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Abstract 
This paper reports on the state of MST education in terms of infrastructure, equipment, and 
knowledge and curriculum implementation at five schools in Mankweng Citcuit in Limpopo Province. 
MST teachers from those schools were interviewed and observations of the infrastructure, learning 
and teaching materials at each school were done. The study revealed that schools had challenges in 
human resources, infrastructure and large classes. Mathematics and Science teachers also had 
challenges with some content areas. Consequently there is no practical work done by learners in 
Science and Technology classes. Further study is recommended with large samples to ascertain the 
extent of the challenges highlighted in this study. 
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1. INTRODUCTION 
The low performance of matriculants in Mathematics and Science and Technology (MST) has been a 
perennial challenge in South Africa (Onwu, 2005; Makhgatho & Mji, 2006; Department of Basic 
Education, DBE, 2012). Similarly, the Council on Higher Education, CHE, (2013) reported that: ‘It is 
widely accepted that learner under-preparedness is the dominant learning-related cause of the poor 
performance patterns in higher education’ (CHE Report, 2013:17-18). Due to poor performance, 
some teachers discourage learners from studying Science and Mathematics related subjects in order 
to improve performance (Tachie & Chireshe, 2013). A few learners register for Mathematics and 
Physical Science in Grade 10 (Klinck, 2013). As a result candidates that registered for Mathematics at 
Grade 12 decreased by 15% (Report on National Senior Certificate Examination, 2014). Spaull 
(2013:5) also states that:  

‘A close inspection of school data shows that of the 100 pupils that start grade one, 
50 will drop-out before Grade 12 (most of which happens in Grades 10 and 11), 40 
will pass the National Senior Certificate (NSC) exam and 12 will qualify for university’.  

Furthermore, from 2008 to 2011 the proportion of pupils taking mathematics in high school declined 
from 56% to 45% because more pupils opted for the easier mathematics literacy (Spaull, 2013). 
Similarly, ‘analysis of other datasets like the Trends in International Mathematics and Science Study 
(TIMSS) verifies this, showing that Grade Nine pupils from quintile one and two schools are 
performing at least three years behind quintile five Grade Nine pupils (Spaull, 2013:6).  This trend of 
low registration in mathematics and science cascades to the university level (Murray, 2014 

An independent rating by the World Economic Forum (WEF) corroborates this outcome (Wilkinson, 
2014; MyBroadband, April, 2015). The WEF report (2014) rates South Africa as the worst in quality of 
education in Mathematics and Science (Bilbao-Osorio et al, 2014). Factors responsible for such low 
performance are often assumed and the state of schools may not be well researched.  
 
Purpose of the study 
This study is part of a larger project, Quality Teaching and Learning, funded by Department of Higher 
Education and Training, to improve performance in Mathematics and Science in Limpopo Province. 
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The purpose of this phase of the study was to investigate the state of MST education in terms of 
infrastructure, equipment, and knowledge and curriculum implementation. This was done to collect 
valuable information about what needs to be done in order to ensure that the ideals of the new 
curriculum are realised. 
 

Research Questions 

What is the state of MST education in Limpopo schools?  

 
Methodology 
A case study design was used (McMillan & Schumacher, 1993) because the researchers wanted to 
find out experiences of Science and Mathematics teachers (Creswell, 2013) from selected schools in 
Mankweng Circuit. 
 
Population and Sample 
The sample consisted of five school, where 28 Mathematics, 25 Science and 5 Technology teachers 
and 5 Heads of departments (HOD). The five schools were purposively selected because they offered 
Mathematics, Life Science and Physical Science and Technology.  
Instrument 
Open ended interviews (OEI) (Appendix 1) and non-participant observations checklist (Appendix 2) 
were used. OEI questions were designed by the researchers because they provided “a certain degree 
of control with a certain amount of freedom to develop the interview” (Wallace, 1998 p. 147). In the 
case of the checklist, the Consortium of Local Education Authorities for the Provision of Science 
Services (CLEAPPS) and the Association of Science Education (ASE) standards were used as a 
benchmark for identifying the basic components of the state of the schools. For face validity the OEI 
questions and the checklist were assessed by a Professor and a Senior Lecturer in Science Education.  
For reliability OEI questions were piloted with two teachers that were not part of the study and 80% 
agreement was considered adequate for the study.  

Data collection 

Data was collected using Interviews which lasted 30 minutes for each teacher. The interviews were 
audio-recorded and the researchers also made notes. The teachers were allowed to read through 
the notes to ascertain the accuracy of the recorded information. A checklist was used during 
observations at the school that had a laboratory.  
 
Data analysis 
Interviews were transcribed and the transcripts were open coded by reading sentence by sentence 
(Babbie & Mouton, 2001) to determine key ideas such as common difficulties, frequently mentioned 
words and logical summarising words coined by researcher. Key ideas were re-arranged to form sub-
themes. Lastly, during selective coding, sub-themes were compared to the purpose of the study in 
order to generate main themes. During observations, facilities and equipment were counted and 
lists were tabulated for the school with a disused laboratory building (Appendix 2). Teachers were 
coded according to their individual number and the school number. For example T1 Sc 5 means 
teacher number 1 at School 5. Head of Department interviewed is simply represented as HOD 
followed by the school number. For instance, HOD SC 5 means HOD at school 5. 
 
Ethical issues 
Permission was granted by the District Education Department and the researcher kept names of 
schools and individuals teachers as anonymous.  
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Results  

The state MST education in the schools was characterised by lack of human resources, infrastructure 
and large classes. As   

Interviews 
Interviews elicited the experiences of teachers and their feelings about how best MST education 
could be improved. Five themes emerged from the interviews with MST teachers and HODs and 
these were: lack of laboratories and equipment, Practical work and improvisation, management and 
maintenance of science equipment, large classes and teacher training. 
 
Theme 1 There are no laboratories  
Only one school has two dysfunctional laboratories. The HOD Sc1 explained: ‘Two laboratories were 
donated to the school by a former student. These laboratories have been dysfunctional for more than 
a decade’. ‘The Physical Science laboratory is being used as a store room for non-science materials 
like barrows, picks and shovels from the grounds staff’  However there was no explanation why the 
laboratories were no longer used for practical work in science.  From the interview it also emerged 
that the schools can request the DBE to build laboratories and other rooms but there is general 
inaction and the DBE cites lack of money. When asked as to why schools do not build laboratories 
from their own resources, HOD Sc 5 responded ‘Eish, it is very difficult. By policy, only DBE can put up 
buildings at schools. We have requested DBE to build laboratories, staff rooms, libraries and extra 
classrooms to ease crowding. After several years of inaction we are now convinced that teachers, 
principals and SGBs are powerless to effect that change.’  
 
As a result there is no practical work that is conducted at the school. Pupils are bussed to the 
University of Limpopo Science Centre to observe demonstrations and record data from experiments. 
Each learner has to pay R15 per trip and some cannot afford it. 
 
Theme 2 No equipment for science and technology  
Asked if ever they do practical work, all teachers said they did not do practical work. All teachers 
stated the lack of equipment as the reason why they could not conduct practical work. T2Sc4: ‘A 
simple activity like the change of state from ice to water vapour could not be conducted because we 
do not have thermometers. So even if I am interested in conducting practical work, I cannot do it 
because there is nothing to use’. Furthermore, lack of facilities seems to have established an attitude 
of inaction in science teachers as T1Sc4 explains, ‘We have no equipment, so we rely on ‘talking’ 
science. We use prescribed books such as Siyavula, Study & Master and others in the classrooms.’ 
 
Theme 3 No improvisation  
One teacher mentioned that he never had workshop training and was not comfortable improvising. 
Several other teachers are also not trained in workshop procedures. Besides, there is no space or 
tools to use for improvisation. T3Sc1 explained this while suggesting laboratory technicians ‘I was 
not trained to handle tools. There are no tools and materials in the school anyway. Given the 
teaching loads we have, there is no time for meaningful improvisation with hundreds of learners. 
Technicians assisting teachers could make practical work and improvisation more sustainable.’   
 
Theme 4 No laboratory technicians 
All teachers felt overloaded with large classes and unable to organise meaningful practical work. 

T2Sc1 ‘the school has never has had the post of a technician. Actually technicians could help us 

teachers because we have no time to set up and re-shelve apparatus….it would also help teachers 

who have little experience with practical work’. Some teachers also suggested dedicating one 

teacher to do experiments only for the whole school. If laboratories would be set up then schools 

would not need to have technicians. T1Sc5 said ’instead of waiting for DBE to create a post, why not 
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elect a single teacher to do experiments only’. Given the several classes in schools, more than one 

teacher would be needed for practical work in each school. 

Theme 5 There are large classes  
The class size in the five schools ranged from 50 to 75 learners, suggesting that they are large classes 
(Xu 2000). HOD Sc2 explained ‘the classes are so large you can’t walk around the class and so 
managing an experiment would be impossible. What do you do with two test tubes in a class of 65?’  
 
Theme 6 No qualified technology teachers  
Technology is offered up to Grade 9 and it is not offered in FET because there are no qualified 
teachers in the schools (Table 3). Lack of teachers is so bad that some technology teachers are 
conscripted from Mathematics and Science to teach Technology. This is confirmed by T7Sc3: The few 
practicing teachers in technology education are mainly trained for the senior phase of Secondary 
Education (Grade 8 and 9). Some teachers are actually not trained as technology specialists but are 
conscripted into the subject from Science and mathematics. As a result these teachers experience 
content mastery hardships.  
 
Theme 7 Teachers experience content difficulties  
18 out 20 (90%) teachers experienced difficulties with new content which they never learnt at school 
and has now been introduced in the curriculum. The learning areas and the frequency of occurrence 
among the interviewed Science and Mathematics teachers are indicated in Tables 1 and 2. Only one 
teacher expressly said he had no problems in Mathematics and did not need any help.  
 

Table 1 Topics where science teachers had difficulties and their frequencies. 

 

Physics No Chemistry No Life Science No 
Newton’s laws  5 Stoichiometry & quantitative analysis 18 genetics 8 

Practical activities 16 Periodic table 15 Cellular respiration 5 

E-M waves 15 Oxidation states 14 Food tests 17 

Calculations. 12 Organic chemistry 6 Homeostasis 6 

 
Table 2 Topics where Mathematics teachers had difficulties and their frequencies. 

 

Challenges in all 
Grades  

No Challenges in FET No Challenges in GET No 

Euclidean geometry  
Probability  
Trigonometric functions  
Finance growth and 
decay  

5 
23 
15 
23 

Calculus  
Functions  
Factorisation   
Equations and 
inequalities  
Finance growth and 
decay  

5 
15 
6 
6 
 
15 

Surface area and volume  
Representing and 
interpreting data  
Shapes and objects  

6 
 
6 
6 

 

The results from the interviews and observations using a checklist indicate that schools lack 
infrastructure and equipment for MST education. Teachers have many content challenges in 
Mathematics and Science. Consequently, teachers do not conduct practical work in Science and 
Technology lessons. The researchers also made observations in schools, making actual counts of 
equipment and buildings where possible and the results are indicated in Table 3. 
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Table 3 Observations from five schools and context explanations in some schools. 

Requirement Observations in all schools Special circumstances in some 
schools 

Laboratories. None in 4 schools, 1 school had 2 
laboratories. No technology rooms in all 
5 schools. One s 

The 2 laboratories in one school 
were reported to have been 
donated by a former student. 

Equipment There were odd pieces and very old 
chemical stock 

Suggest that practical science used 
to be conducted in the past 

Storage facility None. The odd equipment items, models, 
charts and chemicals stored in same 
room at staff and books. 

Separate room built as book storage 
cum staff room in one school. 

Electricity and 
piped water 

Present Piped water available 

Laboratory 
technicians 

None. The post does not exist in all 
schools.  

Even in the school with labs, the 
post never existed 

Internet All had internet access 1 school connected to university 
server and tablets as a 
demonstration centre. 

Library None Books are kept in drawers or boxes 
in the classrooms that were 
modified to become staff rooms.   

Staff room Improvised staff rooms. All teachers 
crammed in 1-3 classrooms 

At one school a separate staff room 
built by school to house teachers 

Administration 
offices 

Very small offices. Classroom subdivided 
by boards.  

 

Large classes Class sizes range from 50 to 75  

Technology 
Education room 

No rooms for drawing or other activities   No practical work  

Technology 
Teachers 

Technology teachers teach up to Grade 
9. There are no  FET technology teachers 
at the schools 
 

No trained technology teachers 
which resulted in these schools not 
to offer Technology at FET level. 

 

Discussion 
The purpose of this paper was to investigate the state of MST education in terms of infrastructure, 
equipment, and knowledge and curriculum implementation. The study found out that the majority 
of schools had: no laboratories, inadequate staff-rooms and administration offices, no libraries and 
limited classrooms. Some classrooms were used as staffrooms, store rooms and administration 
offices. This reduced the number of available classrooms. Consequently, classrooms intended for 30 
learners are overcrowded with learners ranging from 50 to 75. This state of affairs compromises: 
learners’ comfort, individual attention, learning effectiveness and class control (Hayes, 1997). 
Certainly the overall result is poor performance. Studies elsewhere show that good infrastructure 
can increase learners’ performance in the range of 2.2-3.9% (Bullock, 2007) and a study in Los 
Angeles showed an average increase 36 points (Buckley, Schneider, & Shang, 2004, Tanner, 2009).  
The five schools had inadequate teaching staff in MST. This shortage may be a reflection of the 
general shortage of well-trained manpower in MST in the country (DBE, 2005). In addition, all the 
schools lacked adequate equipment which limited practical work in MST. This implies that learners 
from such schools when they become teachers; they are likely to teach science the way they were 
taught (Oleson & Hora, 2014). In order to ameliorate the challenges, science teachers in these five 
schools take their learners once a term to University of Limpopo Science Centre for demonstrated 
practical activities. These are recorded as continuous assessment to meet the requirements of 
Curriculum Assessment Policy Statement (CAPS). This suggests that there is very little or no 
individual practice to satisfy the purposes of practical work (Dillon, 2008). Furthermore, teachers do 
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not have similar understanding regarding the purpose and importance practical work (Ramnarain, 
2013; Dudu & Vhurumuku, 2012).  Ramnarain quoted in Mudau (2015) posits that  

‘some physical science teachers in South Africa were of the view that physical 

science practical work is for making the subject of physical science enjoyable and 

development of students’ experimental skills. As such, physical science teachers 

do not view practical work as a basis for the development of substantive 

understanding of concepts in the subject of physical science. p 327. 

Dudu & Vhurumuku (2012) also noted that ‘teachers' focus when teaching science is on the mastery 
of the subject matter rather than practical work' p. 595.  Dudu and Vhurumuku further surmised that 
perhaps the NCS requirement that only two practicals are assessed per grade might be ‘sending 
wrong signals to teachers’, leaving open the possibility of misinterpretation as if they are to do only 
two practicals. This requirement of two practical activity per grade per year, combined with the fact 
that practical science is not examined in the final examinations suggests less emphasis on practical 
work. Regrettably, learners miss the opportunities to learn science process skills. Furthermore, all 
five schools did not have Technology in FET band because there are no teachers qualified to teach 
the subject beyond Grade 9. This observation is in line with Pool, Reitsma and Mentz (2011) whose 
findings suggested that the training of Technology teachers should be implemented as a matter of 
urgency.  
 
Although teachers are normally taught to improvise as part of pre-service training (Bhukuvhani et al., 
2010; Becker, 2012), it was established from interviews that none of the teachers improvised in any 
of the subjects. This suggests that the teachers’ belief regarding the importance of practical work is 
limited. For example, practical work is often assumed to be hands-on by learners only and yet it 
includes both the teachers and learners (Ramnarain & Kibirige, 2010). Other factors such as work 
overload, lack of tools and workshops greatly hinder improvisation. This study used a small sample 
and therefore other studies are recommended in order to substantiate the extent of the challenges.  
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APPENDIX 1 

Open ended interview questions. 

The aim of the study was generally explained to the interviewee in order to keep the direction of the 

discussion focused. The researchers would obtain permission from the Circuit Manager which would 

be communicated to the Principals ahead of the visit. The research team would then a\identify 

themselves t the principal who would officially introduce researchers to the staff. This would open 

the discussion so the interviewee could bring up any peculiar information that would make the 

discussion more informative.  

A. Training and Experience Information 

1. What is you subject specialisation and what is the highest level of training have you attained?  

2. How long have you been teaching after training? 

3. Have you ever been required to teach a subject you did not train in?  

4. (If the teacher was not trained in Science Education)  How do you cope with unfamiliar 

content? 

5. Technology Teachers: 

a. What classes do you teach? 

b. What training have you had to teach the classes you teach? 

B. Infrastructure and equipment 

6. Do you have a laboratory or special room for science at your school? 

7. How much equipment do you have in your school? 

8. How do you secure equipment that could be dangerous such as acids, flammables and 

volatile substances? 

9. How often do you resupply perishables? 

10. Where do you buy your equipment? 

11. Have you ever carried out practical scientific investigations outside the school rooms? 

12. Do you have tools in the schools to carry out any improvisation? 

13. How best do you feel equipment and practical work must be managed in the school? 

14. If you find usable equipment in a local supermarket, are you able to purchase it? 

15. Have you ever improvised equipment or experiments? 

16. Tell me about how your science department uses the LTSM 

17. Technology Teachers:  

a. What facilities do you use for Technology Education? 

b. Do you have any equipment for teaching technology? 
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C. Experiences teaching science in the school 

18. How often do you conduct practical work in science?  

19. Are there some content areas where you have experienced problems or your learners 

experience difficulties? 

20. How best do you wish to tackle these difficulties? 

21. How do you think the DMSTE can help teachers in areas they experience difficulty? 

22. What are your views on improvisation and equipment management in the school? 

23. How big are your classes? 

24. Do you consider your classes as big classes? 

25. What kind of assistance, if any do you feel could improve your efficacy as a teacher? 

Supplementary questions may be posed depending on how an interviewee understands as shown by 

their response to a question or where either interviewer or interviewee asked for elaboration. 
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APPENDIX 2 

Laboratory infrastructure checklist Page 1 

Please tick () what is available in your school and comment on the state of the environment. 

Floor Planning Comment 

Floor area  90m
2
/30 students  

Work surface/learner (0.36m
2
)  

1 gas tap/ 2 learners  

1 sink / 6 learners  

1 socket/ 2 learners  

Fume cupboard   Broken, not functional 

Fume cupboard opposite fire exit x 

Clear floor area around fume cupboard (3m
2
)  

Wall storage and display ≈ inadequate storage 

Floor space along perimeter to allow trolley movement (1m)  

Separate preparation room Small Store room /prep room 

Coat and bag area away from work space No hooks  

Teacher Area  

White board x 

Computer  x 

Projection screen at an angle to maximise visibility x 

Safety  

Ventilation  

Large windows to allow at 8litres of air per person per sec (3.3-
5room air changes per hour) 

 

Carbon dioxide during teaching must average 1500ppm max 
5000ppm 

There is ample ventilation to keep air 
moving 

Fume extraction pump  X broken 

Adequate ventilation in prep and storage rooms x 

Lighting  

300 lux lighting on the work surface  

20% glazing  

Windows fitted with blinds to considerably reduce light when 
desired 

Physical science lab only 
LS lab has no curtaining 

Opening and closing mechanism that does not require climbing  

Portable lighting within reach of each work space (study lamp) x 

Fire  

Extinguisher showing date of last servicing less than 12 months x 

Sand bucket x 

Fire blanket x 

Doors  

At least two exits in case of fire or fumes One exit 

All doors should be fire resistant (30 minutes) x 

Flooring  

Vinyl, wood or carpet (NOT SLIPPERY TILES) Tiles peeling off, need replacement 

Furniture  

Wood or metal tube stools with ferrules  

Tables of height 900mm  

Table surface of wood / solid laminate or resin  
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Laboratory infrastructure checklist Page 2 

Preparation, Storage and Dark Rooms   

Sufficient room for the technicians to prepare lessons without 
general interruption from other staff 

x 

An office area equipped with a computer and connected to the web x 

Provision for storage of technicians’ reference books and other 
paper resources 

x 

If appropriate, provision for the storage of paper resources for 
teaching e.g. worksheets, etc 

Room available 

Provision for orderly storage of science equipment and materials, 
including ‘bench’ solutions 

Poorly ventilated room used for 
chemicals storage  

Sufficient space for trolleys  

Workbenches set at a height of 900 mm   

At least one large sink with a double drainer and hot and cold water 
supply 

Small round stainless sinks that are 
usable 

A lockable, ventilated chemical store   not ventilated 

Provision for the lockable storage of highly flammable chemicals Orderly storage no longer exists 

Provision for the lockable storage for radioactive materials (should 
not be in the chemical store) 

x 

Provision for the secure storage of gas cylinders, not in the same 
room as the flammables cupboard or the radioactive materials 

X Empty gas tanks strewn around the 
physics room 

A ducted fume cupboard, or easy access to one x 

A refrigerator or freezer,  
and dishwasher or laboratory glass washer 

x 
x 

Display and message boards on the wall X  

A site for two carbon dioxide fire extinguishers  x 

Fire blanket x 

Sand bucket x 

Dark room capable of total darkness Possible in Physical Science lab 

Wall cupboards with working surface One width wall only- inadequate 

Washable surface for working  

Mechanical ventilation x 

Ceiling light with switch  

Chemicals More than ten ears old 

 Some labels pale, others unmarked 

Physics equipment Mostly broken and in need of 
replacement 

 

 


