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Abstract

Background

Consideration for patients with visual impairment, from low vision to blindness, is an impor-

tant part of building a barrier-free society. Some authors have elaborated that visual

impairment can indeed lead to delayed development in theory of mind, thereby causing

pragmatic knowledge deficiency. Verifying whether those with eye conditions have prag-

matic impairment is an essential way for their clinical evaluation, intervention and

rehabilitation.

Objective

We primarily carry out a meta-analysis of visual impairment from low vision to blindness and

pragmatic impairment in people with low vision or blindness to verify visual impairment may

cause pragmatic impairment.

Data sources

Electronic databases Pubmed, Medline, MesH, Psychinfo, Ovid, EBSCO and CNKI and the

reference sections of previous reviews.

Study eligibility criteria

Studies were included when they built on primary data from clinical questionnaire surveys or

field trials anywhere in the world, and when they reported impacts of visual impairment on

social cognition, communication, skills, behavior and intelligence. In total, 25 original studies

were included, in which 25735 people were evaluated.

Results

Statistically, visual impairments and pragmatic impairment exist correlation due to the signif-

icant p value(p = 0.0005 < 0.05) in group and the subgroup sorted in the light of 18 years old
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(p < 0.0001 and p = 0.003 < 0.05). Psychologically, because people with visual impairment

can not normally get non-verbal information, they can not get a complete pragmatic knowl-

edge system. Pragmatic knowledge deficiency leads to abnormal in executive functions and

development delay from the perspective of theory of mind, inducing pragmatic impairment.

Therefore, visual impairment has an impact on pragmatic impairment.

Conclusion

The meta-analysis reveals robust evidence on the relationship of vision impairment and

pragmatic impairment in children or adults. Such evidence may help to gradually improve

the clinical evaluation, intervention and rehabilitation of these people.

Introduction

Recently, with the development of Internet of things, blockchain, artificial intelligence and

metaverse, the construction of barrier-free society accelerates [1]. And technology empowers

life, further deepening the depth and breadth of the application of digital intelligence technol-

ogy in interpersonal communication. Meanwhile, according to the Global Report on Tradi-

tional and Complementary Medicine launched by the World Health Organization in 2019,

pragmatic communication problems of people with visual impairment from low vision to

blindness have gained enormous attentions [2]. Particular, such eye conditions result in prag-

matic impairment, leading to significant adverse effects in their social communication.

Pragmatic impairment usually refer to “semantic-pragmatic language disorder” or “prag-

matic language disorders” or “pragmatic language difficulties” [3–5]. The previous studies on

visual impairment and pragmatic impairment mainly focuses on the following two aspects: (a)

Language comprehension impairment. Children with congenital visual impairment can trig-

ger delayed psychological development, especially in terms of second theory of mind, aware-

ness of other people’s belief, and non-verbal language like irony or rhetoric. In addition, they

are unable to understand the intention of verbal communication in a timely and accurate man-

ner [6–9]. (b) Social behavior impairment. James et al. (2007) [10] and Jeremy et al. (2010)

[11] clinically found that with the deepening of the degree of visual impairment, children or

adults were difficult to express their behavior. And their social function decreased, and social

communication difficulties further manifested. Specifically, their reception of social signals

such as facial expressions, gestures and body posture, is usually low resolution ratio, and is lim-

ited by some environmental factors like push and squeeze or surrounding noise [12–16].

Language comprehension and social communication is a part of pragmatic competence

performance [17]. Hence, previous researches verified that individuals with low vision or

blindness suffer from mild to severe pragmatic impairment, resulting in incoherent narration

and non-cooperative social interaction [18]. The coherent narration and fluent cooperation is

the driver of executive functions and development outcome of the mind theory [19–21].

Hence, people with visual impairment have abnormal executive functions and delay the mind

theory development [7, 22]. In other words, they can not speculate on their own and others’

psychological states like intentions, wishes, beliefs, motivations and emotions by a complete

knowledge system, and make relationship prediction and interpretation of others’ social

behaviors, which includes planning, inhibition, coordination and control of activity sequence,

working memory and psychological flexibility [23–25].
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Some studies consider that visual impairments have an impact on pragmatic impairment

[6–25]. If there are contradictions for the result, a meta-analysis will help to understand the

level of evidence between their relationships evaluated, since it seeks to summarize the results

found. Nevertheless, rare meta-analysis is conducted to support this conclusion. Thus, we

went beyond average impacts at micro level and used meta-regressions by the meta analysis to

explain impact heterogeneity and test for possible biases. Our study provides the summary evi-

dences for the assumption, visual impairment in minors and adults may lead to pragmatic

impairment on most even all social activities given the significant p value.

Materials and method

We performed this study according to Preferred Reporting Items for Systematic Reviews and

Meta-Analysis (PRISMA) guidelines (S1 Checklist). Subjects in the included articles and par-

ticipants who triggered the inspiration for our article have given written informed consent to

publish these case details. During the whole research, Hong Xie and Peng Wang carry out the

data search blindly and separately, while Lulu Cheng monitors and summarizes the included

data and their quality. All data were anonymously analyzed, and this study was reviewed and

allowed by the Academic Ethics Review Committee in School of Foreign Studies of China Uni-

versity of Petroleum (East China) (IRB) in China.

Literature search and selection criteria

We searched the electronic databases Pubmed, Medline, MesH, Psychinfo, Ovid, EBSCO,

WOS, Ovid, HMIC, ERIC and CNKI, the reference sections of previous reviews from their

earliest entries to December 20, 2022. The exact electronic search strategy and a full descrip-

tion are offered in S1 File.

Studies published in English that meets the following criteria is included: (1) the study’s

subjects should be over 3 years old and had signed the informed consent form under the super-

vision of parents; (2) their subjects are either mild to severe visual impairment with eyes’

degree about 0.1 ~ 0.8 or blindness. After medical treatment, they are still unable (or very diffi-

cult) to make accurate visual recognition to external things; (3) their subjects do not have basic

disease, drug allergy history and are not gravida; (4) these studies aimed to explore visual

impairment and pragmatic impairment like social cognition, communication, skills, behavior

and intelligence in people from low vision to blindness in minors or adults. And there are no

interests from authors and the experimental process and results are clear.

Studies were excluded if: (1) their research topics are not related to pragmatics; (2) methods

and subjects are not in line with experimental specifications; (3) there are some interests from

authors; (4) visual impairment with eyes’ degree over 0 ~ 0.8; (5) there are some faultiness in

research results; (6) research process is unclear. The detailed inclusion or exclusion criteria

and flowchart are provided in S2 File.

The electronic search yielded 387 articles and 1 book in the study. After removing dupli-

cates, 327 articles were left. We reviewed their titles, abstracts and references and eliminated

any articles that clearly fell outside our inclusion criteria. If there was any doubt that can not

be solved by researchers, the article was directly excluded. Combined, this process retained 29

articles. Subsequently, three researchers (Hong Xie, Lulu Cheng and Peng Wang) examined

the full text of each article and made independent judgments as to whether the article met our

inclusion or exclusion criteria. Disagreements were settled by face-to-face discussion until a

consensus judgment was reached. Finally, 25 articles met our inclusion and exclusion criteria.

The selection process is illustrated in Fig 1.
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Risk of bias assessment

The method of risk of bias assessment is based on random allocation and allocation conceal-

ment (selection bias), personnel and participants (performance bias), result evaluation (detec-

tion bias), incomplete result data (natural attrition bias), selection of reported results

(reporting bias) and sources (other biases) to display low, high and unclear bias risks for each

included articles [26]. So according to its principle and practical steps, the 25 included studies

in our study was evaluated by using the Cochrane collaboration’s tool, RoB2, which is a

domain-based evaluation tool in randomized trial [25]. Two independent researchers (Hong

Xie and Peng Wang) separately assessed the eligibility and assessed the risk bias of the included

studies. Any disagreement in screening the articles was resolved through discussion between

these two researchers, with adjudication by the third researcher (Lulu Cheng) if disagreements

persisted.

According to the Cochrane principles with the combination of reviewers’ answers in our

study, the risk of bias in each field may be divided into three levels: “low risk of bias”, “some

concerns” and “high risk of bias” [27]. If the risk of bias assessment result in all fields is “low

Fig 1. Flow chart of study selection process.

https://doi.org/10.1371/journal.pone.0294326.g001
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risk”, then the overall risk of bias is “low risk”. If the risk of bias evaluation result of some fields

is “with certain risk” and there is no “high risk” field, then the overall risk of bias is “some con-

cerns” [27]. As long as the assessment result of risk of bias in one field is “high risk”, the overall

risk of bias is “high risk” [25, 27, 28].

Data analysis

First of all, we conducted quality risk assessment on the included articles [29–46] by Review

Manager 5.4 software to avoid the impact of high-risk dimensions on the study results [47].

Next, we assumed that patients with visual impairment will trigger pragmatic impairment.

And the visual impairment was considered as the independent variable, while the pragmatic

impairment was considered as the dependent variable. Duet to different samples characteristic

in our included studies, we standardized mean difference in outcomes between the experimen-

tal and control groups to judge their risk bias. Meanwhile, we chose to use a random-effects

model to summarize across studies. A random effects model assumes that the true intervention

effect size varies depending on characteristics of the population studied or intervention

employed.

A random-effects model is more conservative than a fixed-effects model because it pro-

duces a wider confidence interval for the summary effect size [48]. Therefore, we chose the p
value in the Random Effect test to identify whether visual impairment will lead to pragmatic

impairment. Meanwhile, because the age of different study samples is various, we used 18

years old as the cut-off point to conduct subgroup analysis after the random effect.

Discussion and results

Included studies characteristics

For the included 25 studies from 1995 to 2022 (Table 1), they are all come from SSCI, SCI,

SCIE or ESCI publications in Pubmed, Medline and WOS websites. For instance, Journal of
autism and developmental disorders, Journal of visual impairment & blindness, Journal of child
psychology and psychiatry, Brain and language, Psychiatry and clinical neurosciences, Autism
and so forth. Hence, in publications and research field, they have good representative.

Furthermore, we employed confidence interval (CI) to justice whether there is significant

difference in included articles because participants in some included articles are significantly

more than others. Statistically, 95%CI refers to the risk ratio will occur in the area with a possi-

bility of 95% [49]. For example, as can be seen from Table 1, the article written by Anthony

et al. (1999) have 95% CI from 0.71 to 2.77, meaning that in this experiment, visually impaired

patients are about 3 times (2.77 / 0.71) than non-visually impaired patients in terms of

experiencing pragmatic impairment. According to this statistical step, we can find that

whether studies with more than 100 experimental samples or lower than 100 experimental

samples, their 95% CI difference between the minimum value and maximum value are equal

to or greater than 1 time. Thus, the number of samples in the included articles has no signifi-

cant difference, and has no impact on their research results [50]. Additionally, the experimen-

tal sample weight of different studies is centered around the median, 4.20%, and roughly

evenly distributed on both sides. And this figure is closed to their average, 4.00%. The com-

paration indicates that the two figures are complementary to each other and each included

article demonstrates similar contribution in our study. The average Z-score is 0.958, less than

1.000, indicating that each included article has sound accuracy and interpretability [51]. Com-

bined, the quality of the included studies is similar and holds excellent validity in research

time, experimental subjects and experimental specifications.
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Risk of bias

Evidently, risk of bias assessment in the included articles in our meta analysis is comparatively

qualified because the average ratio of low risk of bias is over 50%, while the total ratio of high

risk of bias is roughly 10% (Fig 2). Some studies were assessed to unclear risk of bias because

they did not provide information about randomization. Therefore, we can draw the following

two results.

Visual impairment may cause pragmatic impairment

Fig 3 displays the p value in the test for overall effect is 0.0005, which is less than 0.05. And the

I square is 99%, manifesting that the forest plot generated from random effect is reasonable

and its results have high interpretability [52]. Hence, our assumption is statistically significant,

that is, the relationship of visual impairment and pragmatic impairment significantly exists. At

the same time, the diamond located in approximately 1–5 odds ratio (in the range of 1–15),

which does not intersect with invalid line, further supporting this conclusion statistically [48].

Visually impaired population cannot fully leverage their vision as a major medium to

communicate.

Table 1. Included studies characteristics.

Author Year N Age Pragmatic Impairment Performance Weight Risk Ratio Z-score

Risk Ratio \ M-H, Random,

95% CI

Anthony et al. 1999 18 6–13 can not understand non-literal language and advanced theory of

mind

4.10% 1.40 [0.71, 2.77] -0.477

Anthony et al. 2010 16 7–15 language impairment 4.00% 1.17 [0.53, 2.57] 0.147

Brunes et al. 2019 15620 7–18 abnormally communicate 4.40% 40.17 [33.45, 48.25] 4.976

Carretti et al. 2022 96 3–18 behavior like autism 4.30% 2.43 [1.51, 3.91] 0.671

Elizabeth et al. 2009 85 < 18 social communication difficulties 3.90% 6.98 [2.66, 18.27] 1.894

Glatz et al. 2022 7715 3–18 communication and cooperation difficulties 4.40% 6.00 [4.90, 7.34] 1.616

Habib et al. 2018 80 3–33 behavior like autism 3.80% 4.00 [1.47, 10.92] 1.061

Haegele et al. 2018 12 3–9 abnormal executive functions 3.40% 4.33 [1.03, 18.17] 1.119

Heppe et al. 2020 76 50 or

so

intellectual disabilities can not develop completely with the

increase of age

4.00% 8.98 [3.86, 20.89] 2.261

James et al. 2006 8 3–8 behavior like autism 4.20% 0.94 [0.50, 1.78] 0.243

Jeremy et al. 2010 83 3–8 individuals with visual impairment exist autism 4.30% 1.01 [0.75, 1.34] 0.257

Jesper 2014 138 < 15 communication skills lag behind common children 4.30% 2.29 [1.55, 3.37] 0.571

Judith et al. 2012 48 4–11 social understanding development lags behind common children 4.40% 1.00 [0.89, 1.13] 0.242

Linda et al. 1998 32 9–12 problems with social cognition 3.70% 3.00 [0.99, 9.08] 0.712

Lisa et al. 2011 41 13–19 can not understand correctly semantic relations 4.40% 0.74 [0.56, 0.96] 0.169

Lourens et al. 2016 30 7–15 conservation difficulties 3.30% 10.33 [2.25, 47.53] 2.321

McAlpine et al. 1995 31 >18 have impact on life satisfaction 3.90% 0.89 [0.34, 2.31] 0.211

Mukaddes et al. 2007 257 >18 education difficulties 4.40% 1.31 [1.13, 1.52] 0.302

Nawoja 2015 104 15–22 social participation difficulties 4.30% 2.71 [1.68, 4.37] 0.604

Pearl 2010 102 13–18 have impact on life quality 4.30% 1.00 [0.63, 1.59] 0.211

Rachel et al. 1997 43 >18 pragmatic development vary 3.50% 5.94 [1.54, 22.84] 1.216

Ralejoe 2021 10 18–33 physical education difficulties 2.30% 5.67 [0.45, 71.51] 1.063

Splunder et al. 2006 850 16–23 people are trouble in inclusion to these people 4.40% 0.99 [0.88, 1.13] 0.166

Timothy et al. 2005 160 >18 low psychological well-being and life quality 4.40% 1.88 [1.51, 2.34] 0.293

Urbaniak-Olejnik

et al.

2022 80 18–24 hard to keep body balance 3.70% 15.00 [4.98, 45.22] 2.088

- Average Z-score 0.958

https://doi.org/10.1371/journal.pone.0294326.t001
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With limited visual information receiving, individuals with visual impairment rely heavily

on their auditory sensory channel regions like thalamus and temporal lobe to receive and com-

prehend information in pragmatic information reception [53]. Nevertheless, individuals with

visual impairment, whether due to congenital conditions, acquired injuries, or progressive eye

diseases, the thalamus may undergo certain changes and adaptations [7, 9, 54]. And the tempo-

ral lobe is also crucial for language comprehension, and visual impairment may influence how

individuals with this condition process and understand language-related information [55].

Those factors about information processing in auditory channels may result in pragmatic

impairment. Furthermore, auditory information transmission passes thalamus, temporal lobe,

and Broca’s area controlling speech communication including nucleus basalis magnocellularis

cholinergic system [56], which plays an essential role in attention performance, executive func-

tions of discourse comprehension and theory of mind development [57–59].

Fig 2. Risk of bias.

https://doi.org/10.1371/journal.pone.0294326.g002

Fig 3. Forest plot of the random effect of the relationship between visual impairment and pragmatic impairment.

https://doi.org/10.1371/journal.pone.0294326.g003
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Moreover, psychological factors including social isolation, low self-esteem and self-confi-

dence, anxiety and stress, communication apprehension can play a significant role in prag-

matic impairment experienced by the visually impaired population [22, 36]. For instance,

visually impaired individuals may develop communication apprehension, fearing potential

misunderstandings or misinterpretations during interactions. This fear can lead to avoidance

of social communication, perpetuating pragmatic impairment. Thus, interventions focused on

building self-confidence, reducing anxiety, fostering social support networks, and providing

training in effective social communication can be beneficial in improving pragmatic language

skills in this population.

Additionally, researchers have shown that there is an increased likelihood of individuals,

from birth or from an early childhood, with visual impairment also having autism [60–63].

Lipton (1979) named those blind children with a stereotypical and repetitive behavior as

“blindism” [64]. While Wrzesinska (2017) put that the deficiency of sensory and social stimuli

might be responsible for the development of autistic-like behaviors. So visual impairment in

children made their psycho-social development slower and might account for development of

autistic-like behaviors as well. Although no explicit confirmation showed that some visual

impairment was a factor of determining autism, individuals with visual impairment and

autism have weathered pragmatic impairment, mostly with reference to their relations with

other people and emotional expression due to a delay in more advanced theory of mind under-

standing [3, 7, 8, 19–21]. Therefore, with the combination of statistical results in this study and

current literature findings, people with visual impairment from low vision to blindness may

cause pragmatic problems.

Fig 4. Subgroup forest plot of the random effect of the relationship between age and pragmatic impairment.

https://doi.org/10.1371/journal.pone.0294326.g004
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Age do not affect pragmatic impairment occurrence

Some studies consider that age plays an essential role in visual impairment, particularly for the

children, and the adults given their different eyeball changes in terms of structure and func-

tions [57, 65, 66]. So it is necessary to conduct a subgroup analysis for adults and minors. As

can be seen from Fig 4, samples were divided into over 18 years old and below 18 years old.

On the one hand, the p value is significant. The former p< 0.0001, and the latter p =
0.003< 0.05, which are obviously significant in the relation assumption of age and pragmatic

impairment. Additionally, because some participants in included articles were just 18 years

old, which is difficult to distinguish their subgroup, we distribute them evenly between two

groups. The distribution may result in the slightly high of I square in the two subgroups, with

the value of 98% and 71%, respectively. However, compared with 96% I square (P<0.0001)

after their combination, the two figure still have interpretability and can infer a reliable result

[52].

There are 5275 people over 18 years old in experimental group, while there are 376 people

below 18 years old. The two number are lower than that of control group and the diamond is

also in the left side (in the range of 1–15), indicating subgroup analysis result is in line with the

superior analysis result [67]. Visual impairment occurs at different ages, including congenital

visual impairment and acquired visual impairment. Congenital visual impairment accompa-

nies the whole process of language acquisition, especially the development and maturity of

pragmatic competence [4, 12, 23]. Acquired visual impairment is closely related to patients’

psychological endurance and mental status, and plays an important role in the multimodal

information reception process in social interaction. Furthermore, pragmatic competence is a

vital ability for people to communicate with each other at any age. Therefore, by and large,

pragmatic impairment is independent of the age among individuals from low vision to

blindness.

Conclusion

This analysis from the included articles with relatively low risk of bias as a whole provides evi-

dence for the assumption that visual impairment may cause pragmatic impairment statistically

and psychologically. The argumentation also provides a theoretical basis for further study of

discourse pragmatic impairment of people with visual impairment or autism spectrum disor-

der and visual impairment concurrently. Moreover, these results also offer a theoretical dimen-

sion for clinical identification and rehabilitation of individuals with visual impairment.

However, some limitations can be seen in our study. On the one hand, studies carried out

before 1995 are ignored and experimental subjects below 3 years old are excluded, resulting in

a limited research scope in year and age. On the other hand, the research results are limited by

the research quality of the included articles. Whether articles with different quality have

impacts on research results also deserves to discuss in depth. Therefore, further research could

be focused on some detailed areas, for instance, the different quality influence of the included

literature to research results, the features of visual impairment and pragmatic impairment in

different ages and different social communication, the brain cognition process of people with

visual impairment and pragmatic impairment like the phonetic-vocabulary processing mecha-

nism and semantic conversion process.
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