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APPENDIX 7.11 (PAGE 1)

-1-
PUPILS’ EVALUATION

Please fill in this evaluation form after you have
completed some or all of the practical experiments using
your own RADMASTE Basic microchemistry kit. .

. 3
1. Ceneral information: !

a) School nane:
b) Did you work alone or with a partner?
c) How many experiments did you do?

d) List the experiments you did:

Please circle the number of the option ycu most strongly
agree with in the follewing statements.

Scale: 1 - Strongly agree 3 - Disagree
2 - Agree 4 - Strongly disagree

2. Previous practical experience:

YES NO
a) I have performed many
experiments by myself while

at school. 1 2 3 4

b) The teacher has demonstrated
- many experiments for me while
at school. 1 2 3 4

c) It’s not necessary to have
had practical experience at 1 2 3 4
school to understand chemistry

O | s e R A

il

g Conom
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APPENDIX 7.11 (PAGE 2)
- 2 -

Scale: 1 - Strong.l agree 3 - Disagree
2 -~ Agree 4 ~ Strongly disagree

3. I found that microchemistry equipment:

YES NO L

a) Was easier to use than i

peakers, burettes etc. 1 2 3 4
b) Was safer to use than

beakers, bureties abi. 1 2 3 4
c) Is not real chemistr

equipment. : 1 2 3 4
d) Developed wy confidence in

practical work. 1 2 3 4
e) Regquired a great deal of

my attention to use. 1 2 3 4
f) Was fun and execiting

to use. . 1 2 3 4
g) Was too small and clumsy

to use. 1 2 37 4
h) Developad my practical

skills. 1 2 3 4
i) Any further comments?
4. Microchemistry worksheets:

YES NO

a) Have clear and easy to

understand instructions 1 2 3 4
b) Have clear drawings. 1 2 3 4
c) Are too long. 1 2 3 4
d) Have too many gquestions. 1 2 3 4

e) Any further comments?

- i " o e 4 T > o At . o kS B0 Pt T e 3 o b A Sk o S e Y e e At W B S A A s A
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: -3 -

Scale: 1 ~ gurongly agres 3 - Disagree
2 -~ Agrae 4 - Strongly disagree

%. Microchemicals kits:

——

YES NO
a) Have chemicals which are .
adequately stored in their
container. 1 2 3 4
b) Are safer to use than
using chemicals directly _
out of the store-room. 1 2 3 -4 i
¢) Have chemicals which are ;
clearly labelled. 1 2 .3 4
4) Have too many chemicals in
each kit. 1 2 3 4
e) Are confusing to use. 1 2 3 4

£) Any further comments?
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e et Yo e e A k4t . s A Y it Y e e i S TR M S e T ks T A o T it S e At B e b S

s o i it vt 4 St o Bt Rt G e P s iy b e (e Sy ke T e S . Pt B Y A Tt R A e 8 e Ot




APPENDIX 7.12 (PAGE 1)

RADMASTE INTERVIEW (SETTING THE SCENE) '

Hello?

How are you?

Thank you very much for making time for this interview. | really appreciate that.
As we both know, | am doing my research on the implementation of RADMASTE
microchemistry in secondary schools. | am interested in the introduction in Duduza
and Soshanguve. | would like to interview you in order to get your opinions and
perceptions in the way you introduce RADMASTE microchemistry in the schools.

In a few sentences, | would like to tell you where | am coming from in this

research..

My research questions are the following:
a) how are the RADMASTE microchemistry and allied materials introduced to
teachears? v
b} how do the teachers introduce RADMASTE microchemistry and allied
| materials in their schools? and
c) what are the skills, attitudes and content aims of practical work achieved t;y
the RADMASTE microchemistry approach?

To answer these questions, | have used a variety of methods. | have asked the
teachers howv they planned to introduce RADMASTE microchemistry and observed
them introduce it. Now | want to hear from you through an interview, what you

believe is happening in the schools.
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APPENDIX 7.12 (PAGE 2)

RADMASTE (MANAGEMENT/FACILITATOR) INTERVIEW PROTOCOL

1. a) What are your (RADMASTE’s) main reason{s) for introducing a
microchemistry kit and teaching materials to teachers in secondary sghools?
[Expect general ‘redress’ cost effective rationale.] ‘
b) What specific knowiedge, skills and attitudes do you think the kit can
develop?

2) Are there any reason(s) that this particular format (i.e orientation plus two
follow-ups) was chosen?

B
3) Do you have any idea about what teachers actually Do when they introduce

‘The kit'?
IF YES: What do you think happens?
Why do you think it happens this way? -
IF NO: What would you hope for?

Why would you hope for that?

7

4) What support systems (i.e. hands-on classrcom help, teaching aids or

phone-in help) are available for the teachers?

5) Is there anything else you can tell me that you think | should know?
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. APPENDIX 7.12 (PAGE 3)

RESEARCH QUESTIONS

—

a) how are the RADMASTE microchemistry and allied materials introduced to
teachers? )

b) how do the teachers infroduce BADMASTE microchemistry and allied
materials in their schools? and

¢} what are the skills, attitudes and content aims of practical work achieved by .

the RADMASTE microchemistry approach?
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APPENDIX "'7.14 (PAGE 1)

4.3 ORIENTATION WORKSHOPS OUTCOMES
[The leader of the microchemistry project at RADMASTE took the role of a facilitator during

the workshops. He is thus referred to as the facilitator.]

P

4.3.1 Orientation workshop in Duduza

This workshop was held on the 23rd of May, 1995 at the Duduza Resource Centre. Four
teachers were present at the workshop. Three of these teachers were males and one teacher a
female. Two of the males and the one female were from the same school (School 1) and the
other male teacher was from another school (School 2). Other participants in the workshop
were the RADMASTE Centre facilitator who ran the workshop, and the researcher who acted
as an observer, and toek field notes. The workshop can be divided into four major events.
These were:

a) introduction to RADMASTE microchemistry;

b) experimental exercise for the teachers;
c) discussion and guidance for school use; and
d) distribution of microchemistry equipment.

The description of the outcomes of these four events follow the same sequence as the above

list of events.

a) Xntroduction to microchemistry

The facilitator introduced RADMASTE microchemisiry with the aid of overhead
transparencies (OHT). First the facilitator told the teachers the advantages of using small-scale
chemistry. The facilitator said RADMASTE microchemistry was a low cost, small- scale
practical chemistry for all science learners and teachers. Below is a summary of reasons given
for using small-scale chemistry. The overhead transparencies used for putting forward these
points are in Appendix 7.3 (pages 2 - 3).

(i)  Microchemistry practical chemistry costs less than the conventional method of doing
practical work because the equipment is made of plastic (which does not break easily
and which was cheap to obtain). Less chemicals and time are required to perform these
experiments.

i) Microchemistry is a safer approach to practical chemistry because less waste is

produced and plastic equipment is safer to work with than glass,
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iii) Because the apparatus cost less than the conventional practical work, it makes it

possible for practical work to be done for many pupils on individual bases.

[2
Microchemistry was presented to the teachers as a joint initiative of the RADMASTE Centre
and a laboratory equipment manufacturing company called ‘Somerset Educational’. The
worksheets that were developed at that time covered five topics. Namely: equilibrium, acids

and bases, pH indicators, reduction and hydrogen sulphide generation (Appendix 7.3, page 4).

Using overhead transparencies, the names of the different pieces apparatus found in the
RADMASTE microchemistry kit with their respective functions, were shown to the teachers.
The pictures of these pieces of apparatus and their names are shown in Appendix 7.3 (pages
5 - 9) as copies of the overhead transparencies. The teachers were then told about the teachers'
manual which furnished teachers with information about the experiment and how to use the

available equipment,

It was stated that the workshop was generally designed to introduce microchemistry techniques
to teachers so that when these teachers become confident about them, they could then introduce
these to their pupils, and promote individual practical work with exciting and enjoyable
chemistry in schools. Page 10 of Appendix 7.3 lists these aims as a copy of the overhead

transparency.

The facilitator displayed the final overhead transparency which, using cartoon-style
illustrations, showed the type of transition the teachers would undergo when changing from
conventional style of practical work to small-scale chemistry. The facilitator said that the role

of the teacher becomes that of a facilitator (Appendix 7.3 page 12).
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bj Experimental exercise for tlie teachers (Duduza)

Two tables, each with two chairs were set out. On each table there was one paper cup filled
with water, two microchemistry kits, one pupil worksheet, one box of chemicals and two
pieces of white paper. Each table was prepared for two persons to work on. The e.x"i)eriment
which was selected by the facilitator and that the teachers performed is attached as Appendix
7.4.

Before the teachers could start with the experiment, they were first asked to familiarise
themselves with the apparatus and also to familiarise themselves with the chemicals from the
chemicals kit, using the chart placed on the lid of the chemicals kit. The facilitator helped the
teachers in this respect. The facilitator also went through the microchemistry kit and told each
pair of teachers at their tables the names and uses of some of the apparatus found in the
microchemistry kit although this had already been done using overhead transparencies. The
teachers were also advised to concentrate on the focus question before performing the
experiment. On an average, the facilitator gave similar guidance and advice to the people at

the two tables.

On the first table, the two teachers had their individual kits although they shared the
worksheet. They discussed the procedure to be followed although each person worked with his
own kit. One of the two teachers had to leave in the middle of the experiment. The other

teacher who was referred to as (T1) was left alone and completed the experiment on his own,

At the second table, there was one teacher (T2) from School 2 and another teacher from
School 1. T2 read from the worksheet and told the other teacher what to do. This teacher did
as she was told. When T2 looked at their results and found that they had obtained different
numbers of drops for the three titrations (i.e. using the same acid and base in all three trials),
he told the facilitator ‘I think I've got something wrong somewhere’. The facilitator assured
T2 that nothing was wrong with the procedure but he should look at the question carefully.
The facilitator told T2 that what was important was the average number of drops in the two
sets of titrations. F2 insisted that something had gone wrong. The facilitator took some time
discussing the relationship between the dissociation of an acid and its neutralisation by a base.

He used seveial examples to drive his point home until T2 claimed to have understood what
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was going on. T2 said he was going to keep the paper that the facilitator used to explain the
problem as reference material to be used at a later date. T2 also struggled to understand the
difference between precision and accuracy (this was one of the questions which the teachers
had to answer, having completed the experiment). The facilitator discussed thisb’vwith the
teacher using several examples. T2 claimed again that he couid see the difference. Although
T2 was working with another teacher (female), he read the worksheet and gave instructions
to this teacher who followed the instructions given to her [this may be an instance of gender

domination]. The discussion with the facilitator never included the female teacher,

The teacher who worked with T2 only reported at the end of the experiment that she taught
mathematics and not physical science. [Perhaps this was the reason she never took an active
part in the discussion with the facilitator.] She claimed to have attended the workshop because
they were told that it was a workshop for mathematics and science teachers. [There could have
been communication problems here.] Although this teacher had attended the orientation
workshop, she was not given any microchemistry equipment, [since she would not use this

equipment with her pupils as she did not teach science].

c) Discussion and guidance for school implementation
Regarding the experiment, the facilitator cautioned the teachers that the pupils in the classroom
might think that the drop count of the titrations in a diprotic acid is twice that of a monoprotic

acid because the diprotic acid was twice as concentrated as the monoprotic acid.

The teachers were asked whether they would be confident in performing the experiments at
their schools after having tried them in the workshop. The teachers replied that they would be
able to perform the experiments. One teacher added that all along they ignored some of the
experiments since they did not have enough time to prepare for them. The teachers were given
implementation questionnaire (Appendix 7.5) to complete. The questions on this guestionnaire
were later discussed amongst the teachers. {Because the chemicals were to be given to the
schools in small (65 ml) bottles (from the chemicals kit)], the facilitator advised the teachers
to dispense chenticals that were to be distributed to the class into the big wells of the
comboplate. Some of the pupils could be given authority to watch the wells as the other pupils

used their propetteé to collect the chemicals. [This was in response to one of the questions of
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the implementation questionnaire which asked how they were going to distribute chemicals to

the pupils in their schools.]

The researcher asked the two science teachers remaining (Teachers 1 and 2) for thei;‘z confact
telephone numbers. [This was to allow the researcher to arrange school visits to the teachers
in their schools at a later date to observe microchemistry introduced in these schools.] The
teachers gave their (home) telephone numbers [since the schools did not have telephones] and
assured the researcher that they did not mind being observed as they introduced the
RADMASTE microchemistry equipment to their pupils. Thus the two teac'hers, T1 and T2,

and their schools, S1 and S2 respectively, took part in this research.

d) Distribution of equipment
Each of the two teachers was given a box containing 40 RADMASTE microchemistry kits, 20
worksheets and one box of chemicals. The teachers signed documents indicating receipt of the

' equipment and the workshop participanfs dispersed.
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4.3.2 OQrientation workshop in Soshanguve

The workshop was held on the 14th of June, 1995. The venue was the only school represented
at the workshop in that cluster {School 3 or $3) in that area. About five teachers from this
particular school were present before the workshop started, [possibly intending to pérticipate
in the workshop]. As the RADMASTE Centre facilitator tried to establish what subjects the
teachers were currently teaching, it was established that some teachers taught mathematics and
some taught biology. The facilitator made it clear to the teachers that the workshop was for
. physical science teachers. One physical science tencher, who was also the Head of Department;.
decided to attend a soccer match which was due at the same time as the workshop. Teachers
from a second school who were also expected at the workshop were not present. It was
believed by the teachers at School 3 that the teachers from the other school were not informed
about the exact time and place for the workshop. In the end, one science teacher (T3) and one
biology teacher (Tb) remained for the workshop. This biology teacher decided to stay and no

one asked him to leave although he did not teach physical science.

The workshop in Soshanguve also followed the same procedure under the four major
components as the one in Duduza: introduction to RADMASTE microchemistry; teachers'
experimental exercise for the teachers; discussion for schoo! implementation; and issuing of

equipment,

a) Introduction to RADMASTE microchemistry

In the orientation workshop in Soshanguve, the facilitator introduced RADMASTE
microchemistry. In his introduction, he included how and where it began. The facilitator also
attempted to give the teachers a fair picture of the position of the RADMASTE microchemistry
at that time. Using overhead transparencies, the facilitator showed the teachers the pictures of
apparatus found in the RADMASTE microchemistry kit. He also told the teachers the names

and functions of these pieces of apparatus.

b) Experimental exercise for the teachers
In this case there were two tables prepared. The teachers had their individual boxes of
chemicals, microchemistry kits, worksheets, paper cups of water and the white pieces of paper

to work on. They were asked to perform the acid-base titration experiment (experiment B2,

it
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Appendix 7.4). [The same experiment was performed at the orientation workshop in Duduza.]
The facilitator read the focus question and requirements of the experiment to the teachers. The
teachers were asked to work through the experiment step by step and recerd their answers
whenever they were told to do so. The teachers were asked to copy beth the tabl’;s in the
experiment on to their workbooks and record t* =ir answers there. They were also asked to do

the same thing with their pupils (i  isk them to copy tables into their workbooks).

The values obtained by both teachers were compared. The biology teacher (Tb) was asked to
repeat the titrations after he had explained what he had done. [Perhaps from Tb's response,
the facilitator found something wrong with the way Tb had performed the oxperiment.] Later
T3 was also asked whether he was coping and when he stated that he had put in tco many
drops, he was also asked to repeat the titration. The facilitator later demonstrated to the
teachers how to get uniform drops from the propette. He also asked the teachers to practise
how to get drops from the propettes. The facilitator also showed the teachers another way of
getting drops from the propette and this was by stretching the propette's stem out so that it
became even thinner and this was also demonstrated to the teachers. {He possibly went through
this procedure because he observed that the teachers were not able to use the propettes

correctly.]

When the first set of titrations was completed, it was found that T3 obtained accurate results
(i.e 5 drops for each titration) and Tb was supposed to have repeated all the three titrations.
[Tb possibly obtained values that were not close enough to the experimentally determined
value in the facilitator's view]. The facilitator, however, asked the teachers to move on to the
titration of the second acid (acid B) as they were running out of time. ™b wanted to carry out
a titration when he found that all his propettes were full but he seemed not to be able to
identify the contents of each propette. The facilitator then asked Tb to use an indicator to
identify the contents of the propettés. Tb managed to identify the contents of his propettes and
then he repeated the titration. Even after this second trial, both Tb and the facilitator could not
accept the results obtained from the titration. The facilitator decided that there was something
wrong with whaisthe teacher had done. [Tb had trouble coping with the experiment. The

facilitator later commented to the researcher that he found Tb ingompetent.]

ey




¢) Discussion of the teachers’ evaluation form
The facilitator then completed the rest of the experiment with the teachers. He then discussed

the content of the experiment with the teachers. The discussion included the dissociation of the

4
3

two acids and the base, and the definitions of precision and accuracy. 1

After the teachers completed the implementation questionnaire (Appendix, 7.5), T3 mentioned
that the microchemistry apparatus was easy to handle. Both teachers also agreed that the
worksheets were easy to follow and that they would possibly be easy for the pupils to follow
as well. Tb mentioned that although he might not use the microchemistry kits, he might be

able to help ‘if anything went wrong’.

Regarding the chemicals, the issue was raised that the biggest class had about fifty pupils
(standard 9) and standard 10 had thirty pupils. It was agreed by both T3 and the facilitator that
if these classes were divided into groups and these groups were controlled, then each group

could get enough chemicals to complete an experiment. [Aithough it was said that

microchemistry was meant for individual practical work, at this point the facilitator agreed.

with the fact that it could be used in groups. Perhaps the size of the group was important as
ell, since microchemistry is planned for individual practical work, The volumes of chemicals

available was also of concern to the teacher and the facilitator.]
d) Distribution of equipment
Only the science teacher (T3) received the RADMASTE Centre microchernistry kits ard allied

materials. The materiale were the sar:: as those issued in Duduza,

Events and outcomes of this section are tabulated on the next page.

ALa0EN
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4.4 TEACHERS' REFLECTIONS AND IMPLEMENTATION PLANS

The researcher arranged the dates of visit with the teachers over the telephone. The purpose of
this first visit to the schools was for the researcher to interview the teachers on their opinions
regarding the orientation workshop and plans to introduce the RADMASTE microche%nistry to
their pupils. The researcher used an interview protocol (Appendix 7.6) to interview the three

teachers, and subsequently transcribed the interviews (e.g. Appendices 7.7.1, 7.7.2 and 7.7.3).

T1's reflections and implementation plans

T1 was interviewed on {he 13th of June, 1995, This was a school day. T1 was able to recall that
at the orientation workshop they were first told what RADMASTE Centre and RADMASTE
microchemistry were. They then “substantiated' what the RADMASTE microchemistry was by
performiug an experiment (Appendix 7.7.1, page 1, lines 7- 9).

Regarding what they did for the experiment, he said they were checking the concentrations of two
acids, *...one with two protons and the other acid with one proton'. [This referred 1o the titration
of the monoprotic and diprotic acids, namely hydrochloric and sulphuric acids respectively. The
explanation T1 gave implies that the two acids had one and two protons only. He does not show
that the molecules of one acid wouid each liberate one and the other acid's molecules literate
two protons.] When asked whether he had learnt any chemistry content, he said he had never
done an experiment determining the effect of concentration before but all the same, he was not
expecting the results from the two sets of titrations to be the same (Appendix 7.7.1, page 47-
50). [The two acids and the base had the same concentrations (cf 0.1 mol dm®) although T1
said he was determining their concentration. One acid was monoprotic and the other acid
diprotic, The experiment was about checking the effect of a monoprotic and a diprotic acid on

the volume of base needed to neutralise each acid, not the effect of concentration].

T1 claimed that he struggled to get drops from the propettes into tlie comboplate. Although
this was the case, he still believed that with time and practice, one could ma er using the
propettes (Appendix 7.7.1, page 1, lines 22-28). His opinion was that the we sheets were
easy io follow. He especially liked the fact that the wells of the comboplate were labelled
(Appendix 7.7.1, page 2, lines 32-34).
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Regarding the style of practical exercises he followed with his pupils prior to being introduced
toc RADMASTE microchemistry in S1, he said that experiments were performed in some cases
with the standard 10 class. T' e were 32 pupils in standard 10 (Appendix 7.7.1, page 3, line
83). When the standard tens performed experiments on the conventional scale, they shared one
set of apparatus in the form of two groups. As one group took the measurements, the other
group recorded the results. This normally happened in the laboratory. In other cases, the
teacher performed demonstrations either in the laboratory or in the classroom (Appendix 7.7.1,
page 3, lines 67-73, 89-90).

Regarding how T1 was going to introduce the RADMASTE microchemistry equipment to his
pupils, he wanted to do it *...the way it was done...' at the orientation workshop (Appendix
7.7.1, page 3, line 93). However, he first wanted to introduce the following topics to the
pupils: acids; protons; and indicators. He was then going to demonstrate a titration process
using conventional apparatus available in the school. When asked to further explain what he
meant by his statement, he said that he was going to tell the pupils what the experiment they
were about to perform was about,”...especially the labelling of the comboplate’. The pupils
were each going to get a microchemistry kit and worksheet. The pupils were going to follow
the instructions from the worksheets as he found the worksheets easy to follow and he also
wanted to se¢ whether the worksheets were comprehensible to the pupils or not (Appendix
7.7.1, page 4, lines 99-102, 122-130). [T1 seemed to overlook the help and guidance he
received from the facilitator in the orientation workshop. First the facilitator introduced the
concept behind RADMASTE microchemistry. He then showed the items found in the kit using
an overhead projector (which T1 neither had nor intended to use). The facilitator also showed
the apparatus to the teachers individually at their tables. He guided the teachers through the

e-periment itself which T1 was not planning to do for his pupils.]

T2's reflections and implementation plans

This interview was held on the 13th of June at School 2 [same rlay as the one in §1]. When
asked to reflect on what happened at the orientation workshop, T2 only mentioned that the
workshop °...wasall right', He did not elaborate on what happened.

When asked about his feelings about microchemistry, T2 said that microchemistry was

interesting and he especially liked the comboplates. He claimed to have experienced no
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difficulties at all when performing the experiment using the RADMASTE microchemistry kit
and allied materials (Appendix 7.7.2, page 3, line 80). [T2 did not mention that they had a
long discussion with the facilitator regarding the numbers of drops that T2 and his partner
obtained from their titrations. The two (i.e. facilitator and T2) also had another long d'I'scussion
regarding the difference between accuracy and precision and this T2 did not mention during

the interview.]

T2 claimed to have learnt some chemistry content in the workshop. When elaborating on this
issue, he claimed to have been amused by finding the numbers of moles for the two acids
(Appendix 7.7.2, page 3, lines 85-88). [This experiment required them to find the numbers
of drops (which would be equivalent to volumes) used to titrate monoprotic and diprotic acids
of the same concentrations using a base of that same concentration. This led to the ratio of acid
to base being 1:1 and 1:2, respectively. The experiment did not require them to find the
number of moles]. T2 said nothing about the introduction made by the RADMASTE Centre
facilitator, the exposure to microchemistry (except that it w:;xs interesting) or the discussion
about the experiment and the implementation questionnaire (Appendix 7.5) that they completed

at the workshop.

The normal practical work at this school was related by T2 as being group work. He claimed
said there were thirty nine pupils in the class who were divided into groups of six. He believed
that this was the appropriate group size since bigger groups would not work, they would
instead rely on a ‘group leader’ and take everything the group leaders said. T2 reported that
the instructions for these practical exercises were given by him and the groups obtained
apparatus and recorded their results in their daily exercise books. He continued by saying that
this method posed problems since they had limited apparatus and chemicals. He claimed that
his major problem in practical work was time constraint on which he did not elaborate in

detail.

Regarding introduction of microchemistry, T2 first said that he had already introduced
microchemistry tohis pupils. He claimed to have done this by explaining to the pupils why
‘,..the kit was implemented instead of test tubes..” (Appendix 7.7.2, page 1, lines 25 - 27) and

then he let the pupils perform the experiment and he supervised the exercise for those who had
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difficulties. The experiment that the pupils performed was, however, on the rates of chemical
reactions. What he could report from this experience was that the pupils loved the kits so much

that they wanted to take them home. [He did not report any cognitive part the RADMASTE

2
3

microchemistry played.] 1

T2 was asked to explain how he intended to introduce the pupils to the experiment on acid-base
titrations which he had performed at the orientation workshop. He first said that he believed
that his class had encountered burettes, conical flasks, indicators, acids and bases and titrations
(which he believed the pupils knew as neutralisation from standard 8). This information he
believed was enough for the pupils to understand the experiment on their own. He then went
on to say that they would perform the experiment together as a class where the pupils each
had their kits and worksheets. He then changed to say that he would choose eight pupils from
his class (at random), teach them about acids and bases and then let them perform the
experiment on their own. T2 claimed that he expected the pupils to give him a feed back
befare he could discuss the experiment with them. He believed this was a good approach to
show the pupl s how the experiment the pupils performed linked to the theory the pupils were
taught. [T2 failed to see this as part of normal teaching and wanted to select some pupils and

probably perform the experiment for the researcher.]

T2 also commented that microchemistry was better than what they normally received from the
subject advisors. [He was not asked to elaborate on this comment.] He also claimed that
microchemistry had saved him preparation time as he would not have to collect the apparatus
for experiments. He added that as preparation time had been greatly reduced, the pupils would
then move faster so much that he would finish the chemistry component (of physical science)
within a month. He had mentioned earlier that due to regular disturbances that they

experienced, the progress in the syllabus was rather slow.

T3's reflections and implementation plans
T3 was first asked~to report on the orientation workshop that he had attended. In response to
this question, he said that they were first introduced to monoprotic and diprotic acids, and then

they performed an experiment to determine these types of acids. [T3 gave a vague answer




APPENDIX 7.17 (PAGE 5)

probably to avoid exposing himself.]

Regarding difficulties with the experiment, he claimed to have experienced problems only
when getting drops from the propettes. He however thought that the RAﬁMASTE
microchemistry was a helpful prospect for the pupils as the pupils would get their hands on
practical activities. He also appreciated having learned something in the orientation workshop

when determining monoprotic and diprotic acids.

T3 was then asked about the type of practical work they performed at the school. He claimed
that no practical work was dore since they had no laboratories available at the school. [T3
was, however, not asked to elaborate on whether they had any chemicals or apparatus available

at the school, or whether they just did not have the place to perform practical exercises.]

When introducing RADMASTE microchemistry to his pupils, T3 claimed that he would first
familiarise the pupils with the apparatus in terms of their names and uses. He would also
demonstrate how the apparatus worked, Having thirty eight pupils in the class, he would
arrange the pupils into groups of ten. Technical difficulties were experienced with the tape and
another day was arranged for the interview to be completed. [ When the discussion wag
continued, the teacher had changed his plans.] He was then going to pair the pupils and each

pair was going to share a kit and a worksheet.

He was first going (o introduce the relevant topic to the pupils and then let the pupils perform
the experiment. When the pupils had completed the experiment and obtained the results, he
would use questions to help the pupils link between theory they were taught and the experiment

(i.e. practical) they would have performed.
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4.5 SECOND WORKSHOP OUTCOMES

4.5.1 Duduza second workshop

The second workshop was held at the Duduza Resource Centre. Present at the workshop were
T1 and T2 who attended the orientation workshop and two other persons whom the ré,searcher

had not met before.

One of these two other persons was a teacher from School 1 and apparently T1 had asked her
to represent him at the workshop as he had thought he would be late for the workshop. So,
when T1 arrived, this teacher left. The other person called himself a Community Worker. He
said his task was to see 1o it that the Duduza Resource Centre was being utilized by the Duduza
community and he also gave possible support in this respect. He said he could be of use for

communication between teachers and people involved in education.

The RADMASTE facilitator had brought someone else (who had just been employed by
RADMASTE Centre for the same mi¢crochemistry project) with him to assist him in running

the workshop. This person was introduced to the teachers.

The workshop was planned to progress through three major steps. These were:

a) report-back by the teachers on their experiences in the schools plus any issues that the
teachers wanted to raise regarding microchemistry with possible solutions and hints
from the facilitator;

b) teacher exposure to more microchemistry experiments; end

c) discussion of the experiment just performed.

Details of the three events follow the same sequence as the list of events above.

a) Teacher report-back from schools
The facilitator asked the teachers to tell him how far they had used the RADMASTE
microchemistry equipment. The facilitator also wanted to know the extent to which these
materials (especially the worksheets) were relevant in the classrooms.

~
T1 reported that he had not had the chance to introduce RADMASTE microchemistry to his

pupils, He said this was because the timing of the orientation workshop did not allow him to
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do so. He claimed that immediately after the workshop he was tied with setting midyear exams
and doing some administrative work at his school. T1 said that in earlier years, they had no
pressure to complete the syllabus since they used to experience regular riots. [This he-
mentioned in an informal conversation with the other teacher.} In his opinion the z'icid-base
titration experiment required a lot of preparation in the form of teaching to prepare the pupils
for the experiment. The concepts he listed, that he thought needed to be included in the

teaching for preparation, included protons, concentration and titration.

T2 reported to have introduced RADMASTE microchemistry to his pupils. For the purpose
of introduction he had used the experiment on rates of chemical reactions which he had found
in the worksheet. [This experiment looked at the effect of concentration on equilibrium.]
Although T2 had looked at this experiment, he claimed that introducing microchemistry was
not an easy task as he was pressed for time. The problems he claimed to have experienced
were of lessons dragging for two to three hours when experiments were included and this
meant hard work on the side of the teacher. [In the interview, T2 expressed his belief that with
microchemistry available to him, he would be able to complete the syllabus in a month (see
Appendix 7.9.2). He had already introduced RADMASTE microchemistry to his pupils when
he said this, but did not mention that the lessons dragged for too long. Perhaps he was not
aware that the first lessons using a RADMASTE microchemistry approach, would be long as

the learners needed to familiarise themselves with handling apparatus.]

The community worker was mainly interested in the logistics of TSP and how the Resource
Centre could be of help to TSP. He ook this opportunity to show the facilitator the resources
available at the Resource Centre. When the facilitator saw these resources, they both made
suggestions as to how these could be of help to the teachers and the learning community of
Duduza. The community worker stayed through out the whole workshop and participated in
the workshop (i.e. performed the experiment and took part in the discussion when the
experiment was completed). [From his input, he could have done chemistry up to standard 10
(grade 12) level.]
~
In response to what the teachers had said, the facilitator told the teachers that the main issue

with the workshops was that the teachers and pupils were learning to use the RADMASTE
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microchemistry equipment. He expressed his joy at the fact that T2 tried introducing
‘ RADMASTE microchemistry to his pupils and used a different experiment to the one they had
performed in the orientation workshop. He also mentioned to the teachers that they did not
have to complete an experiment, but were welconie to de any part they wanted to do';ind also

they were allowed to adapt the experiments to suit their needs.

b) Teacher exposure to more experiments
The facilitator showed the teachers the apparatus found in the microchemistry kits., Some of
the apparatus was new to the teachers (i.e. was not in the kits that they received) and some

items the teachers had seen in the orientation workshop. The facilitator then asked the teachers

to select an experiment that they wanted to perform from the list. The teachers selected an
experiment which was on determining the rates of chemical reactions at different

concentrations. [This is the same experiment T2 said he performed with his pupils.]

The facilitator then asked the teachers to take out from the chemicals kit, the chemicals that
they would need for this experiment. The facilitator then read out the introduction to the
experiment. He then explained this introduction using some examples. The teachers were then
asked to predict the expected results of the experiment. The prediction of each teacher was
discussed by 21l participants. This was done until they reached a consensus on the expected

results of the experiment. Thus two of the three participants had individual help.

As the teachers attempted the experiment, each person was working individually. The

community worker was seen to struggle with handling the microchemistry apparatus. The
person assisting the facilitator (Assistant facilitator (AF)) approached him and worked with him
through the 2xperiment, The facilitator then worked with T2 by helping him keep the time as
T2 added the chemicals and observed the changes in the experiment. T1 worked on his own

through out the experiment.

¢) Discussion
The results obtained in the experiment were discussed. The facilitator kept asking the teachers
questions to try and get the answer to the focus question of the experiment and also to cover

the subject matter involved in the experiment. The facilitator made up some hypothetical cases
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to which he asked the teachers to predict the results. After some considerably lengthy

discussions, the workshop participants then dispersed.

-
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4.5.2 Soshanguve second workshop
L Two teachers were present for the workshop. These were T3 and another teacher from a

second school (T4) who had not attended the orientation workshop. This workshop was held

[}
at School 3 where the orientation workshop was held. H

When all participants were seated, the facilitator put out some microchemistry equipment. This

equipment composed of chemicals kits, microchemistry kits and worksheets.

This workshop covered four major areas, these being:

a) overview of RADMASTE microchemistry;

b) report-back by the teachers on their experiences in the schools plus any issues that the
teachers wanted to raise regarding microchemistry with possible solutions and hints
from the facilitator;

c) teacher exposure to more microchemistry experiments; and

: d) discussion of the experiment just performed.

‘ Below is a report of these four events following the same sequence as the one in the list.

a) Overview of RADMASTE microchemistry
The facilitator introduced himself and the researcher for the second time as he had done in the
orientation workshop. He also added the researcher's interests in the workshop. The facilitator

continued by introducing the RADMASTE Centre and its aims. He also added the history of

microchemistry and the role played by the RADMASTE Centre in starting a microchemistry
section. [This introduction was done in the orientation workshop. Perhaps the facilitator

repeated himself for the sake of T4.]

The facilitator then asked the teachers some questions about the schools they taught in. First
the facilitator asked T4 what classes he taught and T4 told him that he taught standards 9 and
10. When asked about the practical work at his school, T4 told the facilitator that he had only
one opportunity 1o perform practical exercises, but he did not elaborate where and how this

had happened. ~

T3 stated that they had a laboratory at his school but the laboratory had no equipment. Since
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there was no equipment, they seldom performed any experimenis. {In the interview, T3
reported that there was no practical work in S3 because there were no laboratories. Perhaps
having no equipment in the laboratories was the same to him as having no laboratories.]

3
3

In response to this, the facilitator said that it was impossible and also expensive to g‘ive each
pupil tteir individual apparatus on the conventional scale. He went on to say that it was for
this reason that comboplates were designed. He added that these comboplates served as both
small and big test tubes. He also added that with RADMASTE microchemistry, laborafories
were not necessary. He explained to the teachers how the wells of the combaplate were named.

He then told them that the propettes served as burettes and pipeltes and he showed them how

to use the propettes.

The - facilitator showed the teachers new (i.e. latest development) items found in the
RADMASTE microchemistry kit. These had not been available at the orientation workshop.

He then showed the teachers how these pieces of apparatus worked.

When this part was completed, the facilitator invited questions from the teachers. T3 asked
low he could hezt in a comboplate. T3 was told that matches could not be used directly on the
comboplate but hot water could be used in its place. He asked how one could heat using hot

water. The facilitator demonstrated to T3 how to heat substances in a comboplate using hot

water and a stirring rod.

b) Report-back

T3, being the only teacher who attended the orientation workshop, was asked whether he had
used RADMASTE microchemistry equipment with his pupils. T3 answered that this was not
possible since after the orientation workshop, he stifl had a chapter on electricity (in physics)
to complete before he could start on the chemistry component of the physical science syllabus.
{In both Duduza and Soshanguve, the teachers were unable to irtroduce RADMASTE
microchemistry to their pupils before the second workshop. In both cases, the teachers
mentioned the timing of the workshops as their major hindrance.]

} ¢) Teachers' exposure to more experiments
!

m'/



ST o RETRATTARESTETRRETE A e TSR

APPENDIX 7.19 {PAGE 3)

The facilitator told the teachers that they would perform an experiment on the effect of
concentration on the rates of chemical reactions. [This experiment was chcsen by the teachers
in Duduza, and in Soshanguve, the facilitator selected the experiment for them.] The teachers
were then asked to perform the first two parts of this experiment. The facilitator took out his
worksheet and read out the focus question of the experiment to the teachers, After he read the
focus question, he then read out the requirements of the experiment. As he vead out these, he
took them from their various containers and showed them to the teachers. He asked the
teachers to follow the instructions of the experiment step by step. Before the teachers could
start on the experiment, the facilitator demonstrated how to take one spatula of a substance as
this was what they were going to do in the experiment. The t..0 teachers attempted the
experiment individuaily. [The facilitator demonstrated his way of performing RADMASTE
microchemistry experiments to the teachers. He, however, did not say anything about wiﬂether
that was the best style to perform the experiments or not. Nor did he say whether the teachers

should make their pupils do the same.]

As the teachers went through ‘he procedure of the experiment, T4 was seen to struggle with
using the propetie. T4 practised getting drops from the propette on his own for some time.
When seeing this, the facilitator added that the teachers should give their pupils some time to
practice: using the propettes. [The faciiitator could have realised at this time that practice was
necessary and so he gave the teachers some hints,] He said that for practice purposes, the
pupils should use water tc avoid wasting chemicals. [For most people, using the propette posed

problems, especially in the first encounter.]

¢) Discussion

The facilitator asked the teachers some questions on the content of the expesiment. He also
included some examples to which the teachers predicted outcomes.

When this was completed, T4 was given RADMASTE equipment and he signed for it.The

workshop was then complete and participants dispersed.
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4.6.1 Setting the scene in the schools
N.B. The discussion in this section will be related mostly in the way that it happened in the

actual setting of the particular school, The researcher's comments regarding certain statements

i
and events are given in square brackets. i

Setting the scene in S1 took two days (i.e. there were lessons on the two days each stretching
for about one hour). To prepare his pupils for the experiment, T1 introduced thie pupils to
acids, bases, dissociation of some acids and titration. The detailed discussion of this event is

reported in the following paragraphs.

The first day that the researcher visited S1 was the first day of the school term after the
midyear vacation. There were 21 pupils in the class and the class was conducted in a science
Jaboratory. The laboratory had eleven working benches each of which could accommodate two
pupils, These benches were arranged into three rows. Many pupils set on the first row of
benches and very few pupils set in the second row of benches. The third row of benches was

along the wall and no one sat there.

In the introductory remarks, the teacher (T'1) told the pupils about microchemistry which was
‘...developed by people at the University of Witwatersrand’. T1 introduced the researcher to
the pupils as a person who was interested in observing the pupils use the RADMASTE

microchemistry kits.

T1 told the pupils that he was going to introduce acids and bases. The pupils were then going
to perform experiments under this topic using the RADMASTE microchemistry kits.

According to the teacher lhe pupils were each going to have their individual kits.

T1 first told the pupils that there were two types of acids and these were industrial and house-
hold acids. He said that both house-hold and industrial acids are organic acids. [He did not
mention inorganic acids). He gave the pupils examples of both types of acids and bases (i.e.
househnld and industrial) and told them that the industrial and household substgnces (i.e acids

and bases) differed in strength.
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T1 showed the pupils how to make what he called ‘...a rough preparation’ of a 1 mol

dm™ solution of sulphuric acid. To a test tube half-filled vith water he added several drops of
concentrated sulphuric acid. He then placed a label on this test tube which was written H,SO,
and he placed the test tube on a test tube rack. He added one spatula of commercia{’l tartaric
acid to water in another test tube. He said this was an example of a weak acid. T1 told the
pupils that he was demonstrating rough preparations of the substances because he had not

accurately measwred the substances he used.

T1 wrote on the board the formulae of the different acids. As he wrote down these formulae,
he called their names out. The formulae of the acids that the teacher wrote on the board with
their names in parenthesis (i.e. as the teacher called them) were the following:

HCI (hydrochloric acid), H,SO, (sulphuric acid), HNO, (nitric acid), CH O, (benzoic acid)
[sic}, and CH,COOH (acetic acid). T1 asked the pupils what was common with the acids (i.e.
their formulae) that he had written on the board. The purils answered that the acids all had

hydrogen. T1 then added that this point also forms the first theory of acids.

To continue his lesson, the teacher told the pupils that when the acids are dissolved in water,
they dissociate to form hydrogen ions. Next to each formula of an acid, the teacher wrote out
the jons that form when the acid dissociates (e.g. next to the formuia H,SO, he wrote 2H* +
SO,%). [T1 ignored the ions being in aqueous solutions.} T1 then mentioned that some acids
did not dissociate comp: ttely and this characteristic of acids could be used to distinguish weak

acids from strong acids.

T1 made the pupils aware that there was a difference between concentration and strength of

acids. He gave the pupiis examples that concentration was expressed in terms of g/l or M/l

\'[actually moles/! or M. This reports what he wrote on the board.] Then T1 made the pupils

aware that they needed to understand the above concept before they could perform - the
experiment he had told them about. The pupils were also cautioned to distinguish between
volume and concentration. To show this difference, T1 used some problems which he asked
the pupils to solve.~To end this partirular discussion, T also made the pupils aware of the fact
that a large volume was not equivalent to a large concentration, [T1 was possibly trying to give

the pupiis a hint about the experiment they were about to perform.]
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T1 talked about the properties of acids. He said that litmus paper turns red in acids. This he
showed by adding the two pieces of litmus paper (i.e. the red and the blue litmus papers) in
a solution of tartaric acid and in water. Both pieces did not show any change in colour.
[Possibly the solution was to weak to give any colour changes.] He took two more p)’bces and
put them into vinegar, the red litmus paper retained its colour while the blue litmus paper
turned red. T1 continued . indicators and he said that an indicator ‘...indicates whether a
solution is acid or not’. So he said litmus paper was a ‘...chemical on its own’. He said that
it is a chemical dried on paper. He said litmus paper only indicates *...whether a solution is
acidic or not’ but it does not tell the strength of the acid. He added that it was important for

the pupils to know all the different colours of the indicators.

To summarise the lesson, T1 then mentioned the following points:
) acids dissociate to give hydronium ions ard from these ions, one can get the strengths
of the different acids [he did not elaborate on how this could be done]; and
(ii) most acids have hydronium ions which indicate the acidity of the solution. He added
that a large number of the hydronium ions gives a concentrated acid.
T1 gave the pupils some more problems to solve, Some pupils took out their workbooks to
solve the problems. 1t is at this point that T1 realised that some pupiils were not taking down
any notes during the lesson. Some were writing on their school bags, some at the back of some
old book and some were not writing at all, they just looked at the teacher. T1 cautioned the
pupils that the lesson was in the syllabus and also that the term had started and he was
therefore teaching and was not going to repeat the lesson again. Some pupils started to scribble
something and others asked for pieces of paper from other pupils to write on. T1 allowed the
pupils to work for a few minutes and then he solved the problem on the board himseif. As he
solved the problem, he tried to explain the problem to the pupils. He also explained some
concepts about how to prepare a more and a less concentrated solution and also the effect that
addition or elimination of water) had on the concentration of a substance, This he did in Zulu
and the pupils nodded their heads as he talked. At 11h50, the lesson ended, when it had started
at around 10h10.
“
T1 had promised the researcher that on the second day (i.e. the next day), the pupils would

perform the experiment on acid-base titrations. The researcher came to S1 again the following
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day at the time that T1 had said he would be having his lesson (i.e. in terms of the time table).
To begin this second lesson, T1 told the pupils that there was a difference between macro- and
micro-experiments. He said that only qualitative experiments could be performed using the
RADMASTE microchemistry kits, no quantitative experiments could be performedb‘;with the
kits. [He, however, did not explain the difference bétween macro- and microscopic

experiments.]

T1 demonstrated titration on a macroscopic level. [This is what he had planned to do in his
interview.] He prepared a 1 mol a¢m™ hydrochioric acid solution and a 1 mol dxﬁ sodium
hydroxide solution using measuring cylinders. He poured some of the acid into a test tube and
he added bromothymol blue to the acid. The solution became yello.w. He then added the base
from a measuring cylinder, where he had prepared it, to the acid in the test-tube in small
quantities and shook the mixture continuously as he added the base. He ker« asking the pupils
what had happened. In the first instance the pupils answered that the yellow solution of acid
and indicator turned blue as the base was added. The pupils also said that the yellow colour
of the acid was fading away. When asked why the yellow colour faded, the pupils answered
that it was because *...the acid was becoming weaker’. T1 added that ‘...the acid was getting
destroyed’. T1 then wrote on the board ‘HCI = H* + CI”. [The states of the substances are
ignored.] The acid tumned blueish green and then later a blue colour persisted. When he asked
the pupils what had happened, one pupil answered that the hydronium ion was completely
destroyed. T1 did not respond to this. He wrote on the board the different jons that the
following bases formed: potassium, sodium and ammonium hydroxides. He then wrote down
the chemical reaction he claimed ook place while he was titrating as follows: ‘H* + CI” +
Na* + O = ...

The equation was never completed on the board,

T1 continued to write:
Acid Neutral base
yellow green blue
-
[These were the different colours obtained for bromothymol blue indicatgr.] To check the

colour of the bromothymol blue indicaior in a neutral solution, T1 added the indicator to tap
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water and it gave a greenish colour. The teacher emphasised that the colour was neither yellow

nor blue.

T1 then added more acid to the greenish-blue solution he had just ‘neutralised’. The blue

colour of the Lolution faded away and only green was left. The teacher showed this around to

the pupils. T1 informed the pupils that the colour faded because the hydronium and the

- hydroxyl ions combined to form water while the sodium and the chloride ions formed sodium

chloride but these remained « jons in the solution. T1 concluded the demonstration by saying

that it was ‘...more or less a titration...” but it was qualitative. For a quantitative titration, he

would have to:

i) know the exact volumes of the solutions used, and this would be done using burettes
and pipettes; and

(ii) know the volume of the base used to neutralise the acid. [This is also part of point (I)
above.]

He said that any acid plus any base give salt and water and also that neutral means ‘...when -

endpoint is reached’.

At this point the teacher invited questions from the pupils but the pupils spoke softly amongst

themselves and asked no questions.

Setting the scene in S2

The introduction of RADMASTE microchemistry where T2 was setting the sce. 2 in S2 took
a one hour lesson. [Setting the scene here was specifically for the acid-base titration
experiment since the pupils had used RADMASTE microchemistry kits and allied materials
before.] Previously the researcher spoke with T2, and they agreed that a day would be
arranged for the pupils to be introduced to acids, and titrations, On this day the researchics
wr nt to school 2 where T2 informed her that he had already started the topic on the previous
day. T2 volunteered to give the reséarcher some notes for that ‘first’ lesson. As can also be
seen from T2's interview (see Appendix 7/7.2, page 1, lines 16-17), the pupils had been
introduced to the RADMASTE microchemistry kit and also used it to perform an experiment.
[This meant that the researcher did not have the opportunity to catch a full impression of the

approach as most of the information obtained would be second hand. ]
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Before the lesson began, T2 introduced the researcher to the pupils as a visitor who had come
to the school to *...see..." the pupils' behaviour. He added that some of the pupils should have
been “elimirated’ since they were °...ill-behaved..’. The pupils just laughed at what T2 said.
[The researcher canno’ say why T2 did not tell the pupils the truth about the res%archer's

presence in the classroom. T2 probabiy wanted the pupils to behave in a certain way.]

T2 wrote on the board ‘Acids and Bases’. T2 talked about several issues that can be classifi-;d

under several topics. Each topic was followed by what he said about it:

i) substances containing acids and those containing bases;
T2 claimed that acids are found in the *basic food staffs' which are eaten daily. He
said examples of such foods are sweets, fruits, vinegar and drinks and they have sour
taste. T2 also said that bases on the other hand are found in washing detergents and

they feel slippery.

(ii)  properties of acids;
Acids have the following properties, they:
@ react with metals to form salt and hydrogen;
(b) they contain the element hydrogen;
(c)  they react with metal oxides to form salt, water and carbon dioxide [sic];
(d) they react with a base to form salt and water (he added that a base is sometimes called

an alkali).

(iii)  ionisation of some acids in water;
T2 told the pupils that there were twr: types of acids. These he said were hydrociloric
acid and acetic acid or ethanoic acid [the teacher gave examples of the two types of
acids (i.e. strong and weak acids) but he called these examples the types]. T2 said that
when the acids are in water, they split and he said the scientific word for this splitiing
is ‘dissociaticiy’, and when dissociated the acids form ions.
<
On mention of the wsrd ‘ion’, he then asked the pupils what it meant and no one

answered. T2 told the pupils that an ion is a positive or a negative charge. He gave
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them the example of hydrochloric acid. He wrote on the board

HCl = H(ag) + CI'(aq)

T2 told the pupils that for the word ‘dissociates’, he preferred ionises. Then hé" told the
pupils that hydrochloric acid ionises in solution to form H* and CI" ions and these jons
in solution conduct electricity. He said that in the case of hydrochloric acid, HCl is the
solute and water is the solvent. He claimed that hydrochloric acid ionises completely
so that the ions are greater in solution, He also claimed that it is for this reason that

hydrochloric acid is referred to as a strong acid.

(iv)  the effect on equilibrium of increasing one species in a solution;
He said that the system demonstrated in iii) (i.e. HCl = H*(aq) + CI'(aq)) was in
equilibrium. T2 then wanted to know what would happen to the equilibrium if the
concentration of hydrochloric acid was increased. Many pupils said that the equilibrium
would shift to the left and T2 said that they were guessing and he asked them to look
at numbers of moles [but he did not specify the species whose number of moles they
should look at]. He went further to demonstrate the idea of shifting by giving an
example where b2 had his two arms stretched out. He raised his left arm and lowered
his right arm and asked the pupils again as to what would happen to the equilibrium in
that case. The pupils then said that the equilibrium would shift to the right. T2 added
that if hydrochloric acid, (which he called HCI) was removed, there would be
hydrochloric acid formed since there would be an empty space. T2 talked to the pupils
in Zulu and told them that equilibrium is equated to a water pass and that when the left
side was increased the equilibrium would shift *...where...?’(asked T2). No one
answered. T2 ignored this point and proceeded to another subject -weak and strong

acids.

V) weak and strong acids;
T2 talked about the dissociation of acelic acid. He wrote on the board
CH,COOH = H¥(aq) + CH;COO (aq). He told the pupils that in this case there
would be a low ‘degree’ [sic] of H*, The reason for this behaviour of ethanoic acid is

because ethanoic acid is a weak acid. T2 asked the pupils why ethanoic acid was a



APPENDIX 7.20 (PAGE 8)

weak acid and the pupils answered that it was because it dissociates incompletely in
water,
(vi)  reactions of acids with bases; 'u!
While still talking about weakness of ethanoic acid, T2 then told the pupils that they
could drink small quantities of acetic acid and he asked the pupils why that was
possible. One pupil answered that it would help in the digestion. He also asked the
pupils the name of the reaction between an acid and a base and also the products
formed. QOne pupil answered that it was protolic reaction [the researcher does not
understand the statement] and T2 disagreed with that. Another pupil said hydrolysis
and T2 said that hydrolysis referred to the reaction between an acid and a salt [sic].
Another pupil said they would be investigating which one between the acid and the

base was a catalyst. T2 did not respond.

He gave the pupils an example of having boiling water in a bath and he wanted the
pupils to tell him whether it would be possible to bath. Many pupils answered that they
would need to add cold water to the boiling water first. T2 agreed with them and added
that this would be done so that ‘...the ‘degree’ [sic] of hot water and cold water is
suitable to bath’, T2 revisited his question of why the acid rcact with the base and then
wrote on the board that it would be to ‘neutralize them’. He also said a similar
principle to the one of having to add cold water to boiling water in order ty be able to
bath is the reason why a strong acid is used to neutralise a strong base. [T2 seemed to
be contparing an acid to hot water and a base to cold water. He also seemed to be

implying that water which is ‘suitable to bath...” is similar to a neutral solution.]

(vii) revision:
T2 gave a summary of the above points. In the summary, he stated the following
points:

(a) hydrochloric acid is a strong acid because it dissociates completely in water and
because eqyilibrium shifts to the right to form a strong electrolyte [sic?3;

(b)  ethanoic acid does not dissociate completely, It forms [sic] a weak electrolyte and

therefore it is a weak acid.
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(viii) dissociation of water (H,0)
T2 told the pupils that water could be used as an acid and he wanted to know how this
could be done. One pupil answered that this could be done by boiling the water. [Could
this come from the example that T2 gave in section (vi) above on adding hot‘}water to
cold water while he wanted to know why acids react with bases?] T2 made a sound of
disagreement when he heard this. He also asked the pupils to refer to the periodic table
and wanted to know the element that forms the centre of the periodic table. The pupils
answered that the element was carbon [this is not clear to the researcher why the
teacher and pupils chose carbon to be the central element of the periodic table]. T2 said
that carbon can be referred to as a neutral element because ‘...it is neither a metal’. He
told the pﬁpils that even with water, it can become both an acid and a base. Water can
be an acid if it is made to react with ‘...another water...". He then wrote on the board
H,0 = H*@q) + OHf(aq). He said this would be forming a solution of ...water
in water’. When he elaborated on this he said it is similar to having water in a beaker
and bubbling H,O gas in the form of steam into the liquid water. There would then be
a reaction between H,0 gas and H,0 liquid, He said that in this case, the equation of
this reaction would be H,0(g) = H™(aq) -+ OH'(aq). And this shows H,0(g) acting as

an acid then ionising into the two ions (i.e. H* and OH).

T2 then talked about the equilibrium constant and gave the pupils the forniula for K,
and he said there is K, for both solids and liquids. The formula he gave was
K, = [H'aq] [OHaq]

[H,000]

(ix)  solution and compound;
T2 asked the pupils what the difference between a solution and a compound was. One
pupil answered that it *...was taking a solid...". Before the pupil could complete the
answer, T2 told them fo answer in terms of concentration. When the pupils could not
answer, T2 said he was making the question simpler and he asked the pupils to
consider the situation in terms of volume, Still the pupils could not answer and T2 told
the pupils that one can not change the volume of a compound. He said with a solution

on the other hand, the volume can be increased and decreased. One pupii said that the
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volume of a compound can be increased by adding more of that sample. {T2's point

is not clear.]

T2 then asked three questions in a row and he never allowed time for the "pupils to
answer these questions. He. asked:

(a) whether the compound had a volume;

(b) what the concentration of sodium chloride was; and

(c) whether the concentration of sodium chloride could be increased or decreased.

One pupil then asked what *aq’ meant. T2 answered that it meant ‘...in solution’. Another
pupil asked about the *g* that was written with water in the form ‘H,0O (g)’. T2 never answered
this question. Ee asked the pupils to reflect back on what he had said to them about the
concentrations of liquids and solids. He asked the pupils whether the concentration of a solid
could be changed. He answered his own question and said that the concentration of a solid
cannot change, he said that it is ‘stable’. He added that this depends on the ratio with which
‘...they combine’. [He never explained what ‘they’ referred to.] Another pupil asked about
the volume. T2 asked the pupil whether the volume of a compound could be changed. The
pupil answered that it could not. T2 said that liquid [he did not clarify whether he meant the
volume or the concentration] could be changed slightly by adding another liquid although this
would not satisty the three factors. [What the three factors were, was inaudible and was not
able to be recorded. The point that T2 was trying to emphasise is not clear]. T2 asked the
pupils again whether the volume of a liquid in a closed container changed. The pupils
answered ‘yes’. T2 asked them what the new volume of a 100 ml liquid would be after
applying pressure. The pupils answered ‘no change’. T2 then said that the same thing applied
to the concentration of a liquid. That it changes slightly but it actually remains constant. {It
was however not clear to the researcher under what conditions this would happen.] He claimed
that this implied that the equilibrium constant for water ‘..will be constant’. He asked the
pupils what would happen to *..K’. of the product formed. T2 wrote on the board [H*aq]
[OHaq] = Constant. He said that this is the case because the concentration of water ‘H,0’ is
constant. After saying all this, he said that he could see that the pupils were lost and then he
asked for questions speaking in Zulu. No one asked him a question. The lesson ended at this

point.
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The researcher met T2 after the lesson. T2 raised his concern about most of the pupils who
were struggling in physical science, but all the same, who had taken physical science at Higher
Grade lev -1 for the external examination. He added that some of these concepts he had to teach

to them e.g. equilibrium constants which could not be understood by the pupils. S‘

The notes that T2 had promised to give to the researcher since he had started without the
researcher being present, were not produced. This was the end of day 1. [The researcher does

not believe that there was anything done on this topic the previous day.]

The researcher and T2 arranged another day that the lesson would be continued and completed.
On the second day that the researcher visited the teacher at $2, the teacher was preparing the

lab for the pupils to perform an experiment,

Setting the scene in §3

A day was arranged by the teacher (T3) and the researcher for T3 to introduce the
RADMASTE microckmistry kit and allied materials to the pupils. This introduction took
three science slots (i.e. based on the time table, each slot taking about an hour) over three
days. Introduction to RADMASTE microchemistry itself (i.e. setting the scene) was done in

one day. The details of the lesson are discussed in the foliowing paragraphs.

First T3 told the pupils that they were going to talk about acids, bases and dissociation. TJ
wrote the foflc;wing formulae on the board:
HCt

H,S0O,

HNO,

CH,COOH

H,CC,

B,PO,

T3 then wrote the_following equations:
HCl ~--> H* +CI

4,80, ~-> 2H* + SO”

{(PAGE 11)
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CH,COOH ---> H* + CH,COO
[T3 left out (aq) indicating that the ions v'ere in aqueous solutions.]
T3 wanted the pupils to show how water dissociates. He wrote on the board:

H,0

——

Then he asked one pupil to write the ions found in water. One pupil wrote:

2H* + O [sic]

T3 asked the pupils whether they agreed with that. The pupils said they disagr~.d and one
pupil came to the board and wrote:

H* + OH

T3 agreed with this and then he said this happens because ox)}gen dominates the Lewis
structure [sic].

T3 wrote a formula o’ . .other acid on the board and asked the pupils to show its ions when
dissociated. Another pupil completed the equation as follows:

HNO, ---> H* + NOy

T3 asked the pupils what would happen in the following situation:

NaOH + HCl -->

One pupil answered that chlorine would be liberated. T3 asked the pupil to show that on the
board to the rest of the class. The pupil declined to go to the board. Another pupil came
forward and wrote on the board:

NaCH + HCI --> NaCl + H,0

T3 asked the pupil to show the ions involved in the reaction. T3 also asked the pupils whether
the fact that there was water as part of the preducts implied that the product was a basic or an
acidic solution. Many pupils answered that it would be a basic solution. T3 again asked one
of the pupils to show tiie ions involved. When none of the pupils volunteered to show the ions
involved, T3 wrote on the board:

Na* <4+ OW -+

Another pupil completed this and wrote:

H* + CI --> Na* + H,0 + Cl,

So the complete etjuation on the board was:

Na* + CI' + H* + CI' --> Na* + H,0 + Cl, [sic]

T3 asked the other pupils whether that was correct, The pupils did not answer. T3 asked the
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pupil what was comraon in the acids [probably referring to the ones he listed at the beginning
of the lesson]. Many pupils answered that it was H*. T3 asked which ions should balance for
neutralisation to occur. When the pupils could not answer, T3 wrote on t 2 board ‘H** and
he said these ions are for acidic solution and then wrote OH™ and said these ions are fo‘r a basic
solutions. He told the pupils that these two ions will ‘...neutralise to form water’. He made
the pupils aware that they were still left with Na* and CI ions. He showed them that this
meant then that the products would be Na* + CI' <+ H,0. Then he wrote beneath this:

NaCl + H,O0. [T3 did not use (aq) indicating that the ions were in solution.]

T3 asked the pupils whether the products formed after sodium hydroxide and hydrochloric acid

have reacted would be basic or acidic. Some pupils answered that they would be basic and

others said they would be acidic. T3 asked the pupils whether they all agreed on the product
that would be formed. The pupils did not respond. T3 wrote on the board:
NaOH ---> Na' + OH
HCl --> BY + CI
He then asked the pupils which one of the two substances was an acid. One pupil answered
that it was the second substance. T3 asked why the pupil thought so. Before the pupils could
answer, he added that water is neutral and he wanted to know from the pupils what that meant.
The pupils answered that it meant ‘..neither acid nor base’. He wrote on the board the ions
found in H,0, these being H* and OH' [still not indicating that the solution was aqueous].
Then he went back to the situation of sodium hydroxide and hydrochloric acid and asked the
pupils which one between H* and OH" was more in number. The pupils answered that they
were equal. T3 added that the product was therefore neutral. He asked the pupils again
whether the product was acidic or basic. The pupils did not answer. T3 asked the pupils which
ions were in majority in a basic solution. The pupils answered that it would be the negative
ions. One pupil said it would be hydrogen ions but T3 ignored him. T3 asked the pupils which
ions would give an acidic solution. The pupils answered that hydrogen ions would. T3 then
asked the pupils what would happen if they had both the acidic and the basic ions in equal
amounts in solution. One pupil answered that they would have a neutral solution,

~
T3 then asked the pupils why the product of the reaction of an acid and a base gave a neutral

solution, One pupil answered that it was because basic sodium and acidic chloride formed a
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neutral solution [sic]. T3 asked for another answer. Ancther pupil answered that it was because
water neutralises sodium chioride [sic]. Another pupil said that the oxidation number of
H‘ sodium was equal to that of chloride and therefore they were neutral.

i i

T3 gave them an example of two boys-James and Peter- fighting and they say that Charles is
E to be neutral. T3 wanted to know what they could say about Charles. One pupil answered that
it meant that Charles is the mediator and he is not involved in the fight. T3 asked whether not
being involved meant that he was helping either of the two boys. The pupils answered that he

was not. Then he wanted to know what would happen if he helped James. The pupils said the

two would ‘...overpower Peter’. T3 asked what would happen if Peter also had a friend called
Aubet who was ‘...equally strong..”. The pupils said that the ﬁgh't would *...be a draw’. T3
asked whether the pupils all agreed to this and the pupils said they agreed. Then T3 told them
that in the case of ions the ions would neutralise each other, there would be the same number
of OH and H*. So the solution would be neither acidic nor basic, it would be neutral. The

lesson for the first day ended at this point.




APPENDIX 7.231 (PAGE 1)

4.6.2 Hands-on in the schols
Hands-on in §1

It was the second day of visit to the school and the teacher had completed the int;"pductory

lesson to acids and bases on the same day. [This is reported under * Setting the scene in S1,

section 4.6.1.] T1 gave the following instructions to the pupils before they could start working

on the experiment. To:

@) read the worksheet;

(ii)  avoid asking too many questions to show that they understood [this instruction does not
encourage pupils to voice their problems which could give an indication of the clarity
of the worksheet]; ,

(iii)  note that sulphuric acid releases two H*s and hydrachloric acid releases one H*, [The
teacher gave a hint on the experiment that the pupils were going to perform];

(iv)  share the worksheet with one other pupil [encourage working in pairs although he

’ earlier-on said the pupils were going to work individually);

w) place the comboplate on a clean piece of paper;

(vi)  remove everything from their work benches; and

(vit) copy the tables found in the worksheets for recording resuits into a clean piece of
paper. The pupils were told that the researcher was going to collect these pieces of
paper so they were told to write neatly. [Instructions (iv) and (v) are evidence of T1

imitating the facilitator to some extent.]

The pupils were then divided into pairs by the teacher so that on each bench there was only

one pair of pupils.

T1 then remarked on the materials the pupils wzr: Zoiog to use. Each item he talked about is

described below.

Comboplate

The teacher showed the pupils that the comboplates were lahelied zﬂphab\etically fromAtoF
and that they were also numbered from | to 12, When reading the comhoplate they would have
wells Al to A12 (and he added that this meant that each well of the combopiate was numbered

alphabetically plus a normal number). The letters A to F are labelled down the comboplate and
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the numbers 1 to 12 are across the comboplate). The pupils were also told that if they made
an error in a certain well during the experiment, they should repeat that procedure in the well
directly below the one in which they made an error. They were given an example tha‘g if when

working in well A4 they made an error, they should repeat this in well B4 which would be

lying directly below weil A4 but in a different row (i.e. B row). They should do this rather
than spilling all the contents and washing the whole comboplate clean as this would waste some

of their time.

Propettes

T1 showed the propette to the pupils and told the pupils that they were going to use them to

suck up ‘...micro-solutions’. [The teacher probably referred to small solutions which are used
in microchemistry experiments.: Not implying that they are microscopic.] He added that in the
conventional titration procedure, they would use pipettes. He asked the pupils to raise the
propettes high when dispensing solutions from them so that they could ascertain whether a
bubble within the liquid or the actual liquid came out of the propette. [Sometimes the bubbles
may be trapped in the stem of the propette and one can believe that a drop came out whilst in
actual fact, an air bubble came out. T{ could have noticed this in the orientation workshop
since he does mention it in his interview that he would need to get used to handling the
propette so that he knows for certain that a drop of the solution is released (see Appendix
7.7.1, page 1, lines 23-28. When the stem of the propette is raised upwards, one can see the

bubble or the drop coming out.]

Mixing rods

The teacher raised one of these mixing rods for the pupils to see. He cautioned the pupils that
the rods did not have any holes on them. {This is unlike the glass tubes that have holes on both
sides.] T1 asked the pupils to keep the mixing rod in the solution if they happened to use the
rod to stir, until the titration was complete since taking out the rod would remove some of the
solution from the well of the comboplate and therefore reduce the volume of the solutions.
~
Chemicals
The teacher told the pupils that they were not going to get their individual solutions which

would be needed for the experiment. Instead the solutions were kept in the chemicals kit which
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he raised upwards for the pupils to see. He mentioned that all the chemicals bottles were
labelled on the lids of the bottle. [These labels also appeared on the worksheet instructions next
to each chemical (see Appendix 74, page 1, under the requirements. Next to the nam'; of each

chemical is a reference in square brackets.]

The pupils were going to need two acids and a base for the experiment (this was stated by the
teacher) and that the names of the acids were not necessary to the pupils at that stage. [The
acids were labelled acids A and B in the worksheet and on their container bottles.] T1 then told
the pupils that the two acids and the base they were going to use had the same concentration
of 0.1 moi dm™, He distributed acid A, then acid B, then sodium hydroxide [the base, which
ran out somewhere along the way] and then methyl orange [an indicator]. He took each pupil's
propette and sucked each chemical and told the pupils the specific wells of the comboplate
where they should place their propettes [these were the larger wells that would not be used for
the experiment and which were large enough to hold the propeties]. He also asked the pupils
to label each propette with a pen. [This could have arisen from the fact that some pupils raised
their concerns that they were not going to be able to tell what was in each propette especially
when the substances had the same colour. The researcher tried labelling the propettes with a
pen and seeing that this could be read, then informed the teacher.] For the sodium hydroxide
that ran out, T1 took one propette of base from those pairs that had both received the base and

gave it to the groups that had no base at all.

-As the pupils were about to commence with the experiment, T1 told them that he expected
them to know how to calculate an average for three titrations. T1 told the pupils that they were
going to perform each titration three times which would allow them to analyse for errors since

‘...the more number of times, the more accurate’.

The pupils worked in pairs. As the pupils continueu with the experiment, the noise level rose
[possibly due to discussions taking place within the pairs]. In some pairs st pupils shared the
worksheet, but each one performed the experiment on their individuai kii some pairs shared
both the kit and the worksheet. The pupils shared the kit in two cifferent ways. Ir the one
case, one pupil added the solutions to the comboplate and the other pupil was stirring. In other

instances, one pupil added the acid whilst the other pupil added the base then one of them



APPENDIX 7.21 (PAGE 4)

would stir.

Regarding the propettes, there were three pairs who were seen to struggle with gettin g,‘ uniforin
drops from the propette. Five pairs were observed to be able to use the propette fairly well.
Two pairs seemed to battle with the instructions in the worksheet. Some of such groups called
the researcher and told the researcher that they were obtaining the same colour all the time.
The researcher tried to establish the contents of each well. They showed the researcher the part
in the worksheet that instructed them to add water and the indicator. They then showed the
researcher the part instructing them to repeat steps 1 and 2 but using a difvierent substance. So
they said they had repeated those steps. [But they had not changed any of the chemicals (i.e

they had not substituted the water with an acid like they were instricted to).]

Answering the questions in the worksheets (on precision and accuracy) gave a number of

students some difficulty. In most instances, the pupils called the teacher to their rescue. When
the experiment was completed and the pupils had their results recorded, the researcher
collected the pupils' workbooks {or analysis. The class was over at 14h25 when the pupils had

commenced the experiment at 13h15.

Hands-on in S2

The entire introduction of RADMASTE microchemistry in school 2 took six days. It
commenced on the second day of researcher's second visit to the school. [According to the
information obtained from the teacher interview, this was not the pupils’ first encounter with
the RADMASTE microchemistry equipment. The teacher had introduced the RADMASTE
microchemistry and allied materials to the pupils after he had oblained them from the

orientation workshop, before the second workshop.]

To introduce RADMASTE microchemistiy T2 claimed to have told the pupils what
microchemistry was and then he showed the pupils how to use the RADMASTE
microchemistry kits. [The fact that tiie first lesson on setting the scens and the first lesson on
introducing the RADMASTE microchemistry kits to the pupils were missed by the researcher
means that the researcher missed the opportunity to obtain the full impression of the approach

in this school.]
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When the researcher arrived at S2, T2 was distributing the RADMASTE microchemistry
equipment. The pupils were grouped in the way they were seated. Each bench was given a
worksheet or two (i.e. the researcher could not identify any particular pattern follow%fd by T2

when distributing the worksheets).

The pupils performed an experiment chosen by the teacher. The experiment was on
determining the different colours of three indicators [these were universal, phenolphthalein and
methyl orange indicators] at different concentrations of hydrochloric acid and sodium

hydroxide. The details of this experiment are discussed in the following paragraphs.

The pupils were asked to collect the chemicals individually from beakers which were on the
main desk and to place the propettes in their comboplates. T2 told them which chemicals to
collect and the pupils did as they were told. T2 then read out each instruction of the
experiment and then told the pupils what to do. As the pupils did what they were told to do,
T2 moved amongst the pupils looking at their work. He also asked the pupils what they had
done at strategic points and the pupils told him the steps they had taken. Both T2 and the
pupils spoke in Zulu. At certain points, mostiy after TZ identified an error with pupils’
procedure, T2 referred the pupils to their worksheets. Some pupils actually followed the
instructions straight from the worksheet and not what T2 told them to do. T2 later told the
pupils to continue with the experiment following instructions from the worksheet. He also
asked the pupils to consult him if they could not understand the instructions after he found one
pupil using a syringe instead of a propette. Another pupil was unsure about the contents of
some of the propettes, so one pupil helped him to determine the contents using universal

indicator and the problem was solved.

As T2 moved amongst the pupils he found that one pupil confused the chemicals. He went
through the first two steps of the procedure with the pupil and then asked the pupil to continue
from the third step. The pupil read the worksheet and then claimed to have realised where his
mistake was. Later. on, some pupils completed preparing all the solutions and T2 brought one
complete comboplate to discuss it with the researcher. The researcher raised some concern
about the colours obtained. T2 said this could have been caused by the sizes of drops that the

pupils dispensed. He then announced that the pupils should always clean their stirring rods as
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the contaminated rods could affect the concentrations of the solutions, T2 then went to the
board and copied from the teacher's manual which he obtained from RADMASTE, the
expected colours for each concentration. As more groups completed the experiment, the
colours obtained were similar to the one T2 discussed with the researcher. T2 asked t;’le pupils
to repeat the experiment but to try and be accurate in the second trial. The pupils cleaned their
propettes. T2 prepared fresh set of solutions and the pupils collected these with their propettes.
The pupils performed the experiment all over again. They obtained colours similar to the ones
they obtained in their first attempt. These colours were different to what was listed in the
teachers' manual supplied by RADMASTE Centre. [The universal indicator that T2 used for
this experiment was one that he had kept for quite some time in his store room. This was not

the universal indicator supplied by the RADMASTE Centre.]

The siren marking the end of the lesson rang and T2 asked the pupils to leave everything as
it was and to complete it in the afterncon. The pupils did as they were fold and left the
Iaboratory. The researcher could not attend the afte noon session due to time constraints. There

was no confirmation whether the session actually took place or not.

When the researcher arrived at S2 on the day agreed on by the researcher and the teacher (day
3 visit), T2 was found distributing some microchemistry apparatus to the pupils. T2 then told.
the pupils that the procedure for the experiment was the same as the one they had followed the
previous day and the only difference was that they were going to use a different indicator -
phenolphthalein. The pupils collected chemicals from the front bench and started working. T2
also asked the pupils to read instructions carefully and to avoid asking questions. As the pupils

were working T2 walked around and helped or corrected errors made by some pupils.

A few minutes later. T2 wrote a summary of the procedure on the board and told the pupils
that he had tried to simplify the procedure for them since he found the worksheet to have too
many words, [Could this imply that the worksheet was inappropriate or too complicated for
T2's pupils to comprehend?] The pupils performed the experiment and at some points, T2
found errors madewby some pupils. In such instances, T2 asked the pupil to rclate what steps
they had followed and also helped the pupil identify the errors. The pupils went through the

experiment and one of the complete comboplates that seemed correct to the teacher was shown
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on the overhead projector to the rest of the class. Increasing numbers of pupils obtained the
same results as the sample shown on the overhead projector. This lesson ended at this point.
‘}
The researcher came to the school on the fourth day. It is on the fourth day that the pupils
performed the experiment on acid-base titrations. T2 distributed the pieces of apparatus and
the worksheets. He told the pupils that they were going to do experiment B2 (see é%pendix
74), which was an acid-base titration experiment. The pupils worked in groups of three, four
or five pupils per worksheet and per RADMASTE microchemistry kit. The pupils worked
among themselves with few questions being asked the teacher. Many pupils were able to use
the propettes and to get uniform drops from them. The pupils also showed some familiarity
with the instructions of the worksheet. Some pupils were heard arguing over the instructions
and then finally were able to convince each other what the right procedure was. {Some practice
from previous experiments could have helped the pupils in handling the propettes.] T2 was
however uneasy with the results that the pupils obtained. For acid A pupils obtained in the
range of 11 to 18 drops of sodium hydroxide, For acid B the pupils obtained values ranging
from 25 to 40 drops of sodium hydroxide when titrating 5 drops of each acid. [Because the
pupils had to use so much sodium hydroxide to neutralise the acid, the pupils were using the
big wells of the comboplate since the small wells could nct hold that much liquid. The

worksheet however instrucied them to use the small wells. This alone should have indicated

to the teacher and pupils that there was an error in the procedure.]

At the end of the lesson, T2 and the researcher had a'discussion of what could have gone
wrong with the chemicals that the pupils had used. T2 said he had prepared the sodium
hydroxide solution himself (i.e. he did not use the chemicals prepared and supplied by
RADMASTE Centre). He said he had used 4 grams of solid sodium hydroxide in 100 ml of
water. [This was a 1 mol dm® and not a 0.1 mol dm* solution which was required. T2 had also
prepared the 0.1 mol dm™ concentrations of acids A and B from their respective concentrated
acids. He, however, could not remember what dilutions he had made to prepare these acids
but he claimed to have the feeling that they were also wrongly prepared. T2 then decided to
try fresh preparations of these solutions and to let the pupils repeat the experiment all over

again,
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Although the researcher and T2 had agreed that the experiment would be performed again,
when the researcher arrived at the school (on day S) to observe this T2 said that he was
running out of time so the experiment had to be done in the absence of the researche'g and the
pupils had obtained reasonable results. The researcher then asked T2 to ask the pupils to
collect their workbooks for the researcher to analyse. The pupils did not have these workbooks
with them on that day. T2 asked the pupils to bring them on the next day. The researcher

obtained these workbooks from T2 on another day.

Hands-on in S3

This was the second day that the researcher came to the school to observe the class. T3
distributed the Kkits to the pupils. Each pupil received their individual kits. The pupils were in
a classroom with class desks and chairs only. On each desk there were two pupils. [T3 stated
in the interview that the school did not have any laboratories. Both lessons and practical
sessions were conducted in the classroom]. The teacher had brought the chemicals and the kits
to the classroom. The experiment the pupils performed was about the effect that the
concentration of copper nitrate and hydrochloric acid have on the equilibrium formed by these

two reactants. A brief description of this event follows.

The pupils performed the experiment in pairs. They followed the instructions from their
worksheets. They recorded their observations in their workbooks. As they worked, T3 walleed

around and observed what the pupils did.

When all the pairs had completed the experiment, the teacher asked for a class discussion of
the experiment. T3 read out the focus question to the experiment. The pupils answered this
question correctly. T3 went through each step of the experiment (i.e. he performed each step
of the experiment for the pupils to observe) and asked the pupils to give their observations.
The pupils told T3 what they observed. T3 then asked the pupils the questions in the
worksheet. The pupils answered to the teacher's satisfaction [this is in the researcher's view].
T3 wrapped up theexperiment and the class dispersed. The vesearcher and T3 arranged another

day that the pupils would perform the experiment on acid-base titrations.

The researcher then came to S3 on the arranged day. T3 had divided the pupils into three big

8)
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groups of different sizes. One group had nine, the second had ten and the third group had

eleven pupils. In each group there was one microchemistry kit anr five worksheets. T3 told

the pupils that they were going to perform experiment B2 (i.e. the acid-base titration
: 1

: experiment). The pupils were left to follow the instructions in the workshest and to discuss the
' experiment as they wished. The groups were asked to give each member of the group a chance

to perform at least one task with the microchemistry kit.

The pupils followed the instructions in the worksheet to the end. No group asked for help
regarding the instructions in the worksheet. The pupils also gave each other a chance to
perform a task of the experiment. When the experiment was completed, the groups then
answered the questions which followed. Two groups out of three could not answer these
questions on their own. They asked for help from their teacher. T3 declined to give them any
answers, He asked the pupils to write down what they believed was the answer and these
answers would be discussed later. T3 told the researcher that he did that because most pupils
became lazy to think when they were always supplied with answers. The pupils answered these
questions and the group workbooks (i.e. three workbooks from three groups) were collected

and handed to the researcher. The class then dispersed.
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-1~
PUPILS’ EVALUATION
Please fill in this evaluation form after you have
completed some or all of the practical experiments u51ng
your own RADMASTE Basic microchemistry kit. v

1. General information:

a) School name: St (o ?F‘-\’QS %‘L Vbt Ot t;-..)P\\-—S)

Rl - Dol
b) Did you work alone or with a partner?

' i

c) How many experiments did you do? A cl ‘\_)

d} List the experiments you did: 31 % B2 (IZJ
b

Please circle the number of the option you most strongly
agree with in the following statements.

Scale: 1 - Strongly agree 3 - Disagree
2 - Agree 4 - Strongly disagree

2. Previous practical experience:

YES NO
a) I have performed many
experiments by myself while O Y
at school. ] 2 3 4

b} The teacher has demonstrated

many experiments for me while g1~ 1211

at school. 1 2 3 40
c) It’s not necessary to have V3 Wl ol R 11

had practical experience at 1 2 3 4

school to understand chemistry
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Scale: 1 - Strongly agree 3 - Disagree
2 - Agree 4 - Strongly disagree

3. I found that microchemistry eguipment:

YES. NO
a) Was easier to use than 13 i~ |- Y
beakers, burettes etc. 112 13 4 ! c
- oG8 \1]
b) Was safer to use than bl &\ *(MO PQSP 5 3
beakers, burettes etc. 2 3 4
¢) Is not real chemistry =13 & (g
equipment. ' 1 2 34 4
d) Developed my confidence in Sl 11— 1
practical work. 1 2 3 4
e} Required a great deal of 718 |—]-
my attention to use. 1 2 3 4
f) Was fun and exciting | 6] 3] 212,
to use. . 2 3 4
g) Was too small and clumsy A R - Y 4
to use. L1 34
&)
h) Developed my practical 0 —§~-{1 MmO ’eSPOhge )
skills. 2.1 31 41

i) Any further comments?

4. Microchemistry worksheets:

YRS N,

a) Have clear and easy to Sl-1-lpo y@?oy\Se (i)
understand instructions 1 2 3 4

VRl R ‘ ¢

b) Have clear drawings. 1 2 3 4, rQ&Po S )

¢) Are too long. ] 2 | 1 o WS?O\»\SQ Q)
—— -— . q-

d4) Have too many questions. 1 2 17 e ﬂ'%?emse 1)

e) Any further comments?

- erable. tndivid ac) hauds-evm cud v ore

W woetagapek
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-3 =

Scale: 1 - Strongly agree 3 - Disagree '
2 - Agree 4 - Strongly disagree .

el

5. Microchemicals kKits:

YR3 NO
a) Have chemicals which are T —
adequately stored in their 1% 2= 130 Resfonts {4y
container. 1 2 3 4
b) Are safer to use thin - ‘EM’S "
using chemicals directly 6|l 4|~ 1—INo &E 6(2.}
out of the store-room. 1 2 13 4
c) Have chemicals which are 91l =17 Ivo Y'QS"ONSQ(Q)
clearly labelled. B 2 3
d) Have too many chemicals in V=12 6‘;_{ RGS?OHSQ
each kit. L 2] 3 4 PO @>
B = — |2 |le \
e) Are confusing to use. 1 21 31 .4 *o WQZ>
£} Any further comments?
:_x_qey_xé._sﬁmm_@ga&u&s n_e)
"‘..‘r:.b-@- _cg_a_% a0 v&n_&@___ _)___
EeWRYE S&& Mﬂ%anﬁ. _Cagnaeds
________ bl Nor SR Y S
- ﬁ?.-&s_.g; \—9 SRS 3

=_teSulls ore %ee_w Qeo..rhj_




-1=
PUFIL Y EVALUATION

Please fill in ti:xis evaluation form after you have
completed some or zll ¢f the practical experiments using
your own EADMASTE Basic microchemistry kit.

1. Generxal information: %

a) school name: § 2 (\t‘:’\’\u‘“"p‘\‘g)

Tl z
b) Did you work alone or with a partner? NO (‘3) Bot (>)

c) How many experiments did you do? \(31)/ 5’(5)) 7 ()
WO r@,@\aowSe Ly -

d) List the experiments you did:

~Actd- base ¥l ow (8)

"(ﬁmpkghﬂ&qCL%§£)vx [V C)WfberiiﬂﬁA ()

— O cceg,govx. e Q . :

Please cirtle the number of the option you most strongly

agree with in the following statements.

Scale: 1 - Strongly agree 3 - Disagree
2 - Agree 4 - Strongly disagree

2. Previous practical experience:

. YES NO
a) I have performed many
experiments by myself while S1J5 ] ~— 1=
at school. 1 2

()
1=

h) The teacher has demonstrated
' many experiments for me while [ 1| 1t {3 |~
at school. 18 2 3 4

¢) It’s not necessary to have -2 153
had practical experience at
school to understand chemistry

o
]
£
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Scale: 1 - Strongly agree 3 - Disagree .
2 - Agree 4 - Strongly disagree

3. I found that microchemistry equipment:

YES NQ §

a) Was easier to use than ol My |— |— !
beakers, burettes etc. 1 2 3 4

b) Was safer to use than Qi 21 4 1—
beakers, burettes etc. 1 2 3 4

c) Is not real chemistry =14 /o] ?65‘762\.’-\5‘& 2)
equipment. .12 3 4

d) Deieloped my confidence in A == |~ r@S? onsSe. (o
practical work. 2 3 4 C ?

e) Required a great deal of W = = o ?QS?OV-&E Cv_g
my attention to use. L1 2 3 4 T

£) Was fun and exciting S5igla |4
to use. 2 3 4

g) Was too small and clumsy —iia N lhoo &%?'O‘f\ge 49
to use. 1 2 3] 4

h) Developed my practical Q] W\ = 1=
skills. | 2 3 4

i) Any further comments?

4., Microchemistry worksheets:

YE NO
a) Have clear and easy to 0l 2] 2 |—
understand instructions 1 2 3 4
211 5 1
b) Have clear drawings. 1 2 3 4 .
c) Are too long. B 4é§§§ 4
| 3 S
d) Have tco many gquestions. 1 2 3 4 e Fef:fm Q(;)
e) Any further comments?
TLWOOSRRRAS Y00 Novd Se_perlitvyy Ountuer
o %M& Shiw e St
- %9_\_%‘:&9 \c{a__\_vca_ &ssm%o»
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..A3._

Scale: 1 - Strongly agree 3 - Disagree
2 - Agree 4 - Strongly disagree

5. Microchemicals kits:

YES NO
a) Have chemicals which are -
adequately stored in their 8|l 812 OO ?QS?DV\SQ (\)
container. 1 2 3 ‘
b) Are safer to use than
using chemicals directly Lllol 311
out of the store-room. 1 2 3
¢) Have chemicals which are SRS W W
clearly labelled. 2 3 4
d) Have too many chemicals in 211 13 S
each kit. 2 3 .14
: A A RIS
e) Are confusing to use. 1 2 3 4

f) Any further comments?
—mew LS @

Y= SRR EVESE S g@k_ﬁ’:’;&_-_.@}!\
i X sobed_koks " Sneutd oe Sipplied
A
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-1-
PUPILS’ EVALUATION
Pleagse fill in this evaluation form after you have
completed some or all of the practical experiments uslng
your own RADMASTE Basic microchemistry kit. 3

1. General information:

a) Svchool name: S"S ( PH\P\S)

b) Did you work a;one or with a par!er?

c) How many experiments did you do? 3 (/L,)J b (y ); 2(2)

d) List the experiments you did: or w\ﬁk—mﬂ{e QZ)
- Acd ot base 19 - égﬂ\mh @(\oemmen{(é)
__Csthevdcrcukm % atid@) |- F’!Qo\~0\§\rua reackion (1)
Ak cowe 0US) Redox reacdon

Please circle the number of the option you most strongly
agree with in the following statements.

Scale: 1 - Strongly agree 3 - Disagree
2 — Adree 4 - Strongly disagree

2. Previous practical experience:

YES NO
a) I have performed many :
experiments by myself while 2 |J& | 3 ||
at school. 1 2 3 4

b) The teacher has demonstrated

many experiments for me whilel 4 {1 | & i
at school. 1 2 3

c) Itfs not necessary to have el Bl L. N/
had practical experience at (1 2
school to understand chemistry

[N ]
>




APPENDIX 7.22 (PAGE 8)
-2 -

Scale: 1 - Strongly adree 3 - Disagree
2 ~ Agree 4 -~ Stronrgly disagree

3. T found that microchemistry equipment:

E N [
a) Was easier to use than gliol 4 1/ i
beakers, burettes etc. 3 2 3 4
b) Was safer to use than AN AERIE
beakers, burettes etc. 2 3 4
c) Is not real chemistry [ 121 % o0 \-QS\DOV\SQ C‘)
eguipment. ] 1 2 3 4
d) Developed my confidence in |90 ]— = |wo rengwse 4y
practical work. 21 3 4
e) Required a great deal of T2 = = | O ‘%P“\ge(\)
my attention to use. 2 3 -
f) Was fun and exciting 217 =11 ] oo %QOV'\-SQCH)
to use. 1 2.5 3
212 11014 | Low-Se (2)
g) Was too small and clumsy WO RSP
to use. 1 2431 4
h) Developed my practical AT )
skills. 1 21 13 4

i) Any further comments?

:ﬂ@:e_ﬁa% gmzzﬁ pr_8xpenirn@nd (5)

1AL eféf. _____________________
roeed) oot ed CakS T TTTTTTTmT
= A Waorg O nadlalg sp .F?!QLC.E‘_\QQ__

4. Microchemistrv worksheets:

a) Have clear and easy to Y‘gs 101 — 'Nowo PQS?'SV\SQ Q)
understand instructions ;AA 4

b) Have clear drawings. : 2 l’& —Jg, N fe%fo‘“se Cg)

c) Are too long. 17 26 % ‘4 2o TQSPOV\SQCB)

d) Have too many questions. 1 ? ? 5; s TQSFK>¥QM3(QJ

e} Any further comments?

TR0k oot auesilont Yo 05X Sownie
_&%\z\_@:_%kj’e_&mskm‘%@m.s OO N

“S2e o Jeuuipmaent Shoudd \pe |77
_v;;%e_-_fs_gﬁ a2 SOWNG \HE
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_.3—.

Scale:; 1 - Strongly agree 3 - Disagree
2 - Agree 4 - Strongly disagree

—

5. Microchemicals kits:

YES NO
a) Have chemicals which are — i
adequately stored in their 217 1 =12 Moo rQSFO\’\Se 3)
container. ) 2 3 4]
b) Are safer to use than
using chemicals directly L1 & |1y 1 oo F@_S?ow@ﬁ €3)
out of the store-room. 1 2 34 4
c) Have chemicals which are 71 612 oo tﬁfchge @}
clearly labelled. 1 2.5 3 al i
d) Have too many chemicals in iy 1 6 5 Yole) \QSPGK\S@_ ()
each kit. 11 2 3
=2 f9q é?f!
e) Are confusing to use. 1 2 3 FDO beSFE*QEZ GS)

f) Any further comments?

‘ifmeé;\‘;&iﬁ%ﬁe;\;g’wm
-% ““““““ g&éi;%g_@ééﬂ'@d



APPENDIX 7.23 (PAGE 1)

4.6.5 Pupils’ interviews

In this section the responses of the pupils to the interview are discussed. The pupils were

interviewed using the Pupils' interview protocol (see Appendix 7.9). The interview was based

under three sub-headings. These were: 'a‘

6] attitude towards RADMASTE microchemistry kits (which were labelled KITS);

(ii)  understanding the worksheet instructions (labelled WORKSHEETS; and

(iii) understanding the experimental content [these are the concepts involved in an
experiment] (labelled CONTENT). '

The analysis of the interview transcripts was, however, carried out under four sub-headings.

These were: KITS; WORKSHEETS; CONTENT; and COMMENTS, [Comments referred to

any other information that the researcher could comment on.

In each school, two pupils were interviewed. The pupils were labelled pupils ! and 2,
depending on the order in which they were interviewed. So in each school there was a pupil
1 and a pupil 2. In school 2, three pupils were interviewed therefore there were pupils 1, 2 and
3.

S1 pupils' interviews (2 pupils)

The experiment was completed at around 14h25 in the afternoon, The pupils could not be
interviewed on the same day since they wanted to go home. Another day was arranged for the
researcher to interview the pupils. Twa pupils, selected by the teacher, were interviewed. The
researcher had asked for a low and high act’2ving pupils: According to the teacher, the

experiment had been discussed with the pupils (i.e. before the interview).

Pupil 1 interview (Appendix 7.10.1): (S1P1)

Pupil 1 claimed to have liked everything about the kits and found them good.

Pupil 1 claimed that the worksheet was clear, and she was able to follow the instructions and
answer the questions on the worksheet. She was however confused by the statement that they
should answer, namely °...the focus question 1'. They could not tell which question 1 was
being referred to. It would have been better if the two questions were rather labelled Question
1 (a) and Question 1 (b) (she said) (see Appendix 7.10.1, pages -2, lines 37-39, 41-42). She
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however said that they were able to sort out the instructions. She added that the worksheets

specified everything thal they were supposed to do.

[Regarding what the experiment was all about, pupil 1 gave an incoherent descriptibn of the
procedure.] She said that they first added water and indicator. She also said that they added
water and acid and compared it with a solution of water and sodium hydroxide. When asked
about the differences that they observed in their results, she said that although the
concentrations were the same, the volumes were different (see Appendix 7.10.1, page 3, lines
74-86, 88-89).

She named the process of adding the acid to a base, a titration.

Pupil 2 interview (Appendix 7.10.2): (S1P2)

He loved the kits. He mentioned that he have experienced problems with getting solutions
*...inside the combo..." (he did not finish his sentence). But then he also agreed that it was
difficult to get solutions inside the propettes when the researcher suggested this (i.e. the
propettes instead of the comboplate), see Appendix 7.10.2, page 1, lines 18-20. [The
researcher could have used previous experience obtained in the interviews (i.e.with teachers
and pupils) that propettes are not easy to handle. Pupil 2 could have had difficulties in
transferring solutions from the propettes to the comboplate, which is a similar problem to what
other pecple experienced.] He also suggested that he would have found it easier to work with
the kits if there was a way to mark the contents of the propettes used for a particular

experiment (page 1, lines 22-24).

He claimed that the worksheet was easy to follow and also that everything was clear. He was
also interested in getting the solutions to the experiments that they had performed (see

Appendix 7.10.2, page 2, lines 39-41).

The experiment was on titration. The other parts that he added to this statement were inaudible
on the tape recorder and so only bits that did not make sense to the researcher came out. The
other part on the centent was not recorded on the tape. It is unfortunately not available (page
2, lines 56-57).
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L7 pugil interviews

After T2 informed the researcher that the experiment had been performed again using the
correct concentrations of the acid and base and pupils obtained “reasonable’ results, the
researcher then asked T2 to allow two pupils of specified achievements to be intewié}wed. As
the researcher and ‘T2 walked to the room that was to be used for the interview, T2 met several
of his pupils heading for the laboratory where the science lessons were conducted. He called
two girls from this group and asked them: to go with him. One of the girls went inte the room

with the researcher and was interviewed.

Pupil 1 inferview (Appendix 7.10.3) (S2P1)
Pupil 1 said that. she liked the kits very much and she also found ther quite interesting since
it was the first time they used such equipment (see Appendix 7.10.3, page 1, lines 17-19). She

ciaimed that there was nothing that she did not like about the kits.

Regarding the worksheet, Pupil 1 claimed to have understood everything. She said that vie
worksheet was very clear on that acid-base titration experiment. [The researcher showed her
the worksheet of the experirent of acid-base titration (see Appendix 7.10.3, page 1, lines 26-
27.]

When asked to elaborate on the experiment, Pupil 1 then claimed not to remember anything.
The researcher reminded her the day that the experiment was performed, and she claimed to
have been absent that day. The researcher reminded her the day that the teacher had claimed
the experiment had been repeated, the pupil then ¢*+imed to have been sick for the whole of
that week (see Appendix 7.10.3, pages 1-2, lines 30-40). On getting these responses, the
researcher then thanked and dismissed the pupil. This was not relayed to the teacher informing
him that the pupil could not answer some of the questions. [The researcher cannot was trying
to avoid answering the questions since she could not recall the experiment or whether she

really had been sick.]

Pupil 2 interview,(Appendix 7.10.4) (S2P2)
Pupil 2 was not the other girl whom T2 had selected on the way to the interviewing room. He

had sent a boy instead. The researcher interviewed this pupil. [The researcher has no idea why

(PAGE 3)
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T2 swapped the pupils.]

Pupil 2 said tlwd ke liked the idea of the kits because then they had the chance to work
individually and also they had no chance to copy from each other (see Appendix 7. IQ.4, page
1 lines 16-19). When asked about what he did not like about the kits, he expressed his
unfamiliarity with some of apparatus. In particular, he was still not familiar and found it
difficult to get adequate drops from the propettes (see Appendix 7.10.4, page 1, lines 23-26).

He however believed that with time, he could improve that skill.

Regarding the worksheet, pupil 2 claimed to have understood ~some' of the instructions on the
worksheet. He however could not understand the words ° monoprotic and diprotic.' But he
claimed to have been able to follow the instructions (see Appendix 7.10.4, page 3, lines 86~
96). On the other hand, pupil 2 put part of the blame on himself for likely not to have paid
attention to the teacher when he explained these. [T2 never made an attempt to explain these

terms in the researcher's presence.]

The pupil was then asked to give a brief explanation of the experiment. He reported the
experimental procedure and still maintained that he understood what the instructions wanted
him to do. But he did not understand why they did what they did (see Appendix 7.10.4, page
2, lines 53-56). He gave a general description of the experiment, that they were adding two
things in order to see what would come out of that. When the researcher asked him to
elaborate on that, he related some parts of the procedure, [The researcher believes that he did
not understand the theme of the experiment.] Pupil 2 named the procedure that they followed

a of titration.

The researcher thanked the pupil and let him go. Immediately after the pupil left, a third pupil
came in. The researcher had no idea why this pupil was sent as only 2 pupils were requested
from T2. [The researcher however met one of the pupils (pupil 1) informally (i.e. this was off
the record, the researcher taught Pupil 1 in a second chance programme the following year).
The researcher asked the pupil what happened that day, she informed the researcher that she
had gone back to class and when she got there T2 sent another pupil out to the interview room.

She claimed not to have informed anybody that she was not able to answer questions related
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to specified experiments. [The researcher did not follow the methodology stipulated in this
case. An interview was conducted with this third pupil, since Pupil 1 did not answer the

questions.]

-

Pupil 3 interview (Appendix 7.10.5): (S2P3)

Pupil 3 said he liked the kits because they helped him, especially in calculations. When he was .
asked if there was anything that he did not like about the kits, pupil 3 said she had not yet
found anything that he did not like about the kits.

Regarding the worksheet, pupil 3 said he was able to follow everything in the worksheet. [The
experiment in question was shown to pupil 3 and he said he understood the experimental

procedure. ]

Pupil 3 said that the experiment was about checking the concentrations and also comparing the
ratios of monoprotic and diprotic. [He did not say monoprotic and diprotic referred to. The
researcher could not make sense out of the whole statement. The pupil could be confusing
more than one experiment that they had performed (see Appendix 7.10.5, page 1, lines 29-32.]
He said that they were using two acids whose ratio's were not the same. [The researcher could
not make sense whether the pupil meant the ratios of the two acids with sodium hydroxide or
something else.] He also mentioned: having used bromothymol blue and phenolphthalein; and
checking time, reaction, volume and colour changes [some of which things were never done
or used in this experiment.] The researcher tried to focus the pupil on the acid-base titration
experiment and then asked the pupil what they were doing there. The response the pupil gave
was not audible from the tape (Appendix 7.10.5, page 2, line 56). The pupil also could not

say the name of the procedure they had followed.

[1t is the feeling of the researcher that T2 did not select pupils of different achievements, He

tried to chose his best achievers in the class.]

S3 pupil interviews
After the pupils preformed the experiment, the researcher collected the workbooks and

arranged another day with the teacher when the interviews would be conducted. The researcher
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came on another day.

Pupil 1 interview (Appendix 7.10.6): (S3P1)

Pupil 1 said that he liked the kits because they could help him prepare for further étlxdles in
chemistry (see Appendix 7.10.6, page 1, lines 15-17 and 19). He said that there was nothing
that he did not like about the kits.

Regarding the worksheet, he said he was able to follow the instructions of the worksheet.

He said the experiment was about a "titration'. He said the experiment was to show which acid
between the two “concentrated' acids that they used was strong. He séid that acid B waé stronger
than acid A because he added 5 drops of sodium hydroxide to acid A and this changed its colour,
but acid B needed 10 drops to give the same colour change (Appendix 7.10.6, page 2, lines 41-42,
60-61, 65-66). [There is evidence that they obtained experimentally determined results in this
experiment. But Pupil 1 was still not clear why they did not obtain the same volumes for the two

acids.]

Pupil 2 interview (Appendix 7.10.7): (S3P2)

Pupil 2 liked the kits because they (i.e. pupils) were able to see these things when otherwise they
had been talking about the things that they could not see [the pupil could have liked the idea of
practical work on the whole] (see Appendix 7.10.7, page 1, lines 21-24). There is nothing that
he did not like about the kits.

Regarding the worksheet, pupil 2 did not remember encountering any problems. Even after
looking at the worksheet to remind himself of the experiment, he could not remember
encountering any problems with the worksheet instructions (see Appendix 7.10.7, page 2, line
38).

When asked about the experiment they performed, Pupil 2 said that they mixed five drops of
water with one di;op of methy! orange. In a different well, they mixed six drops of sodium
hydroxide with acid A and ten drops of sodium hydroxide with acid B, they obtained the same
colour as that of five drops of water with one drop of methy! orange (see Appendix 7.10.7, page
2, lines 45-47, 49-50, 52, 60, 65, 80-82). He then concluded that acid B was stronger than acid
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A because they used more drops of sodium hydroxide in acid B to obtain a colour similar to that
of water (see Appendix 7.10.7, page 3, lines 86-89). He could tell that the name of the procedure
was titration, [Pupil 2 could have understood the experiniental procedure although the concept

[
behind the two acids (i.e. monaprotic and diprotic) was still not clear.] H
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4.7 THIRD WORKSHOP OUTCOMES

Duduza third workshop outcomes '3!
The workshop was held on the third of August, 1995 at the Duduza Resource Centre in Duduza.

Present at the workshop were T1 and T2, the facilitator and his assistant, and the researcher.

The workshop was divided into two major pasts. These were: the report back from teachers with

possible assistance from the facilitator; and the experimental exercise.

i) Report-back from teachers and pessible solutions

The facilitator first asked the teachers to report on their experiences in their schools. T1 reported
that he found that the pupils understood the instructions in the worksheet well. He believed that
for the former practice they did not understand the objective of the experiment. He also believed
that the problem was that the pupils were used to being given experimental set-up followed by
questions. His view was that when pupils were exposed to mentioned setting, they were not
involved and they, therefore, easily forgot what happened. What he found out from using
RADMASTE microchemistry equipment with his pupils was that the pupils understood the
experiment and he also believed that they could still remember what happened in the experiment.
His concern was that the pupils experienced problems with handling the RADMASTE
microchemistry apparatus. He also found that they *...mixed-up and messed-up the chemicals...".

The pupils however understood the colour changes.

T2 reported that it took a long time for the pupils to complete the experiment. He however
claimed that the pupils enjoyed the experiment they performed. He found that when the pupils
performed the second experiment, whose Litle was not mentioned, the rate at which they worked
improved. T2 also reported that his pupils completed the evaluation forms that they were
expected to complete at some point after performing some experiments using the RADMASTE

microchemistry equipment.

T2 said however that after the pupils performed experiment B2 (based on acid-base titration) he
asked his pupils some questions which they could not answer correctly, He concluded from this
behaviour that the pupils did not understand the experiment. He also believed that the experiment

was very advanced for the pupils. He then gave them experiment B1 (based on equilibrium) to
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perform and he found that the pupils were able to pick up the trend and could answer his
questions. He informed the facilitator that he found his pupils unable to answer some of the
questions on the worksheet. These questions related to ‘precision and accuracy’ were I%ot in the
syllabus. He believed that such things should have been formally taught to the pupils. T1 also
agreed with what T2 was saying by commenting that some of the questions in the worksheet were

above the pupils' level.

T2 also said that experiment Bl was too long and it had too many questions. He, therefore,
decided to focus his efforts on helping the pupils to be familiar with handling the apparatus than
to answer the questions in the worksheet, In response to this the facilitator advised the teachers
to identify what the pupils can understand since they know them better and then to ‘adapt’ the
experiment to suit their personal needs. The teachers were not bound to adhere to the worksheet
from beginning to end. The teachers were also allowed to choose those experiments that they

could use.

The facilitator invited more questions from the teachers, T2 told the facilitator that he ran out of
chemicals during some of the experiments. The facilitator told T2 that the money available for
RADMASTE microchemistry only catered for what they had received and that to get more

chemicals, they would have to pay for them,

The facilitator also asked the teachers to clarify with their pupils any errors that they could

identify in the worksheets.

(i) Experimental exercise
The facilitator asked the teachers to select an experiment from the microchemistry list they wanted
to perform. The teachers selected experiment B5 (which was based on the production of hydrogen
sulphide), This experiment happened to be the same one the facilitator had planned to ask the

teachers to perform although he finally decided to let the teachers make their own choice.

The worksheets that the teachers used in this workshop were slightly different from what the
teachers used in the previous workshops. In the old worksheets there were spaces provided for
answering the questions. In the latest worksheets, an icon of a hand was used to indicate that

something had to be written down (i.e. either to record an observation or to answer a question).
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The ‘space within the worksheet’ style was changed so as to allow the use of the worksheet as

a guideline and not something that had to be followed rigidly. The facilitator asked the teachers

which style they preferred and the teachers chose the one that had spaces provided to record
1

responses. [There was, however, no final decision taken regarding this matter.]

The teachers then performed the experiment and completed it without any serious difficulties. No
discussion of the chemistry content related to the experiment was held after the experiment was

completed.

The facilitator then closed the workshop by thanking the teachers for their time. He also asked
the teachers what perceptions they had regarding the workshops. T2 responded that these
workshops were going to be uscfi!l for the pupils. The workshop was concluded and the

participants left.

Soshanguve third workshop outcomes

At the second workshop the participants all agreed on the 18th of September for holding the third
workshop. [The reason for this could be provided.] When the facilitator and his assistant together
with the researcher arrived at S3, there were no teachers available for a workshop. The facilitator
decided to come again the next day in the morning to try and run the workshop. On the following
day T3 was found at 83 but T4 was not present. [T4 was the teacher from another school who
only managed to attend the second workshop and not the first workshop.] After some discussions
between the facilitators and T3, they agreed to all go to S4 and if possible they could then hold
the workshop at S4. T4 was found at S4 and he was available for the workshop and agreed with
the facilitator’s proposal that the workshop could be held at his school. The workshop was held

at S4.

The workshop was divided into three major events. These were:
0 preparations for the workshop format;
(i) experimental exercise; and

(i)  discussion Bf the experiment.

(i) Preparations for the workshop format,

T4 was found teaching his standard 10 class. The facilitator wanted to invite T4's pupils into the
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workshop to be participants with the teachers. T4 did not agree to this suggestion that the pupils
had been in a lesson for a long time and he believed they needed their break. The facilitator then
suggested that he run the first part of the workshop with the teachers and when the pupils come
back from their break, the teachers could then take control of the experiment being performed and
the pupils perform the experiment as well, {No one responded to this suggestion and it never took

place.]

T4 informed the facilitator that he had not yet had the chance to use the RADMASTE

microchemistry equipment.

(ii) Experimental exercise
The facilitator selected experiment Bl [which was based on chemical equilibrium]. He was
reminded that the experiment was performed in the second workshop. He then selected

experiment B4. This experiment was based on the rates of chemical reactions.

The facilitator briefed the teachers about the experiment. He told them that it was based on a
cross made on a paper that disappeared when the reaction was completed. He told them that the
reagents involved in the experiment were hydrochloric acid and sodium thiosulphate to form
sulphur and other product The precipitation of colloidal sulphur was responsible for the
disappearing of the cross. He then told them they would record the res.ilts on the time taken for
the cross to disappear. He also suggested that the teachers allow their pupils to perform the
experiment in pairs so that as one looks at the cross, the other person concentrates on the time
it takes for the cross to disappear. He also told the teachers that the experiment involved constant
and changing variables and the teachers should find out the effect these variables had on the rate
of the reaction. [Note that the experiment did not work as expected. The cause could have been

contaminated solutions.]

Everybody had their individual worksheets for the experiment. The facilitator mentioned the
equipment needed o perform the experiment. He then told the teachers to select the chemicals
they were going to eed for the experiment. The facilitator also told the teachers that to perform

the experiment correctly, they needed to check the time ‘constantly or uniformly’.

He then asked the teachers about the factors that could affect the rate of a chemical reaction. The
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teachers listed the following: temperature; concentration; and division of reagents. The facilitator

informed the teachers that in that particular experiment, they were going to look at the effect of

concentration. He also advised the teachers to prepare themselves to smell some gases during the
i

course of the experiment.

The teachers then worked individually (i.e. each teacher having their individual worksheet and
chemicals). Seeing that T4 battled wilth getting uniform sizes of drops from the propette, the
facilitator suggested another way to handle and squeeze the propette. T4 practised this technique
for some time and appeared to cope with it. The facilitator also belizved that the teachers did not
have a systematic way of keeping track of the contents of the propettes they used. He asked the
teachers how they could identify what was in each propette, T3 informed the facilitator that he
always knew what was in each propette because he worked with few propettes. The facilitator
then advised them to place the comboplate on a piece of paper and next to each well [the big wells
that could hold the propettes], on the piece of paper, label the chemical that would be placed in

that well.

(iii) Discussion

When both the teachers completed the experiment and obtained their results, the facilitator wanted
the teachers to tell him what had happened in each well, Before the teachers could answer, he told
them that they were looking at the time taken when they had just the right amount of sulphur to
cover the cross. He told them that this was therefore the rate which was obtained by the varying

concentration of reactants over the time (aken, for the completion of the reaction.

Looking at the results that the teachers obtained, the facilitator found that th» teachers did not
obtain consistent results. The facilitator added that due experimental problems the teachers were
not able to ‘observe the results’. He, however, asked the teachers then what kind of relationship
they had expected to find. He showed them the relationship that they could have found if all went
well and he told them that the relationship was not that of direct proportion. The facilitator told
the teachers that if concentration increased, rate also increased and if it decreased, rate also

g

decreased.

He then invited questions from the teachers. There were no questions for the facilitator, He then

concluded the workshop by telling the teachers that he hoped they had noted the way he asked
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his questions and that the teachers were going to use the same approach.

When the participants were about to disperse, T3 told the facilitator that he experienced problems
with cleaning the propettes. The record of how the facilitator suggested several optior‘m to T3.
[There is also no record of the facilitator asking for detailed feed back from the teachers of what
happened at their schools regarding the introduction of RADMASTE microchemistry equipment.
The only record available was that of T4 reporting not to have had the chance to use the

" microchemistry equipment.]
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