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Project Summary 
Project description:        This thesis is concerned with the spatial articulation of experience-based    
                            learning and the potential this type of learning has to integrate with the    
                            existing teacher-fronted spaces of traditional formal-based learning. 
Programme:                                    High school design.
Site Description:        Adaptive Reuse of a 1955 building. 
Site location:                                                  ERF 3134, Pretoria, Tshwane. 
Address:            193 Jeff Masemola St, Pretoria, Gauteng
Research Field:        Housing and Urban Environments (HUE)
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Ekserp
Die tradisionele opvoedkundige 
leermodel van herhaling en 
gewoonteleer is nie meer voldoende 
nie. Studente moet geleer word om 
self-leerders te word wat deelneem 
in opvoedkundige aktiwiteite en hulle 
moet kritiese denkers word wat kan 
leer deur hul ervaringe.
Studente moet geïnspireer word om 
die wêreld om hulle te verken, om ‘n 
begeerte te ontwikkel om te verstaan 
hoe dinge werk. Deur die kombinasie 
van geleerde kennis en konkrete 
ervaringsleer sal die studente bemagtig 
word om innoveerders te word.
Skole is die opleidingsfasiliteite van die 
samelewing. Die sosiale interaksies 
en blootstelling aan ander mense in 
‘n persoon se skooljare beïnvloed 
hoe hulle die wêreld sien en ‘n ryk 
skoolervaring kan lei tot ‘n nouer 
verbinde samelewing waar individue 
met mekaar kan assosieer.
Tradisioneel en selfs vandag nog maak 
baie skole in Suid-Afrika hoofsaaklik 
gebruik van ‘n opvoedkundige model 
waar die onderwyser die leerproses 
lei. Hierdie tradisionele model het 

spesifieke ruimtelike eienskappe 
– skole is rigiede omgewings met 
min ruimte vir buigsaamheid en 
verskeidenheid.
Dit is bewerkstellig dat daar meer 
onderwysers van studente is as 
bloot net volwassenes. Die student 
se portuurgroep, die student self en 
die omgewing kan ook onderwysers 
wees. Hierdie drie onderwysers leer 
studente die beste deur werklike 
lewenservarings.
Die interieure ingryping is gemoeid 
daarmee om ‘n ryk skoolomgewing te 
skep waar ervaringsleer deel van die 
bestaande skoolmodel kan word.
Wiskunde, Wetenskap en Tegnologie 
(WWT) opvoeding word gebruik as 
‘n katalisator vir ervaringsleer. Die 
fisiese omgewing word ‘n informele 
onderwyser van WWT.
Onafhanklike skole maak gebruik van 
verlate geboue in Pretoria se sentrale 
sakegebied en deur aanpasbare 
hergebruik word hierdie ruimtes in 
geïmproviseerde skole omskep. Die 
ingryping handel oor so ‘n skool.
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Abstract 
The traditional educational model 
of passive rote learning is no longer 
adequate. Students should be taught 
to become self-learners who partake in 
educational activities and they should 
become critical thinkers who can learn 
through their experiences. 
Students should be inspired to explore 
the world around them, to develop a 
desire to understand how things work. 
Through the combination of taught 
knowledge and concrete experiential 
knowledge students will be empowered 
to become innovators.   
Schools are the training facilities of 
society. The social interactions and 
exposure to others in a person’s school 
years influence how they perceive the 
world and a rich school experience 
can lead to a connected society where 
individuals are able to associate with 
others.
Traditionally and today still, many 
schools in South Africa make use 
predominantly of the teacher-
fronted educational model. This 
traditional model has specific spatial 

characteristics - schools are rigid 
environments with little room for 
flexibility and variety. 
It has been established that there are 
more teachers of students than just 
adults. Peers, the student and the 
environment can also be teachers and 
it is these three teachers which teach 
best through real life experiences.
The interior intervention is concerned 
with creating a rich school environment 
where experiential learning can 
become part of the existing school 
model. 
Mathematics, Science and Technology 
(MST) education were used as a 
catalyst for experiential learning. 
The physical environment therefore 
becomes an informal teacher of MST.
Independent schools make use of 
abandoned building stock in Pretoria’s 
Central Business District and through 
adaptive reuse turn these spaces into 
makeshift schools. The intervention 
deals with one such school. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



vi

Table of 
Contents  

3. Context

2. Theory 4. Case studies & Precedent Studies

3.1 Introduction           28
3.2 Statement of Significance    28
3.3 Site Selection       29
3.4 Macro Context      29
3.5 Block Study       30
3.6 History       32
3.8 Spatial Qualities      34
  3.8.1 Ground Floor
  3.8.2 First Floor
  3.8.3 Second Floor 
  3.8.4 Third and Fourth Floors 
  3.8.5 The Corridors
3.9 Classrooms       36
3.10 Interior Climate      38
  3.10.1 Lighting 
  3.10.2 Interior Acoustics
  3.10.3 Ventilation  
3.11 Conclusion      40

2.1 Introduction       14
2.2. Educational Theories     
  2.2.1 The Traditional Model     14
  2.2.2 The New Education Movement  16
  2.2.3 Informal Education 
         and Museum Education       18 
  2.2.4 Technology and Education               19 
  2.2.5 Timeline of Educational Theories      20  
2.3. Spatial theories         
2.3.1 The School as a Micro-city   22      
  2.3.2 The Environment as Third Teacher  24 
2.4 Conclusion       26

4.1 Introduction       44
4.2 Case studies 
   4.2.1 Streetlight Schools     44
   4.2.2 Bambisanani 
      - Community Learning Program   46
   4.2.3 Sci Enza - Hands on Science   48
4.3 Precedent studies
   4.3.1 Montessori College Oost, Amsterdam 50
   4.3.2 MIT Beaver Works     51
   4.3.3 The Exploratorium 
    - The Museum as a laboratory   52
   4.3.4 High Tech High      53
4.4 Conclusion       54

List of Figures 
Preamble

1.1 Background       6
1.2 Real World Problem     8
1.3 Problem Statement      10
1.4 Hypothesis       10
1.5 Research Questions     10 
1.6 Contribution of this Study    10      
1.7 Aims        10
1.8 Limitations       10
1.9 Delimitations      10
1.10 Assumptions      10
1.12 Methodology      11
1.13 Conclusion      12

1. Introduction

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



vii

5. Design Development 8. Technical Investigation

6. Conceptual Development 

7. Design Discourse 10. References 

5.1 Introduction       56
5.2 Adaptive Re-use      56
5.3 The MST Plug-in as a Catalyst    56
5.4 Two Poles       
   5.4.1 School as a Micro-City    58
   5.4.2  Building Blocks     58
5.5 Programmatically Breaking the Existing 
   5.5.1 Cutting Away     62
   5.5.2 Programme      62
5.6 Users         67
5.7 Client        67
5.9 Conclusion       68

8.1 Introduction      102
8.2 Design Innovations     102
   8.2.1 Passive Solar Design     102
   8.2.2 Natural Daylight     102
   8.2.3 Ventilation       102
   8.2.4 Site                             102
   8.2.5 Rain Water Collection    102
8.3 Acoustics        105
8.4 Artificial Lighting     106
8.5 Detail Call-outs     109  
8.6 Sample Board     114
8.7 Sustainable Building Assessment  115
8.8 Conclusion      116

6.1 Introduction       70
6.2 The Environment as an
       Informal MST Teacher     71
6.3 Conclusion       76

7.1 Introduction       78 
7.2 Plan Development       
   7.2.1 Ground Floor Plan       80
   7.2.2 First Floor Plan            80
   7.2.3 Second Floor Plan     82
   7.2.4 Third Floor Plan        84
   7.2.5 Fourth Floor Plan       86
   7.2.6 The Roof Plan        86
   7.2.7 North-Western Corner    87 
   7.2.8 Elevations       88
   7.2.9 Sections       92
   7.2.10 Circulation Spaces       94 
   7.2.11 Makerspace     97
   7.2.12 Science labs      98
   7.3 Conclusion      100

10.1 List of Sources     120

9. Conclusion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



viii

List of 
Figures  
All figures by author unless indicated otherwise.

Chapter 1
Figure 1.1 Grade 6, Technology Centre: Plan diagram drawn from memory         2
Figure 1.2 Thinkers and doers make innovations            6
Figure 1.3 Jim Stoten Illustration - Traditional physical environment with technology. http://www.jimtheillustrator.co.uk/
(Accessed: 16 August 2016)             9

Chapter 2 
Figure 2.1 Classrooms as building blocks             15
Figure 2.2 Peer assistance and student centered learning           17
Figure 2.3 Sci-bono Science Centre hands on exhibit           18
Figure 2.4 How Khan Academie is changing the rules of education (Pugliese, 2011)        19
Figure 2.5 Pupils from Phomolong secondary school in Tembisa, using tablets in the classroom (Mkhize, 2015)     19
Figure 2.6 Diagram of behaviorism classroom (Guneya & Selda Al, 2012)           20
Figure 2.7 Before Dewey (Unknown) This photo is estimated to be taken be taken between 1900 and 1910 in an American School.  
http://milwaukeeidscohort.wikispaces.com/John+Dewey+Page (Accessed: 03 May 2016)      20
Figure 2.8 1960 Delf Montessori (Hertzberger, 2008)           20
Figure 2.9 John Dewey’s progressive/experiential classroom. 
https://onlinelearninginsights.wordpress.com/category/instructional-design/page/2/ (Accessed: 03 May 2016)   20
Figure 2.10 John Dewey’s progressive/experiential classroom. http://milwaukeeidscohort.wikispaces.com/John+Dewey+Page 
(Accessed: 03 May 2016)              20
Figure 2.12 Vittra School Södermalm (Wendt, 2012)           21
Figure 2.13 Vittra School Södermalm (Wendt, 2012)           21
Figure 2.14 Vittra School Södermalm (Wendt, 2012)           21
Figure 2.16 Perspective from classroom: Classroom extended into corridor with visual links       22
Figure 2.17 Perspective from corridor: Educational Shopping street          22
Figure 2.18 Experiencial learning in a school (Hertzberger, 2008)          22
Figure 2.19 From adult fronted to social learning (Hertzberger, 2008)         22
Figure 2.20 Plan Diagram of Transformation of long corridor in to educational and social learning street     23
Figure 2.21 Perspective of classrooms claiming space from corridor          23
Figure 2.22 Sectional diagram of corridor spaces connection vertically         23
Figure 2.23 Traditional Classroom             23
Figure 2.24 Articulated Classroom             23
Figure 2.25 Science lab, International School of India by Cannon Design. http://thethirdteacherplus.com/international-school-of-indiana/
(Accessed: 10 July 2016)               25
Figure 2.26 Scocial Learning Spaces, International School of India by Cannon Design. 
http://thethirdteacherplus.com/international-school-of-indiana/ (Accessed: 10 July 2016)       25
Figure 2.27 Open Theatre, North Shore Country Day School by Cannon Design. http://thethirdteacherplus.com/nscd/ 
(Accessed: 10 July 2016)               25
Figure 2.28 Social Learning Space, North Shore Country Day School by Cannon Design. http://thethirdteacherplus.com/nscd/ 
(Accessed: 10 July 2016)               25
Figure 2.29 Learning Landscape, Hamilton Southeastern School District Senior Academies by Cannon Design. 
http://thethirdteacherplus.com/hamilton-southeastern-school-district/ ( Accessed: 10 July 2016)      25
Figure 2.30 Group work spaces, International School of India by Cannon Design. 
http://thethirdteacherplus.com/international-school-of-indiana/
(Accessed: 10 July 2016)               25

Chapter 3 
Figure 3.1 Location of Gauteng in South Africa            28
Figure 3.2 Location of Tshwane in the Gauteng Province           28
Figure 3.3 Location of site in Tshwane             28
Figure 3.4 Illustration of prominent features in the north western corner of the site        28
Figure 3.5 Locality plan of site in Tshwane CBD            29
Figure 3.6 Short distance bus routes around site            29
Figure 3.7 Mapping of day tome pedestrain movemnet           29
Figure 3.8 Map of learning              29
Figure 3.9 Building’s location in relation with land marks & traffic flow         30
Figure 3.10 Illustration of prominent features on the north eastern corner of the site        30
Figure 3.11 Map of Typologies              30
Figure 3.12 Stations Place consist out of 3 properties           30
Figure 3.13 City Sections               31

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



ix

Figure 3.25 Illustration of acoustic qualities            39
Figure 3.26 Interior sun study              40

Chapter 4 
Figure 4.1 Plan of interior layout (Fieldworks,2016).           45
Figure 4.2 Photo of classroom wall detail              45
Figure 4.3 Photo of aquaponics (Fieldworks, 2016).           45
Figure 4.4 Photo of open theatre space (Fieldworks, 2016).          45
Figure 4.5 photo of play wall (Fieldworks, 2016).           45
Figure 4.6 Photo of play wall with ambiguously programmed space (Fieldworks, 2016).       45
Figure 4.7 Photo of classroom walls with poly-carbonate sheet for windows (Fieldworks, 2016).     45
Figure 4.8 Photo looking north-west of science building (TJA, 2012).          46
Figure 4.9 Photo from science building looking out on courtyard (TJA, 2012)         46
Figure 4.10 Photo of auditorium seating (TJA, 2012)           47
Figure 4.11 Photo of laboratories in science building (TJA, 2012)          47
Figure 4.12 Photo of classroom in mathematics building (TJA, 2012)         47
Figure 4.14 Diagrammatic illustration of Sci- Enza plan           48
Figure 4.13 Photo of auditorium seating             48
Figure 4.15 Photo of auditorium “Science Stage”            48
Figure 4.16 Photo of audience participation in science show          48
Figure 4.17 Photo of workshop space             49
Figure 4.18(a) Diagrammatic illustration of user interaction in auditorium         49
Figure 4.18(b) Diagrammatic illustration of user interaction in workshop         49
Figure 4.19 Photo of storage in workshop space            49
Figure 4.20 Photo of experience base learning in workshop space          49
Figure 4.21 Plan of school (Hertzberger:2008)            50
Figure 4.22 Section of school indicating half storeys and circulation (Hertzberger:2008)       50
Figure 4.23 Section through working balcony and half storey (Hertzberger:2008)        50
Figure 4.24 Section with visual links created by half storeys (Hertzberger:2008)        50
Figure 4.25 Photo of school building exterior. 
http://www.detail-online.com/inspiration/montessori-college-oost-in-amsterdam-103696.html (Accessd: 25 June 2016)   50
Figure 4.26 Photo of school building interior circulation.
 http://www.detail-online.com/inspiration/montessori-college-oost-in-amsterdam-103696.html (Accessd: 25 June 2016 )  50
Figure 4.27 Frames from Music Video shot in the school (Bluf Producties, 2011)        50
Figure 4.28 Plans illustrating various interior layouts (Merge Architects, 2013)        51
Figure 4.29 Photo of Cafe space (Horner, 2014)            51
Figure 4.30 Photo of classroom particioned of (Horner, 2014)          51
Figure 4.31 Photo of classroom (Horner, 2014)            51
Figure 4.32 Photo of prototyping/laboratory space (Horner, 2014)          51
Figure 4.33 Photo of prototyping shop soldering station & storage units (Horner, 2014)       51
Figure 4.34 Photo of prototyping shop workstation            51
Figure 4.35 Machine with Concrete. https://www.exploratorium.edu/ 
(Accessed: 15 March 2016)                52
Figure 4.36 Wind Arrows. https://www.exploratorium.edu/ (Accessed: 15 March 2016)        52
Figure 4.37 Shadow House. https://www.exploratorium.edu/ (Accessed: 15 March 2016)       52
Figure 4.38 Exploratorium on Pier 15. https://www.exploratorium.edu/ (Accessed: 15 March 2016)     52
Figure 4.39 Exploratorium entrance. https://www.exploratorium.edu/ (Accessed: 15 March 2016)      52
Figure 4.40 Exploratorium interior. https://www.exploratorium.edu/ (Accessed: 15 March 2016)     52
Figure 4.41 Photo of classroom (A4LE, 2009)            53
Figure 4.42 Photo of student presenting to peers (A4LE, 2009)          53
Figure 4.43 Photo of CEO demonstrating his passion for tools and making (A4LE, 2009)       53
Figure 4.44 Photo of school interior (A4LE, 2009)            53
Figure 4.45 Photo of student work exhibited (A4LE, 2009)           53
Figure 4.46 Photo of student project (A4LE, 2009)            53
Figure 4.47 Photo of project base learning (A4LE, 2009)           53

Chapter 5 
Figure 5.1 Conical Intersect 2. From “Conical Intersect” París, France (Matta-Clark, 1975)       56
Figure 5.2 Circus 2. From “Circus-Caribbean Orange”, Chicago (Matta-Clark, 1978)        56
Figure 5.3 Skin                57
Figure 5.4 Mass                57
Figure 5.5 Structure               57
Figure 5.6 Plug-in               57
Figure 5.7 Plug-in between parking & school            57
Figure 5.8 Plug-in acting as catalyst             57
Figure 5.13 Science store becomes display            57
Figure 5.10 Diagram of MST facility plugging into traditional school enviroment        57
Figure 5.11 Diagram of MST informal learning intersecting with formal learning        57
Figure 5.12 Diagram of catalysing experiential learning           57
Figure 5.14 School as micro city moodboard            58
Figure 5.16 Conceptual models              60
Figure 5.17 Desks as creative spacial organisers            61
Figure 5.18 Naef Cubicus              61
Figure 5.19 Exchange by Smart Desks             61
Figure 5.20 Exchange by Smart Desks             61
Figure 5.21 Exchange by Smart Desks             61
Figure 5.22 Models investigating connection between levels          63
Figure 5.23 Minimum Norms and Standards (DBE; 2013)          62
Figure 5.24 Models investigating connection between levels          64
Figure 5.26 Models investigating connection between levels          65
Figure 5.27 Models investigating connection between levels          66
Figure 5.28 Everyday users               67
Figure 5.29 New proposed name and logo for the school            67

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



x

Chapter 6 
Figure 6.1 Node light by Odd Matter Studio, resembles circuit diagrams. http://www.dezeen.com
(Accessed: 29 April 2016)             71
Figure 6.2 Windswept, Charles Sowers . http://www.dezeen.com/ (Accessed: 30 April 2016)      71
Figure 6.3 Electricity Paper vinyl, installation view 5, Daniel Buren, 3013. http://www.petzel.com/ 
(Accessed: 05 August 2016)             71
Figure 6.4 Proposed screens for social learning areas           71
Figure 6.5 African Fractals. https://www.ted.com/talks/          72
Figure 6.6 Museum wall               72
Figure 6.7 Storage wall               73
Figure 6.8 Conceptual Models               74
Figure 6.9 Conceptual Models developed from Sine and Cosine trigonometric graphs          74
Figure 6.10 Compilation of frames from short film, Beauty of Mathematics (Parachutes, 2013)      75

Chapter 7 
Figure 7.1Triangles and curves co-exists in nature            78
Figure 7.2 Original Ground Floor Plan, 1955           80
Figure 7.3 City Property Ground Floor Plan, 2009           80
Figure 7.4 Conceptual Ground Floor Plan, June 2016           80
Figure 7.5 Ground Floor Design Plan            81
Figure 7.6 Original First Floor Plan, 1955            82
Figure 7.7 City Property First Floor Plan, 2009           82
Figure 7.8 Conceptual First Floor Plan, June 2016            82
Figure 7.9 First Floor Spatial Planning             83
Figure 7.10 Original Second Floor Plan, 1955           84
Figure 7.11 City Property Second Floor Plan, 2009           84
Figure 7.12 Conceptual Second Floor Plan, June 2016           84
Figure 7.13 Conceptual Second Floor Plan, August 2016          84
Figure 7.14 Second Floor Space Planning Plan            85
Figure 7.15 Original Third Floor Plan, 1955            86
Figure 7.16 City Property Third Floor Plan, 2009           86
Figure 7.17 Conceptual Third Floor Plan, June 2016           86
Figure 7.18 Conceptual Third Floor Plan, June 2016           86
Figure 7.19 Conceptual Third Floor Plan, August 2016          86
Figure 7.20 Conceptual Third Floor Plan, August 2016           86
Figure 7.21 Third Floor Design Plan              87
Figure 7.22 Original Fourth Floor Plan, 1955           88
Figure 7.23 City Property Fourth Floor Plan, 2009           88
Figure 7.24 Conceptual Fourth Floor Plan, August 2016          88
Figure 7.25 Original Roof Plan, 1955            88
Figure 7.26 Conceptual plan, May 2016            88
Figure 7.27 Conceptual Roof Plan, June 2016           88
Figure 7.28 Conceptual Roof Plan, August 2016           88
Figure 7.29 Existing Exterior              89
Figure 7.30 Conceptual Exterior Intervention, June 2016          89
Figure 7.31 Conceptual Exterior Intervention, August 2016          89
Figure 7.32 Conceptual Exterior Intervention, September 2016         89
Figure 7.33 Northern Elevation              90
Figure 7.34 Western Elevation              91
Figure 7.35 Section A-A               92
Figure 7.36 Section B-B               93
Figure 7.37 Conceptual Circulation Narrative, June 2016           94
Figure 7.38 Atrium as social learning space, October 2016          94
Figure 7.39 Atrium as a circulation node, October 2016          94
Figure 7.40 Atrium as social learning space, November 2016         95
Figure 7.41 Atrium as a circulation node, November 2016          95
Figure 7.42 Theatre of science, November 2016           95
Figure 7.43 Conceptual Circulation Narrative, September 2016          96
Figure 7.44 Curved wall becoming spatial gradient between lab and passage, October 2016      96
Figure 7.45 Curved wall with framed views into laboratories, November 2016        96
Figure 7.46 The makerspace, November 2016           97
Figure 7.47 View of the makerspace from computer lab, November 2016        97
Figure 7.48 Conceptual Science classrooms, June 2016          98
Figure 7.49 Conceptual Science classrooms, June 2016          98
Figure 7.50 Student’s view of Science store when in laboratory, October 2016       98
Figure 7.51 Student’s view of teaching wall, October 2016          98
Figure 7.52 Section C-C               99
Figure 7.53 Student’s view of Science store when in laboratory, November 2016       99
Figure 7.54 Student’s view of teaching wall, November 2016         99
Figure 7.55 Science store, November 2016           99
Figure 7.56 Science store, November 2016           99

Chapter 8
Figure 8.1 Design innovation - Solar chimney           103
Figure 8.2 Design innovation - Sun Shade            104
Figure 8.3: Sound insulation wall (Lafarge:7 )- sound insulation reduction index of 53dB. 
http://www.lafarge.co.za/LAF_514917_Partition_Brochure_F.pdf (Accessed: 15 September 2016)      105
Figure 8.4: 63mm Glasswool cavitybatt by Isover.- Aids reduction of sound transmittance. http://www.isover.co.za/glasswool
(Accessed: 10 October 2016)             105
Figure 8.5: Acoustic absorbent wall panels edge track FS110 by Fabricmate. 
http://www.aluglass.co.za/wp-content/uploads/2015/02/Fabricmate-brochure.pdf (Accessed: 10 October 2016)   105
Figure 8.6: 600X600mm Drop in ceiling panels, Cosmos 68/N (Needled) with 49 dB sound reduction index by OWA. 
http://www.owa.co.za/products/OWAcoustic_cosmos_intro.html (Accessed: 10 October 2016)        105
Figure 8.7 Marmoleum Decibel, Dove Grey  and Dove Blue with impact sound reduction of 17dB. 
http://www.forbo.com/flooring/en-gl/products/linoleum/acoustic-linoleum/marmoleum-decibel/bnruhx (Accessed: 20 Jine 2016) 105
Figure 8.8 Carpet tile by Van Dyck. http://vandyckcarpets.com/browse/flooring-for-the-office/ (Accessed 10 October 2016)  105
 Figure 8.9 Lighting Calculations              106
Figure 8.10 Lamp Quantities             107

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



xi

Figure 8.11 Ceiling Plan              108
Figure 8.12 Atrium - Concrete edge detail section            109
Figure 8.13 Atrium - Raked seating detail section           109
Figure 8.14 Atrium - Balustrade Detail            110
Figure 8.15 Exploded axonometric - Golden Ratio table fixed height           111
Figure 8.16 Exploded axonometric - Golden Ratio table with crank mechanism       111
Figure 8.17 Exploded axonometric - Science store            113
Figure 8.18 Sample board              114
Figure 8.19 Sbat report               115

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



2

Figure 1.1 Grade 6, Technology Centre:    
     Plan diagram drawn from memory 
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“Of all the schools you visit during 
your life, it’s always the first one you 
attended that leaves the biggest 
impression on you, and for an architect 
it must have a considerable bearing on 
their practice later on.”  (Hertzberger, 
2008: 27)

As a designer my approach is to 
respond intuitively to the identified 
problem, followed by research to 
support, enrich and iterate the 
design response.  Working from out 
of this intuitive position the problem 
identified for this thesis is the design of 
Mathematics, Science and Technology 
facilities for an independent secondary 
school, Ed-U-College in Jacob Mare 
Building located at 193 Jeff Masemola 
Street, Pretoria CBD.  The focus for this 
thesis followed from my own experience 
as a scholar:

Memories of school

Preamble 

When I was in grade six, my school 
opened a new Technology Centre 
(Figure 1.1).This had a major impact 
on my schooling experience. For 
the first time I was not confined to 
the traditional, teacher-centred, 
rectangular, unarticulated classroom. 
The space was divided by low walls into 
three areas. The first area was where 
information was transferred and tasks 
explained. The desks were hexagonal, 
thus the teacher was not the dominant 
focus point of the class. The second 
space was an intermediate space with 
kitchen counters and sinks where 
we could make a mess. The third, my 
favourite space, was the workshop 
area. Timber tables and workbenches 
filled the space. Two to three students 
could stand and work around one table.  
All the tools and materials needed to 
complete tasks were provided.  

High school was different. All the 
classrooms were of the rectangular 
type, with a blackboard in front and 
the teacher being the most important 
person in the room. In grade 10, we 
had to choose our subjects without 
ever seeing what the older students 
did in those subjects. Those spaces 
were off-limits to juniors. I did not 
take Woodwork, Technical Drawing 
or Computer Studies because I was 
limited to 7 subjects. I still regret that 
I could not experiment with these 
subjects at a younger age. I took Art 
and this classroom was just as off-
limits to other students as I was cut off 
from Woodwork. 
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1. Introduction

+

“It is not the answer that enlightens but the question” 
Eugene Ionesco (Delacôte, 1998: 2054)

1.1 Background
“Education… is about exploring the 
world. It is not just obtaining insight 
that is important but, increasingly, 
accumulating interest and love 
for the riches our world has to 
offer. This happens in interactive 
situations that could be stimulated 
more by the physical environment 
than designers are prepared to 
concede.”(Hertzberger, 2008: 46) 

Schools are one of the few building 
types that have truly evolved poorly.  
Variations only started appearing at the 
end of the 20th century (Hertzberger, 
2008: 11). School environments play 
a major role in education and learning. 
Many schools in South Africa lack basic 
teaching facilities, and skilled teachers, 
let alone have the spatial requirement 
for new learning methods.
 
The internet and new technology 
enables many students to access 
online courses to broaden their 
knowledge on a variety of topics.  There 
are numerous online exercises focusing 
on improving high school Mathematics 

and Science, and should be considered 
as a contributing aspect to learning.  

In South Africa, the Department of 
Basic Education focuses on improving 
Mathematics, Science and Technology 
education (DBE, 2015). However, the 
enrolments for Further Education 
and Training (FET) Mathematics has 
decreased from 263 000 students 
in 2010 to 143 0000 students in 
2013 (Nkosi, 2014). Through the 
Mathematics, Science and Technology 
(MST) Sector Plan, the Department 
of Basic Education and the National 
Development Plan strives to increase 
students’ eligibility for bachelors 
programmes within Science and 
Mathematics to 450 000 by 2030 
(DBE, 2015).

Mathematics and Science enrolments 
in schools are dropping and the 
pass rate is weak.  In 2013’s matric 
examination, more than 280 000 
pupils wrote Mathematics Literacy with 
a pass rate of 87%.  In contrast, only 
143 000 wrote maths with a pass rate 

of 60% (Nkosi, 2014).  As a result the 
Department of Education is invested in 
improving MST at schools (DBE, 2015). 

Speaking on the issue of traditional 
teaching versus experience based 
learning, Sir Ken Robinson described 
traditional formal education as being 
a mechanistic, industrialised system 
focusing on standardisation and 
conformity. This system operates 
through teaching and testing rather 
than what he argues should be 
teaching and learning (TEDtalk, 2013). 

Claim on space is becoming greater, 
school equipment is becoming more 
expensive and the number of scholars 
to teachers is increasing, the result 
is a worldwide scarcity of qualified 
skilled teachers (Hertzberger, 2008:8). 
Problems such as these could be 
alleviated by embracing new methods 
of teaching and learning, such as the 
American online high school classes 
known as the Khan Academy and other 
forms of online education. 

Figure 1.2 Thinkers and doers make innovations
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=

Such new approaches lead to new 
spatial requirements and qualities that 
should be able to function alongside 
the traditional teacher-fronted 
lessons. The focus on individual-based 
education is growing and with it the 
spatial complexity of school buildings 
will increase (Hertzberger, 2008:8). 

This thesis is concerned with the 
spatial articulation of experience- 
based learning and the potential 
this type of learning has to 
integrate with the existing teacher-
fronted spaces of traditional 
formal-based learning. The school 
will be rebranded as Shift College, 
an educational environment that is 
shifting the way schools teach  and 
how learners learn.   

Museums and more specifically science 
centres have adopted experience- 
based learning as a focus for their 
exhibitions and workshops. Science 
centres can be strategic allies in the 
Science education reform movement, 
as they help to integrate formal and 
informal ways of learning (Delacôte, 

1998: 2054). Schools can combine 
formal learning with informal learning, 
by providing a rich environment that 
emulates the museums of today, where 
pupils can interact with the displays. 

To ensure a valuable experience for 
the learner it is important that there 
is a seamless connection between 
informal learning and structured 
traditional learning. A cross-fertilization 
between learning opportunities 
available in museums and learning 
methods available in schools needs to 
be explored.  An interdisciplinary and 
multifunctional approach should be 
adopted, in order to create intriguing 
environments that appeal to the senses 
(Delacôte, 1998: 2055). 

Learning should be about more than 
just absorbing knowledge (Hertzberger, 
2008: 8). 

A school should be an ever-changing, 
stimulation environment. The school 
space should encourage more than 
just reading, writing and arithmetic 
(Hertzberger, 2008: 9).

A school can be seen as a kind of 
microcosm: an idealised representation 
of the world where we send our young 
citizens (Jacob, 2015: 45). Hertzberger 
(2008: 117-18) argues that a school 
should represent as far as possible the 
most complete world for the untrained 
citizen. He compares corridors to 
educational streets and states that 
there should be spaces like city plazas 
and squares where social interaction 
can take place. 

The physical environmental qualities of 
schools have a considerable influence 
on children (Figure 1.2). They develop 
the first conscious impressions of 
their environment that will influence 
their whole life. A sense of quality of 
environment and what they can expect 
and demand of life is generated. Thus, 
the learning environment should be 
varied and rich, leaving the student 
with the best of memories and 
associations (Hertzberger, 2008: 9). 
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1.2 Real-world problem 

A substantial amount of youth have 
to travel a great distance daily from 
home to reach the schools they deem 
fit. A study done by Sekete, Shilubane 
and Badiri of 120 urban schools in 
South Africa showed that 49% of the 
students are from other residential 
neighbourhoods than where the school 
is located (Fataar, 2007: 1). It is evident 
from this study that certain areas in 
South Africa do not have adequate 
educational resources. 

Du Plessis (2010:6) investigated inner 
city schools, the study revealed that 
even where these schools are safe 
or functional, the majority are not 
adequate educational environments. 
They do not meet the prescribed norms 
and standards as per the Department 
of Education’s regulations as stated 
in the National Minimum Norms and 
Standards for School Infrastructure 
published on 21 November 2008. 

In 4 August 2014 it was reported 
that 353 schools in South Africa do 
not offer Mathematics at FET level. 
The main reasons were that they do 
not have the necessary and qualified 
teachers. Schools drop Mathematics 
for Mathematics Literacy to achieve a 
better matric pass rate (Nkosi, 2014). 
Without Mathematics students cannot 
take Science, limiting their subject 
choices. 

The “post-provisioning model” 
determines the number of teachers 
according to the number of pupils in the 
school; this does not take into account 
the number of grades or subjects the 
school offers (Nkosi, 2014). It is clear 
that many schools have restricted 
choices of subjects, resources and 

qualified staff. If students do not 
continue with Mathematics and 
Physical Science into grade 10 their 
choices for university courses become 
restricted and they cannot enter scarce 
skill professions (Nkosi, 2014). 

This foundation of inequality has led 
to a situation where certain young 
adults are less prepared for the work 
environment and tertiary education 
than others. 

Students should be able to develop, 
explore and discover their own 
interests and strengths in their school 
years. There is a need to emphasise 
the interconnected role Science and 
Mathematics play in everyday life. 

The school environment, in particular 
the interior spatial environment, plays 
a major part in facilitating learning. 
However, it is evident from the site 
analysis (see chapter 3.9) and 
theoretical investigations (see chapter 
2.2.1) that the typical South African 
school is currently suited for teacher-
fronted learning.

“We reach out to that world to preserve 
or to change it and so to make visible 
our desire.” – Kevin Lynch (1972:1). 

Buildings outlive civilisations. Through 
adaptive reuse they evolve and 
change and thus endure the test of 
time (Brooker and Stone, 2004:9). A 
number of buildings in Pretoria CBD 
are abandoned (Du Toit, 2009:3) 
and according to the Tshwane Inner 
City Development and Regeneration 
Strategy, the City of Tshwane is 
currently not functioning as it should 
(2005:2). Building stock is not utilised 

properly even though the city is 
well connected to its surroundings 
through multiple public transportation 
infrastructures. Through adaptive reuse 
these buildings can provide urgently 
needed school facilities. Many inner-
city independent and public schools, 
such as Pretoria Secondary School, 
located in an old clinic, and DANSA 
International College are already 
utilising this leftover building stock in 
Pretoria’s CBD through adaptive reuse. 

Thus the site selected for this design 
investigation, Jacob Maree Building, 
193 Jeff Masemola Street, Pretoria 
CBD was originally used as storage 
facilities for military arsenal and 
clothing. In 2009 an Independent 
secondary school moved in. 

In the Pretoria CBD the newly 
established independent schools 
have employed adaptive reuse to 
transform disused apartments, offices 
and warehouse stock into schools and 
educational facilities (Du Plessis, 2010: 
3).  

The current recommendations for 
school design is to design classrooms 
that are large enough to accommodate 
movement, flexible and mobile layouts 
which caters for multiple learning and 
teaching styles (Brittin, et al, 2015: 
13).

Information and Communications 
Technology (ICT) has a growing 
importance in learning but too often 
it is considered as an afterthought.  
Many schools are moving towardz 
handheld devices and this brings new 
spatial requirements (Wright, 2015: 
25). 
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Figure 1.3 Jim Stoten Illustration - Traditional physical 
environment with technology. 
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1.3 Problem Statement 1.6 Contribution of 
       this Study 

1.9 Delimitations1.4 Hypothesis 1.7 Aims

1.5 Research Questions

1.8 Limitations

1.10 Assumptions

There is an urgent need to shift 
the perspective of MST education 
in schools. Traditional education in 
traditional built education facilities 
is no longer adequate. Educational 
methods are changing and with it the 
environmental requirements where 
learning takes place. There are scholars 
in South Africa that do not have 
access to the necessary Mathematics, 
Science and Technology resources that 
they need in order to reach their full 
potential. Schools should have spaces 
which facilitate varied and layered 
teaching and learning methods. 

This study will prove that interior design 
can contribute to the facilitation of MST 
learning. The study will determine the 
interior qualities that encourage active 
and collaborative engagement with 
tasks needed for experience-based 
learning. The physical environment will 
be used to reveal how stuff works, to 
provoke curiosity towards MST.  This 
study will determine the most recent 
teaching and learning methods and 
how interior design can facilitate these 
methods.  

The assumption will be made that 
the project is sponsored by a private 
business or NGO.  

This study further acknowledges 
that while currently the majority of 
schools have not adapted new learning 
methods, but as is evident from the 
literature, this change is inevitable. 
In chapter 2.2.2 it is inferred that 
schools will adapt teaching methods to 
experience-based learning. 

Through consultations with an engineer  
and by conducting a site analysis it 
has been determined that portions of 
the host building’s floor slabs can be 
demolished without diminishing  the 
building’s structural integrity. 

The target group is secondary 
education with a focus on MST 
promotion. MST will be used to 
investigate the role of interior design 
on education even though all subjects 
are valued as equally important to a 
scholar’s academic development.  
The study acknowledges that the lack 
of qualified skilled MST teachers is a 
problem; however, this study is limited 
to the physical spatial aspect of the 
MST problem.

The design of interior spaces to 
facilitate experience-based learning 
will stimulate curiosity, learning and 
application of Mathematics, Science 
and Technology amongst scholars.

The investigation aims to create an 
environment that will encourage 
exploration and learning, specifically in 
the fields of Mathematics, Science and 
Technology. The objective is to create 
an environment that can facilitate 
different learning methods and show 
how interior design can incubate a 
passion and holistic understanding of 
MST’s role in the world around us.  

“Create a climate of possibility”- 
Sir Ken Robinson (TEDtalk, 2013)

• Who and what can teach students?

• How do students learn? 

• How can the interior environment enable varied   
  learning methods? 

• How can the physical school environment resemble  
  real life? 

• How can space teach MST? 

Due to ethical constraints interviews 
have not been conducted.  Published 
interviews with policy holders, 
educators and scholars have been 
used instead.
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The author will use a number of 
research techniques to form an 
appropriate conceptual approach and 
design that fulfils the aims of this 
project. 

Intuitive Design is a method where the 
designer uses observation and analysis 
of unconscious behaviours of people 
as guidelines to generate functional 
targets and also to determine the 
functional effects of a product (Yang, 
2015:513) or environment.  The first 
step in intuitive design is user analysis. 
The designer should study the targeted 
users entirely and deeply in order to 
understand their common preferences, 
characteristics, acceptance, wishes and 
needs (Yang, 2015:513).  

“By including unstructured participant 
observations, the information gained 
from participants can be validated 
as authentic and unbiased (and vice 
versa). It is posited that if an account of 
observation is thorough, clear, precise 
and written as honestly as possible, it 
is unlikely that it can be disbelieved” 
(Brinkmann, 2012:74).

Case Studies are conducted in order to 
understand complex social phenomena. 
Using a case study as a research 
method allows the investigators 
to collect holistic and meaningful 
characteristics of real world events (Yin, 
2003:2). Case studies try to illuminate 
why a decision was made, how it was 
implemented and with what results 
(Yin, 2003:12). 
“A case study is an empirical inquiry 
that investigates a contemporary 
phenomenon within its real-life context, 
especially when the boundaries 
between phenomenon and context 
are not clearly evident.” Robert K Yin 
(2003, 23)

Qualitative Research is a method 
that studies elements in a natural 
setting, in order to make sense and 
interpret phenomena in terms of the 
meanings people bring to them. This 
is done by observing routine and 
problematic moments and meanings 
in individuals’ lives in order to form 
a complex, holistic picture (Creswell, 
1997:15).

The following methods will be utilised to 
determine the spatial qualities needed 
to facilitate MST learning  

Case studies: The author will conduct 
multiple case studies where she will 
analyse the building, but also silently 
observe the users, keeping track of 
how they use space and the roles 
they play.  Through case studies a list 
of strengths and weaknesses will be 
written. 

Precedent studies:  The author 
will conduct precedent studies to 
investigate good practice examples for 
typology, concept, spatial qualities and 
programme. 

The literature review: A literature 
review will be used to reduce a large 
body of knowledge to key references 
that have a direct bearing on the 
research question. In this way the 
literature review will be used to ensure 
that the research questions are not too 
narrow or too broad (Groat and Wang, 
2013:145).  

Historical educational literature 
review: The author will first determine 
how modern educational theories 
changed over time and how they 
influenced the spaces where education 
happened.  

1.12 Methodology
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1.13 Conclusion

This study investigates the role that 
the interior environment plays in 
educational facilities.  MST education 
will be used as the starting point of 
the investigation in order to show how 
the interior can be used to facilitate 
specific learning methods.
  
The real world problem identified that 
not enough students continue with 
Mathematics and Science at FET level, 
thus it is essential to incubate curiosity 
towards these subjects with students. 

In the problem statement it is clear that 
traditional educational methods are no 
longer adequate and that new spatial 
requirements need to be identified to 
facilitate new learning methods. 
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