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ABSTRACT: This paper analyses and compares two rural schools located in the Andes Region of Southern Chile, in 

an area with an important population of indigenous people (Mapuches), based on measurements of environmental 

performance.  The first school was designed under principles of the “Mapuche Architectural Design Guideline” that 

includes ancestral traditions in architectural design; while the second school was designed under principles of energy 

efficiency, becoming the first initiative of its kind in the region.  The methodology consisted of the monitoring of 

environmental performance of two classrooms in each school during one week in winter and one week in summer, as 

well as questionnaires.  The environmental parameters included air temperature, relative humidity, CO2 emissions, 

illuminance levels, background noise and reverberation time, while the questionnaires aimed to determine user 

perception on thermal, visual, and acoustic comfort, as well as air quality.  The comparison between measured data 

and user responses showed interesting contrasts that relate mostly to socio-cultural aspects, such as poverty and 

resilience.  The conclusions stress out that, although it is important to include cultural principles in architectural 

design, it is also necessary to improve environmental performance of rural schools located in areas of extreme 

poverty, based on an improvement of construction quality and passive design strategies.    
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INTRODUCTION  

This paper analyses and compares two rural schools 

located in the Andes Region of Southern Chile, based on 

post-occupancy evaluation and monitoring of indoor 

environmental performance.  The paper shows part of the 

results of a major research project that aimed at 

evaluating public buildings located in different climatic 

zones of Chile, comparing cases developed according to 

new energy efficiency requirements for public buildings, 

with cases developed without these considerations.   

 

The major research project named “Evaluation of design 

strategies, environmental standards and energy efficiency 

of public buildings through the monitoring of existing 

buildings” was funded by Innova Corfo with the support 

of DA MOP, and developed by Instituto de la 

Construccion, IDIEM, DICTUC, DECON-UC and 

CITEC-UBB.  The evaluation of these two cases was 

carried out by the team of researchers at CITEC-UBB. 

 

 

CASE STUDIES 

The case studies are two rural schools located in the 

Araucania Region, specifically in the Andes area 

between the latitude 31°08’ and 31°21’S. This area is 

characterised by a temperate climate, with short and dry 

summers that have an average temperature of 15°C in 

January; and cold and wet winters with an average 

temperature of 8°C in July, that can go easily below 0°C 

in the higher areas.  The annual rainfall will go over 2000 

mm, and it concentrates mostly in winter.   In addition, 

this area has an important population of indigenous 

people (Mapuches), which makes it a zone of cultural 

relevance and socio-economic vulnerability. 

 

This first case study is the Boarding School Rucamanke 

of Reigolil; a Mapuche village isolated from the major 

road and cities, located between the mountains.  This 

building was refurbished in 2002, at a time when public 

buildings in Chile did not include energy efficient 

strategies, so it has a poorly insulated envelope, with no 

insulation in walls and single glazing.   

 

However, this building was one of the first schools in 

Chile designed under the principles of the “Mapuche 

Architectural Design Guideline” that includes ancestral 

traditions in architectural design. The building is 

organised in two rings that create a circular square 

opened to the east, which is a very important Mapuche 

architectural design strategy.  The inner ring is one story 
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high and locates the classrooms, workshops and toilets, 

whereas the outer ring is two stories high and locates the 

kitchen, dinning area, offices, and some classrooms (Fig. 

1). 

 
Figure 1: Boarding School Rucamanke of Reigolil - drawing 

 

The second case is the Boarding School Francisco Valdes 

Subercaseaux (FVS) of Curarrehue (Fig. 2); a village 

located next to the international route to Argentina.  This 

school included some energy efficient strategies, 

particularly the inclusion of a thermal envelope, energy 

efficient lighting and controls.  Many of these strategies 

derived from previous initiatives that aimed at improving 

energy efficiency in public buildings in the country [1]. 

 

The building is organised in five blocks that adapt to the 

slope of the site.  The blocks locate the classrooms, 

workshops and bedrooms.  

 

 
 

 
  
Figure 2: Boarding School Francisco Valdes Subercaseaux of 

Curarrehue – plan and elevation 

 

In terms of orientation, the layouts of both buildings do 

not seem to have considered the local sunpath for 

bioclimatic purposes.   The majority of the classrooms of 

Rucamanke School face eastwards, while the classrooms 

of FVS School face northeast and southwest.  

 

Both schools rely on small wood stoves for heating 

purposes, located in each classroom.  This solution was 

chosen for economic reasons, as wood is the cheapest 

fuel available in the area, and it is also possible for 

parents to donate wood to the school in times of 

restricted budgets (Fig. 3).     

 

 
Figure 3: Wood stoves in each classroom 

 

MONITORING AND POE 

The research project involved monitoring environmental 

and energy performance of the buildings. The 

measurements included physical aspects, such as U 

values of the envelope, air tightness and acoustic 

insulation; energy efficiency parameters, such as 

efficiency of the thermal and electrical systems; and 

environmental parameters, such as air temperature, 

relative humidity, CO2 levels, illuminance levels, 

background noise and reverberation time.  The 

measurements were carried out during two weeks in 

winter and two weeks in summer, focused on two 

classrooms in each school.    In addition, the evaluation 

included surveys to the occupants in relation to thermal, 

acoustic and visual comfort, as well as indoor air quality. 

 

 
Figure 4: Details of the envelope- Rucamanke School (left) and 

FSV School (right) 
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Apart from evaluating the buildings, the research team 

proposed a system for qualifying the outcomes in a scale 

A to G, which helped to compare the performance 

between the building “with” and “without” energy 

efficient strategies.  In this scale, level E reflects a 

minimum required performance that was set up by the 

research team based on international standards and best 

practice, due to the lack of performance requirements for 

public buildings in the country. 

 

This paper focuses particularly on the findings in terms 

of environmental comfort derived both from the 

monitoring and from questionnaires. 

 

 

THERMAL COMFORT 

Measurements of thermal comfort included indoor air 

temperature and relative humidity, as well as external 

temperature.  The indicator for thermal comfort was 

defined as the percentage of measurements during 

occupancy time that remained within the comfort zone 

defined by SET (Standard Effective Temperature) from 

the adaptive comfort model [2].    
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Thermal Comfort Francisco Valdés School
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Figure 5: Measurements of thermal comfort in winter – both 

schools 

 

The adaptive comfort model has been adopted by new 

international standards, such as ASHRAE 55 – 2010   

and it proposes that people are not passive inhabitants, 

but rather able to adapt to the environmental conditions 

through physiological mechanisms [3] [4].  This model 

was chosen because the occupants of these two buildings 

are children who come from a very vulnerable socio-

economic situation, who are used to fuel poverty and low 

comfort standards.  Therefore, the comfort zone in winter 

(July-August) was defined from 17°C to 22°C with 50% 

RH, and in summer (December) from 18.8°C to 23.8°C 

with 50% RH.   

 

The results showed that measurements of air temperature 

in both case studies were generally very low, both in 

winter and summer.  Fig. 5 shows the results in winter, 

with temperatures as low as 7°C during occupancy time, 

and mostly under the comfort zone.  Rucamanke School 

has worse thermal performance than FVS School, with 

only 6 and 34% of the occupancy time within the comfort 

zone in winter (Fig. 6), and 4 and 15% in summer. 

 

The room with the best thermal performance was the 

classroom of FVS School that faces northeast (68%), 

with values considerably better that the southwest facing 

classroom (5%).  This fact proves that solar orientation is 

a positive strategy for schools in this region, where a 

north facing classroom can benefit from solar gains to 

help to achieve a comfortable temperature. 

 

 

Classroom 4 Classroom 8 

  
RUCAMANKE SCHOOL 

Classroom 5 Classroom 7 

  
FSV SCHOOL 

Figure 6: Qualification of thermal comfort in winter – both 

schools 

 

Interestingly, the opinions gathered by the questionnaires 

did not match the results of the measurements, 

particularly because the occupants of Rucamanke School 

have a better perception of thermal comfort in winter 

than the occupants of FVS School, with 79% of the 

respondents satisfied with their thermal environment, 

compared to 41% at FVS.  The fact that 79% of the 

occupants are satisfied with a thermal environment that 

presents temperatures mostly between 7°C and 17°C is 
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interestingly, and might be an opportunity for further 

research in the field of thermal comfort.  

 

One of the probable reasons for this discrepancy between 

measurements and occupants´ perception relates to 

poverty and resilience.  The children that attend 

Rucamanke School travel long hours to get to school, 

usually under harsh climatic conditions.   The School has 

no thermal envelope, which partly explains the low 

temperatures, but it is considerably more robust and 

generally of a better architectural quality than local 

construction. 

 

 

VISUAL COMFORT 

The aim of the visual comfort analysis was to evaluate 

quantity, quality and distribution of daylight within the 

classrooms.  Measurements included illuminance levels 

in a grid defined by six points inside the classroom, and 

measurements outside the classroom [5].  The process 

also included daylighting simulations in order to evaluate 

the dynamic performance of the classrooms with 

different sky conditions. 

 

The indicators were the percentage of time with 

illuminance levels within an adequate range for 

performing visual tasks (500 to 1500 lux); the percentage 

of time within an adequate range of uniformity of 

daylighting levels (Um=0.5); and daylighting glare 

probability (DGP) based on luminance levels [6] [7] [8]. 

 

 

Daylighting levels in range Daylighting distribution 

  
RUCAMANKE SCHOOL 

Daylighting levels in range Daylighting distribution 

  
FSV SCHOOL 

Figure 7: Daylighting levels and uniformity – both schools 

 

The results showed that the classrooms of Rucamanke 

School have more measurements of illuminance levels 

within the range of 500 to 1500 lux (67%) than 

classrooms in FVS School (43%).   These results can be 

attributed to the fact that the former building has 

windows on two different façades, including a high 

window over the corridor, so the classroom gets a good 

provision of daylight.  

 

Daylighting uniformity is very good in both cases, but 

Rucamanke has a high glare probability due to direct 

solar penetration through the high windows in the 

morning and afternoon (Fig. 8). 

 

 
Marzo/Septiembre 8 horas  luminosidad 

con cielo intermedio +SOL

Marzo/Septiembre 15 horas 

luminosidad cielo intermedio +SOL

 
Figure 8: Daylighting simulations: luminance levels in 

Rucamanke School  

 

The perception of the occupants regarding visual comfort 

showed that they are generally satisfied with the 

classrooms, both in winter and summer.  The results are 

better in summer with 100% of the respondents satisfied 

with their visual environment in both schools.  The 

results in winter showed that Rucamanke performed 

slightly better than FSV regarding the perception of the 

occupants. 

 

INDOOR AIR QUALITY 

The aim of this analysis was to evaluate indoor air 

quality inside the classrooms and the performance of 

ventilation strategies.  Previous research work has 

suggested that this is a critical aspect in schools [9] [10].  

 

Measurements included CO2 levels inside the classrooms 

during periods of two weeks in winter and two weeks in 

summer.  The indicator for indoor air quality was defined 

as the percentage of measurements during occupancy 

time when CO2 levels remain below 1000 ppm [11].   

 

 

 
Figure 9: CO2 levels – Rucamanke School 
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The results showed that both schools have inadequate 

indoor air quality in winter, but Rucamanke School has 

slightly better performance with 54% of the CO2 levels 

below 1000ppm in winter, compared to only 16% in 

FVS.  Both values are low in relation to the base case E 

defined between 60 and 70%.   

 

 

Indoor air quality winter Indoor air quality summer 

  
RUCAMANKE SCHOOL 

Indoor air quality winter Indoor air quality summer 

  
FSV SCHOOL 

Figure 10: Indoor air quality – both schools 

 

In summer, Rucamanke has good indoor air quality with 

87% of CO2 levels below 1000ppm, whereas FVS has 49 

of CO2 levels below 1000ppm (Fig. 10). 

 

In addition, the maximum recorded CO2 levels in FVS 

classrooms were 4773ppm in winter and 4526ppm in 

summer, which are too high to provide an adequate 

environment for teaching and learning activities.  These 

results can be attributed to a better air tightness of the 

envelope of FVS School and inadequate ventilation 

strategies.  The sealed envelope results in slightly better 

thermal comfort standards but worse indoor air quality in 

the classrooms, which is a typical problem when there is 

no ventilation strategy other than operable windows. 

 

Interestingly, the perception of the occupants regarding 

indoor air quality is considerably better than the 

measurements.  In winter, 87% of the respondents from 

Rucamanke and 78% of FVS are satisfied with indoor air 

quality.  In summer, 100% of the respondents of both 

schools declared to be satisfied with indoor air quality. 

 

 

ACOUSTIC COMFORT 

The aim of this analysis was to evaluate acoustic comfort 

based on measurements of background noise and 

reverberation time in the classroom.  The indicator was 

the Speech Transmission Index STI, considering a base 

case E between 0.52 and 0.65 [12] [13] [14]. 

 

The results show that Rucamanke School has worse 

acoustic comfort than FVS School, with a STI of 0.43 

and 0.47 compared to 0.68 in FSV.  FSV School has 

acoustic absorptions walls inside the classrooms, which 

helped to achieve these standards. 

 

The questionnaires show that occupants are generally 

very satisfied with their acoustic environment in both 

schools in summer (98% and 89%), but they are 

unsatisfied with their acoustic environment in winter 

(63% and 39%).   

 

The perception of the occupants is better in Rucamanke 

School than at FSV School, which contrasts with the 

measurements that shows that FSV School has better 

acoustic properties.  These contested results could be 

again attributed to socio-cultural aspects such as 

resilience of the children that occupy the building. 

 

 

 

 
Figure 11: Rucamanke School of Reigolil 

 

 

 
Figure 12: Francisco Valdés Subercaseaux (FSV) School of 

Curarrehue 
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CONCLUSIONS 

The findings of this study showed several contrasts 

between measured data and the responses from the 

occupants that can be attributed to poverty and resilience 

of the children that occupy the schools.   This is 

particularly evident in Rucamanke School, which has a 

poor thermal, acoustic and air quality performance, but it 

is consider comfortable by the children, even with indoor 

air temperatures that remains between 7°C and 17°C.  

These results can be attributed to the fact that the 

building design under Mapuche architectural design 

guidelines is considerably more robust and generally of a 

better architectural quality than local construction in the 

area, which probably makes children value the indoor 

environment provided by the schools beyond 

recommended standards.  These findings open an 

interesting field of research in terms of comfort, poverty 

and resilience. 

 

The inclusion of an insulated envelope in FSV School 

improved thermal comfort particularly in the north-facing 

classroom that benefits from solar gains, but it 

deteriorates indoor air quality due to a sealed envelope 

and inadequate ventilation strategies.  This problem has to 

be faced in future school projects in the area with simple 

and low cost strategies that would not require high 

running cost for the administration of the rural schools,  

 

The conclusions stress out that, although it is important to 

include cultural principles in architectural design, it is 

also necessary to improve environmental performance of 

rural schools located in areas of extreme poverty, based 

on an improvement of construction quality and passive 

design strategies.    
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