-study heterogeneity. It is noteworthy that these null
findings do not definitively indicate the absence of a relationship between moderators and effect size
variation (Hedges & Pigott, 2004). The limited number of eligible studies may have constrained
statistical power in tests investigating moderators (Borenstein, 2009). While it is plausible that the
covariates were associated with the effect size, but the restricted number of qualifying studies may
have hindered the conclusive identification of a relationship between these moderators and older
adults” APR performances.

Positivity in surprise did not show significance in the meta-regression, suggesting no association
with between-study heterogeneity in surprise performance. Caution is needed as there were only five
studies reported the positivity of their surprise stimuli, with only one including negative surprise.
The statistical power may be compromised, potentially attenuating the impact of positivity on older
adults” APR performance due to the limited number of studies included (Borenstein, 2009). Given
this limitation, further research is needed to include more eligible studies and conduct a more
comprehensive analysis.

4.4. Limitations and implications

This study has several limitations that should be acknowledged. First, while a minimum of two
empirical studies is theoretically adequate for a meta-analysis, the relatively small number of
included studies in this synthesis may limit the robustness of the findings (Pigott, 2012; Valentine et
al., 2010). A larger number of studies would enhance statistical power, particularly for emotion-
specific analyses. Second, potential heterogeneity in the cognitive ability and hearing sensitivity of
older adults across the included studies poses a limitation. Despite efforts to include studies reporting
participants with normal cognitive and hearing abilities, the lack of standardized quantification
criteria makes it challenging to control for these factors. While some studies reviewed suggest
cognitive status and hearing acuity cannot fully explain the decline in APR ability in healthy older
adults (Mitchell, 2007; Orbelo et al., 2005), future research should aim for more detailed and
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standardized reporting of cognitive and hearing abilities to identify potential moderating variables
more precisely.

The findings of this systematic review with meta-analysis highlight several directions for future
research in the field. First, there is a notable gap in data specifically addressing tonal language users
in APR studies for older adults. Given that all studies included in the current meta-analysis were
conducted in non-tonal languages, the potential effects of language and cultural differences remain
unexplored (Lin et al., 2020). Tonal languages have been suggested to exhibit restrictions in pitch
range in emotional speech due to lexical tones (Ross et al., 1986; Wang et al., 2018), and aging-related
decline in the right hemisphere (Kausler, 1994; Krzyzak, 2021) may impact spoken language
comprehension processes, affecting pitch sensitivity for older adults (Rasmus & Btachnio, 2021).
Investigating whether older adults in tonal language contexts face greater challenges in APR would
be valuable. Cross-cultural research could contribute to a more comprehensive understanding of
APR issues in older adults. Second, in line with Baglione et al. (2023), there is a lack of research
directly investigating the neuroanatomical and neurophysiological mechanisms underlying APR
decline. Researchers are encouraged to employ neuroimaging techniques to explore the neural
mechanisms that underpin observed behavioral results.

5. Conclusion

This study conducted a comprehensive review and meta-analysis spanning 28 years of research
with a focus on the age-related decline in affective prosody recognition (APR). The results indicate a
significant age-related decline in recognizing basic emotions through affective prosody, with a
valence-related asymmetry observed across emotions. Older adults demonstrated relatively
preserved recognition of happiness and surprise compared to angry, sad, fearful, and disgusted
prosody. Educational level was found to impact overall APR performance to some extent, and the
mean age and gender distribution influenced performance in happy prosody. Future research needs
to provide more precise information on participants’ cognitive ability and hearing acuity.
Additionally, researchers are encouraged to include participants with diverse linguistic and cultural
backgrounds, and employ neuroimaging techniques for a comprehensive understanding of the
neurobiological underpinnings of cognitive aging in connection with affective prosody processing.
The results provide insights for conducting interdisciplinary studies by bridging psychology, speech-
language-hearing sciences, and gerontology as well as for developing interventions and therapeutic
strategies to enhance emotion perception and communication skills in older adults, contributing to
improvements in their social and emotional well-being.
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