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Abstract—Recent reviews addressing the impact of noise 

exposure in teaching and learning situations conclude negative 

effects on learning performance. Providing objective real-time 

feedback on noise is key for teachers and students to adjust it into 

suitable levels. This experimental work presents the results from a 

study exploring the visual feedback based on noise level and the 

impact on students’ (n = 198) perceived learning performance 

collected in 24 sessions. The results suggest persuasive effects of 

the ambient display on the groups and an improvement of noise 

awareness in students. Measurements of perceived learning-

performance, and perceived noise were collected and correlated 

with the objective noise samples concluding poorer perceived 

learning performance in noisiest groups. Finally, implications for 

further research as well as lessons learned to moderate noise levels 

in classrooms using ambient displays are discussed. 

 
Index Terms—Ambient displays, feedback amplifiers, internet 

of things, mobile agents, learning analytics, noise, smart learning 

environments. 

 

I. INTRODUCTION 

HE debate on noise in classrooms and its consequences is 

a recurring theme in educational institutions leading to the 

creation of associations and campaigns to promote good 

practices to handle noise [1]–[6]. Different studies corroborate 

the unfavorable impact of noise on academic performance [7]–

[14]. Nonetheless, the higher or lower voice levels do not only 

condition the noise level in the classroom. 

There are several internal and external factors involved: the 
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age [15] and the number of people in the classroom [16], [17], 

room acoustics (i.e., furniture distribution [18], reverberation 

[19]–[21]), proximity to sources of noise (e.g., neighboring 

classrooms [22]–[24], road traffic [25]–[27], or aircraft traffic 

[7], [26], [28], [29]). These factors are even more determinant 

in students with hearing impairment, autism spectrum, or 

auditory processing disorder [30], [31].  

Different studies show that noise in the classroom can 

adversely affect different aspects: a) speech recognition and 

listening comprehension [32]–[36]; b) concentration [37]; c) 

vocal health [38]–[44]; d) hearing loss or hearing impairment 

[31], [45], [46]; e) bad sleep [47]; f) mental fatigue [41], mental 

health and stress reactions [48]–[50]; g) academic engagement 

or dropout rates [51]–[53]; h) annoyance, inattentiveness, or 

task orientation ratings[53]. 

The American National Standards Institute created the 

Acoustical Performance Criteria, Design Requirements and 

Guidelines for Schools standard [54]. Through specific design 

requirements and acoustical performance criteria, the standard 

aims to create a classroom environment that optimizes speech 

understanding. In this context, it is important to enable real-time 

and objective measurements to support teachers and students to 

moderate the noise closer to the best learning conditions in the 

classroom. Ubiquitous technology can play a key role 

supporting students and teachers in the competence of learning 

to learn, as well as promoting awareness about their learning 

processes and the best conditions for learning [55]–[57]. 

Unfortunately, classrooms are not always equipped with the 
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necessary sensors and actuators to raise awareness, and to foster 

reflection on suitable levels of noise for learning.  

The paper is structured as follows. In this section we review 

the empirical related work to explore 1) the technology used to 

capture noise (sensors) and to provide feedback (actuators) in 

the classroom, and 2) to define and review previous work on 

ambient learning displays. The study is theoretically grounded, 

and the hypotheses of this research are enumerated. In section 

II we describe the experiment, we analyze, and discuss the 

results. Finally, conclusions on the basis of the lessons learned 

and the related work are drawn. 

II. RELATED WORK  

A. Automated noise feedback in classrooms 

Nowadays, smart classrooms are evolving with the help of 

Internet of Things (IoT) technology and are becoming 

environments able to sense and adapt to the student and 

teacher’s needs. IoT is widely considered the next step towards 

a digital society where objects and people are interconnected 

and interact through communication networks. Recent work 

shows IoT smart classrooms built to provide visual feedback on 

the quality of lectures held there [58]. Patterns of students’ 

behavior were recognized based on the recordings of one 

camera (positioned in the corner of the classroom) and one 

broadband microphone (positioned in the middle of the 

classroom). Patterns were mapped to computer actions using 

machine learning algorithms, and then displayed on the LED 

lamp using a corresponding graphic (i.e., a smiley or a sad face) 

for students’ perceived interest or disinterest in parts of the 

lecture. Using the IoT LED lamp, lecturers could in almost 

monitor the level of students’ attention in real-time.  

Lyk and Lyk [59] designed the robot Nao, an authority figure 

to help the teacher moderating the noise level in the classroom. 

In the experiment the robot asked the children if they could be 

quieter once the noise level reached a certain value. The robot 

did not only have an immediate effect on the noise level, but 

also raised the general awareness on the level of noise.  

The decreasing cost of electronic components in the last 

years is facilitating the creation of commercial products to 

reduce noise levels in schools, open plan offices, hospitals, or 

industrial companies. One example is a recent study [60] that 

explored the effect of visual feedback on classroom noise levels 

using a SoundEar II device that monitors noise levels in real 

time with feedback on intensity levels using a 3-colors lighting 

system: green, yellow, and red. Noise levels from three primary 

school classrooms were measured over 36 hours of classroom 

activities. Visual feedback resulted in a 1.4 dB reduction in the 

average noise levels.  

Using a non-commercial set of wired microphones, Prakash 

et al. [61] featured a similar 3-color feedback approach 

concluding significant differences among all the groups before 

and after the installation of the device. In this case, teachers 

were instructed to take an action whenever the LED is not green 

(i.e., Yellow: Teacher must advise students that they should be 

concerned about the noise; Red: Teacher should be concerned 

about noise interference as continuous exposure may harm the 

teaching learning environment). Both commercial [60] and 

non-commercial solutions [61] were calibrated to provide the 

feedback according to the noise levels specified by the 

American standard [54].  

   Bridging the research on ambient displays to provide 

feedback and noise within classrooms, Reis and Correia [62] 

created a serious game to raise awareness on a specific topic, 

and introduced characters presented on ambient displays that 

changed their appearance depending on the level of noise. The 

reported results suggest that the noise means measured by the 

microphone in 4 groups decreased 39%, 26%, 21%, and 5% 

respectively as a result of the intervention. However, the 

gamification did not have an impact. 

 

B. Ambient Learning Displays (ALD) 

Wisneski et al. [63] introduced ambient displays in the 

context of ubiquitous computing as a new approach interfacing 

people with online digital information moved off the screen into 

the physical environment manifesting itself as subtle changes in 

form, movement, sound, color, smell, temperature, or light. 

Instead of demanding attention, this approach exploits the 

human peripheral perception capabilities. The displays situated 

and interacting in the close proximity are an addition to existing 

personal interfaces in the foreground, while the user attention 

can always move from one to the other and back [64]. 

The concept of ambient learning display was recently 

introduced by Börner et al. who reviewed [65] the use of 

ambient displays to provide situational awareness and give 

feedback in a learning context. Among other results, the authors 

concluded that feedback with low cognitive load, delivered 

immediately after a potentially wrong behavior was the most 

effective implementation of feedback for an ambient display. 

Later, authors presented a formative [66] study using “Energy 

Awareness Displays” to make hidden energy consumption data 

visible and accessible for people working in office buildings. 

The main goal was to provide situated feedback when taking 

individual consumption actions at the workplace with the goal 

to change their consumption behavior as well as the attitudes 

towards energy conservation. In their following research [67], 

the authors evaluated the impact of those  displays finding no 

clear evidence that they might have influenced on learning 

outcomes or lead to pro-environmental behavior change. More 

recently [64], the authors evaluated an ALD that presented 

guidelines for first responders in cases of cardiac arrest. The 

ALD was enhanced with a custom-built sensor to measure user 

attention and trigger interruptive notifications. The results 

provided evidence that such a display design could attract and 

retain attention in such a way that the acquisition of knowledge 

improved. Inspired on that research, we define an ambient 

learning display as an indicator reporting changes of the 

learning context seamlessly integrated in the environment of the 

user. 

Previously, several related studies had examined the 

provision of visual feedback in ambient displays. Kappel and 

Grechenig [68] proposed an ambient display integrated in 

shower to promote the conservation of water. Specifically, for 
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the conservation context they argued that feedback was most 

effective if it was immediate, close to the source of 

consumption, and related to a specific goal. Ambient displays 

can function as persuasive devices that provide a constant flow 

of consumption information in the periphery of the consumers’ 

attention in an aesthetically pleasing manner. Finally, the 

evaluation showed that this type of ambient feedback was 

effective in fostering the desired sustainable behavior change. 

Similarly, Ham and Midden [69] argued that ambient 

persuasive technology was more effective than feedback 

demanding direct attention. In their study the authors compared 

the use of color changes of light related to actual consumption 

intensity and concluded that light was particularly suitable to 

provide feedback and requires lower processing time and thus 

cognitive load. In a follow-up study the authors examined the 

effect of different color codes for light as feedback and found 

that strongly associated color codes (i.e., red and green for high 

and low energy consumption) had stronger persuasive effects in 

terms of energy conservation and also demanded lower 

cognitive load [70].  

Putting more emphasis on aesthetic aspects Nakajima and 

Lehdonvirta [71] presented several case studies focusing on 

behavior change by providing personalized feedback using so 

called persuasive ambient mirrors. These displays basically 

reflected the user’s current behavior, attitudes, status, or 

performance. The authors argued that supporting users with 

suitable feedback of their potential choices and actions could 

result in significant changes in their habits. 

This paper introduces a quasi-experimental study that has 

employed an ambient learning display to measure noise levels 

and to provide feedback to teachers and learners in a secondary 

school. The goals of the study were: 1) to evaluate the 

effectiveness of an ALD raising awareness about noise in the 

classroom. Perception of noise from students might be different 

from the perception by teachers. Hence the accuracy of 

perceived level of noise will be taken as a measurement of noise 

awareness; 2) to collect data and to analyze the impact of the 

ALD on the perception and behavior of teachers and learners; 

3) to raise awareness among students and teachers about the 

relationship between noise and learning performance in 

classrooms.  

The novelty of this study is threefold: 1) this study presents 

the first IoT wireless architecture using a mobile device to sense 

and report noise levels to an ALD in a secondary school; 2) this 

is the first study providing visual feedback within the range of 

512 different colors adapted to real-time noise levels; 3) to the 

best of our knowledge, this is the first study investigating how 

to decrease noise levels in classrooms calibrating the feedback 

according to the specific characteristics of the classroom where 

it is evaluated.  

 

III. FRAMEWORK AND HYPOTHESE 

A. Theoretical framework 

The study has the goal to analyze the relationship between 

ambient noise in the classroom and (perceived) learning and the 

potential to influence this relationship with an ambient learning 

display. Theories and (cognitive) models exploring noise in the 

classroom are trying to develop a better understanding of 

different learning processes and the impact of noise on them. 

Examples of these theoretical approaches include the HURIER 

model [72] which recognizes the complexity of listening and 

defines six behaviors involved in the listening process: hearing; 

understanding; remembering; interpreting; evaluating and; 

responding. A recent review [73] identifies student and 

classroom characteristics related to students’ listening skills 

highlighting the relevance of noise for adequate listening 

conditions in classrooms. Recent research suggests that noise 

may affect memory by impairing the quality with which 

information is stored in the memory [27], [62]. Woolner and 

Hal [74] reviewed the weight of evidence in the relation 

between noise and learning. Their study concludes that noise 

over a given level does appear to have a negative impact on 

learning.  

In the present work, we investigate whether automated visual 

feedback can moderate noise towards learning under better 

conditions. Noise levels are usually moderated by teachers 

asking their students to shut up and listen in the course of a 

lecture, or to decrease their voice volume when working in 

groups. Nonetheless, noise can be moderated by alternative 

automatic systems. [59] investigated whether the robot Nao 

could help the teacher keep the sound volume at an acceptable 

level. The robot was configured to say 3 different sentences to 

avoid repeated auditory feedback: “Can you please stop making 

so much noise. My head hurts”, “Be quiet” or “You are a bit 

loud, could you be more quiet?.” When the noise level rose to a 

high level and the Nao asked if they would be quiet, there was 

an immediate reaction of total silence. Likewise, automated 

visual feedback systems can also moderate the noise levels in 

the classroom. Van Tonder [60] concluded that most teachers 

were able to keep classroom noise to a minimum with the help 

of SoundEarII. Similarly, [13], [61], [75] were able to reduce 

the average level of noise when the used the visual feedback 

system. 

In the study we rely on perceived learning effects instead of 

measures of learning effects due to the following reasons: 1) 

time and space in the curricula are usually tight, and introducing 

interventions can be already time consuming; 2) it is difficult to 

develop additional metrics to assess knowledge levels adapted 

to the period of time when the intervention occurs. Self-

assessments or perceived learning effects offer the potential to 

reduce the burden of developing tests to determine whether the 

desired knowledge has been gained as a result of participation 

in a course or training intervention. Sitzmann et al. [76] 

conducted a meta-analysis to clarify how closely self-

assessments are related to cognitive learning outcomes. The 

authors found that perceived-learning’s strongest correlations 

were with motivation and satisfaction, whereas the relationship 

between perceived-learning and cognitive learning was 

moderate. Nonetheless, their results conclude that self-

assessments of knowledge have a key role in the learning 

process and that learners benefit from having an accurate 

understanding of their knowledge levels [77]. In this particular 
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case, secondary school students need to build lifelong learning 

habits and critically evaluate their own learning performance 

[78].  

 

B. Hypotheses of the Experiment  

The study introduced in this paper builds upon these findings 

to investigate the effectiveness of visual feedback provided by 

a digital device, to raise awareness of noise in the classroom in 

real time. Consistently, we have formulated the following 

research questions (RQ): 

RQ1. What are the effects of providing real-time feedback 

about the noise in secondary school classrooms using an ALD? 

RQ2. Is there any correlation between noise and perceived 

learning performance?  

The following hypotheses (H) were elaborated to investigate 

the research questions: H1a). Noise levels will decrease when 

classrooms are equipped with an ALD reporting visual 

feedback about the noise. H1b). Noise fluctuation will decrease 

when classrooms are equipped with an ALD configured to 

moderate the levels. H1c). Visual feedback will help students 

and teachers to become aware of the noise in the classroom. 

H1d). Perceived learning performance will increase as a 

consequence of using an ALD reporting visual feedback about 

the noise. H1e). Teachers and students will perceive the ALD 

as a useful tool to support learning in the classroom. H2). 

Perceived learning performance decreases as noise increases. 

IV. METHOD 

In this work, we aimed at reducing the noise levels in 

secondary school classrooms under the specific conditions 

where each group normally performs its lectures using an ALD. 

Therefore, the current study investigated the effect of a real-

time visual feedback system for noise levels in the classroom in 

a sample of Spanish public secondary school. 

A. Participants 

A total of 198 students mean age 14.5 (49% female) from 12 

different groups (M = 14.5 students) enrolled in the subject 

“Technology”, and their respective teachers were invited to 

participate in a study that took place in a secondary school. The 

subject “Technology” is taught from 2nd to 4th course of 

secondary education in Spain. The experiment comprised 24 

sessions of 50 minutes.  

 

 
Fig. 1. Feedback cube. 

Materials 

The following devices were devised, designed, assembled 

and programmed for this study: 

 

Ambient Learning Display: Feedback Cube 

 Figures that are meant to appear in color, or shades of 

black/gray. Such figures may include photographs,  

illustrations, multicolor graphs, and flowcharts. The Feedback 

Cube (see Fig. 1) is an ALD built on an Arduino microcontroller 

that provides visual and audio feedback. For the prototypical 

system design a cubic shape was chosen. As solid three-

dimensional objects, cubes represent familiar physical 

structures that can be utilized for tangible manipulation, spatial 

interaction, or expressive representation [79]. The exterior of 

the cube prototype was made from high-density fiberboard and 

semi-transparent Plexiglas, whereas five sides of the cube are 

opaque and only the top is semi-transparent. The interior 

comprises a set of components as well as the necessary 

hardware to operate them. The cube has an edge length of 

100mm, so that all components fit in, while still ensuring a 

reasonable size for tangible interaction. Further details on the 

design of the Feedback Cube are reported in a previous 

publication [80]. 

The LEDs used can display 16777216 colors at 256 

brightness levels. The ring of 16 LEDs can be controlled 

individually, which allows programming visual patterns and 

effects such as fading, blinking, or color transitions (see 

Appendix I). The mini speaker used can reproduce 

programmatically created audio patterns and effects such as 

playing single tones, complex melodies, or even encoded audio 

files.  

This study aimed at exploring the effects of an ALD 

providing a smoother and seamless feedback working from the 

background of the classroom (see Fig. 2). Therefore, the ALD 

was configured to represent one of the 512 colors in the gradient 
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between the green and the red color (with yellow in the middle). 

Likewise, the color represented in the ALD was calculated 

based on the 5 last samples to alleviate peaks and consequently 

to represent a gentler feedback. The color of the ALD was 

refreshed every second to show softer transitions. 

The Arduino has a Wi-Fi interface that enables direct 

communication between the microcontroller and other devices 

in the local area network. An HTTP server and a web service   

(Application Programming Interface) were developed to 

facilitate the communication between the ALD and the mobile 

device. The API features and the commands are listed in 

Appendix I (see Table V). 

 

1) Sensor mobile app: Noise Reporter 

The Noise Reporter is a decibel meter mobile application 

developed for this study. The mobile app uses the device’s 

microphone to detect sound and convert it into a decibel value. 

The mobile was placed in such a way that it could absorb the 

average noise of the classroom (see appendix II).  

This Android app uses the microphone of the mobile phone 

to 1) collect noise samples, 2) buffer them into a local database, 

3) calculate the average decibels of the last n seconds in the 

buffer to alleviate peaks, 4) translate the average decibels into 

a color gradient ranging from a minimum threshold (i.e., green) 

to a maximum threshold (i.e., red), and finally 5) requests a 

color to the ALD using the API (Appendix I). The tool was 

configured to loop these 5 steps every second. The open source 

code for the mobile sensor app is available online to facilitate 

further iterations of the experiment 

(https://github.com/btabuenca/NoiseReporter). 

 

2) Wireless router 

The router is used to create a local network comprising the 

ALD and the mobile device via WI-FI connection. 

 

 
Fig. 2. Technical setup used to deploy the ALD in the classroom. 

B. Design of the Experiment 

The study builds on a quasi-experimental design where 

students are not randomized. The sampling strategy was 

performed based on their initially assigned groups at the 

educational institution at the beginning of the course (i.e., 

classroom, teacher, and colleagues). The experiment consists of 

a one-group pretest posttest design, in which the baseline 

measurement is used as a control measurement.  

The experiment was performed on 12 different groups (i.e., 

198 students and 4 teachers) in two iterations (i.e., 24 sessions). 

The first iteration was performed without using the ALD 

resulting in a baseline measurement of objective noise levels 

per classroom. In the second iteration, the noise samples 

collected during the first iteration were used as input to calibrate 

the thresholds in the mobile app according to the specific results 

obtained on each group. At the end of each session, teachers and 

students could rate the usefulness of the ALD. Measurements 

of the following variables were collected in both rounds: 

1) Dependent variables 

Noise samples were collected using three different inputs: 

First, the objective measurement (NOM). Samples of noise 

were collected (every second) along the course of the sessions 

using the microphone of the mobile phone. Secondly, students’ 

perceived noise (NPS). Individual responses from students 

were collected in a questionnaire at the end of the sessions to 

gather their perception of noise in a 7-point Likert scale ranging 

from “very low” (1) to “very high” (7). Third, teachers’ 

perceived noise (NPT). A post-questionnaire was completed at 

the end of the session to gather teacher’ perception of noise in 

a 7-point Likert scale ranging from “very low” (1) to “very 

high” (7). 

Perceived learning samples were collected using two 

different inputs: First, students’ perceived learning performance 
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(LPS). A post-questionnaire was completed at the end of the 

session to gather students’ perception of learning performance 

in a 7-point Likert scale ranging from “very low” (1) to “very 

high” (7). Secondly, teacher’s perceived learning performance 

(LPT). A face-to-face survey at the end of the session gathered 

teachers’ perception of students’ learning performance during 

the session in a 7-Likert scale ranging from “very low” (1) to 

“very high” (7). 

 

2) Independent variable 

Noise (objective and perceived) and learning performance 

(perceived) were expected to vary with the intervention of the 

ALD providing feedback during the experimental session 

(independent variable). Additionally, the cube was expected to 

trigger different interactions between teacher and students. 

Hence, visual feedback (Yes/No) is considered the control 

variable. 

 

C. Procedure 

The ALD was presented to the teachers of the Department of 

Technology focusing on two key objectives: 1) an experiment 

that would help them to decrease the noise level in their 

classrooms; 2) a practical experience to show students how to 

assemble microcontrollers, sensors, actuators, and mobile 

devices towards performing an action within their own learning 

context.  

The participation in the experiment was voluntary and not 

remunerated. Students were informed that the data gathered 

during the experiment was anonymous and the participations 

would not affect their grades. All teachers at the Technology 

Department approved to participate. The data was collected and 

carefully treated considering the existing policies in the 

autonomous region. 

1) Control session 

The baseline measurement was performed for one week. The 

researcher collected noise samples using the mobile app during 

the sessions and gathered the questionnaires at the end of the 

sessions.  

2) Experimental session 

The feedback intervention was performed during the second 

week of the experiment in the same classroom, at the same day 

of the week, at the same time, and with the same teacher. The 

noise samples collected during the baseline measurement (see 

Fig. 3) were used to calibrate the device, and consequently to 

provide adapted feedback. Hence, the mobile app was 

configured assigning to the maximum threshold, the value of 

the upper quartile (e.g., -0.996 in Fig. 3). Likewise, the 

minimum threshold was configured with the value of the lower 

quartile (e.g., -9.827 in Fig. 3). At the start of each experimental 

session, the researcher placed the ALD ensuring that the light 

was visible to everybody and introduced its function to the 

students. They were not alerted that the noise would be 

collected from the mobile device (not from the cube). During 

the experimental sessions, the Noise Reporter collected noise 

samples and reported the samples to the cube. The researcher 

gathered the questionnaires at the end of the session. 

One week after the experimental sessions the researcher 

organized a brainstorming session with the teachers to discuss 

the experience and explore the potential of the ALD. 

Additionally, a joined lecture with all students was organized to 

show them the components used, basic programming function 

in Arduino and Android, and initial conclusions of the results 

obtained. 

 

 
Fig. 3. ALD’s calibration. 

 

D. Data Analysis 

Participants in the study finally involved 198 students and 

teachers who voluntarily accepted completing the 

questionnaires after the control and experimental sessions (see 

samples NPS, NPT, LPS and LPT in Table I). The mobile app 

collected 60612 samples in 24 sessions (see NOM in Table I). 

Questionnaire data were transcribed from paper to MS Excel 

format and exported to comma-separated (CSV) files. The noise 

samples collected with the mobile device were exported from 

the SQLite database of the Noise Reporter to CSV files. All 

these CSV files were imported as datasets and analyzed using 

R Studio (v0.98.1102). Notes taken during the sessions were 

used to understand data obtained and to reinforce the 

conclusions reported in the manuscript. 

Reliability tests were performed to validate whether these 

samples consistently reflect the constructs that they are 

measuring: noise and perceived learning. The scores obtained 

demonstrated adequate consistency of scores with α = .78. 

Nunnaly et al. suggest that a reliability score of .70 or higher is 

acceptable [81]. When examining the internal consistency of 

scores by variable (see Table I), values for Cronbach alpha 

revealed acceptable consistency levels for the noise 

measurements (α = .75) whereas the perceived learning 

performance by teachers’ measurements concluded in weak 

consistency (α = .60) justified by the low number of teachers 

that participated in the experiment. 

V. RESULTS 

This section presents the results from the quantitative 

analysis. These results are further discussed and interpreted in 

the conclusions section together with the observations made 

during the experiment. 

A. Effects of Using the ALD 

In H1a we hypothesized that the noise would decrease across 

all groups in the classrooms from the control to the 

experimental session as an effect of the real-time feedback 

supplied by the ALD. The results obtained contrasting the mean 

noise from the control session (M = -3.39; SD = 6.29) with the 
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experimental session (M = -3.47; SD = 6.51) support our 

hypothesis. An analysis of variance (ANOVA) test was 

performed with the aim to determine whether the observed 

difference is significant. Previously, a Shapiro–Wilk test was 

conducted with to confirm the normal distribution assumption 

required to perform the ANOVA test. The p-values higher than 

.05 confirm that samples are normally distributed and 

consequently the assumption is verified. The results of the 

ANOVA test show that the difference between the means 

obtained is not significant, and the hypothesis cannot be 

confirmed (see Table I).  

 
TABLE I 

INTERNAL CONSISTENCY, NORMALITY OF DISTRIBUTION, ANOVA AND 

MEANS 

    ANOVA M(SD) 

  α p Df  SSq    MSq  Fval  Pr(F) Control Experim. 

Noise .75  .88 1 .34 .34 .37 .54   

 NOMa  

  

1 .09 .09 .04 .84  -3.39 (6.29)  -3.47 (6.51) 

NPSb 1 .47 .47 .47 .49 4.47 (1.41) 4.23 (1.42) 
NPTc 1 1.8 1.8 1.8 .18 4.15 (1.06) 3.61(.90) 

P. learning .60 .07 1 .01 .00 .02 .89   

 LPSd 
  

1 .16 .16 .38 .53 4.66 (1.27) 4.81 (1.38) 

LPTe 1 .34 .34 .47 .49 4.77 (.92) 4.53 (.77) 

  .78        
aNoise Objective Measure; bNoise Perceived by the Students; cNoise 

Perceived by the Teacher; dPerceived Learning performance by Students; 
ePerceived Learning performance by Teacher; α: internal consistency; p: 

normal distribution; Pr ( > F ): ANOVA. 
 

  As there are multiple factors affecting the noise levels in the 

classroom, the hypothesis was evaluated for each individual 

group with the aim of exploring concrete factors. The noise 

samples obtained during the control session were taken as a 

benchmark to classify the sessions into 7 noise levels ranging 

from Very High (Max. M = .72) to Very Low (Min. M = -9.23). 

The boxplots presented in Fig. 4 contrast control and 

experimental sessions. The noise decreased in 6 out of 12 

groups (2A, 2B, 3A, 3D, 4, and BT1). Indeed, Table II shows 

that the treatment was successful for the groups ranked as 

quieter. On the contrary, the treatment had an inverse effect in 

the groups initially ranked as noisier (2CDBil, 2EF, 3B, 3C, 

3Div, and 4Div). 4 out of the 6 groups where the treatment was 

successful (noise decreased), had noise means below the overall 

mean (M = -3.42 decibels; SD = 6.39; Max = 21.55; Min = -

21.86), whereas 5 out of the 6 groups whose noise mean 

increased, had noise means above the overall mean. An 

ANOVA test determined that the observed differences are not 

significant. These measurements were taken considering that 

the ALD would play the same role in all 24 session decreasing 

the noise. However, some sessions (e.g., workshops) were 

scheduled with different activities (e.g., saw wood) between the 

control and the experimental condition that affected the noise 

data sample analyzed for this hypothesis. 

 

 
Fig. 4. Classification of sessions by noise level and contrasts of noise means by 

group. 

 

As the ALD was configured to display a red color whenever 

the noise samples were above the upper quartile, and green 

when the samples were below the lower quartile, in hypothesis 

1b we considered that students and teachers would moderate 

their volume to avoid the red color, and consequently the 

measurements in the experimental session would fluctuate less 

with respect to the mean measurement. The standard deviation 

is used to quantify the dispersion during the control and 

experimental sessions. The analysis of the groups shows that 10 

groups (out of 12) are consistent with our assumption. An 

ANOVA test determined that the observed differences are not 

significant. These results are based on 2 measurements in 12 

lectures. Based on the observations during the sessions, the 

fluctuation of noise decreased when the activities were guided 

and the teacher interacted with the ALD. More repetitions of 

the measurements under these conditions might help understand 

the potential of the ALD to decrease noise fluctuations. 

In hypothesis 1c we considered that visual feedback would 

help students and teachers to become aware of the noise in the 

classroom. Hence, we expected that students and teachers 

would report more accurate measurements of noise when they 

have real time feedback as a reference. The differences between 

perceived noise and the objective noise measurements are taken 

as an indicator (See Accuracy in Table II). Our assumptions are 

true whenever this difference decreases from the control to the 

experimental session. The overall means show that students 

improved the accuracy of their estimations from the control 

sessions M(SD) = .63(0.24) to the experimental session M(SD) 

= .24(1.45). An ANOVA test determined that the observed 

differences are significant (Pr(>F) < .001). Analyzing the 

groups separately, the results show that the students from 8 

groups (out of 12) reported more accurate estimations in the 

experimental session, whereas only 4 reports from teachers (out 

of 12) improved the accuracy of their noise estimations. At the 

start of each experimental session, the researcher introduced the 

function of the ALD to the students. Based on the observations, 

most of the teachers did not rekindle or adjust its function 

anymore during the lecture and probably the ALD turned 

invisible for many students after some minutes. These results 

might be more conclusive the when teacher recall the role of the 

ALD during the course.  
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TABLE II 

SUMMARY OF NOISE MEASURES OBTAINED BY SESSION 

 NOMa NPSb NPTc Accuracy [1..7] 

    Students Teacher Students Teacher 

 
 

M 

Ct. 

M(SD) 

Ex. 

M(SD) 

Ctr. 

M 

Exp. 

M 

Ct. 

 

Ex. 

 

Ctr. 

M 

Exp. 

M 

Ctr. 

 

Ex. 

 

2A -4.70 -4.32(5.1) -5.32(4.6) 3.53 4.47 4 4 0.10 1.52 0.59 1.05 

2B -2.71 -2.11(4.6) -3.39(4.9) 5.06 4.31 5 5 0.76 0.54 0.70 1.23 

2C -6.32 -7.53(5.2) -5.07(4.6) 3.00 4.38 3 4 0.99 1.32 0.99 0.94 
2E -2.04 -2.26(6.7) -1.58(6.3) 4.71 4.55 5 3 0.47 0.02 0.76 -1.53 

3A -7.32 -5.58(6.1) -8.97(6.0) 5.00 2.67 6 2 2.16 1.26 3.16 0.59 

3B -3.30 -4.13(5.1) -2.21(4.4) 4.72 3.94 2 3 1.27 -0.32 -1.45 -1.26 

3C -2.13 0.42(5.1) 4.27(4.3) 6.27 6.23 5 5 0.90 -0.77 -0.37 -2.00 

3D -9.54 -9.24(4.6) -9.93(4.8) 4.27 3.18 4 4 2.98 2.18 2.71 3.00 
3DI -2.17 -3.38(6.2) -0.85(5.1) 4.00 3.00 3 2 0.23 -1.84 -0.77 -2.84 

4 -0.46 0.72(6.2) -2.04(6.1) 4.81 4.82 4 4 -0.69 0.49 -1.50 -0.33 

4DI 0.84 -0.05(5.8) 2.20(5.4) 4.92 5.08 5 4 -0.26 1.05 -0.18 -2.13 

BT -4.11 -3.24(5.5) -5.13(5.0) 2.75 3.44 4 3 -1.08 0.41 0.17 -0.03 
a Noise Objective Measure[decibels]; b Noise Perceived by the Students 

and c Noise Perceived by the Teacher are scaled [1..7] so that “very low noise” 

= 1, and “very high noise” = 7; Ct: control session; Ex: experimental session. 

 

In H1d we hypothesized that students would report increased 

perceived learning performance because of the moderation in 

the noise performed by the ALD. The results illustrated in Table 

III show that students’ perceived learning performance 

improved from the control to the experimental session in 9 

groups (out of 12 groups). These conclusions should be further 

explored as the ANOVA test concluded not significant 

differences (Pr(>F) > .1). Based on the observations, long-term 

studies fostering policies to make of noise an active focus of 

attention might lead to improved learning perceptions. 

In H1e we hypothesized that students and teachers would 

perceive the ALD display as a useful approach to support 

suitable noise levels towards learning. The reports from 

teachers and students to the statement “The Cube helps to 

moderate the level of noise in the classroom towards learning 

in this group” at the end of the experimental session are taken 

as indicator. This item was analyzed with the help of a 7-item 

Likert scale ranging from “7.- Completely agree” to “1.- 

Completely disagree” considering values above 4 as useful. 

Lower levels of usefulness associate with noisier classrooms. 

The results presented in Table III show that the students from 

11 groups (out of 12) considered that the ALD was useful. 

Consistently, the noisiest group (3C) was the only one that 

reported a mean value below 4 (M = 3.22). Uniformly from 

teachers’ perspective, only the ones from the two noisiest 

groups (3C and 4 DIV) reported values below 4. These 

perceptions are consistent with the ones presented in Table II. 

Overall, teachers (M = 5; SD = 1.22; n = 12) rated slightly above 

students (M = 4.75; SD = 1.73; n = 198) estimating the 

usefulness of the ALD. Based on the discussion with teachers, 

all agreed that the ALD might be more useful whenever it 

would be regular actor in the classroom. 
 

 

 

 
 

 

 

 

 

TABLE III 

SUMMARY OF PERCEIVED LEARNING PERFORMANCE AND USEFULNESS 

MEASURES OBTAINED BY SESSION 

 Learning performance [1..7] Usefulness [1..7] 

 

Studentsa Teacherb Students Teacher 

Control 

M(SD) 

Experim. 

M(SD) 

Control 

 

Experim. 

 

Experim. 

M(SD) 

Experim. 

 

2A 4.53(0.8) 4.53(0.7) 5 4 4.57(1.6) 6 
2B 5.06(0.9) 5.50(0.9) 4 4 6.06(0.9) 5 

2C 4.70(0.8) 4.76(1.0) 6 4 4.95(1.6) 6 

2E 4.71(1.2) 4.95(1.3) 4 6 4.55(1.7) 5 

3A 4.80(1.7) 5.33(0.8) 4 5 5.33(1.0) 5 

3B 4.83(1.2) 5.61(1.1) 5 5 4.22(1.2) 5 
3C 3.18(1.6) 2.64(1.7) 3 4 3.22(1.9) 3 

3D 5.18(0.8) 5.27(1.0) 5 5 5.27(0.7) 6 

3DI 5.00(0.8) 5.33(0.8) 6 6 6.33(0.9) 5 

4 4.81(0.9) 4.82(0.9) 5 4 4.90(1.1) 5 

4D 4.83(1.1) 5.17(1.5) 5 4 4.75(0.8) 2 
BT 5.50(1.0) 5.11(0.9) 6 4 5.75(1.6) 6 

aLearning performance perceived by Students and bLearning performance 

perceived by the Teacher are scaled [1..7] so that “very low learning 

performance” = 1, and “very high learning performance” = 7. 

 

B. Correlation between Noise and Learning Performance 

In hypothesis 2 we expected that the noise level in the 

classroom would be negatively correlated with perceived 

learning performance. A Pearson's correlation was run to 

determine the relationship between the variables measured 

during the study (see Table IV). Pearson indicates the strength 

of the linear relationship between two variables for which the 

values range between -1 < 0 < 1.  The values closer to 1 (-1) 

depict a stronger positive (negative) correlation, meaning that 

the second variable tends to increase (decrease) when the values 

of the first value are increased and vice versa. The closer the 

values are to 0, the weaker the correlation is. A p-value less than 

0.01 is taken as indicator for significant correlations. We can 

verbally describe the strength of the correlation using the guide 

that [82] suggests for the absolute value of r (Strength: .00-.19 

“Very weak”; .20-.39 “Weak”; .40-.59 “Moderate”; .60-.79 

“Strong”; .80-1.0 “Very strong”). 

The results from the correlation analysis show that there is a 

strong negative correlation between student’s perceived 

learning performance and student’s perceived noise (r = -0.67; 

p = 0.0002053). Likewise, there is a moderate negative 

correlation between student’s perceived learning performance 

and the objective measurement of noise (r = -0.46; p = 0.018). 

As a consequence, these results confirm our hypothesis (See 

Fig. 5). 
TABLE IV 

CORRELATION ANALYSIS 

r NOM NPT NPS LPT LPS 

NOMa 1     

NPTb 0.26 1    

NPSc 0.65* 0.57* 1   

LPTd -0.18 -0.60* -0.55* 1  
LPSe -0.46 -0.38 -0.67* 0.43 1 

aNoise Objective Measure; bNoise Perceived by the Teacher; cNoise 

Perceived by Students; dPerceived Learning performance by Teacher; 
ePerceived Learning performance by Students; *Correlation of significance (p 

< 0.01). 
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Fig. 5. Strong negative correlation between perceived noise and perceived 

learning performance. 

VI. DISCUSSION 

The results reported in this study provide evidence of the 

capability of an ALD to moderate the noise levels in 

classrooms. The ALD presented in this work was not equally 

effective in all the groups. The ALD was effective for quieter 

groups, whereas it had a reversed effect for the noisiest groups. 

Combining the quantitative statistics with observational data, 

results point to the possibility that social and instructional 

aspects could have mediated the effectiveness of the ALD. 

Teachers of the noisier groups were more tolerant to noise 

and allowed parallel talks or interactions among students while 

the teacher was giving the lecture. In this line, students and 

teachers broadly agreed on the usefulness of the ALD, with the 

exception of the two noisiest groups that rated it negatively. The 

“freedom” facilitated deliberate attempts to turn the ALD into 

red color by coughing, banging on the table, clapping hands, or 

celebrating with an uproar when they were reaching a color 

closer to red.  

The study could also show that an ALD can help students to 

develop more accurate estimations of the current noise levels in 

their surroundings contributing to an increased awareness for 

noise as a condition for effective learning. The existence of the 

ALD can function at the same time as a proxy to remind 

students to calm down. Furthermore, these results have shown 

that the ALD was able to moderate the noise during the 

experimental sessions with levels that fluctuated less than the 

control sessions. The ALD was calibrated so that the colors 

were closer to green tones for low noise levels, yellow for 

average noise levels, and red for high noise levels. Several 

teachers and students reported about the connotations of using 

the yellow color of mean levels arguing that this color led them 

to think (wrongly) that the noise level was too high. In future 

implementations we suggest that the ALD is calibrated 

assigning the green color to values lower than the median, and 

the red color to values higher than the upper quartile. 

The results obtained for hypothesis 2 indicate that there is a 

linear correlation between the noise level in the classroom and 

the perceived learning performance reported by the students. 

Indeed, the correlation analysis indicates that students reported 

higher levels of perceived learning performance when the noise 

level was lower. Likewise, perceived performance was lower 

when noise was higher. This correlation was strong with respect 

to the noise estimates reported by the students, and moderate 

with respect to the objective noise measurement collected with 

the sensor. The results provide evidence of the negative effects 

produced by the noise on the perceived learning performance 

from students. These conclusions rekindle the need to extend 

research correlating the noise measurements with actual 

learning performance since perceived learning performance is 

often considered a weak proxy for learning performance [76], 

[83].  

The introduction of the ALD in the classrooms leads to 

similar behavior in all groups. Initially, the ambient display 

occupied the focus of the students who were attentive to color 

changes and deliberately made noise to explore how the ALD 

would react (moving the chair, coughing, or manipulating 

material on the table). As the session progressed, the ALD 

gradually lost the focus. Future studies should explore the right 

balance between attention to the ALD and effectiveness. 

Longer-term studies are needed to show if an ALD can also 

sustain the effects on noise leveling. Differences in 

effectiveness between ambient feedback and numerical 

feedback would be of interest to explore alternative 

representations. 

Different factors limited the conducted research: 1) Due to 

connectivity problems in an experimental session the data from 

the 13th group had to be discarded. 2) The installation of the 

ALD at the beginning of each session required some minutes 

(approx. 5) that were not sampled in the experiment. Likewise, 

the last 5 minutes of the session were used to complete the 

questionnaires. These two interventions during the class might 

bias the real noise flow within the classroom. 3) Variables such 

as GPA (grades), personality characteristics, age, gender, or 

autonomous learning were not included in this study due to time 

restrictions and teachers’ workload. Including such variables 

might increase the power of the analysis and consequently more 

effectively capture the effect of the ALD. 

VII. CONCLUSION 

This study has shown that ALDs might contribute to 

improved perceived learning conditions moderating the noise 

levels in secondary school classrooms. The study has shown 

that the effectiveness of the ALD was dependent from the base 

noise levels and teaching context of each group. Various 

teachers indicated that the ALD would have been more 

effective whenever they would have interacted with it (e.g., a 

game policy [62], or a teacher instruction [61] ) based on the 

“time on red” or the “time on green”. However, only one of the 

teachers took the initiative to interact with the ALD and 

temporarily stopped the lecture when it was reporting high 
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noise levels and resumed the lecture when the green indicator 

came back. Most of the teachers let the ALD “do its job” 

without boosting its role as an objective indicator of the noise 

levels in the classroom. Hence, the effectiveness of an ALD for 

noise leveling is a socio-technological issue depending on the 

instructional embedding and role that an ALD is given by the 

teacher. Successive policies following the status of the ALD 

might lead to more effective implementations.  

    The brainstorming session, the comments collected, and the 

lessons learned during the investigation helped to identify the 

following factors that were not considered in the initial design 

of the experiment but should be considered in future research:  

1) Location of the study. The location of the school can 

influence noise levels depending on whether it is a rural 

or urban area, the social and cultural aspects of the area, 

the weather conditions, or the number of daylight-hours 

in the region. For example, one of the teachers stated “... 

if we compare these measurements with those of other 

countries, certainly ours will be above the average”. 

Another reported “… students speak very loud, and even 

more in this region…”, whereas a student made the 

following comment “... I cannot avoid it, in my 

hometown we shout a lot …”.  

2) Classroom’s dimensions and acoustics (see Fig. 6 in 

Appendix II). Different studies have shown differences 

in noise samples depending on the characteristics of the 

space where the session takes place [15], [41]. Existing 

standards recommend that unoccupied classroom levels 

must not exceed 35 dB [54]. This variable should be 

taken in consideration when contrasting the noise from 

different groups in further research.  

3) Microphone used. In contrast to our expectations, the 

observations made during the study let us conclude that 

the integrated microphone from the smartphone 

harvested remarkably well voice and non-voice 

frequencies such as writing on the blackboard, cars 

passing close to the window, hammering a nail, or 

cutting wood with a saw. This study was carried out by 

collecting samples of noise using the same smartphone 

(i.e., Sony Xperia S). Calibration tests performed before 

the experiment with different smartphones showed 

remarkable differences in the scale of the collected 

samples depending on the microphone and the phone 

model that was used. Therefore, it is difficult to compare 

the noise measurements obtained in this experiment with 

previous research. 

4) Location of the smartphone within the classroom. The 

observations made during the study let us conclude that 

the location of the smartphone within the classroom is a 

relevant factor. Future studies should take this factor into 

account trying to locate the smartphone in an equidistant 

position with respect to the noise sources. Furthermore, 

it should be investigated whether the height at which the 

smartphone is placed is also relevant for measurements 

(i.e., on the floor, on the table, or high up near the 

ceiling). 

5) Orientation of the smartphone/microphone. The 

observations made during the study let us conclude that 

the orientation of the smartphone with respect to the 

noise sources is a relevant factor. Smartphone 

microphones are installed in such a way as to collect the 

sound from the side closer to the mouth (i.e., front side 

at the bottom). 

 

The conclusions discussed in this paper should be interpreted 

cautiously because they are based on 24 observations 

(sessions), reported by 198 students and only 4 teachers. Future 

research should explore the effectiveness of the ALD in 

longitudinal studies with larger groups in which the persistence 

of adequate levels can be explored in long term. One student 

stated that “... in the beginning you stare at the cube, but after 

one day you forget it is there...”. This comment rekindles our 

suggestion of the need to set rules in the classroom to boost the 

presence of the ALD as a witness reporting and annotating the 

noise levels during the session. One of the teachers proposed 

the following rule during the brainstorming session: “... to 

punish (reward) with (without) daily homework when the 

percentage of time on red (green) exceeded 20% of the 

session...”.  

In this research we have shown some the benefits of using 

ambient displays towards moderating the noise levels by 

contrasting a control group with an experimental group. In 

further research, we suggest contrasting groups using the same 

ALD but varying the instructional strategies to embed the ALD 

into teaching activities and to work with rewards for co-

constructing a productive learning atmosphere in classrooms. 

APPENDIX I 

TABLE V 

ALD’S WEBSERVICE API  

Method Path Description 

PUT /ring/on/ Turns the LED strip on 

https://vimeo.com/122884537 

PUT /ring/off/ Turns the LED strip off 

https://vimeo.com/122884536 

PUT /ring/fade/ Color starts fading. The fading 

parameters (number, delay) are 

provided as a JSON object: {"n": x,"d": 

x} 

Fade slow five times: 

https://vimeo.com/122884370 

Fade fast ten times: 

https://vimeo.com/122884369 

PUT /ring/rainbow/ Starts a color rainbow 

https://vimeo.com/122884367 

PUT /ring/rainbow/circle/ Starts a color rainbow cycle 

PUT /ring/color/ Changes the color of the LED strip. The 

color values (red, green, blue) are 

provided as a JSON object: {"r": x,"g": 

x,"b": x} 

https://vimeo.com/122884368 

PUT /ring/pixel/ Changes the color of a LED pixel. The 

pixel values (number, red, green, blue) 

are provided as a JSON object: {"n": 

x,"r": x,"g": x, "b":x} 

PUT /ring/pixel/range/ Changes the color of a LED pixel range. 

The pixel values (number1, number2, 

red, green, blue) are provided as a JSON 

object: {"n1": x, "n2":x ,"r": x,"g": x, 

"b":x} 

 

https://vimeo.com/122884537
https://vimeo.com/122884536
https://vimeo.com/122884370
https://vimeo.com/122884369
https://vimeo.com/122884367
https://vimeo.com/122884368
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APPENDIX II 

  
(a) (b) 

  
(c) (d) 

 

Fig. 6. Classrooms’ distribution where the experiment took place. (a) Illustrates 

individual-work classroom, (b) illustrates work-in-group classroom, whereas 

(c) and (d) illustrate alternative lecture-session classrooms. 
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