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ABSTRACT: Design studio spaces in Architecture schools are unique classroom settings because two 
different types of teaching occur simultaneously.  Desk critiques and presentations are conducted side by 
side by multiple professors/students for multiple courses of varying subject matter and skill level in an open-
plan setting. The empirical evidence demonstrates that noise pollution effects speech intelligibility, speech 
privacy, productivity, and satisfaction. This study aims to understand the impact of noise generated by the 
various instructions occurring concurrently on the learning effectiveness in Architecture schools and to offer 
design solutions to mitigate noise pollution. 

This study combines spatial and acoustic analysis of the architecture design studio at Southern Polytechnic 
State University and behavioral studies of the inhabitants of the space. These findings can be used to inform 
design solutions in similar open-plan studio spaces in architecture and design schools. 

INTRODUCTION

Architecture studio is the primary space in architecture schools in addition to standard educational spaces of 
classrooms, individual offices and administrative support. They support the design activities that are central 
to the curriculum of the architecture school, often including hands-on and collaborative exercises.  Unlike the 
studio layouts used in other parts of the world, the studio space in architecture schools in the US often 
consists of an open-plan space including student workspaces divided with low partitions.  The partitions 
create visual privacy for the student while they are seated, but once standing they have visual contact with 
the entire space. While an open-plan benefits visibility, access to daylighting, views of the outdoors, and an 
ease of communication for group collaboration, the partitions do not offer acoustic privacy.  The structure of 
the courses held within the studio space is also varied, as the professors conduct lecture, desk critiques, 
informal group lessons, and pin-ups (project presentations). It is common for neighboring studio sections to 
perform different activities concurrently according to flexible work processes, i.e. while a studio section is 
involved in quiet individual work; the neighboring section is carrying out a design review that often involves 
loud conversations and exchanges; oftentimes causing noise distractions for student and faculty. This 
causes students to have difficulty understanding their professor as instructions or lessons are given and 
create a situation of lowered academic performance for students. 

The requirements of an architecture studio are seemingly opposing, as students and professors need 
visibility and easy access to other students for group partnership and communication, while there is also a 
need for auditory privacy and clarity for students learning.  A balance through design is needed to create an 
atmosphere that can nurture the interaction needs of the education process while also preserving the 
auditory needs for optimal learning. 

To date, several studies that discuss collaboration and acoustic properties of education spaces have 
focused on traditional classroom settings in primary and secondary schools without addressing the unique 
setting and requirements of architecture studios. This paper aims to bridge this knowledge gap by means of 
analyzing behavioral, spatial and acoustic conditions in an architecture studio in the context of similar 
studies carried out in workplace settings. The argument is developed in four parts. First, the paper discusses 
the analogy between open-plan office settings and architecture studios due to the similarity of collaboration.  
Second, we discuss the effect of acoustic climate on learning by studying the research conducted in 
traditional classrooms. The knowledge about the effect of acoustic conditions gained from these studies can 
be applied to architecture studios since students share the same characteristics in learning. Third, the paper 
reviews the properties of sound and materials that can be incorporated inside studio settings for the purpose 
of mitigating the acoustic climate. This information is invaluable to understanding the needs of architecture 
studios and how to better design for them. Finally, the paper offers a few design solutions aimed at 
improving the spatial and acoustic properties of open-plan architecture studios.
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1.1. Commonalities in layout, work processes and acoustics between architecture studio 
and den office
Parallels and analogies exist between architecture studio and office layouts as they both support varied and 
changing activities. Architecture studios have not been thoroughly investigated, unlike open-plan offices that 
have been extensively analyzed due to the need of corporations to enhance the productivity and satisfaction 
of their employees. Office settings have been the focus of continued investigation, speculation, and 
research. The following argument is developed on the knowledge generated in the office design field, given 
similar work processes of open-plan offices and architecture studios. 

Based on Duffy’s classification of office settings (Duffy, 1997), we propose to categorize architecture studio 
as a den given the low degree of autonomy and high interaction.  According to Duffy (1997), den spaces are 
“arranged in an open-plan office or group room and are associated with group work”.  Though the noise 
distractions of an open studio are known to those who use them, not much research has been done on 
these spaces. Architecture studios are similar in construct to open-plan offices. Accepting the strong 
similarities, one can adopt the lessons learned in the design and research of open-plan offices to better 
understand architecture studios. Recognition of the correlation between studio spaces and open-plan offices 
allows one to utilize the vast research conducted on open-plan offices. 

According to Duffy (1997), offices were created to house and process large amounts of information created 
by manufacturing and distribution.  In the 1960’s the work force begin to specialize, this transformation 
informed the evolution of the office. With the elimination of corridors and partitions, it was believed that the 
open-plan layout would increase communication and allow more efficient supervision from management. 
(Bradley, 2003; Navai and Veitch, 2003). Open-plan offices are preferred by many companies because they 
are cost effective and promote communication. These offices have connected spaces with low or no 
partitions in addition to large corridors that encourage unscheduled encounters. This creates an environment 
where communication is easier, but results in noise pollution.  

Since the birth of open-plan offices, scholars have sought to determine the desired benefits of enhanced 
communication of open-plan are a reality.  Many studies have shown the benefits of connectivity in open-
plan offices (Duffy, 1997; Hillier and Penn, 1991; Peponis and Wineman, 2002).  Meanwhile, other studies 
have determined that the noise generation and lack of privacy are problematic (Bradley, 2003; Cangelosi 
and Lemoine, 1988; Evans, 2003). Studies conducted in the 1970’s and 1980’s observed background noise 
of open-plan offices of 79 dB(A). The drop in background noise in current studies can be attributed to 
modern machinery producing less noise; though improved, the ambient noise levels of open-plan offices 
remains unsatisfactory. Current surveys document noise levels ranging from 46-58 dB(A) which coincide 
with reports of lowered acoustic satisfaction from workers (Navai and Veitch, 2003). Employee feedback 
express frustrations of overhearing coworkers conduct business via telephone in adjacent cubicles. 
Discomfort with auditory stimulus has been shown to correlate directly with absenteeism, high turnover rate, 
illness, and an overall dissatisfaction in staff. In contrast, an environment that does not experience 
distraction from auditory stimulus is an important factor in increased productivity. 

1.2. Acoustic levels and learning performance in educational facilities
While there are not studies that have specifically addressed architecture studios, we are discussing how an 
environment with higher levels of noise affects learning. The type of work conducted in traditional 
classrooms differs from architecture studios in that only one lecture is conducted at a time whereas in 
architecture studios many courses are conducted simultaneously with varying activities. Regardless of this 
difference, the importance of lecture and students understanding is the same. 

Research has been conducted on the acoustics of classrooms (Crandell and Smaldino, 2000; Dockrell and 
Shield, 2006; Klatte et al., 2010; Mikulski and Radosz, 2011; Nelson and Soli, 2000) with the focus on 
primary and secondary schools. There has been limited research on how acoustic conditions influence 
learning in higher education settings. Though the information gathered is from primary and secondary 
schools, the data resulting from the studies can be applied to a broad range of student age levels. 

Research suggests that classrooms with poor acoustics may generate “a negative learning environment for 
many students” (Dockrell and Shield, 2004). Prolonged contact with acoustic distractions in a classroom can 
negatively affect a student’s academic performance and information processing (Dockrell and Shield, 2004; 
Persson et al., 2013).  Teaching in a classroom is performed orally from a professor while in return the 
student learns aurally. This exchange is dependent on the acoustics of the room allowing for the student to
hear the professor clearly.  This is known as the signal to noise ratio (SNR).  Interior room surfaces reflect, 
transmit, and absorb part of sound energy.  If the surface is dense, smooth and reflectivemost of the sound 
energy will be reflected.  If the surface is thin most of the sound energy will transmit through. If the surface 
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has a think porous layer on top of a hard, dense layer, such as carpet on concrete, most of the sound 
energy will be absorbed.  

Decreasing reverberation time will increase the SNR and speech intelligibility. Within an enclosed space 
sound energy will reflect off many times before it decreases by 60 dB or more. The time (in seconds) it takes 
for this to occur results in the reverberation time. An increase in sound absorption will decrease the 
reverberation time.  ANSI/ASA S12.60 standard limits the maximum reverberation time to 0.6 seconds for 
core learning spaces less than 283 m3 though others suggest the reverberation time not surpass 0.5 s 
(Person et al, 2013; Treasure, 2007).  A potential solution to decrease the reverberation time of the space 
would be to install materials that are more acoustically absorptive.  

Installing absorptive materials to mitigate noise transmission throughout the space is particularly useful in 
situations such as architecture studios where the need to preserve visual connectivity and communication is 
imperative to its daily use. The reduction of noise in open-plan becomes difficult, due to sound energy 
passing over the partition, or diffracting around these partial walls.  Acoustic ratings of materials assist in 
selecting materials that benefit the acoustic climate of a space. The NRC (noise reduction coefficient) is a 
measurement of the reduction coefficient and the absorption quality of a material, with a rating (evaluated 
from several frequency bands) ranging between 0 and 1. A rating of 0 indicates none of the sound energy is 
absorbed, whereas a rating of 1 indicates the material is 100% absorptive. Table 1 documents typical 
materials in architecture studios and their corresponding NRC rating.

Table 1: NRC ratings of typical materials used in education facilities and architecture studios.

1.3. Case study: architecture studio at Southern Polytechnic State University
The architecture studio of Southern Polytechnic State University is located on the second floor of a building 
constructed in 2000, and is used by third and fourth year students.  Each student is given a permanent 
workstation for the duration of the semester. Workstations have a drawer stack, work surface, and low 
partitions for pin-up space that also provides electrical outlets. The partitions are composed of metal studs 
and painted homasote (figure 2). Tasks conducted at workstations vary depending on requirements of the 
studio, including drafting, sketching, and model building. The structure of a studio changes on a daily basis 
as professors require desk critiques, pin-up presentations, and group instruction. The effect of alternating 
activities in adjacent courses often results in one section of students engaging in quiet drawing while the 
neighboring sections may be involved in loud group projects or instruction. The result of differing activities is 
a distraction to surrounding students. In addition to the typical noise generated from course activities, many 
students listen to music, streaming television, or movies as they work. 
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Figure 1: a) Section demonstrating the current conditions of pin-up area. b) Section demonstrating the current conditions 
of the workspace area.  

The current design and configuration of the architecture studio does not mitigate sound generated by the 
courses it contains, but it does offer several benefits that need to be preserved. The low partitions provide 
visual access to the entire studio. In addition, they allow natural daylight to permeate the space. Open 
workspaces create an environment that accommodates group activities and unscheduled individual 
collaboration between students and professors. 

In addition to workstations, the studio also incorporates five pin-up presentation spaces. These spaces have 
three eight foot high walls constructed of metal studs clad in seven foot high panels of painted homasote 
and a gypsum board ceiling. (figre2) Students present their work to their peers and professor in these 
spaces. The presentations are scheduled and unscheduled. 

The floor and ceiling are concrete; the ceiling is coated in fire retardant spray foam (figure 2). The north and 
south exterior walls contain large glazing which allow natural light and outside views. The east and west 
walls are cinderblock interior walls. 

1.4. Acoustic definitions 
Sound pressure level (SPL) is a measurement (dB) intended to correlate the intensity of a sound and that 
effect on the human ear. The scale of decibels is logarithmic, therefore a doubling of sound energy is occurs 
every 3 dB.  However, for the human ear to perceive the doubling of loudness, the sound would have to 
increase 10 dB (Navai & Veitch, 2003; Treasure, 2011), which is a ten-fold increase in sound energy. SPL 
ratings are weighted to account for the human ears detection of varying frequencies. The physical properties
of a space can either enhance sound by offering ample space for vibration, or retard the sound based on the 
materials chosen.  Sound waves are transmitted, reflected, or absorbed into a material. The utilization of 
sound absorbing materials drastically reduces sound reflected back into the room. Sound absorbers are 
composed of porous material with interconnected pores, an imperative property to dampening sound. In 
addition, the thicker the material is, the more effective it will be at absorbing sound. The absorption 
coefficient indicates the effectiveness of a sound-absorbing material (Egan 1988). These absorption 
coefficients vary with frequency. The weighted combination of sound absorption coefficients at several 
frequency ranges lead to the NRC rating discussed earlier.  

1.5. Sound measurements and experiments within architecture studio
We analyzed the studio space at SPSU using a Larson Davis Model 831, a type 1 sound level meter, 
following ANSI/ASA S1.13 standard.  Calibration of the instrument was performed at the start and end of 
each daily experiment.  Two types of sound experiments were conducted.  The first was in situ and 
measured the hourly equivalent A-weighted level (LAeq) at different locations within the Design Studio.  This 
was done to get an overview of the sound levels throughout a typical day.  The second type of experiments 
was a semi-controlled measurement of a white-noise and pink-noise source at different locations.
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For the in situ experiment, sound levels were gathered over the course of two days to ensure most 
conditions were measured (desk critiques, presentations, and group working sessions). During this time, 
students’ locations as well as students moving through the space were recorded. This information was 
gathered in order to determine where the most traffic noise is generated in the studio, which can create 
distraction to other students working.  In addition, another session of measurements were gathered during 
the late evening hours as a control using machine generated white and pink noise to create base levels. Due 
to cost and availability, a calibrated, standard noise generator and speaker were not available.  Instead a 
phone app was used to generate white or pink noise, and a single small speaker was used to produce the 
noise.  So approximated acoustical white and pink noise signals were not generated.  But this is sufficient to 
determine how noise can affect the students working in a different area. The date, location, and times that 
the levels were registered are shown in figure 3.  

  

a) The location of audio speaker and sound level meter during the controlled experiment; b) In situ 
experiment’s, indicated the location of sound measuring device during studio and associated date and time interval.

Students and professors were not given prior knowledge to the sound level meter being utilized in the space 
so no change in behavior would occur. The LAeq levels generated within the studio range between 49.4 dB 
and 59.6 dB, as shown in figure 4. LAeq is utilized to measure the sound generated in the space due to the 
nature of noise fluctuating over time due to spikes in sound levels. The LAeq is an A-weighted equivalent 
continuous sound level. Figure 4 presents the baseline LAeq readings of the controlled measurements. The 
use of white and pink noise generated a higher LAeq measurement then was registered with no acoustic 
stimulus. A spike in the LAeq is shown at the second location of the experiment where no acoustic stimulus 
was generated due to a group of students 15 feet from the sound measurement device engaging in a burst 
of laughter. 

a) Line graph and chart showing the LAeq levels for each type of controlled noise generated. 1 is when the 
noise source was located B and the sound meter at A (ref Figure 1).  2 is when the noise source was located at B and 
sound meter at B.  3 is when the noise source is moved to C and the sound meter was at D, while 4 is when both noise 
source and meter were at C. b) Bar graph showing the LAeq levels for each hour of sound measurements taken.  Note 
that the location changed for each hour measured, as shown in Figure 1b.

Students and professors participated in an anonymous questionnaire regarding their perceptions of the 
acoustic quality of the space. The questionnaire included of questions regarding the speech intelligibility of 
professors, level of noise distractions, and preferences of when to work in the studio. All students that have 
classes in the studio space were asked to participate in the study. The results showed that 81% of 
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participating students desk location were in the 2-3 desks near the pin-up space or the 2-3 desks in the 
center of their studio space, while 66.7% of participants indicated dissatisfaction with the noise level in 
studio. The main sources of noise referenced were individuals talking with neighbors, music played on a 
stereo or computer, and people traveling through the space. In addition, 52.4% of students responded they 
prefer to work in the studio in the morning or late at night, which correlates to responses that these are 
periods with the least amount of distractions. The Majority of participants (76.2%) responded they would be 
more productive if the acoustics were controlled more effectively. 

In order to preserve the benefits of the open-plan architecture studio space, we recommend an efficient use 
of materials to mitigate the noise. To improve the absorption of the partitions of pin-up spaces, the painted 
homesote will be replaced with unpainted cork (figure 4). This will preserve the pin-up benefits of the wall 
material while improving the sound absorption for the overall space. In addition, acoustic clouds will be 
ceiling mounted. This will absorb the noise currently traveling toward the exposed ceiling and reflecting into 
the space. The floor is to be covered with carpet tile. The carpet will absorb sound within the space while 
allowing for easy repair, if necessary. These material adjustments will positively affect noise control in 
architecture studio because they are porous materials that absorb noise transmitted and reflected within the 
space. By absorbing more noise, the speech/noise ratio is improved as well as decreasing the distractions 
within the space.  

a) Section demonstrating the proposed conditions of pin-up area. b) Section demonstrating the proposed 
conditions of the workspace area.  

Architecture studio is at the core of architecture education. For this area of the education to be integral and 
simultaneously under studied is an interesting problem. Open-plan studio encompasses various benefits, 
such as ease of communication, collaboration, and a high visibility. Though these benefits need to be 
retained, open-plan studio also has a large disadvantage; the acoustic properties of the space are less than 
desirable. The aim of this study was to determine the depths of consequences to working in an environment 
with poor acoustic properties. In order to achieve this, studies of open-plan offices and traditional education 
spaces were drawn upon. 

Through the physical study of the architecture studio at Southern Polytechnic State University, sound 
measurements determined sound absorption was undesirable at best. Surveys conducted supported that 
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the noise levels of the studio created an environment of distraction for students. Many students indicated an 
increase in productivity if the noise were controlled within the space to decrease distractions. 

Though further study is needed, the problem has been clearly identified. Creating a collaborative space that 
incorporates aural privacy is ideal for productivity and satisfaction in architecture studio. A design 
intervention based on adjusting construction materials is a solution that preserves the visual and 
collaborative benefits of the open-plan layout while mitigating the negative noise produced within the space. 
Experimentation with adjusting materials and material placement is the next step imperative to creating a 
substantial solution. The final results of this study will not only affect the architectural education community, 
but the design community of any open-plan space as the loss of productivity is documented in other open-
plan spaces, such as offices; as the results will have the ability to be replicated in any space with similar 
parameters. Attention to sound in the design process is undervalued and long overdue.  

ACKNOWLEDGEMENTS 
The author thanks the Department of Architecture at SPSU for the support, the students who participated in 
the survey, and Ermal Shpuza and Richard Ruhala who provided valuable suggestions and insights that 
helped develop the research presented in the paper.

REFERENCES 
Alimohammadi, I., Sandrock, S., & Gohari, M. R. 2013. The effects of low frequency noise on mental 

performance and annoyance. Environmental monitoring and assessment, 185(8), 7043-7051.
ANSI/ASA S12.60-2010/Part 1, Acoustical Performance Criteria, Design Requirements, and Guidelines for 

Schools, Part 1: Permanent Schools.
Bradley, J. S. 2003. The acoustical design of conventional open plan offices. Canadian Acoustics, 31(2), 

23-34.
Cangelosi, V. E., & Lemoine, L. F. 1988. Effects of open versus closed physical environment on employee 

perception and attitude. Social Behavior and Personality: an international journal, 16(1), 71-77.
Crandell, C. C., & Smaldino, J. J. 2000. Classroom acoustics for children with normal hearing and with 

hearing impairment. Language, speech, and hearing services in schools, 31(4), 362-370.
Dockrell, J. E., & Shield, B. M. 2006. Acoustical barriers in classrooms: the impact of noise on performance 

in the classroom. British Educational Research Journal, 32(3), 509-525.
Duffy, Francis, and Ken Powell. The New Office. London: Conrad Octopus, 1997. 
Egan, M. David. Architectural Acoustics. New York: McGraw-Hill, 1988. 
Everest, F. Alton, and Ken C. Pohlmann. The Master Handbook of Acoustics. New York: McGraw-Hill, 2001. 
Evans, G. W. 2003. The built environment and mental health. Journal of Urban Health, 80(4), 536-555.
Hillier, Bill. "Chapter 7 Visible Colleges." Space Is the Machine A Configurational Theory of 

Architecture. New York: Cambridge UP, 1996. 190-214. 
Hongisto, V., & Haapakangas, A. 2008, June. Effect of sound masking on workers in an open office. 

In Proceedings of Acoustics (Vol. 8, pp. 537-542).
Kaarlela-Tuomaala, A., R. Helenius, E. Keskinen, and V. Hongisto. "Effects of Acoustic Environment on 

Work in Private Office Rooms and Open-plan Offices - Longitudinal Study during Relocation. 
“Ergonomics 52.11 (2009): 1423-444. 

Klatte, M., Hellbrück, J., Seidel, J., & Leistner, P. 2010. Effects of classroom acoustics on performance and 
well-being in elementary school children: A field study. Environment and Behavior, 42(5), 659-692.

Mikulski, W., & Radosz, J. 2011. Acoustics of classrooms in primary schools-results of the reverberation 
time and the speech transmission index assessments in selected buildings. Archives of 
Acoustics, 36(4), 777-793.

Navai, M., & Veitch, J. A. 2003. Acoustic satisfaction in open-plan offices: review and recommendations.
Institute for Research in Construction.

Nelson, P. B., & Soli, S. 2000. Acoustical Barriers to Learning Children at Risk in Every 
Classroom. Language, Speech, and Hearing Services in Schools, 31(4), 356-361.

Persson, R., Kristiansen, J., Lund, S. P., Shibuya, H., & Nielsen, P. M. 2013. Classroom acoustics and 
hearing ability as determinants for perceived social climate and intentions to stay at work. Noise 
and Health, 15(67), 446.

Rashid, M., Zimring, C., Wineman, J., Flaningam, T., Nubani, L., & Hammash, R. 2005, June. The effects 
of spatial behaviors and layout attributes on individuals' perception of psychosocial constructs in 
offices. In Proceedings of the Fifth International Space Syntax Conference (pp. 71-87).

Rettinger, M. 1988. Handbook of Architectural Acoustics and Noise Control: A Manual for Architects and 
Engineers. TAB Professional and Reference Books.

Schick, A., Klatte, M., & Meis, M. 2000. Noise stress in classrooms. In Contributions to Psychological 
Acoustics–Results of the eight Oldenburg Symposium on Psychological Acoustics. Bibliotheks-und 
Informationssystem der Universität Oldenburg.



 ARCC 2015      |      Future of Architectural Research384

Spiliopoulou, G., & Penn, A. 1999. Organizations as multi-layered networks. In Proceedings, 2nd Intl. 
Space Syntax Symposium (pp. 1-24).

Stringer, A., Dunne, J., & Boussabaine, H. 2012. Schools design quality: A user perspective. Architectural 
Engineering and Design Management, 8(4), 257-272.

Treasure, J. 2011. Sound business. Management Books 2000 Limited.
Wenmaekers, R. H., Hout, N. V., Luxemburg, R. V., & Hak, C. C. J. M. 2009, August. The effect of room 

acoustics on the measured speech privacy in two typical European open plan offices. 
In proceedings Internoise (pp. 23-26).

Woodford, C., Prichard, C., & Jones, R. 1998. Listening conditions in higher education classrooms: One 
method of improving them. Education, 129.


