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Abstract: Background: Listening difficulties may frequently occur in school settings, but so far there
were no tools to identify them for both hearing and hearing-impaired Italian students. This study
performed cross-cultural adaptation and validation of the Listening Inventory for Education-Revised
for Italian students (LIFE-R-ITA). Methods: The study procedure followed the stages suggested by
the Guidelines for the Process of Cross-cultural Adaptation of Self-Report Measures. For the content
validation, six cochlear implanted students (8–18 years old) pre-tested the initial version. Whenever
any situation did not occur in Italy, the item was adapted to more typical listening situations in Italy.
The final version of LIFE-R-ITA was administered to a sample of 223 hearing students from different
school settings and educational degrees in order to collect normative data. Results: For the LIFE-
R-ITA, hearing students showed an average score of 72.26% (SD = 11.93), reflecting some listening
difficulties. The subscales (LIFE total, LIFE class, and LIFE social) indicated good internal consistency.
All items were shown to be relevant. Most challenging situations happened when listening in large
rooms, especially when other students made noise. LIFE social scores were significantly worse than
those of LIFE class (p < 0.001). Conclusions: The present study provides cross-cultural adaptation
and validation for the LIFE-R-ITA along with the normative data useful to interpret the results of
students with hearing loss. The LIFE-R-ITA may support teachers and clinicians in assessing students’
self-perception of listening at school. Such understanding may help students overcome their listening
difficulties, by planning and selecting the most effective strategies among classroom interventions.

Keywords: children; hearing loss; classroom performance; acoustics; cochlear implants; LIFE-R;
mainstream education

1. Introduction

School represents the place where children and adolescents spend most of their daily
time, participating in learning activities under the guidance of their teachers whilst sharing
meaningful interactions and social experiences with their peers. Throughout the school day,
they have to attend lectures, follow instructions to accomplish learning tasks, participate
in classroom debates, understand questions during oral exams, and communicate during
collaborative group activities or social interactions. More than 50% of these experiences
are driven by verbal messages [1] that require good speech perception [2]. The presence
of noise in classrooms and other school environments may negatively impact students’
understanding of spoken messages, learning, and social participation [2]. Indeed, the pres-
ence of noise considerably deteriorates speech perception [3] and significantly associates
with an indiscriminate filtering out of noise [4], leading to the engagement of cognitive
resources and an increased listening effort to maintain successful communication [5]. When
this demand is prolonged over time, listening fatigue occurs. Schoolchildren who report
more listening difficulties in their classrooms show greater fatigue, and a greater risk of
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annoyance [6] and stress [7], than those who report fewer listening difficulties in their
classrooms [8].

Communicating and learning in challenging listening conditions at school result in
well-documented negative effects on various cognitive functions, such as attention [9], mem-
ory [10], concentration [11], problem-solving abilities [12,13], and creativity [14]. Moreover,
high levels of noise seem to reduce motivation and negatively contribute to dysfunctional
student behaviors [13]. In the long term, constant and repeated noise exposure at school
potentially impacts overall academic success, reducing students’ performances in reading,
mathematics, and spelling abilities [15–18].

Consequently, noise pollution and attention, which are important aspects of under-
standing spoken language, become even more compelling for students, who are not yet
adult-level listeners. In fact, the development of a mature language continues until approx-
imately 15 years of age [19,20], and individuals younger than 15 years have less linguistic
knowledge and listening experience. Therefore, they may rely less on the redundancy of
speech signals to fill in missing words or phrases whose clarity is reduced by competing
signals in noisy environments [19,21]. For example, typically hearing children in the first
and third grades show poorer speech-in-noise perception than adults [22].

If noisy environments show significant negative effects on students with typical
hearing, the presence of background noise and/or reverberation might be even more chal-
lenging for students who are deaf or hard of hearing (DHH). Indeed, they may have more
difficulty in understanding speech in noisy listening conditions, which require greater
auditory attention, and this fact may lead to greater fatigue and cognitive load [23]. This
additional energy spent on hearing, processing, and understanding speech may lead to
some physical symptoms such as headache and may have psychological consequences
such as annoyance, which refers to a series of feelings including discomfort, sadness, disap-
pointment, and frustration [24]. Noise annoyance may result in irritability, nervousness,
concentration difficulties, and decreased motivation, and may negatively affect DHH chil-
dren’s speech understanding, language comprehension, vocabulary learning, and academic
achievements [25–29].

Considering all these aspects, in 2002, the American National Standards Institute
(ANSI), along with the Acoustical Society of America and the U.S. Access Board, estab-
lished the first classroom standard (ANSI S12.60-2002) [30], known as the Acoustical
Performance Criteria, Design Requirements, and Guidelines for Schools Standard. They
recommended that the level of noise in unoccupied classrooms up to 20,000 cubic feet
in size should not exceed 35 dBA and the reverberation time should be no longer than
0.6 s [30]. These requirements have been adopted by the World Health Organization guide-
lines on community noise to allow for good quality teaching and learning conditions [31].
To this end, the American Speech-Language-Hearing Association National Standard on
Classroom Acoustics suggests that the signal-to-noise ratio (SNR) in classrooms should be
at least 15 dB [32]. The SNR should be even more favorable for younger students so that
they can perform at the same level as older children [21,33], e.g., at least 20 dB to allow
for good speech perception in DHH children when compared with hearing peers under
identical noisy listening conditions [34]. Lower noise levels in school environments have
been shown to be significantly correlated with lower levels of stress and higher levels of
participation in school activities, creativity, and a positive educational experience [35,36].

Despite the knowledge of the detrimental effects of noise and published guidelines
on noise management, schools are unlikely to meet these standards. A recent study by
Gremp et al. [37] measured the sound levels of the background noise in 38 classrooms in
Canada. The findings indicated that none of the classrooms, whether general education or
separate instruction, met the general ANSI standard of 35 dB for unoccupied classrooms.
The ANSI recommendation was even stricter for unoccupied classrooms where DHH
students attended lectures; however, the same problem was observed. Measured levels
ranged from 37.2 to 66.2 dB with means from 43.5 to 53.5 dB for unoccupied classrooms
and reached means from 62.6 to 65.1 with a range from 44.2 to 75.3 when students were
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present and language arts instruction was taking place. Similar results were found by
Wang and Brill [38], who logged sound levels acquired across six days in 220 classrooms
and reported an average level of noise of 64 dBA (SD = 2.5), ranging from 58 to 73 dBA.
The average SNR between non speech and speech sounds was 16.9 dBA, which is within
the ASHA limit for hearing children. However, 27.3% of the classrooms did not meet the
minimum SNR, whereas 84.1% exhibited average SNRs below 20 dBA, failing to achieve
the SNR recommended for DHH students. Results from other studies were even more
critical, reporting SNRs ranging from 5 to 7 dB [39].

Perceptive difficulties in school environments may depend on many factors such
as internal/external noise, acoustic characteristics of various school settings (i.e., gym,
classroom, school canteen), class size, student/teacher position, and type of classroom
activities (i.e., individual learning, group work, traditional teaching, class discussions).
Hence, any attempt to improve listening at school requires collecting information about
real school characteristics along with personal listening experiences and difficulties. For
this purpose, in 1999, Anderson and Smaldino [40] developed the Listening Inventory for
Education (LIFE), which could be used by clinicians and teachers to collect information
about students’ perceptions of the acoustic environment at school and their listening
experience in the classroom. Such a tool intended to allow for identification of personal
listening needs and monitoring of the effects of solutions and changes they implement to
meet these needs. The revised version of the tool (LIFE-R), available since 2012, is designed
for students starting from the third grade until they complete high school education [41].
It is a self-report instrument in which individual students rate their own perceptions
of the listening environment and quality of hearing in various classrooms, schools, or
social situations. This tool consists of three sections. The first section is called “Before
LIFE”. This section consists of six multiple-choice questions to query students’ general
perceptions of how well they hear in the classroom, where they typically sit in relation
to the teacher, the noise they hear, and how they feel about listening with their hearing
technology. The second section of the LIFE-R is the “Student Appraisal of Listening
Difficulty”. This section intends to help students to provide more detailed information
about their listening environment, proposing and describing 15 typical classroom, school, or
social listening scenarios. Scenarios 1–10 (LIFE class) focus on classroom listening situations,
and Scenarios 11–15 (LIFE social) focus on school or social listening situations. For each
listening scenario, students have to indicate their hearing quality on an 11-point Likert
scale. This scale allows respondents to assign a numerical value, which is also associated
with a descriptor, to indicate their rating for each listening scenario: 10 points (always
easy), 7 points (mostly easy), 5 points (sometimes difficult), 2 points (mostly difficult), or
0 points (always difficult). Finally, the third section, called “After LIFE” consists of six
multiple-choice questions to explore the strategies that the students use and the actions that
they take when faced with challenging listening situations. Among the various response
options provided by the questionnaire, they can select as many options as apply to them.
Therefore, total n represents the total number of responses received (or actions taken) for
each category, but not the number of respondents. The English version was first released
in paper-and-pencil format, but since 2012 it has been made in a free, online format,
available on the Teacher Tools Takeout website (http://teachertoolstakeout.com (accessed
on 18 June 2024). item 0100). A new version of the online form has been developed in 2023
(https://lifer.successforkidswithhearingloss.com/ (accessed on 18 June 2024). Interested
people can download the questionnaire and complete it online, contributing to the collection
of broad information about the functional classroom listening experiences of DHH students.
The questionnaire is also available in other languages such as Hebrew, Arabic, Welsh, and
Dutch [42].

To date, there has been a lack of tools to identify listening difficulties in school settings
for both hearing and DHH students in Italy. The aim of the present study was to realize
cross-cultural adaptation and validation of the LIFE-R for Italian students.

http://teachertoolstakeout.com
https://lifer.successforkidswithhearingloss.com/
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2. Materials and Methods

Before starting the present study, consent for the Italian adaptation of the LIFE-R was
obtained from the authors [41]. Cross-cultural adaptation followed the stages suggested by
the Guidelines for the Process of Cross-cultural Adaptation of Self-Report Measures [43].
The reliability and validity procedures were in accordance with the Consensus-Based
Standards for the Selection of Health Status Measurement Instruments (COSMIN) check-
list [44]. This study was conducted in accordance with the ethical requirements of the 1964
Declaration of Helsinki, its later amendments, and the existing legislation in Italy. The
present protocol was approved by the local ethics committee of Sapienza University of
Rome (Protocol no: 259/2020). Informed consent was obtained from the study participants
or their parents.

2.1. Cross-Cultural Adaptation

Following the Authors’ consent, the first stage of the adaptation was forward transla-
tion. Forward translations (T1 and T2) of the tool from English to Italian were performed
by two independent translators with Italian as the mother tongue. The first translator was
a speech and language therapist with audiological knowledge (MN), whereas the second
translator did not have any specific audiological background (a professional translator not
included in the list of the authors).

The translators, independently, wrote a report on their own translations with com-
ments on challenging words/phrases or uncertainties, which were later discussed and
resolved. Stage II involved the synthesis of the forward translations, made in the presence
of both translators and an audiologist as a recording observer (PM). A written report
from Stage II was used to address the issues and form a consensus. A new written report
carefully documenting the synthesis process was produced and a synthesized translation
(T-12) of the tool was developed. In Stage III, the T-12 version of the tool was translated
back into the original language by two independent translators with English as the mother
tongue (professional translators not included in the list of the authors). Both were blinded
to the original version of the LIFE-R and had no relevant medical background. As soon
as back translations (BT1 and BT2) were available, all the materials were checked by an
expert committee, composed of two ENT specialists (AG, LC), a speech therapist (MC), an
audiologist (HDD), a methodologist (an external statistician), and a linguist (an external
professional) in addition to all the translators. The role of the expert committee was to
consolidate all versions of the questionnaire and to develop a pre-final version for field
testing. Therefore, the committee reviewed all translations and reached a consensus on
any discrepancy.

2.2. Content Validation

Following the example of Krijger et al. [42] for the Dutch version of the LIFE-R, content
validation of the LIFE-R-ITA was performed in a small sample of six DHH students, re-
cruited at the Cochlear Implant Center of the Sapienza University of Rome. The participants
were 8–18 years old and enrolled in mainstream elementary (n = 2), middle (n = 2), or high
school education (n =2). All patients were cochlear implants users. The questions were
validated through semi-structured interviews using a probe technique. After each question,
the following probe question was asked: “Che cosa significa?” (What does this mean?).
This technique enabled us to verify whether the translation had been properly interpreted
and validated.

2.3. Concept Validation and Cross-Cultural Adaptation

Each item of the tool was checked for equivalence, considering listening situations in
Italy as opposed to typical American conditions. DHH students were asked whether each
specific listening situation identified in the tool also occurred in their school or classroom.
Whenever a situation did not occur in Italy, with the consent of authors, the item was
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adapted to more typical listening situations in Italy. The final version is presented in
Appendix S1.

2.4. Participants and Normative Data

The study consisted of six schools located in different regions of Italy (two schools
each from the Southern, Central, and Northern regions). Informed consent was shared
with the schools, which helped recruit students. Informed consent was obtained from the
parents of students aged <18 years and directly from students aged ≥18 years. To facilitate
data collection, the final version of the LIFE-R-ITA was converted to an online version using
the EUSurvey system. A total of 223 typically hearing participants met the recommended
sample size, ranging from two to 20 participants per item to reduce the risk of errors when
studying reliability [45].

In Italy, the following grades exist: elementary school (five grades from 5–6 to 10 years
of age), middle school (three grades from 11 to 13 years), and high school (five further
grades from 14 to 18–19 years). The educational settings are presented in Table 1.

Table 1. Number and characteristics of students for each school grade.

Students Number Mean Chronological
Age (SD) Mean Class Size (SD)

Elementary

3 26 8.55 (0.26) 20.69 (3.26)

4 21 9.53 (0.37) 21.62 (2.29)

5 27 10.34 (0.25) 22.15 (2.66)

Middle School

1 21 11.8 (0.56) 22.9 (21.1)

2 19 12.36 (0.22) 23.79 (1.75)

3 33 13.2 (0,48) 23.3 (1.94)

High School

1 18 14.4 (0.25) 23.5 (2.53)

2 18 15.46 (0.69) 22.89 (2.17)

3 11 16.6 (0.31) 22.55 (2.88)

4 15 17.02 (0.24) 21.73 (2.76)

5 14 18.12 (0.37) 24.36 (2.9)

Similar to Krijger et al. [42], questions related to hearing loss and technology were
omitted from the online version used to collect data from typically hearing study par-
ticipants. Furthermore, question 6 was omitted from both before and after LIFE-R-ITA
(‘How do you feel about listening with your hearing equipment in the classroom’ and
‘What would you do if your listening technology is not working?’). Omitted answers were
reported as ‘OM’ in the analyses.

In the Italian version, the question regarding the fish bank was removed from the
before LIFE-R since no classroom in Italy had it inside.

2.5. Statistical Analysis

The construct validity, internal consistency, and cross-cultural validity of the scale
were assessed by following the Consensus-Based Standards for the Selection of Health
Status Measurement Instrument (COSMIN) checklist [44]. The construct validity of the
scale was calculated through exploratory factor analysis for the LIFE class and LIFE social,
and the Kaiser–Meyer–Olkin value was calculated; Bartlett’s sphericity test was performed.
Cronbach’s alpha was used to examine the internal consistency of the LIFE-R-ITA. Alpha
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values of 0.7, 0.8, and 0.9 represented a fair, good, and excellent degree of internal con-
sistency, respectively [46]. Cronbach’s alpha was calculated separately for 15 listening
situations (LIFE total), the class (LIFE class), and social listening situations (LIFE social).

Differences between groups and classes were determined using the parametric Stu-
dent’s t-test and/or the non-parametric Wilcoxon, Mann–Whitney or Kruskal–Wallis tests
depending on the normality of the data, which were evaluated using QQ plots and Shapiro–
Wilk tests. p values less than or equal to 0.05 were considered statistically significant for all
statistical analyses. IBM® SPSS® (Chicago, IL, USA) was used to perform statistical analysis.

3. Results
3.1. Translation and Linguistic Validation

The best versions of the items or their combinations were chosen during the meeting
for the synthesized version of the forward translations. The syntactic structure of the
sentences was kept simple, considering the minimum age of students to whom the tool was
destined (8 years of age). As there were some issues regarding some words that needed to
be changed to have a single version for all school grades, the authors were contacted to ask
for their approval (see Appendix S2 for agreed cross-cultural changes in the questionnaire).

During the meeting between the translators and the expert committee for the assess-
ment of the equivalence between the backward translation and the original version, the
material at the disposal of the expert committee included the original questionnaire, all the
translations (T1, T2, T12, BT1, and BT2), and the reports written about them. Decisions
were made regarding the semantic, idiomatic, experiential, and conceptual equivalence
between the original English LIFE-R and the Italian version. All ambiguities were resolved
on the basis of feedback from the authors of the original version and our multidisciplinary
committee. Thus, the LIFE-R-ITA version was finalized (Appendix S1).

3.2. Content Validation

None of the six DHH students had problems interpreting the questions and possible
answers. However, in some cases, they needed assistance with complex sentence structures.
Therefore, in the final version, complex sentences from verbatim translation were replaced
with semantically equivalent sentences to facilitate reading and comprehension.

3.3. Concept Validation and Cross-Cultural Adaptation

All but one listening situations, one item of the “Student Appraisal of Listening
Difficulty”, described in the LIFE-R-ITA were typical for Italian school settings as well.
Pre-tested DHH students reported that the listening situation of announcements in the
classroom (item 12: announcements) did not occur in Italy as there are no loudspeakers for
announcements in Italian schools. This item was replaced by the item ‘How well do you
understand the teacher in gym class?’ and renamed as “listening in a gym class”.

Furthermore, an addition was made to the item 13 (large classroom) to make it suitable
for all Italian school grades. Indeed, school meetings and assemblies are situations that
occur regularly in Italian secondary schools but not in elementary schools. With the consent
of the authors, we added “school play”, which is typical of the Christmas/Easter period
and the last school day just before the summer vacation in elementary and middle schools.
Such events are organized in school theatres, large classrooms, or school halls (depending
on the available space of the school) where several classes of students are involved in both
rehearsals and final performance. Thus, item 13 became “There is a school play, a school
meeting or an assembly. Many classes of students are sitting together. Students are listening
to a teacher. The teacher is speaking without a microphone. How well can you hear and
understand the words the teacher is saying?”.
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3.4. Weighting Scores

Similar to Krijger et al. [42], for the Italian version of the LIFE-R- Student Appraisal of
Listening Difficulty section, the total number of items remained identical to the original
version, allowing us to maintain the original scoring method. For each item, the scores
ranged from 10 (always easy) to 0 (always difficult). Three scores were obtained:

• LIFE total: the sum score of all items, for a maximum score of 150
• LIFE class: the sum score of all items, for a maximum score of 100
• LIFE social: the sum score of all items, for a maximum score of 50

Each score can also be expressed as a percentage or as an average of the scores for each
item. The latter was used in this study.

3.5. Normative Data

A total of 223 students (124 females and 99 males) were recruited to collect normative
data for the LIFE-R-ITA. Their school grades varied from elementary third to high school
fifth grade. Their ages ranged from 8.15 to 18.61 years. The mean number of students in
each class ranged from 20.69 (SD = 3.26) to 24.36 (SD = 2.9). There were no statistically
significant differences in class size across school grades (H = 0.32, p = 0.57). Details are
reported in Table 1.

3.6. Before LIFE-R-ITA

Figure 1 shows the results of the multiple-choice questions from before LIFE-R-ITA.
Bar graphs represent the percentage of cases indicated by the students, who were allowed
to select multiple answers for each question. Omitted answers are indicated by the letters
“OM”. Students in the sample were similarly distributed across desks in the classroom
(questions 1A, B, and C), and about 68% indicated that their position was close to where
the teacher stood to talk to the class (question 1H).

The main sources of noise in the classroom were the noise of other students inside
(99%) and/or outside (91%) the classroom (questions 2D and E).

Most of the students stated that their teachers were easy to hear, and they could hear
almost everything the teacher said (questions 3A and B), whilst ‘not at all’ and ‘other’
options were not selected at all (questions 3C and D). Hearing students indicated that most
teachers spoke from the same location or moved around for a short period (questions 4A
and B), whilst ~30% of them taught moving around for about half or more than half of the
time. Finally, for question 5 (How do you know when you did not hear or understand the
teacher completely?), almost all hearing students asked for help by asking the teacher or
classmates to repeat what has been said (questions 5B and G).
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3.7. Student Appraisal of Listening Difficulty LIFE-R-ITA

To evaluate the construct validity of the Student Appraisal of Listening Difficulty LIFE-
R-ITA section, the exploratory factor analysis (EFA) was used separately for the classroom
(LIFE class) and social situations (LIFE social).

For classroom situations (items 1–10), the Kaiser–Meyer–Olkin coefficient was 0.823,
and Bartlett’s test of sphericity was statistically significant (p < 0.001). The EFA maintained
all 10 items that explained 63.94% of the variance, which was contained in the two major
factors. Factor 1 included the first seven items, whereas Factor 2 included the remaining
three items (Table 2).
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Table 2. Construct validity—exploratory factor analysis (EFA) for LIFE-R-ITA class.

Items Factor 1 Factor 2

1 Teacher in front 0.643

2 Teacher with back turned 0.884

3 Teacher moving 0.600

4 Student answering during discussions 0.661

5 Directions understanding 0.703

6 Students making noise in class 0.620

7 Noise outside the classroom 0.751

8 Multimedia 0.692

9 Listening with fan noise 0.844

10 Large and small group simultaneously 0.804

Eigen values 4.08 1.32

Variance explained 47.77 16.17

Total variance explained 63.94

Cronbach’s alpha for the classroom situations was 0.835, reflecting good internal
consistency. All items were shown to be relevant and contribute to the questionnaire,
given that if any item was eliminated, the alpha value decreased, consequently decreasing
internal consistency.

For social situations (items 11–15), the Kaiser–Meyer–Olkin coefficient was 0.822, and
Bartlett’s test of sphericity was statistically significant (p < 0.001). The EFA maintained all
five items that explained 62.16% of the variance, which was contained in the two major
factors (Table 3).

Table 3. Construct validity—exploratory factor analysis (EFA) for LIFE-R-ITA social.

Items Factor 1

11 Cooperative small group 0.754
12 Gym class 0.648
13 Large room 0.773
14 Outside 0.611
15 Informal social times 0.794

Eigen value 2.36
Variance explained 62.16

Cronbach’s alpha for social situations was 0.701, demonstrating good internal con-
sistency. All items were shown to be relevant and contribute to the questionnaire, given
that if any item was eliminated, the alpha value decreased, consequently decreasing
internal consistency.

The score for the Student Appraisal of Listening Difficulty LIFE-R-ITA section was, on
average, 72.26% (SD = 11.93%), for a total of 15 LIFE listening situations (Figures 2 and 3).
Most challenging situations were listening in a large room (Sit13, 5.7 ± 2.14), listening when
other students make noise (Sit6, 6.06 ± 2.2), listening during a gym class (Sit12, 6.07 ± 1.72),
and students answering during a discussion (Sit4, 6.5± 2.2). Social listening situations (LIFE
social) were experienced by hearing students as more effortful than classroom listening
situations (LIFE class): students reported 7.5 (SD = 1.28) vs. 6.7 (SD = 1.34), respectively,
and the differences were statistically significant (Student’s t = 10.51, p < 0.001).
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The LIFE class scores were significantly worse for middle school students (Kruskal–
Wallis H = 12.36, p = 0.002): Middle school students showed an average score of 7.05
(SD = 0.97), whilst the corresponding scores were 7.75 (SD = 1.3) and 7.72 (SD = 1.19) for
the elementary and high school students, respectively. No statistically significant gender
differences were detected in the TOTAL scores (Mann–Whitney U = 6068, p = 0.88). The
LIFE class scores were significantly correlated with class size (Spearman’s rho = −0.76,
p < 0.001).

3.8. After LIFE-R-ITA

Figure 4 shows After LIFE-R-ITA responses to all the five questions. In the classroom,
most students used assertive strategies to indicate to the teacher that they could not hear
or comprehend what the other students said (questions 1D–F), asking them for more
information or to repeat what was said. About 10% also used the strategy of asking
the teacher after class (question 1G). More than 80% of students reported their listening
difficulties to their teachers when there was too much noise in the classroom (question 2A),
but in almost a quarter of the situations, they did not report their problem and tried to
listen more carefully (question 2D), whilst 10% simply looked around and glared at people
making noise, hoping the teacher would notice. Assertiveness also involved reporting the
problem to a teacher very softly (70% of the sample verbally reported the problem to the
teacher); ~30% turned around in their seat or moved, trying to see the student’s face more
easily, whilst ~25% of them showed a passive behavior, doing nothing.
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In social situations, students prevalently reported missing only parts of the messages,
so they could ask for them to be filled in (~70%). Only 30% asked to move to a quieter
place or stay closer to the speaker to hear and see better. Finally, regarding the question of
communicating in noisy places, students preferred, as the prevalent strategy, to attempt to
stop the noise or to move away from it (question 5D), and ~20% tried to avoid noisy places
when they were expected to listen and talk (question 5A).

4. Discussion

The presence of noise in classrooms often becomes inevitable, owing to limitations in
the architectural/acoustic characteristics of schools (e.g., the location of the school, lack of
acoustic isolation, reverberation, and classroom size). This fact represents an important
question that needs special attention to minimize listening challenges at schools as well
as to provide optimal learning conditions for students. Poor acoustic conditions reduce
speech intelligibility and interrupt communication between teachers and students [47],
and negatively affect students’ speech perception [48], attention [49], response time [48],
reading ability [50], memory [51], and general wellbeing [52], thus negatively impacting
academic achievements. Not surprisingly, such significant effects become even more critical
for hearing-impaired students, who are shown to be more sensitive to the presence of
noise [39].

The availability of assessment tools to help identify typical listening situations and
listening challenges at school is, therefore, important to select strategies that may help
minimize listening difficulties. Since no behavioral assessment tools for this purpose
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are available in Italian, the present study aimed to perform a cross-cultural adaptation
and validation of the LIFE-R developed by Anderson et al. [41]. The procedure involved
forward/backward translation and reconciliation, which required various steps so that
the Italian version could explore target behaviors similarly to the original version. Some
minor adaptations were needed to allow for the tool to cover all listening situations that a
student might face in Italian schools (e.g., school plays) as well as to avoid those that are not
typical (e.g., fish tank in the classroom or announcements from the loudspeakers) without
changing the nature and number of items of the original version. For this cross-cultural
adaptation, special effort was made to keep the level of language as simple as possible. A
group of DHH students, recruited at the Cochlear Implant Centre of Sapienza University
of Rome to assess the content validity, confirmed that the Italian adaptation was clear
and comprehensible. They could respond to all items without needing any support (e.g.,
photos), suggesting that the tool can be used with students having a minimum age of
8 years.

Exploratory factor analysis allowed us to show that the tool has good content validity:
Bartlett’s test of sphericity indicated that the correlation matrix was not random, whilst the
Kaiser–Meyer–Olkin measure of sampling adequacy was 0.823 for the LIFE class and 0.822
for the LIFE social, reflecting adequate sampling [53]. It also showed that there was no
overlap between the items, all of which were critical for the total explained variance. For the
LIFE class, 10 items were retained in two components, whilst the LIFE social comprised one
component, all with eigenvalues above 1 (Kaiser et al., 1960) [54]. The explained variance
was greater than 60% for both sections, further strengthening the construct validity of the
tool [55].

Normative data were collected from a sample of 223 students, covering an age range
from 8 to 19 years, balanced across three Italian school grades (the last three classes of
elementary school as well as middle and high schools). Statistical analysis showed that the
LIFE-R-ITA had good internal consistency for both the LIFE class and LIFE social sections.
Further studies in diverse samples of different regions, socioeconomic backgrounds, and
educational settings may further strengthen the validity of the LIFE-R-ITA.

In the before LIFE-R-ITA section, hearing students reported that, in almost 70% of the
cases, they were located close to where the teacher stands to talk to the class, reflecting
the attention of teachers to stay in positions that allow for better listening conditions
to their students. The most frequent noise sources were the students themselves, both
inside and outside the classroom. This was followed by in-class equipment such as fans or
computers. Such findings are in line with students’ reports from the Krijger et al. [42] study
in Belgium. Likewise, a recent study conducted in Italy supported such subjective reports
through physical measurements of seven types of typical school scenarios in three different
Italian cities (Florence, Perugia, and Rome). For a total of 29 schools, the authors reported
that multimedia interactive whiteboards, projectors, fans, and air conditioners were the
most frequent noise sources in unoccupied classrooms. In occupied classrooms, students’
noise differed by approximately 4–7 dBA during interactive activities (group activities,
audio/video supported interactive activities, etc.) compared to traditional lecturing [56].

Similarly to the study by Krijger et al. [42], students also reported that their teachers
speak predominantly from the same place almost all the time whilst walking around for
just a short time. In about 40% of the cases, the teachers also moved more frequently, at
least 50% of the time. A teacher’s position in the classroom and proximity to students may
have significant effects on student motivation, engagement, behavior, and self-efficacy [57].
Hence, teachers can change their position in the classroom to engage students according to
different aspects such as type of lessons, whether they are more or less interactive, specific
activities performed by students, student behaviors, and/or physical characteristics of the
classroom (size, desk positions, technical equipment disposition, etc.).

The total score on the Student Appraisal of Listening Difficulty LIFE-R-ITA was 72.26%,
confirming the experience of listening difficulties in typically hearing Italian students.
Such findings were consistent with the study by Krijger et al. [42]. The level of difficulty
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varied across different classrooms, schools, or social settings. The most difficult listening
situations seemed to happen when students were listening to a person speaking without
any microphone in a large room or at a school assembly, or when they were participating in
a gym class where several students made noise. All of these situations are very common in
school settings and the level of noise typically exceeds national recommendations [58]. For
example, in a study investigating level of noise in high schools’ gymnasiums, Carvalho and
Barreira [59] found that background noise level ranged from 30 to 59 dB LAeq in the absence
of physical education classes and from 68 to 90 dB LAeq during physical education lessons,
a together with long reverberation time at 0.5–1–2 kHz (from 2.5 to 8.1 s). Further difficulties
in listening to the teacher when other classmates are talking or when noise levels are high
compared to when the classroom is quiet have also been reported in other studies [52,60,61].
This is an important aspect considering that speech levels exceeded 65 dBA on average
35% of the day, and non-speech levels exceeded 50 dBA on average 32% of the day. Speech
levels exceeding 65 dBA are statistically more common in the third and eighth grades [38].
This fact results in poor SNRs, often ranging from +5 to −7 dB SNR [39], rather than
the +10- and +15-dB SNR that are recommended for optimal hearing and learning in the
classroom [19]. Moreover, in large rooms, background noise is accompanied by other
important aspects such as distance and reverberation. Distance affects the speech level
whilst reverberation significantly deteriorates its quality, smoothing formant transitions
by imposing on temporal and spectral cues of the speech signal [21,62]. If noise, distance,
and reverberation, even alone, show significant effects on speech understanding, their
combination may result in greater detrimental effects, reducing the likelihood that students
can effectively communicate in school settings (in the classroom or outside) [19].

Similarly to Krijger et al. [42], statistically significant differences were observed be-
tween classroom and social listening in the Italian student sample. The LIFE social analyses
situations such as listening at gym classes, assemblies, and common areas, characterized
by higher levels of noise than the classrooms [56,59], making verbal communication more
challenging and leading to fatigue, boredom, loss of concentration, and physical symptoms
such as headache [56].

Unlike the Krijger et al. study [42], which showed a trend toward greater listening
difficulties at higher school grades, in the present Italian sample, scores from elementary
and high school students were similar, whereas significantly worse scores were reported
by subjects in middle school. Such findings might be linked to the challenging transition
period from elementary to middle school. This challenge involves a change in the school
environment that occurs during significant cognitive and physiological changes of pu-
berty [63]. Respecting elementary school children is a common teacher behavior in Italy.
However, school transition requires significant cognitive and behavioral adaptation as it
often involves not only a change in physical location but also changes in the educational
perspective and instructional approach, increases in the number of teachers, subjective
decreases in teacher support, increases in class size, changes in peer networks, and greater
expectations of personal responsibility [64]. Such challenges are accompanied by increas-
ing demands on the child’s skills in development and might be at the basis of students’
perception of greater difficulty in listening and understanding.

Previous studies have reported that the transition from middle to high school is even
more chaotic and problematic, with a significant increase in workload [65]. Moreover, teach-
ers are sometimes perceived as cold, impersonal, and insensitive to students’ needs [66,67].
The lack of such reflections in Italian students’ self-reports might be due to several reasons.
Students coming from middle school are already used to interacting with more teachers,
so they may have already learned how to cope with this aspect. Although adolescence
is a period of rapid physical, psychological, and social developmental changes that may
be considered stormy in the early stages, adolescents achieve numerous skills with age,
enabling them to manage complex abstract thinking, improve behavioral awareness, man-
agement, and control, as well as to develop personal identity and greater autonomy in the
middle and late stages [68]. The sum of these abilities may help them use effective strategies
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to better manage challenging listening situations and enable students in high school to
have a more positive perception of listening at school. Consistent with this suggestion,
a study by Minichilli et al. [69] found significantly higher levels of environmental noise
annoyance among lower secondary school students (11–13 years old) than among upper
secondary ones (14–18 years old). Another explanation might be the differences in linguistic
competences between students in middle and high schools. Given that the maturation
of language skills continues until about 15 years of age [19,20], younger subjects have
less linguistic knowledge and listening experience. Therefore, they may rely less on the
redundancy of speech signals to fill in missing words or phrases whose clarity is reduced
by competing signals in noisy environments [19,21]. Consequently, younger students might
be less positive about their listening experiences than older students.

Finally, in the present sample, the number of students in the classroom was similar
across grades. The better scores in high schools compared to middle schools might be due
to differences in other aspects that affect noise exposure in schools, such as the location and
structural characteristics of the building, and/or classroom exposition and acoustics [56].

Regarding possible gender differences, no statistically significant differences in the
total scores were observed between the males and females, in accordance with other studies
investigating the self-assessment of noise annoyance during daily life at school [69].

The total score was also inversely related to the number of students in the classroom,
and this relationship was strong. Such results were consistent with those of Alqahtani
et al. [70] who investigated various factors that may significantly influence classroom noise.
Likewise, the authors found that class size was one of the most significant factors, along
with the use of technological devices and the duration of lectures.

The after LIFE-R-ITA allowed to record the students’ degree of assertiveness to resolve
their listening difficulties in both classroom and in social contexts. Assertiveness is an
important skill that enables individuals to avoid extreme behaviors such as aggressiveness
and complete subjection [71], as well as to express their emotions, defend their goals, and
establish interpersonal relationships in a positive, adaptive, and healthy way [72]. Most
students in all three grades reported using assertive strategies, such as asking the teachers
for more information or repeating what they said, as well as specifically signaling the
problem (e.g., a student whose voice is too quiet). However, approximately 20–30% of
students use more passive behaviors, such as simply looking around or trying to listen
more carefully without signaling the problem. Further studies in DHH students are needed
to effectively compare hearing and DHH students as well as to capture listening difficulties
across different groups. The tool may help identify these students and support them in
gaining awareness of their difficulties, reasoning critically and independently about their
difficulties, and then acting assertively to communicate and solve problems [73]. Moreover,
implementing longitudinal studies may help assess how well the LIFE-R-ITA tracks changes
in listening difficulties over time and its effectiveness in guiding interventions.

5. Conclusions

Questionnaires are among the most commonly used tools for assessing both students’
and teachers’ noise perception, annoyance, disturbance, listening difficulties, and speech
comprehension. In Italian, there was a lack of tools to identify listening difficulties in
school settings for both hearing and DHH students. The LIFE-R-ITA, a validated cross-
cultural adaptation of the original English LIFE-R, may support teachers and clinicians in
assessing students’ self-perception of listening in the classroom and other typical listening
situations at school. Data were collected from a sample of 223 hearing students from
different school settings and educational degrees and can be used as a reference when
assessing DHH students’ listening difficulties. Identifying self-perceptions of listening
difficulties represents the first step in gaining insight into possible solutions to help students
overcome these difficulties, by planning and selecting the most effective strategies among
classroom interventions such as the use of assistive listening devices or other technological
tools as well as by strengthening student self-advocacy skills. The tool may also allow us
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to verify the effectiveness of problem-solving strategies, and, if not effective, to modify
them in a positive cycle aimed at reducing listening barriers and realizing the best possible
learning opportunities for every student.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/audiolres14050069/s1, Appendix S1 Listening Inventory For
Education-Revised-Italian (LIFE-R-ITA); Appendix S2: Cross-cultural changes in the questionnaire.

Author Contributions: Conceptualization, M.N., K.A., P.M. and A.G.; methodology, M.N., P.M. and
I.G.; validation, M.N., K.A. and L.C.; formal analysis, M.N. and H.D.D.; investigation, M.N. and L.C.;
resources, I.G., M.C. and G.P.; data curation, M.N., G.P. and M.C.; writing—original draft preparation,
M.N.; writing—review and editing, H.D.D. and K.A.; supervision, H.D.D., P.M. and A.G. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the ethical
requirements of the 1964 Declaration of Helsinki, its later amendments, and the existing legislation
in Italy. The present protocol was approved by the local ethics committee of Sapienza University
of Rome (Protocol no: 259/2020). Informed consent was obtained from the study participants or
their parents.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The raw data supporting the conclusions of this article are available in
https://data.mendeley.com/datasets/d2msxmb52v/1 (accessed on 11 September 2024).

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Jalongo, M.R. Listening in Early Childhood: An Interdisciplinary Review of the Literature. Int. J. List. 2010, 24, 1–18. [CrossRef]
2. Gheller, F.; Lovo, E.; Arsie, A.; Bovo, R. Classroom acoustics: Listening problems in children. Build. Acoust. 2020, 27, 47–59.

[CrossRef]
3. Shield, B.M.; Dockrell, J.E. The Effects of Noise on Children at School: A Review. Build. Acoust. 2003, 10, 97–116. [CrossRef]
4. Cohen, S.; Evans, G.W.; Stokols, D.; Krantz, D.S. Behavior, Health, and Environmental Stress; Plenum Press: New York, NY, USA,

1986. [CrossRef]
5. Pichora-Fuller, M.K.; Kramer, S.E.; Eckert, M.A.; Edwards, B.; Hornsby, B.W.Y.; Humes, L.E.; Lemke, U.; Lunner, T.; Matthen, M.;

Mackersie, C.L.; et al. Hearing Impairment and Cognitive Energy: The Framework for Understanding Effortful Listening (FUEL).
Ear Hear. 2016, 37, 5S–27S. [CrossRef]

6. van Kempen, E.; van Kamp, I.; Nilsson, M.; Lammers, J.; Emmen, H.; Clark, C.; Stansfeld, S. The role of annoyance in the relation
between transportation noise and children’s health and cognition. J. Acoust. Soc. Am. 2010, 128, 2817–2828. [CrossRef]

7. Evans, G.W.; Lercher, P.; Meis, M.; Ising, H.; Kofler, W.W. Community noise exposure and stress in children. J. Acoust. Soc. Am.
2001, 109, 1023–1027. [CrossRef]

8. Gustafson, S.J.; Camarata, S.; Hornsby, B.W.Y.; Bess, F.H. Perceived Listening Difficulty in the Classroom, Not Measured Noise
Levels, Is Associated With Fatigue in Children With and Without Hearing Loss. Am. J. Audiol. 2021, 30, 956–967. [CrossRef]

9. Belojevic, G.; Evans, G.W.; Paunovic, K.; Jakovljevic, B. Traffic noise and executive functioning in urban primary school children:
The moderating role of gender. J. Environ. Psychol. 2012, 32, 337–341. [CrossRef]

10. Matheson, M.; Clark, C.; Martin, R.; van Kempen, E.; Haines, M.; Barrio, I.L.; Hygge, S.; Stansfeld, S. The effects of road traffic and
aircraft noise exposure on children’s episodic memory: The RANCH Project. Noise Health 2010, 12, 244–254. [CrossRef]

11. Evans, G.W.; Lepore, S.J. Nonauditory Effects of Noise on Children: A Critical Review. Child. Environ. 1993, 10, 42–72.
12. Hygge, S. Noise and Cognition in Children. In Encyclopedia of Environmental Health; Nriagu, J.O., Ed.; Elsevier: Amsterdam, The

Netherlands, 2011; pp. 146–151. [CrossRef]
13. Raess, M.; Brentani, A.V.M.; Flückiger, B.; Ledebur de Antas de Campos, B.; Fink, G.; Röösli, M. Association between community

noise and children’s cognitive and behavioral development: A prospective cohort study. Environ. Int. 2022, 158, 106961. [CrossRef]
[PubMed]

14. Massonnié, J.; Rogers, C.J.; Mareschal, D.; Kirkham, N.Z. Is Classroom Noise Always Bad for Children? The Contribution of Age
and Selective Attention to Creative Performance in Noise. Front. Psychol. 2019, 10, 381. [CrossRef] [PubMed]

15. Klatte, M.; Bergström, K.; Lachmann, T. Does noise affect learning? A short review on noise effects on cognitive performance in
children. Front. Psychol. 2013, 4, 578. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/audiolres14050069/s1
https://www.mdpi.com/article/10.3390/audiolres14050069/s1
https://data.mendeley.com/datasets/d2msxmb52v/1
https://doi.org/10.1080/10904010903466279
https://doi.org/10.1177/1351010X19886035
https://doi.org/10.1260/135101003768965960
https://doi.org/10.1007/978-1-4757-9380-2
https://doi.org/10.1097/AUD.0000000000000312
https://doi.org/10.1121/1.3483737
https://doi.org/10.1121/1.1340642
https://doi.org/10.1044/2021_AJA-21-00065
https://doi.org/10.1016/j.jenvp.2012.05.005
https://doi.org/10.4103/1463-1741.70503
https://doi.org/10.1016/B978-0-444-52272-6.00261-0
https://doi.org/10.1016/j.envint.2021.106961
https://www.ncbi.nlm.nih.gov/pubmed/34739922
https://doi.org/10.3389/fpsyg.2019.00381
https://www.ncbi.nlm.nih.gov/pubmed/30863348
https://doi.org/10.3389/fpsyg.2013.00578
https://www.ncbi.nlm.nih.gov/pubmed/24009598


Audiol. Res. 2024, 14 837

16. Klatte, M.; Spilski, J.; Mayerl, U.; Möhler, T.; Lachmann, T.; Bergström, K. Effects of Aircraft Noise on Reading and Quality of Life
in Primary School Children in Germany: Results From the NORAH Study. Environ. Behav. 2017, 49, 390–424. [CrossRef]

17. Pujol, S.; Levain, J.P.; Houot, H.; Petit, R.; Berthillier, M.; Defrance, J.; Lardies, J.; Masselot, C.; Mauny, F. Association between
Ambient Noise Exposure and School Performance of Children Living in An Urban Area: A Cross-Sectional Population-Based
Study. J. Urban Health 2014, 91, 256–271. [CrossRef]

18. Shield, B.M.; Dockrell, J.E. The effects of environmental and classroom noise on the academic attainments of primary school
children. J. Acoust. Soc. Am. 2008, 123, 133–144. [CrossRef]

19. Nelson, P.B.; Soli, S. Acoustical Barriers to Learning: Children at Risk in Every Classroom. Lang. Speech Hear. Serv. Sch. 2000, 31,
356–361. [CrossRef]

20. Wróblewski, M.; Lewis, D.E.; Valente, D.L.; Stelmachowicz, P.G. Effects of Reverberation on Speech Recognition in Stationary and
Modulated Noise by School-Aged Children and Young Adults. Ear Hear. 2012, 33, 731–744. [CrossRef]

21. Neuman, A.C.; Wroblewski, M.; Hajicek, J.; Rubinstein, A. Combined Effects of Noise and Reverberation on Speech Recognition
Performance of Normal-Hearing Children and Adults. Ear Hear. 2010, 31, 336–344. [CrossRef]

22. Klatte, M.; Lachmann, T.; Meis, M. Effects of noise and reverberation on speech perception and listening comprehension of
children and adults in a classroom-like setting. Noise Health 2010, 12, 270–282. [CrossRef]

23. Hicks, C.B.; Tharpe, A.M. Listening Effort and Fatigue in School-Age Children With and Without Hearing Loss. J. Speech Lang.
Hear. Res. 2002, 45, 573–584. [CrossRef] [PubMed]

24. Passchier-Vermeer, W.; Passchier, W.F. Noise exposure and public health. Environ. Health Perspect. 2000, 108 (Suppl. S1), 123–131.
[CrossRef] [PubMed]

25. Brännström, K.J.; Lyberg-Åhlander, V.; Sahlén, B. Perceived listening effort in children with hearing loss: Listening to a dysphonic
voice in quiet and in noise. Logoped. Phoniatr. Vocol. 2022, 47, 1–9. [CrossRef] [PubMed]

26. Lewis, D.E.; Valente, D.L.; Spalding, J.L. Effect of Minimal/Mild Hearing Loss on Children’s Speech Understanding in a Simulated
Classroom. Ear Hear. 2015, 36, 136–144. [CrossRef]

27. McCreery, R.W.; Walker, E.A.; Spratford, M.; Lewis, D.; Brennan, M. Auditory, Cognitive, and Linguistic Factors Predict Speech
Recognition in Adverse Listening Conditions for Children With Hearing Loss. Front. Neurosci. 2019, 13, 1093. [CrossRef]

28. McGarrigle, R.; Gustafson, S.J.; Hornsby, B.W.Y.; Bess, F.H. Behavioral Measures of Listening Effort in School-Age Children:
Examining the Effects of Signal-to-Noise Ratio, Hearing Loss, and Amplification. Ear Hear. 2019, 40, 381–392. [CrossRef]

29. Pittman, A. Age-Related Benefits of Digital Noise Reduction for Short-Term Word Learning in Children With Hearing Loss.
J. Speech Lang. Hear. Res. 2011, 54, 1448–1463. [CrossRef]

30. ANSI/ASA S12.60-2010/Part 1 American National Standard Acoustical Performance Criteria, Design Requirements, and
Guidelines for Schools, Part 1: Permanent Schools. 2010. Available online: https://webstore.ansi.org/preview-pages/ASA/
preview_ANSI+ASA+S12.60-2010+Part+1+(R2015).pdf (accessed on 18 June 2024).

31. World Health Organization. Guidelines for Community Noise. 1999. Available online: https://www.who.int/publications/i/
item/a68672 (accessed on 18 June 2024).

32. American Speech-Language-Hearing Association. Classroom Acoustics. 2024. Available online: https://www.asha.org/public/
hearing/classroom-acoustics/ (accessed on 18 June 2024).

33. Bradley, J.S.; Sato, H. The intelligibility of speech in elementary school classrooms. J. Acoust. Soc. Am. 2008, 123, 2078–2086.
[CrossRef]

34. Cole, E.B.; Flexer, C. Children with Hearing Loss: Developing Listening and Talking, Birth to Six, 3rd ed.; Plural Publishing Inc.:
San Diego, CA, USA, 2016.

35. Canning, D.; James, A. The Essex Study: Optimised Classroom Acoustics for All. 2012. Available online: https://www.ndcs.org.
uk/media/1808/the_essex_study_optimised_classroom_acoustics_for_all1.pdf (accessed on 18 June 2024).

36. Dockrell, J.E.; Shield, B. Children’s perceptions of their acoustic environment at school and at home. J. Acoust. Soc. Am. 2004, 115,
2964–2973. [CrossRef]

37. Gremp, M.A.; Easterbrooks, S.R. A Descriptive Analysis of Noise in Classrooms across the U.S. and Canada for Children who are
Deaf and Hard of Hearing. Volta. Rev. 2018, 117, 5–31. [CrossRef]

38. Wang, L.M.; Brill, L.C. Speech and noise levels measured in occupied K–12 classrooms. J. Acoust. Soc. Am. 2021, 150, 864–877.
[CrossRef] [PubMed]

39. Crandell, C.C.; Smaldino, J.J. Classroom Acoustics for Children With Normal Hearing and With Hearing Impairment. Lang.
Speech Hear. Serv. Sch. 2000, 31, 362–370. [CrossRef] [PubMed]

40. Anderson, K.L.; Smaldino, J.J. Listening Inventories for Education: A classroom measurement tool. Hear. J. 1999, 52, 74–75.
[CrossRef]

41. Anderson, K.L.; Smaldino, J.J.; Spangler, C. Listening Inventory for Education—Revised (LIFE-R). 2012. Available online:
https://successforkidswithhearingloss.com/wp-content/uploads/2011/08/LIFE-R.pdf (accessed on 18 June 2024).

42. Krijger, S.; De Raeve, L.; Anderson, K.L.; Dhooge, I. Translation and validation of the Listen Inventory for Education Revised into
Dutch. Int. J. Pediatr. Otorhinolaryngol. 2018, 107, 62–68. [CrossRef]

https://doi.org/10.1177/0013916516642580
https://doi.org/10.1007/s11524-013-9843-6
https://doi.org/10.1121/1.2812596
https://doi.org/10.1044/0161-1461.3104.356
https://doi.org/10.1097/AUD.0b013e31825aecad
https://doi.org/10.1097/AUD.0b013e3181d3d514
https://doi.org/10.4103/1463-1741.70506
https://doi.org/10.1044/1092-4388(2002/046)
https://www.ncbi.nlm.nih.gov/pubmed/12069009
https://doi.org/10.1289/ehp.00108s1123
https://www.ncbi.nlm.nih.gov/pubmed/10698728
https://doi.org/10.1080/14015439.2020.1794030
https://www.ncbi.nlm.nih.gov/pubmed/32696707
https://doi.org/10.1097/AUD.0000000000000092
https://doi.org/10.3389/fnins.2019.01093
https://doi.org/10.1097/AUD.0000000000000623
https://doi.org/10.1044/1092-4388(2011/10-0341)
https://webstore.ansi.org/preview-pages/ASA/preview_ANSI+ASA+S12.60-2010+Part+1+(R2015).pdf
https://webstore.ansi.org/preview-pages/ASA/preview_ANSI+ASA+S12.60-2010+Part+1+(R2015).pdf
https://www.who.int/publications/i/item/a68672
https://www.who.int/publications/i/item/a68672
https://www.asha.org/public/hearing/classroom-acoustics/
https://www.asha.org/public/hearing/classroom-acoustics/
https://doi.org/10.1121/1.2839285
https://www.ndcs.org.uk/media/1808/the_essex_study_optimised_classroom_acoustics_for_all1.pdf
https://www.ndcs.org.uk/media/1808/the_essex_study_optimised_classroom_acoustics_for_all1.pdf
https://doi.org/10.1121/1.1652610
https://doi.org/10.17955/tvr.117.1.2.781
https://doi.org/10.1121/10.0005815
https://www.ncbi.nlm.nih.gov/pubmed/34470284
https://doi.org/10.1044/0161-1461.3104.362
https://www.ncbi.nlm.nih.gov/pubmed/27764475
https://doi.org/10.1097/00025572-199910000-00009
https://successforkidswithhearingloss.com/wp-content/uploads/2011/08/LIFE-R.pdf
https://doi.org/10.1016/j.ijporl.2018.01.018


Audiol. Res. 2024, 14 838

43. Beaton, D.E.; Bombardier, C.; Guillemin, F.; Ferraz, M.B. Guidelines for the Process of Cross-Cultural Adaptation of Self-Report
Measures. Spine 2000, 25, 3186–3191. [CrossRef]

44. Mokkink, L.B.; Boers, M.; van der Vleuten, C.P.M.; Bouter, L.M.; Alonso, J.; Patrick, D.L.; de Vet, H.C.W.; Terwee, C.B. COSMIN
Risk of Bias tool to assess the quality of studies on reliability or measurement error of outcome measurement instruments: A
Delphi study. BMC Med. Res. Methodol. 2020, 20, 293. [CrossRef]

45. Shoukri, M.M.; Asyali, M.H.; Donner, A. Sample size requirements for the design of reliability study: Review and new results.
Stat. Methods Med. Res. 2004, 13, 251–271. [CrossRef]

46. Nunnally, J.C. Psychometric Theory—25 Years Ago and Now. Educ. Res. 1975, 4, 7–21. [CrossRef]
47. Prodi, N.; Visentin, C. Listening efficiency during lessons under various types of noise. J. Acoust. Soc. Am. 2015, 138, 2438–2448.

[CrossRef]
48. Prodi, N.; Visentin, C.; Feletti, A. On the perception of speech in primary school classrooms: Ranking of noise interference and of

age influence. J. Acoust. Soc. Am. 2013, 133, 255–268. [CrossRef]
49. Castro-Martínez, J.A.; Chavarría Roa, J.; Parra Benítez, A.; González, S. Effects of classroom-acoustic change on the attention level

of university students. Interdisciplinaria 2016, 33, 201–214. [CrossRef]
50. Puglisi, G.E.; Prato, A.; Sacco, T.; Astolfi, A. Influence of classroom acoustics on the reading speed: A case study on Italian

second-graders. J. Acoust. Soc. Am. 2018, 144, EL144–EL149. [CrossRef]
51. Kjellberg, A. Effects of reverberation time on the cognitive load in speech communication: Theoretical considerations. Noise

Health 2004, 7, 11–21. [PubMed]
52. Astolfi, A.; Puglisi, G.E.; Murgia, S.; Minelli, G.; Pellerey, F.; Prato, A.; Sacco, T. Influence of Classroom Acoustics on Noise

Disturbance and Well-Being for First Graders. Front. Psychol. 2019, 10, 2736. [CrossRef] [PubMed]
53. Kaiser, H.F.; Rice, J. Little Jiffy, Mark IV. Educ. Psychol. Meas. 1974, 34, 111–117. [CrossRef]
54. Kaiser, H.F. The Application of Electronic Computers to Factor Analysis. Educ. Psychol. Meas. 1960, 20, 141–151. [CrossRef]
55. Hair, J.F.; Black, W.C.; Babin, B.J.; Anderson, R.E. Multivariate Data Analysis, 7th ed.; Pearson: New York, NY, USA, 2010.
56. Cotana, F.; Asdrubali, F.; Arcangeli, G.; Luzzi, S.; Ricci, G.; Busa, L.; Goretti, M.; Tortorella, A.A.V.; Pulella, P.; Domenighini, P.;

et al. Extra-Auditory Effects from Noise Exposure in Schools: Results of Nine Italian Case Studies. Acoustics 2023, 5, 216–241.
[CrossRef]

57. Dong, Z.; Liu, H.; Zheng, X. The influence of teacher-student proximity, teacher feedback, and near-seated peer groups on
classroom engagement: An agent-based modeling approach. PLoS ONE 2021, 16, e0244935. [CrossRef]

58. Brill, L.C.; Wang, L.M. Building a Sound Future for Students: Considering the Acoustics in Occupied Active Classrooms. Acoust.
Today 2018, 14, 14–22.

59. Carvalho, A.P.; Barreira, C.C. Sound and noise in high schools gymnasiums. J. Acoust. Soc. Am. 2014, 135, 2315. [CrossRef]
60. Connolly, D.M.; Dockrell, J.E.; Shield, B.M.; Conetta, R.; Cox, T.J. Adolescents’ perceptions of their school’s acoustic environment:

The development of an evidence-based questionnaire. Noise Health 2013, 15, 269–280. [CrossRef] [PubMed]
61. Connolly, D.M.; Dockrell, J.E.; Shield, B.M.; Conetta, R.; Cox, T.J. Students’ Perceptions of School Acoustics and the Impact of

Noise on Teaching and Learning in Secondary Schools: Findings of a Questionnaire Survey. Energy Procedia 2015, 78, 3114–3119.
[CrossRef]

62. Nabelek, A.K.; Mason, D. Effect of noise and reverberation on binaural and monaural word identification by subjects with various
audiograms. J. Speech. Hear. Res. 1981, 24, 375–383. [CrossRef] [PubMed]

63. Simmons, R.G.; Burgeson, R.; Carlton-Ford, S.; Blyth, D.A. The Impact of Cumulative Change in Early Adolescence. Child Dev.
1987, 58, 1220–1234. [CrossRef] [PubMed]

64. Jindal-Snape, D.; Miller, D.J. A Challenge of Living? Understanding the Psycho-social Processes of the Child During Primary-
Secondary Transition Through Resilience and Self-esteem Theories. Educ. Psychol. Rev. 2008, 20, 217–236. [CrossRef]

65. Longobardi, C.; Prino, L.E.; Marengo, D.; Settanni, M. Student-Teacher Relationships As a Protective Factor for School Adjustment
during the Transition from Middle to High School. Front. Psychol. 2016, 7, 1988. [CrossRef]

66. Marengo, D.; Jungert, T.; Iotti, N.O.; Settanni, M.; Thornberg, R.; Longobardi, C. Conflictual student–teacher relationship,
emotional and behavioral problems, prosocial behavior, and their associations with bullies, victims, and bullies/victims. Educ.
Psychol. 2018, 38, 1201–1217. [CrossRef]

67. Scalera, V.; Alivernini, F. La transizione alla scuola superiore: Modello teorico, costruzione e validazione della Scala di Difficoltà
di Transizione (SDIT). J. Educ. Cult. Psychol. Stud. 2010, 1, 55–94. Available online: http://www.ledonline.it/ECPS-Journal/55
(accessed on 11 August 2024).

68. Christie, D.; Viner, R. Adolescent development. BMJ 2005, 330, 301–304. [CrossRef]
69. Minichilli, F.; Gorini, F.; Ascari, E.; Bianchi, F.; Coi, A.; Fredianelli, L.; Licitra, G.; Manzoli, F.; Mezzasalma, L.; Cori, L. Annoyance

Judgment and Measurements of Environmental Noise: A Focus on Italian Secondary Schools. Int. J. Environ. Res. Public Health
2018, 15, 208. [CrossRef]

70. Alqahtani, A.Y.; Makki, A.A.; Alidrisi, H.M. Revealing factors influencing classroom noise in the universities’ teaching and
learning environment: A design of experiments approach. J. Eng. Res. 2023, 11, 100009. [CrossRef]

71. Akbari, B.; Mohamadi, J.; Sadeghi, S. The effect of assertiveness training methods on self-esteem and general self-efficacy of
female students. J. Basic. Appl. Sci. Res. 2012, 2, 2265–2269.

https://doi.org/10.1097/00007632-200012150-00014
https://doi.org/10.1186/s12874-020-01179-5
https://doi.org/10.1191/0962280204sm365ra
https://doi.org/10.3102/0013189X004010007
https://doi.org/10.1121/1.4932053
https://doi.org/10.1121/1.4770259
https://doi.org/10.16888/interd.2016.33.2.1
https://doi.org/10.1121/1.5051050
https://www.ncbi.nlm.nih.gov/pubmed/15703145
https://doi.org/10.3389/fpsyg.2019.02736
https://www.ncbi.nlm.nih.gov/pubmed/31920797
https://doi.org/10.1177/001316447403400115
https://doi.org/10.1177/001316446002000116
https://doi.org/10.3390/acoustics5010013
https://doi.org/10.1371/journal.pone.0244935
https://doi.org/10.1121/1.4877632
https://doi.org/10.4103/1463-1741.113525
https://www.ncbi.nlm.nih.gov/pubmed/23771426
https://doi.org/10.1016/j.egypro.2015.11.766
https://doi.org/10.1044/jshr.2403.375
https://www.ncbi.nlm.nih.gov/pubmed/7300279
https://doi.org/10.2307/1130616
https://www.ncbi.nlm.nih.gov/pubmed/3665641
https://doi.org/10.1007/s10648-008-9074-7
https://doi.org/10.3389/fpsyg.2016.01988
https://doi.org/10.1080/01443410.2018.1481199
http://www.ledonline.it/ECPS-Journal/55
https://doi.org/10.1136/bmj.330.7486.301
https://doi.org/10.3390/ijerph15020208
https://doi.org/10.1016/j.jer.2023.100009


Audiol. Res. 2024, 14 839

72. Ames, D.; Lee, A.; Wazlawek, A. Interpersonal assertiveness: Inside the balancing act. Soc. Personal. Psychol. Compass 2017,
11, e12317. [CrossRef]

73. Omura, M.; Maguire, J.; Levett-Jones, T.; Stone, T.E. The effectiveness of assertiveness communication training programs for
healthcare professionals and students: A systematic review. Int. J. Nurs. Stud. 2017, 76, 120–128. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/spc3.12317
https://doi.org/10.1016/j.ijnurstu.2017.09.001

	Introduction 
	Materials and Methods 
	Cross-Cultural Adaptation 
	Content Validation 
	Concept Validation and Cross-Cultural Adaptation 
	Participants and Normative Data 
	Statistical Analysis 

	Results 
	Translation and Linguistic Validation 
	Content Validation 
	Concept Validation and Cross-Cultural Adaptation 
	Weighting Scores 
	Normative Data 
	Before LIFE-R-ITA 
	Student Appraisal of Listening Difficulty LIFE-R-ITA 
	After LIFE-R-ITA 

	Discussion 
	Conclusions 
	References

