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Abstract

A quantitative, descriptive, non-experimental study was conducted to determine the validity and
reliability of an instrument that assesses the knowledge, attitudes, and practices of workers exposed
to noise-induced hearing loss. The study was conducted in three phases: a systematic review of the
scientific literature, construction of the instrument, validity, and reliability. The systematic review
using the PRISMA methodology included 19 articles that supported the construction of the theoretical
construct for the elaboration of the items of the instrument constituted in its post-validation version
by 36 items in the dimensions of knowledge, attitudes, and practices. The statistical program
Microsoft Excel 19.0 was used to validate the instrument, and the R Core Team Statistical Program,
R-Studio, version 4.2.1, and a single coding based on SPSS Version 24 were used to calibrate the
instrument. Content validity by expert judges obtained an overall CVI 0.77 (CVI knowledge 0.91,
attitudes 0.89, practices 0.91) and statistical reliability by Cronbach's Alpha coefficient showed
overall internal consistency 0.77 (knowledge 0.82, attitudes 0.80, practices 0.70). The validity and
reliability results indicate that the instrument is acceptable, according to the objectives and scope of
this research.

Keywords: noise-induced hearing loss, knowledge, attitudes, practice.

1. Introduction

Noise-induced hearing loss (NIHL) is one of the most frequently reported occupational diseases in
many studies and contributes to 16% of hearing loss among adults worldwide, ranging from 7% to
21% in various subregions and more in developing countries (Lie et al., 2016). Its prevalence and
incidence among noise-exposed workers vary by industry and occupation, with mining,
manufacturing, and related occupations consistently having higher prevalence, incidence, and
adjusted risk of hearing loss (Themann & Masterson, 2019).

NIHL primarily affects an individual's ability to interact both at work and socially, directly affecting
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their quality of life. These difficulties are easily underestimated by the worker and go unnoticed in
most of those who perform their function in noisy environments (Anacona, Lilian; Gonzalez, Nancy
and Vela, 2016). In companies, the exposure of workers to noise is kept under surveillance, performing
periodic measurements of environmental noise to establish necessary control measures through
epidemiological surveillance programs (Ministerio de la Proteccion Social, 2007). Workers'
perceptions and knowledge of occupational health risks are rarely evaluated in work-related injury
and disability prevention programmes. Risk perception is thus a predictor of worker safety behaviors,
and underestimation of objective risk has been shown to be proportional to the likelihood of accidents
and illnesses. However, research on how workers perceive, recognize, and react to risks in different
occupational settings remains limited (Thepaksorn et al., 2018).

Internationally, studies have been found on the Knowledge, Attitudes and Practices (KAP) of workers
regarding noise-induced hearing loss, in which previously adapted and validated KAP questionnaires
have been administered, such as the research of Rus et al. (2008), which found overall average scores
in Knowledge and Attitudes below the satisfactory level and in practices, notably low scores,
concluding the need to implement educational programs to educate workers in order to improve their
knowledge, attitude, and practice towards noise in the workplace and optimize prevention programs
(Rus et al., 2008). At the country and Caribbean regional level, there are no studies related to the use
of instruments that measure the knowledge, attitudes, and practices of workers regarding noise-
induced hearing loss. Therefore, the purpose of this study was to determine the validity and reliability
of an instrument aimed at workers exposed to noise and thus obtain a baseline so that the KAP
questionnaires can be applied pre- or post-intervention for preventive programs in PAIR, which will
contribute to the consolidation of epidemiological surveillance programs.

2. Materials and Methods
The research was framed under a quantitative approach, with a non-experimental, descriptive design
(Herndndez Sampieri et al., 2014), since it sought to design an instrument in which the general and
substantive theories that support the research were defined and the items were constructed according
to dimensions determined by the literature and previous research in order to subsequently apply
validity and reliability tests.

The study was developed in three phases: systematic review of the scientific literature (phase 1): PICO
question formulation, MeSH search terms (Hearing Loss, Hearing Loss Noise-Induced and Health
Knowledge, Attitudes, Practice, CAP, Workers), Boolean operators (AND and OR), filters applicable
to the search, and databases in which the search exercise was performed (PubMed, Scopus, Science
Direct, Scielo) according to the inclusion criteria (studies of workers exposed to occupational noise,
under 60 years of age; experimental, correlational, analytical studies of the last 5 years; in Spanish,
English, or Portuguese), excluding those related to non-occupational noise exposure. Articles were
selected and screened based on the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) methodology. With the terms, operators, and filters established, combinations
were made in the selected databases, first performing a general search and then a more specific search.
The titles and abstracts were analyzed according to the inclusion and exclusion criteria, and then the
texts were analyzed in full to identify the contributions of these studies to the review question.

Based on the documentary review, general criteria were established for the construction of the
instrument (phase II), defining variables and dimensions, establishing key points that would serve as
a starting point for defining the indicators, and thus forming a first set of items with response options
adjusted to a Likert measurement scale.

The content of the questionnaire was validated through expert judgments (speech therapists
specializing in audiology, physicians specializing in occupational medicine, or speech therapists with
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specialization or master's degree in OSH, all with extensive experience in the area of Occupational
Safety and Health). A validation matrix was created containing all items of the initial instrument. The
judges assessed the relevance of each item, using the scale “Indispensable,” “Useful but not
indispensable” and “Useless and not indispensable,” as well as the intelligibility of the item using the
scale “Intelligible” and “Not intelligible,” thus rating aspects of content (theoretical dimension of the
construct, selection of items, etc.), form and style (wording of the items, comprehension by the target
population, among others). For the content validation analysis (phase III), Lawshe's model (1975),
modified by Tristan (2008), was considered in which the Content Validity Ratio (CVR) and Content
Validity Index (CVI) of the entire instrument were established (Espinosa Diaz & Llorens Baez, 2015).
After validation by experts, a second draft of the items was prepared to make up the final version of
the instrument.

Finally, the internal consistency of the instrument was analyzed, i.e., the correlation between the
questions of each dimension and thus determine the reliability of the instrument (phase III), through
the application of Cronbach's Alpha coefficient (Mangelsdorff et al., 2013).

To validate the instrument, CVR and CVI values were determined using Microsoft Excel. For the
calibration of the instrument, the R Core Team Statistical Program was used under the R-Studio
development environment, version 4.2.1, and unique coding based on SPSS was used. The respective
descriptive analyses per item, comparisons, and calibration of the instrument were tested using both
software programs to ensure that all analyses agreed with the context. Specific tests, such as
Cronbach's alpha, were run to calculate the statistical reliability of the instrument and the internal
consistency of the test.

3. Results
The results of the systematic review, validation, and reliability of the designed instrument based on
the objectives of the study are described.
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Figure 1. Flow diagram of the process of defining the items included in the study
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Figure 1 summarizes the process of identification, screening, suitability assessment, and selection of
the included articles. The 19 articles included were characterized because most were published in
2020 (21%), 2017, and 2019 (15% for each year), originating from countries such as Malaysia, South
Africa, India, and Brazil; in the English language (68%), Spanish (21%), and two articles in
Portuguese (11%), with a cross-sectional design (84%), integrating three review articles (16%). It was
found that seven articles (37%) presented specific instruments that assessed knowledge, attitudes, and
practices regarding noise or noise-induced hearing loss in workers as a whole (CAP questionnaires)
and also found articles related to the worker's perception or susceptibility. Based on the contributions
or benefits of the included articles, key points were highlighted that led to the development of
indicators and structuring of the instrument's items. The structure of the questionnaire applied by
Basheer et al. (2019), which was taken as the Gold Standard, was considered for the construction of
the instrument items.

In Table 1, in the variable Knowledge, it is evident that Items 4, 10, 11, 12, 13, and 14 were valued
with the maximum validity score of the questionnaire, that is, 1.00; Items 2 and 3 obtained a value
greater than the acceptable value (CVR > 0.58), while Items 5, 6, 7, 8, and 9 showed a lower value.
For Attitudes, only item 19, referring to treatment, obtained a score lower than acceptable (0.58),
which was reformulated. On the other hand, items 16, 17, 18, and 23 had scores higher than the
acceptable value (CVR > 0.58), and items 15, 20, 21, 22, 24, 25, 26, 28, and 29 were rated with the
maximum validity score of the questionnaire (1.00). In the Practices variable, it can be observed that
all the items of this variable and dimension (prevention) obtained an acceptable value (CVR > 0.58),
noting that items 30, 31, 33, 33, 34, 35, and 38 reached the maximum validity score of the
questionnaire (1.00).

A Content Validity Index (CVI) was obtained for the variables Knowledge 0.91, Attitudes 0.89, and
Practices 0.91, indicating an acceptable value.

Table 1. Instrument content validity ratio

Variable Conocimientos

Dimension Indicadores Item Indispensabl Util pero no Inatil y no CV  CVR
S e indispensabl indispensabl R ’
e e
Exposiciébn a 1 4 2 0 0,33 0,67
ruido y pérdida
auditiva
Aspectos El ruido laboral 2 5 1 0 0,67 0,83
generales y pérdida
sobre el ruido auditiva
Ocurrencia de 3 5 0 1 0,67 0,83
la PAIR 4 6 0 0 1,00 1,00
5 3 0 3 0,00 0,50
Causas de la El ruido no 6 3 3 0 0,00 0,50
pérdida laboral y
auditiva pérdida auditiva
Factores de RiesgodePAIR 7 1 3 2 -0,67
riesgo en hombres 0,17
Signos y Secrecion de 8 2 3 1 -0,33
sintomas de oido como 0,33
la PAIR signo de PAIR
Tratamiento de 9 2 2 2 -0,33 0,33
Tratamiento la PAIR
Reversibilidad 10 6 0 0 1,00 1,00
de la PAIR
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Prevencion Uso de 11 6 0 0 1,00 1,00
protectores
auditivos
Ley de 12 6 0 0 1,00 1,00
proteccién
contra el ruido
Responsabilida 13 6 0 0 1,00 1,00
Normativida d para la
d dotacion de
protectores
auditivos
Responsabilida 14 6 0 0 1,00 1,00
d del uso de
protectores
auditivos
Variable Actitudes
Dimension Indicadores Item Indispensabl Util pero no Inatil y no CV  CVR
S e indispensabl indispensabl R ’
e e
Exposiciébn a 15 6 0 0 1,00 1,00
ruido y pérdida
Aspectos auditiva
generales Habituacion al 16 5 1 0 0,67 0,83
sobre el ruido ruido
Exposicion a 17 4 2 0 0,33 0,67
ruido y pérdida
auditiva
Causas de la Reversibilidad 18 5 1 0 0,67 0,83
pérdida de la pérdida
auditiva auditiva
Tratamiento de 19 3 2 1 0,00 0,50
Tratamiento la pérdida
auditiva
Importancia de 20 6 0 0 1,00 1,00
las medidas
Prevencion preventivas
Uso de 21 6 0 0 1,00 1,00
protectores 22 6 0 0 1,00 1,00
auditivos
Importancia del 23 5 1 0 0,67 0,83
uso de
protectores
auditivos
Evaluacion 24 6 0 0 1,00 1,00
periddica de la
Actitud audicion
frente a la Reporte al 25 6 0 0 1,00 1,00
exposicion a empleador
ruido Formacion y 26 6 0 0 1,00 1,00
educacion
Conocimiento 27 5 1 0 0,67 0,83
de la
normatividad
en SST
28 6 0 0 1,00 1,00
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Importancia del 29 6 0 0 1,00 1,00
uso de
protectores
auditivos
Variable Précticas
Dimension Indicadores Item Indispensabl Util pero no Inatil y no CV  CVR
S e indispensabl indispensabl R ’
e e
Uso de 30 6 0 0 1,00 1,00
protectores
auditivos
Evaluacién 31 6 0 0 1,00 1,00
periédica de la
audicion
Evitacion  del 32 4 2 0 0,33 0,67
Prevencion ruido no laboral
Implementacié 33 6 0 0 1,00 1,00
n de medidas
protectoras
Reporte al 34 6 0 0 1,00 1,00
empleador
Evaluacion 35 6 0 0 1,00 1,00
periddica de la 36 5 1 0 0,67 0,83
audicion
Formaciéon y 37 5 1 0 0,67 0,83
educacion 38 6 0 0 1,00 1,00

Based on the analysis, post-validation adjustments were made, and items were eliminated and
modified given their weak scores in the validation by experts. The final version of the questionnaire
consisted of 36 items grouped into 20 indicators and five dimensions (Table 2).

Table 2. Final operationalization of the variables

Variable Dimensiones Indicadores Items Total de
items
Conocimientos Aspectos Exposicion a ruido y pérdida 1 13 items

generales sobre auditiva
ruido y pérdida El ruido laboral y pérdida 2

auditiva auditiva
Ocurrencia de la PAIR 3,4
El ruido no laboral y pérdida 5
auditiva
Signos y Zumbidos en el oido como 6
sintomas de la sintoma de PAIR
PAIR
Tratamiento de la PAIR 7
Tratamiento Reversibilidad de la PAIR 8

Protectores auditivos como 9
medida de prevencion
Responsabilidad de la dotacion 10

Prevencion de protectores auditivos
Responsabilidad del uso de 11
protectores auditivos
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Evaluacion periodica de la 12

audicion
Ley de proteccion para el ruido 13
Aspectos Habituacion al ruido 14, 15
generales sobre Exposicion a ruido y pérdida 16, 17
la PAIR auditiva
Tratamiento Reversibilidad de la PAIR 18
Importancia de las medidas 19
Actitudes preventivas 14 items
Uso de protectores auditivos 20, 21,
22,23
Prevencion Evaluacion periddica de la 24
audicion
Reporte al empleador 25
Formacién y educacion 26
Conocimiento de la 27

normatividad en SST
Uso de protectores auditivos 28
Evaluacién periddica de la 29, 33, 34
audicion
Précticas Prevencion Evitacion del ruido de tipo no 30 9 items
laboral
Implementacion  de  otras 31
medidas protectoras
Reporte al empleador 32
Formacién y educacion 35, 36

Table 3 shows the Cronbach's Alpha, the Guttmans Lambda 6, the mean correlation between items,
and the median correlation between items, showing that in the Knowledge variable, an overall
Cronbach's alpha coefficient of 0.82 and >0.70 was obtained for each of the 13 items (minimum
acceptable Alpha value= >0.70), which shows an acceptable internal consistency. Likewise, a 95%
confidence interval (CI) was found (0.81, 0.82), an overall Lambda 6 value of 0.81 and for each item
greater than 0.70 (minimum acceptable value=>0.70). In addition, an average item correlation of 0.37
was obtained, with a median of 0.40 (minimum acceptable value >0.3), indicating that all items have
something in common.

The Attitudes variable shows an overall Cronbach's Alpha coefficient of 0.80 and >0.70 for the 14
items, showing acceptable internal consistency. Similarly, the Lambda 6 value was 0.75, which
corroborates the internal consistency of this variable. The confidence interval (CI) was 95% (0.79,
0.81) and the mean correlation of the items was 0.62 with a median of 0.59.

With respect to the practices variable, an overall Cronbach's alpha coefficient of 0.70 is shown, which
evidences acceptable internal consistency. A Lambda 6 value of 0.69 was found, lower than the
minimum acceptable, a confidence interval (CI) of 95% (0.68, 0.71). In addition, a mean item
correlation of 0.52 was obtained, with a median of 0.49, indicating that all the items are directed in
the same direction and are related to each other.
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Table 3. Reliability of the Instrument items

Item Alfa de Cronbach sise Lambda 6 Average r Mediana de la

elimina el elemento Guttmans correlacién
G6 (smc)

Variable Conocimientos

1 0.80 0.79 0.37 0.40

2 0.80 0.79 0.36 0.42

3 0.80 0.70 0.35 0.39

4 0.81 0.80 0.38 0.38

5 0.80 0.79 0.36 0.35

6 0.79 0.78 0.35 0.38

7 0.81 0.78 0.35 0.36

8 0.82 0.78 0.34 0.36

9 0.85 0.79 0.33 0.37

10 0.81 0.80 0.39 0.38

11 0.81 0.80 0.38 0.40

12 0.80 0.79 0.37 0.45

13 0.84 0.78 0.36 0.45

General 0.82 0.81 0.37 0.40

Variable Actitudes

item Alfa de Cronbach sise Lambda 6 Average_r Mediana de la
elimina el elemento Guttmans G6 correlacién

14 0.74 0.74 0.54 0.60

15 0.74 0.74 0.58 0.61

16 0.77 0.75 0.57 0.62

17 0.75 0.75 0.45 0.59

18 0.75 0.75 0.54 0.59

19 0.74 0.76 0.61 0.50

20 0.78 0.74 0.62 0.54

21 0.78 0.72 0.54 0.58

22 0.78 0.72 0.54 0.59

23 0.79 0.71 0.55 0.60

24 0.75 0.72 0.56 0.61

25 0.76 0.72 0.56 0.62

26 0.76 0.72 0.57 0.62

27 0.76 0.71 0.45 0.62

General 0.80 0.75 0.62 0.59

item Alfa de Cronbach sise Lambda 6 Average_r Mediana de la
elimina el elemento Guttmans G6 correlacién

28 0.69 0.64 0.52 0.60

29 0.68 0.64 0.54 0.61

30 0.65 0.65 0.56 0.64

31 0.69 0.65 0.50 0.60

32 0.69 0.65 0.50 0.69

33 0.65 0.66 0.51 0.55

34 0.64 0.64 0.52 0.55

35 0.65 0.62 0.45 0.57

36 0.60 0.62 0.45 0.60

General 0.70 0.69 0.52 0.49

Consolidating the reliability values through Cronbach's Alpha coefficient for each of the variables that
make up the instrument (Table 4), we obtained an overall reliability of 0.77 (minimum acceptable
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Alpha value = >0.70), which shows that the instrument under study meets the requirements to be
acceptable.

Table 4. General reliability of variables

Variables Alfa de Cronbach Namero de items
Conocimientos 0,82 13 items
Actitudes 0,80 14 items
Practicas 0,70 9 items
General 0,77 36 tems

4. Discussion

With regard to the Knowledge variable, Items 1 and 2 are supported by the conceptualization of PAIR,
understood as sensorineural hearing loss (PA) caused by exposure to high noise levels >85 dB
(Pollarolo et al., 2022), continuous or intermittent, prolonged, and cumulative (Chen et al..., 2020),
bilateral, temporal onset, and occupational in origin (Basu et al., 2022) (Themann & Masterson, 2019),
reaffirming the knowledge of AP due to occupational noise exposure (Schettini & Gongalves, 2017),
as stated by Kanji et al. (2019) (Kanji et al., 2019). In terms of PAIR occurrence (Items 3 and 4),
Melese et al. (2022) mentioned factors such as the duration of exposure and the intensity of the noise
level to which the worker is exposed (Melese et al., 2022), which are related to what is contained in
the questionnaire used by Sayapathi et al. ( 2014). Regarding signs and symptoms, item 6 about
“ringing in the ear as a symptom of PAIR” was integrated, which was reaffirmed by Schettini and
Gongalves (2017) and Nyarubeli et al. (2019). In the prevention dimension, five items (9-13) were
constructed to inquire about the knowledge of workers about hearing protectors as a preventive
measure, the responsibility for the provision and use of the same, and the periodic evaluation of
hearing and protection laws for noise. These items are supported by authors such as Gomez ( 2016)
and Mapuranga et al. (2020).

Regarding the variable attitudes, the worker's feeling of discomfort with noise and possible
habituation to continuous exposure to it (items 14 and 15) are addressed, comparable to attitudes
towards occupational noise explored by Hon et al. (2020), and attitudes towards the occurrence of
PAIR are also explored regardless of the preventive measures applied ( Ismail et al., 2013), as
confirmed by a study conducted by Vasquez et al. (2017). Regarding prevention, items referring to
the importance of preventive measures for the worker and the use of hearing protectors were integrated
(items 20-23); in the face of exposure to noise levels harmful to hearing (Tantranont & Codchanak,
2017) (Gong et al., 2021). Attitudes related to periodicity in audiological evaluation (Sayapathi et al.,
2014), worker training/education about noise and prevention of PAIR (Gémez, 2016), reporting to the
employer about noisy machinery, and knowledge of Occupational Safety and Health regulations (
Ismail et al., 2013) were also investigated.

With reference to practices, items related to the use of hearing protectors, periodic hearing evaluation,
reporting to the employer, training and education, implementation of other preventive measures, and
non-occupational noise avoidance were included (Kanji et al., 2019).

Regarding the periodic evaluation of hearing, questionnaires from various authors inquired about the
performance of periodic audiometric examinations, highlighting the results of the study by Nyarubeli
et al. (2019), which stated that 91% of the workers surveyed reported not having had annual
audiometries performed by the company. In the same sense, attendance in training on topics of interest
in Occupational Safety and Health is included ( Ismail et al., 2013).

Content validation of the instrument was carried out through evaluation by expert judgment, according
to Lawshe's model, 1975 modified by Tristan, 2008 (Tristan-Lopez, n.d.), which was considered by
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Garcia (2017) as a priority indicator to calculate the content validity index, requiring statistical and
methodological rigor so that the evaluated instrument can be used (Garcia Perales, 2018). Experts are
people whose specialization, professional, academic, or research experience related to the research
topic allows them to assess, in content and form, each of the items included in the tool (Soriano, 2014).
Thus, this method has been widely used in various studies (Garcia et al., 2020) (Medina, 2020)
(Carrefio-Moreno et al., 2022) (Alvarez et al., 2016) (Jodeck-Osses et al., 2021), which seeks to
establish the ability of an instrument to contain items that evoke “what they claim to be measuring
and to build a representative sample of the measurement universe.”

Finally, Cronbach's alpha was used to evaluate the level of reliability of the instrument by verifying
the characteristics contained in the items of each dimension and variable, with the objective of
identifying whether, even with the elimination of items and purification of the instrument, internal
consistency continued to be favorable (Velasquez Diaz & Pineda Rodriguez, 2016). For its
interpretation, some authors state that if the instrument is used for the purpose of extracting
information for research, where decisions about the results do not affect the life of the person, then an
acceptable level would be at a point above 0.70; if less than this level is obtained, the revision and
even the redesign of the instrument should be considered (Espinosa Diaz & Llorens Baez, 2015).
Considering the reliability results for each of the instrument variables, a consistency or reliability of
0.82 was obtained with a confidence interval of 95%, CI (0.81, 0.82) for knowledge, 0.80, CI (0.79,
0.81) for attitudes and 0.70, CI (0.68, 0. 71) for the practice variable, which is in an acceptable
standard for the consistency of this type of test and is related to the values obtained in CAP
questionnaires from authors such as Basheer et al. (2019) in India (gold standard), which obtained
values of 0.60-0.7-0.85 (Basheer et al., 2019); Rus (2008) in Malaysia, who reported Cronbach's alpha
scores for knowledge, attitude, and practice 0f 0.67, 0.92, and 0.75, respectively (Rus et al., 2008) and
Sayapathi., et al. (2014).

The above-described reaffirms the reliability of the instrument in each of its variables, showing an
acceptable internal consistency comparable with the referenced tests and specifically with the Gold
Standard test.

5. Conclusions

In summary, the 36 items resulting from the instrument had a rich theoretical construct as a starting
point that corroborated the information contained in the international KAP questionnaires and from
various productive sectors that were taken as a reference for the research. The results of content
validity indicated an overall CVI of 0.90, well above the minimum value required to consider the
instrument acceptable, showing a high level of agreement among the judges, both for each item and
for the test in general. This leads to the conclusion that it is an instrument that accurately measures
proposed variables and dimensions. In relation to the internal consistency of the items associated with
the study variables, Cronbach's alpha coefficient analysis was used to establish statistical reliability,
obtaining an overall value of 0.77, which is considered acceptable, highlighting the favorability of
these data for the fulfillment of the research objectives and scope.
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