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Abstract dirigidos deliberadamente para animar el desarrollo de tales habilidades, el resto

Most school syllabuses, even those for primary stages, specify aims that relate t#hefiado normalmente. Los procesos de evaluacion se repitieron con 741 alumnos
use of experimental work in gaining evidence. The paper describes a series of exg@¢oceses de la misma edad. Por fin, 120 alumnos escoceses practicaron el juego
ments in Botswana and Scotland with pupils aged 12-15 which aimed to measure B{@0sis”, un ejercicio que se describio como modelo del pensamiento cientifico en
attainment of such outcomes and the development of such outcomes by targeted ti{8hinos de entender el papel y la naturaleza de la experimentacion. Se exploran las
ing. A first experiment surveyed 330 Botswana school pupils. This was followed B}pRilidades y se discute la evidencia que sugiere que tales propdsitos pudieran ser
study of 752 Botswana school pupils where 342 were exposed to teaching mate ifjgiles d(_e lograr con alumnos mas jévenes de la educacion secur_\c_iarla, una afirmacion
aimed deliberately to encourage the development of such skills, the remainder bdiagada simplemente en los argumentos del desarrollo cognoscitivo.

taught normally. The assessment procedures were repeated with 741 Scottish pupialforas claveexperimento empirico y critico, pensamiento cientifico, alfabetismo
the same age and, finally, 120 Scottish pupils were taken through the game, “Eloostgéntifico

this exercise being described as a model of scientific thinking in terms of understand-

ing the role and nature of experimentation. The skills are explored and evidence is

discussed that suggests that such aims might be difficult to attain with youngRITRODUCTION

secondary school pupils simply on grounds of cognitive development. . . . .
y Pup pyong 9 P The world wide desire by science educators and policy makers to pro-
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1983; Hzen and TRerFiL, 1990; dnkins, 1990; dHNsTONE 1997; Mason,
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. ) L .. Curriculum Development Committee (SCDC), 1987; Scottish Office Edu-
La mayoria de programas escolares, incluso para la educacion primaria, espeuflc@gﬂon Department (SOED), 1994¢o8mon, 2001) is central to the search
propositos que se relacionan con el uso del trabajo experimental en ganar ewdenfiiﬁ"effective approaches required for teaching and learning science in schools.
El articulo describe una serie de experimentos en Botswana y Escocia con alumnog g nasis by some curricula to engage pupils at junior secondary school
12-15 afios para medir el desarrollo y el logro de tales resultados. Un PriMeLyels in pupil-planned and pupil-designed investigations raises some con-

experimento examiné a 330 alumnos de Botswana. Esto fue seguido por un estud&gﬁs about the cognitive ability of those pupils to handle such exercises
752 alumnos de Botswana donde 342 fueron expuestos a los materiales didéc% produce expected outcomes.
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Do pupils at junior secondary levels (approximately 12-15 years oldfgar one and 182 from year two, encompassing both characteristics of
have the cognitive ability to plan and design experiments which investigat#al and urban pupils. Classes in Botswana are mixed ability and, within
scientific ideas? Can they formulate theories and identify critical exped-class, there is a wide range of ability, especially in terms of language
ments to test the theories? Have they covered adequate content materigfaficiency, reading and writing and subject knowledge. Age ranges ran
develop scientific thinking without excessive assistance from teachersfrom 12-14. _ _ _ _

This paper summarises the findings from three major experiments whichPUpils showed a lot of enthusiasm in playing the game which sparked

. ; ) ; ..much debate amongst members of each group. The researcher observed in
tried to explore such questions. The first experiment sought to establlsﬁ]gny of the instan%es that the enthusiagm fFr)om players came, not as a

base-line as to what extent school pupils (in Botswana) are able Qi of enjoying peer interaction only, but also from the demands placed
conceptualise the place of experimentation in investigating scientific phgh their cognitive involvement during play. The two year groups tended to

nomena. Two methods were used: show the same patterns of behaviour. This is consistent with the idea that,
in cognitive terms, they are at similar developmental levels when faced
(1) A card game called Eloosis with this kind of problem. _
] ) ] 23% (year 1) and 19% (year 2) managed to complete the genealogical
(2) A evaluation specially devised for the purpose. table correctly while only 13% (year 1) and 5% (year 2) managed to work

out the answer.

Pupils were asked to describe themselves and could select as many as
Eloosis they wished of:l learn better on my own, | learn better when sharing

o ) ) ideas with others, | like solving challenging, | like solving easy activities, |

Eloosis is reported to have been used successfully in science coursegéoto take part during group discussions, | like listening to others talk
teach the scientific method, especially the nature of experimentationdaring group discussiondNo relationship was found between their re-
problem solving activities (ZcLer, 1974). Some science educators refegponses in these descriptions and their performance in the genealogical
to Eloosis as a card game that simulates the scientific methesldZ  problem.
1974; Mhtuszek, 1995). The intention was to use the game to explore the pupils were asked to indicate how they solved the Eloosis problems,
extent to which pupils had grasped the scientific way of thinkimgL#ZR  five responses being offered to them. There was no statistical difference

Each is now described.

(1974), after using the game at high school level, stated: between the year groups (table 1)
“One topic that occurs in most high school chemistry courses is the
scientific method of problem solving. Rather than simply lecturing to Table 1
the class on the topic this experimgfioosis) allows the students to Solving Eloosis problem
uncover the process themselvegh. 532). Year 1 Year 2
Another characteristic of Eloosis is that it emphasizes inductive reason-
ing or coming up with an explanation that fits the observed facts. THR guess work 48 44
reflects how the game was used in the study. Observing the pattern of cards accepted by the dealer from others 47 44
Eloosis was invented by Robert Abbott in 1956. The primary purpo&bserving the pattem of cards accepted by dealer from me 40 39
of the game was to simulate scientific thinking or demonstrate scientif@pserving the pattern of cards rejected 45 42

investigations. It involves a leader and one or more packs of ordinary
playing cards. The leader shuffles the pack(s) of cards and deals them oufhe genealogical problem sought to offer a test of their ability to look at
until all are gone. It does not matter if some students have one card mevilence and see what was the critical feature. This enabled solution of the
than the others. The game works well with groups up to 20 in size.  problem to be straightforward. If this is related to the pupil ability in seeing
The students play the cards in turn and the leader either acceptsher critical nature of experimentation in being able to drawing valid conclu-
rejects each card when placed face up on the table according to sai@s, then this ability is unrelated to age, gender or preferred learning
‘system’ in his/her mind. The system may vary in complexity. An examplstyle.
of a simple system can be: a series of ‘a black card followed by a red cardDespite playing the game (where there was enthusiasm, with pupils
or a series of ‘any odd numbered card followed by any even numbersitbwing an overwhelming inclination towards group work and sharing of
card’ and so on. An example of a complex system can be: ‘any first tideas during problem solving), no difference in performance was ob-
black cards numbered lower than five followed by any red card numberseived when comparing the two year groups. Perhaps, the test was too
above five’ and so on. The permutations of systems are endless. hard for them. However, was the skill of ‘seeing’ critical information or a
Accepted cards are left face up on the table and the task of the studemigical experiment not being achieved by pupils for developmental rea-
individually (or together if that is an agreed rule) is to work out the systesons?

they may stop the game at any time if they think they have determined Ilkhee next stage
system.

The next stage was to develop and use some teaching units which
. specifically sought to teach the skills related to the place of the empirical in
Data obtained thinking and to refine the test. Eloosis would now be usedtaaching
A questionnaire was applied one week later to explore their approachesl rather than as an investigating instrument. The units were developed to
to the game and also offered a test question which sought to explore tkeig if it is possible to accelerate the development of this skill by using
ability at seeing key information to solve a problefine questionnaire appropriate teaching.
sought information about the way the pupils preferred to learn and thenPupils were divided into two groups. The experimental group was
asked about how they tried to solve the problem posed by the garnmplved in the teaching units meant to develop the experimental approach
seeking to find out what methods they used. strategies. The control group was never exposed to these units but under-
Pupils were then asked to solve a genealogical problem. Firstly, thegnt normal school learning together with the experimental group.
were given a family tree to complete and then asked to manipulate theTeaching units were based on the contents of the Botswana’s three-year
information given to work out the grandmother’s age. The problem janior secondary integrated science syllabus. Instructions on Eloosis used
apparently complex but, if the pupils can see that the key information is the a teaching tool were designed as well. To minimise factors such as
connection between age and date, it is easy to obtain an answer. V&egation in teaching style or experience which might produce an unbal-
problem sought to test if the pupils could spot the key link (rather like @nced delivery of the instructions on the teaching units and the Eloosis, the
critical experiment) and then draw the conclusion. experimental groups were instructed by the same person at the same time
The two methods used in this part of the study sought to providéthe day and under the same classroom conditions. To evaluate the effects
evidence on pupils’ conceptualization of the place of experimentation dfi the teaching units and Eloosis, two evaluations were constructed, one
investigations of scientific phenomena. However, the real problem is for the experimental group and the other for the control group. These
establish the validity of the approach. evaluations were administered to the two groups on the same day under the
A sample of 330 pupils randomly chosen from five lower secondagame instructions by the science teachers who volunteered to help in this
schools in Molepolole region (Botswana) was involved. The sample coproject from each of the schools selected. In addition, some pupils selected
sisted of 157 boys and 173 girls taken from years one and two, 148 frémom the sample groups were interviewed.
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A sample of 752 pupils (342 in experimental groups and 410 in contridlentify critical pieces of information necessary to work out solutions to
groups) were randomly chosen from four of the five schools in Molepolofgoblems and plan and design critical experiments to test their line of
(Botswana) used during the first experiment. Each experimental group hdught.
two sessions of units teaching and Eloosis (3 hours). The evaluation wadtems for this evaluation required pupils to provide their personal infor-
applied a week later to both the control and experimental groups from thation, their opinions on how they think they can learn science better, their
same school. general opinions about the units they worked on, their feelings about
working in groups and to demonstrate the thinking skills they gain from
science lessons (control group) and units (experimental group).

A sample of 21 pupils (10 boys and 11 girls) from three of the four
schools used in the study were selected from each year group and inter-
The titles and the main objective(s) of each teaching units are now described. viewed in groups of three. The interview consisted of 23 questions in an

unstructured form. The purposes of the interviews were to test the validity
Unit 1 Using the Right MetalPupils were expected to use information pro-of the questionnaire and to gain richer insights.
vided on some characteristics of selected metals to choose the best metalThe chi-square test was used as a ‘goodness of fit' test to see if each
for each described purpose, requiring pupils to identify critical informaexperimental group differed on each question when compared to the con-
tion and design a critical experiment in order to provide a scientificallyro| group. The control groups were also compared to look for develop-

Teaching units

viable choice of metal. mental evidence. The distributions of pupils within each category were as
Unit 2 Trees and CarPupils were expected to manipulate and use the informJ—o"c’WS:

tion given about the carbon dioxide absorbed or produced by trees and Table2_

cars to determine whether the claims by a newspaper report were credible. Sample sizes

The activities required pupils to debate in a group and generate possible

ideas that would justify their reasons for or against the newspaper claims. Year 1 Year 2 Year 3
Unit 3 Food and Health Pupils were asked to use the information provided o .

the kinds of food required by the human body and their functions in t%)(penmental 94 156 92

human body to prescribe a healthy diet for individuals at different age&ONtrol 93 202 115

The tasks required pupils to identify the critical piece of information

necessary to provide a reliable solution to a problem. Results of questions 7, 8, 9 and 10

Unit 4 Shadows Pupils were expected to use information they gained from Questions 7, 8, 9 and 10 were designed to test pupils’ ability to apply
school science lessons to design a critical experiment that would providgiccessfully skills they learned from solving problems in school science
a scientific explanation for shadows. The nature of the apparatus to Rgssons (in the case of control and experimental groups) and from working
used was described to them. The tasks required pupils to use an expgfir units designed by the researcher (in the case of the experimental group).
ment as a source of inform_ation and identif)_/ the critical piece of i”f°’maSpecifically, these questions attempted to gain evidence about whether
tion necessary for the design of the experiment. pupils could understand the place of the empirical in gaining evidence,
Unit 5 EcosystemPupils were expected to use knowledge gained from schoaow to dev_'se approprlate_experlments and how to identify critical pieces
science lessons to provide a possible scientific explanations for tf information. The questions are reproduced as used and the pupil re-
observed increase in rats and rabbit populations. The activities requiréfPONses to these questions are now discussed.
pupils to identify critical piece(s) of information necessary for the pos-
sible scientific explanation to the problem. (7) A local cattle farmer has 500 cattle. The cattle are grazed outside everyday for 9
hours and then spend 15 hours inside the kraal. The cattle farmer has been asked
by a local vegetable farmer to supply 500 kg of kraal manure every week for a year.
The vegetable farmer has agreed to collect the manure using her truck.

Unit 6 Speed of Sound and LighRupils were asked to discuss in groups their
colleagues’ explanations of a question and use their knowledge of how
sound and light travel to generate a scientifically plausible explanation. ) )
The tasks designed required pupils to identify a critical piece of informa-  Before agreeing to supply kraal manure, LIST UP TO FOUR things that the cattle

tion for a scientifically plausible conclusion. farmer should know.
. . . . 1.
Unit 7 How Sound Energy Travel®upils were asked to discuss in a group 2
statements made by their class mates regarding how sound energy trav- 3'
els. They were to use knowledge they gained from school science lessons 4'

to plan and design experiments to support their explanation. The tasks
required pupils to design critical experiments and identify the critical

; ; Which ONE of the things you listed is MOST IMPORTANT in determining
factor for the result of the experiment to be more reliable.

whether the cattle farmer will be able to supply enough manure? (Write

. . . . . the number).
The activities from each of the teaching units were designed specifically

to develop the strategies or skills necessary for pupils to see the experip
ments as ways of asking questions in problem solving situations. Tlﬁiﬁe

invc;)llved pLIinIs Wgrléing as a group t? %entere;te r;])ots?ri]ble SOlmipnsdto[cf"supply manure every week for the whole year (do that number of cattle
probiem, plan and design experiments 1o test what they perceived asiyuce enough manure?). Pupils were to indicate this critical thing by
critical piece of information and make conclusions that are scientifical rijting down its number. Only this outcome is considered here

viable. To work on these units, the class was divided into small groups o
4 to 5 pupils. Each small group was requested to select one member to
write down their answers on the answer sheet provided. Table 3

On completion of the unit exercises, each class was engaged in a dis- Correct Responses to “MOST IMPORTANT thing”
cussion focused mainly on the authenticity of the approaches used by the
different groups. Pupils were requested to remain in the same group

rom a list of up to four things that the pupils have named, only one of
m was critically important for the cattle farmer to know before agreeing

throughout the sessions on teaching units in order to get acquainted with Sample Group %
each others ways of presenting arguments and thinking things through. . |

Eloosis was now used as a teaching tool after the completion of the Ye&'! 94 Experimenta 6
units. The game was played in the same manner as in the first part of the 93 Control 4
study. At the end of the game, pupils were engaged in discussions geared Year 2 156 Experimental 12
towards establishing the link between the game played and how scientists 202 Control 8
investigate solutions to natural phenomena. Year 3 92 Experimental 13

Two evaluations (lasting 20 minutes) were developed to test further the 115 Control 16

extent to which Botswana school pupils (13-15 year olds) were able to
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There were no significant differences between the performances of &3 (df4) is obtained (p<0.05) showing that, by year 3, there have been
experimental and control groups at all years of study with the Botswackhanges.
pupils. However, there seems to be clear evidence of a developmental
effect. This is demonstrated by the gradual increase in the number(@f Here are some statements which are known to be true by experiment:
correct responses from year 1 to year 3 pupils in both control and experi-
mental groups. Looking at the control groups, the developmental effect(@ The substance sodium fluoride contains the elements sodium and fluorine only
confirmed by a chi-square value of 8.3 (p < 0.05). (b) A solution of sodium fluoride in pure water conducts electricity well
(c) The products obtained when electricity is passed through the sodium fluoride
(8) Tebogo has been studying global warming and wonders how scientists know wh@tution in
is actually the truth about global warming. Her friends suggest several wayswater are hydrogen and oxygen

find the answers. These are listed in the shaded box.
Look at these statements, which of the following is tr(Bek the box next to the

A Read Scientific books true statement)

B Talk to experts like University professors

C Carry out experiments to test the idea of global warming (1) Sodium fluoride contains hydrogen and oxygen ]

D Collect as much information as possible about global warming (2) Water contains hydrogen and oxygen only ~ []

E Assume global warming is true and act accordingly (3) Hydrogen ar_1d oxygen are everywhere ]

F Use intelligent guesswork (4) Water contains hydrogen and oxygen ]

G Look at information which has already been gathered through research . . . .

H Accept what majority of people believe is true about global warming In ONE sentence, describe the experiment which should be carried out to be sure that

your answer is correct

Arrange these suggested answers in order of their importance by placing the letters A,
B, C...etc. in the boxes below. The letter which comes first igrtbst important The first task required the pupils to select from the four statements listed
and the letter which comes last is the least important for you. one that they considered true. The second part asked the pupils to describe

an experiment that would offer evidence to support their answer.
[ o P PP

Most important Least important

Table 5

Pupils were to respond to the item by arranging the suggested answers Responses to first part of question 9

in their order of importance, starting with the most important. In the opj =
ions of a group of ‘experts’ (experienced teachers and lecturers), it Was correct | X (df) | sig. level | more favoured
expected that pupils would rate C the most important followed by D, alwdyear 1 | Experimental 59 0.7()] ns. -
finally G if the pupils had an appreciation of the place of the experimenrl. Control 65
Thus, choices C, D and G were considered to have highest prioritfif ontro
pupils appreciated the importance of the empirical in drawing conclusidisYear 2 | Experimental 56 0.2()| ns -
The choices of positions of these three options on the eight point sg¢gle Control 54
were considered. The proportions of pupils place C,D and G in the f{fs :
three positions of the eight point scale were noted but the exact orde }5 car 3 | Experimental 63 L3} ns -
was not taken into account. Control 74
Table 4
Responses to question 8 No significant differences between experimental and control groups
s T T T Toaems T Tovomed were found but a chi-square value of 10.9 as a contingency test (p<0.01)
| sT103 [s4and5 [ 56108 | * €0 | ™ jevel was found when comparing the control groups. Again, year 3 performed
Ytem 8C | Caryy our experiments o test the idea of global warming significantly better than years 1 and 2, perhaps suggesting a developmental
| vear1 | Experimental 70 25 5 10(1) 1% experimental | effect.
TSN W I T T — The number of pupils who responded correctly to the second part of
Control 57 28 15 question 9 was too small (<10% were correct in any group) for all groups
Year 3 Exrzzi::;f;'ﬂl = ;7) o ns - for any statistical analysis to be carried out. Clearly, most of the pupils in all

groups were unable to suggest a critical experiment.

Item 8D | Collect as much information aspossible about glc bal warmi,
60

ear 1 Experimental 31 10 1.9 n.s -
Control 52 35 13 (10) The table below gives information about a family, from grandmother to grandchildren.
Year2 | Experimental 61 26 13 2.1 n.s - .
Control o % 5 It is the year 2000.
Year3 | Experimental 74 21 5 1.6(1) n.s
Control 67 28 S Grandmother Aunt Uncle 1
Item 8G | Look at information which has already been gathered through research Still alive in the year 2 000 10 years older thanuncle 2 4 years younger than aunt
ear 1 Experimental 25 24 51 5 n.s
Control 32 29 39 Mother Uncle 2 Potso
Year2 | Experimental 25 46 29 2.4 n.s - In 1960, she was the same age as 2 years younger than mother . | In 1990, her age was one-
Control 31 40 29 grandmother in 1927 and 4 fifth the age of her Aunt
Year3 | Experimental 58 25 17 16.3 1% experimental years younger than Uncle 1.
Control 38 44 18
. . Bodo Vanessa
It can be obseryed from table 6 that the differences in performancey 1, 10ss, his age was half theage | years yo‘; :'g“e’r than Bodo 2 years younger than Pako
between the experimental group and the control group pupils are generall of Potso

non-significant except in item 8C (year 1 and year 2) and item 8G (year 3): - —— : - -
In a" the three cases Where the differences were Signiﬁcant, the experimenyselhe information given in the table to complete the family tree diagram below, with grandmother
tal group scored ‘higher’ than the control group and it is possible that this * '™
could be attributed to the effect of the teaching units and Eloosis. I;I

Overall, in looking at their views of the ‘carrying out of experiments’, { ) ) ¥
it is clear that the three experimental groups do better but the control groupy ] 1 1 | I
catches up by year 3. It may be that their fascination with experiments is !
not a guarantee for understanding the purpose and function of experi- ¥ ¥ ¥ ¥
ments. However, those who worked on the units (experimental group) are [ | | |
more in favour of using experiments (8C) to question phenomena. This
could be an indication that the units had an impact.

When looking at the control groupsily, there are no significant signs
of developmental changes in 8C or 8D but, in 8G, a chi-square value of

What other piece of information would you need about Vanessa to work out the age of her

grandmother in the year 2000?
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The first part required the pupils to complete the family tree diagram Do you do experiments during your science lesisw ofter?
using the information provided in the table. The key thing was to place thewhile all said ‘yes’, a majority of the pupils, particularly year 2s and 3s, were quick
‘mother’ on the correct box. For the second part, the pupils neded tbopoint out that the frequency with which they are engaged in experimental activities
respond by either ‘Vanessa’s date of birth’ or ‘Vanessa’s age’. depended on the topic.

For the first part about one quarter of the pupils in each group com-Why do you think the teacher asks you to do experifients
pleted the family tree correctly. There were no statistical differences be-They perceive science experiments as activities designed to erthettere under-
tween groups. In fact, the majority of the pupils were able to complete titanding of conceptdo enable them texperience science in actiaand to have a
family tree diagram but most ignored the critical position of ‘mother’ on thehance to handle and manipulate science apparatus. A few pupils, however, were able to
diagram. state that teachers asked them to carry out experiments in orgeove things true

These answers confirm that these pupils hold views which are very different from seeing
Table 6 experiments as ways of gaining evidence.

: Do you like doing these experimehts
Responses to second part of question 10 80% of the pupils thought that the experiments were necessaryailed to

C X (@ ] sig. lovel = substantiate their positio Some felt that some experiments they have done in science
- omrect answer Sig. Tovel L more favoured were not necessary, indicating that some of the experiments they carried out in science
Year 1 | Experimental 11 1.3 n.s - lessons either did not produce results or something went wrong and they had to abandon
Control 8 them.
Year 2 | Experimental 23 2.3 n.s - Why do you think your teacher always asks you to work in groups during experi-
Control 18 ment§ ) o ]
Year 3 | Experimental 23 0.5 s Thg responses alluded to the notions of sharing ideas, helping eagh other to upder-
Control 20 stand instructions and shortage of apparatus. When asked to explain the benefits of
ontro

working in groups during experiments, there were no reasonable responses given.

Pupils performed badly on the second part. An explanation for thighen looking at their every-day lives, all felt that they could use knowl-

failure by the pupils could be attributed to the amount of informatiogyse gained from school experiments to solve problems encountered at
(noise) contained in the item and the fact that the pupils are culturally cﬂg g P P

familiar with the concept of family tree diagrams. There is some sign pme. Years 1 a_nd 2 cquld not Pr_o""_’e example of SU_Cr_‘ problgms but,
improvement with age but only with the control groups (using chi squaf®me year 3 pupils mentioned the filtering of water containing undissolved
as a test of contingency) is this significaxz( = 7.0 (df2), p<0.05). impurities and subsequent boiling of the water to make it safe for drinking.
When the responses of subgroups from Botswana formed accordingAtbpupils interviewed considered education vital for increasing one’s abil-
gender were examined, more or less no significant differences were fouggl.to think and develop better skills for doing things but three quarters

This is interesting in that, if some of the abilities being measured &84 1o explain how knowledge gained from experimenting in school
developmental, then the developments are not gender related. .

However, the evidence obtained from the pupils’ responses to the t ' - g PEF
items clearly indicate that the ability to see an experiment as a wayfel that we should believe fully in experimental results because scientists
asking questions during problem solving cannot be homogeneously acedto carried out those experiments are intelligent and everything they do is
erated through a single teaching approach. The fact that individual learnggs!
have unique ways of receiving and interpreting information presented to -
them is consistent with this observation. ummary of findings

. . If indeed schools teach pupils to acquire the skill of experimenting and
The interview results ) ] ) _ its place in scientific enquiry, the message is clearly not getting through to

An attempt was made to obtain more information on pupilsthe pupils or the pupils are simply not ready cognitively. A few instances of
conceptualisation of the place and nature of experimentation in scientifits developmental effect suggest that as pupils have more exposure to
enquiry in Botswana. Pupils whom the schools considered high achievegsence content and grow in maturity, significant signs of differences in the
in integrated science were selected by their science teachers. For the @ihifity to see experiments as ways of questioning during scientific thinking
pose of this project, three pupils per year of study from each school wgiereases.
used. It was felt that such pupils might be best placed to reveal theirThe developmental aspects need further discussion. Information pro-
thinking. ] ] ] ] ) _ cessing arose, in part, as an attempt to make some kind of sense of the

The first group of the interview questions were designed to investigamarkable observations made bydt (1967) in relation to cognitive
further the pupils’ interests in science as a subject (simply to get thefdvelopment. Specifically, as the working memory grows in capacity with
talking). These are not discussed further here. Questions were then aslg#l(at about 1 chunk for every two years of age to the age of about 16), the
to determine whether pupils comprehended the purposes of experimaaigner gains greater cognitive capacity to handle many ideas at once. In
they carry out during their science lessons. In addition, pupils were askgfHition, increasing knowledge and experience offers strategies for further
to provide their opinions on why they are asked to work in groups wh@hunking to occur enabling the working memory to handle increasingly
carrying out experiments. ) . ) complex ideas: information processing suggests that individuals can learn

The final part of the interview required pupils to express their percefiy group isolated units of information (chunking) in order to increase the
tion of how the effects of experimental results help to shape their concepnount of information to be recalled (egnsTone and E-Banna, 1989;
tual knowledge of every day events. The responses from the intervigginstong 1991). However, this process does not happen automatically
questions were recorded by carefully selecting common ideas in the sifd certain frames of thoughts ought to have been developed which are
dents responses and recording them. Many of the responses are notdbendent on the individual’s experiences. It is a highly idiosyncratic pro-
evant to the theme of this paper and are not discussed further here. Impgks.
tant remarks from pupils are italicized. Therefore, the inability to conceptualise the place and nature of experi-

What do you usually do during science lessons that interest you mentation in scientific thinking by lower secondary school pupils could be

All the pupils asked said spontaneously “carrying out experiments”. However, wheih indication that their cognitive ability with regard to this concept is not
probed for more information, some pupils said they were also interested in watchipgt fully developed or has not yet developed in some pupils. This may
video shows on nature conservation, family life, and the human body. The commeimply be lack of knowledge and experience as well as the inadequate
reasons for having interest in these part of science revolved aroureleenceof the  capacity of working memory. It is also clear that the teaching units and
knowledge gained to thegveryday experienceShese responses are consistent withg|oosis had had a limited impact on pupils. In some cases the effects were
findings elsewhere (B and Srvasina, 2002) significant and in other instances the effects were insignificant. It would be

Tell me the things that you hate/love most about science |&€ssons interesting to see what the effects of a prolonged use of the units and

Amongst the many responses given, the majority of the pupils regarded the writiB$oosis would yield.
of lengthy notes and the difficult language used to describe concepts as the things thehe results from the first study are consistent with the view that the way
hated about science lessons. However, as expected, all the pupils saldvéy of asking questions in scientific investigations is developmental although
working in groupsand handling scientific apparatusAgain, these confirm other the limitations of the test instrument have already been noted. Subse-
findings (Reo and Yanc, 2002; Rep and Srvasina, 2002) quently, the analyses of later results reveal that the use of appropriate
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teaching seemed to generate very limited improvement in this skill. Adeientific inquiry is logical and follows a set of sequential steps. However,
though in a few cases there was significant differences between the expéiéir perception was consistent with the role of technicians who are re-
mental and control groups which was due, perhaps, to the effect of théred to follow a set of instructions to conduct an experiment.
units and Eloosis teaching, generally the difference in performance be-lt is not surprising, therefore, to see from the results that neither could
tween year groups was not significant. The data strongly suggested th#éteapupils state the purpose(s) of experiments correctly nor state attributes
developmental factomight be at work. Thus, cognitively, pupils were notof a good experiment. Could this be a reflection of how the pupils are
yet ready to appreciate the abstract notions inherent in seeing the empiti@aght in schools or merely lack of knowledge. Encouragingly, the pupils
as the way of gaining answers in scientific enquiry. were able to recognise that not all experiments provide the best answers.
To investigate the effects of culture and the differences in educatiortddwever, they could not explain scientifically how they could differentiate
approaches on the conceptualisation of the place and nature of experinbetween good and bad types of experiments. Neither could they describe
tation in scientific thinking by early secondary school pupils, the asse$ww they could verify an experimental result.
ment was applied to the Scottish pupils, of broadly similar age. 741 werelt is obvious that if some of the school science aims are to develop skills
involved of ages 12-14. While there were some differences, the genematessary for experimenting in scientific investigations, as stated in major-
pattern of responses in most cases were remarkably similar. This sugggstf school science curricula (i.e. plan and design experiments, decide on
that the data reflect pupils’ abilities in the skills being tested are not undwlgriables to manipulate during the experiment, make conclusions that are
affected by cultural and educational factors. scientifically sound and so on), then, either the schools are using the
The use of Eloosis in Scotland wrong approaches (or not teaching it all) or simply the pupils are not ready

. ) cognitively. Perhaps the latter explanation is more plausible.

To explore the developmental ideas further, the game Eloosis was use
with 120 pupils in years 1-4 of a Scottish school. The aim was to S%gmmary of purpose of the research
whether there were any observable differences in the ways pupils re-The overall aim of this project is concerned with the ability of lower
sponded to it. An experienced teacher followed precise questioning guideeondary level pupils to conceptualise the use of an experiment as a way
lines with each class while the responses were recorded. Often theakasking critical questions during investigations in their science lessons.
sponses were quantitative: for, example, in a question which askeid, ‘...This aim produced five questions which were explored in the experimental
you try a card you thought might be accepted or might be rejegepil  work described in this paper.
views in each group were found by a show of hands. : . : : -

Despite the difficult nature of the game (less than 10% thought it easg,])erag iﬁ)]uggiseﬁééoggrmsiﬁcgndary level appreciate the inclusion of experi
pupils overwhelmingly indicated that they enjoyed playing the game (typi- g ) )
cally, over 90%) as was the case with Botswana pupils. However, furtherlt seems clear that pupils have a very different perspective on the nature
investigations revealed that pupils’ enjoyment of the game did not nec@éd purpose of experiments when compared to the place of the empirical in
sarily mean they understood the processes involved in working out t@entific inquiry. Even after specific teaching using the teaching units and
teacher’s rule. The results of various questions clearly demonstrated i@ game Eloosis, pupils still do not seem to have a clear understanding.
uncertainty in pupils’ thought processes. With Scottish pupil, the general outcomes seem to confirm that the teach-

When asked,Did you sometimes think you had the answer, then tHBJ approaches used there appear not to have accelerated the development
next card made you changed your mind@ound three quarters said Of the ability to see experiments as a way of questioning critically in
‘yes, suggesting reasonable honesty. However, when they were ask&gentific investigations. _
what they did when they thought they had the rule, in most groups around he Nuffield Science syllabuses in England were based partly on
50% said they tried to play a card which they thought woulddsepted ~ Bruner’s discovery learning approach which has strong connection with
Interestingly, the percentage of those who stated they tried to play a cHi@ scientific way of inquiry. Syllabuses had to be modified radically when
which wouid berejectedto test the rule rose steadily by age group, fronit became clear that pupils could not cope with this approach. It is possible
23% in year 1 to 60% in year 4. This might suggest some kind of develdpat pupils had not yet reached the developmental stage where this view of
ment by age of the idea of falsification. However, when asked which tackite place of the experimental was accessible. This is consistent with the
was better, responses showed no pattern by age at all. They were fingings here. o ) ) o
asked which tactic made them more certain and, again, responses werdOwWever, it is surprising to see the pupils showing strong appreciation
completely unrelated to age. Surprisingly over 80% of year 4 pupils CJ@I the inclusion of experiments as part of their science activities despite
sideredacceptectards as the main source of evidence that they relied upligir lack of knowledge on the purpose of experiments. It became clear
to work out the teacher’s rule and almost completely claimed to ha{®m the interviews that pupils were confusing experiments with practical
disregarded the pattern from rejected cards. work or situations where they follow a set of instructions to confirm

The responses provided by the pupils on the method they used to waRgWers to a teacher designed problem. It is very clear that pupil percep-
out the teacher’s rule clearly manifest a trial and error approach by all. Tis of the place of experiments is very different from the stated intentions
pupils could not spell out clearly the critical information that they had t8f curriculum planners. Generally, all pupils at junior secondary level
hold onto to work out the rule. The pattern of thought observed with tf@gard experiments as their main attractions to learning science at schools.
Scotland group is similar to that observed with the Botswana group. 16is finding is consistent with the results from other research (eg.
determine the pupils’ perception regardivghat message they gained SkRvABINA, 2000; WooLnoucH, 1991).
from the gameand how the message relate to the way scientists try to fing) Can these pupils identify a critical piece of information necessary for
answers to phenomena’nore quest|0ns were answered. providing a credible solution to a problem?

Further questions, of a more general nature, were asked: It appears that pupils are unable to fulfill this goal in the first Botswana

. survey. This result is not surprising given that the skills involved in iden-
What do you think the game taught you? tifying a critical piece of information and in scientific experimentation are
How does the game relate to how science tries to find answers?  highly abstract and that these pupils are in the transitional stage of formal
Why do we conduct experiments in science lessons? operations as described by Piaget (1967). However, it must be noted that
What is science trving to teach this conclusion was based on test/questionnaire whose validity was open
ying to teach us to question. It represented an attempt to gain information about a highly
Are some experiments better than other? What makes a good expesimplex matrix of thought processes but the complexity of this raises
ment? doubts about validity. Nonetheless, the evidence from the larger survey
Are answers from experiments always right? conducted in Botswana and the parallel Scottish study support the general

. : finding. The data also suggest that it is not easy to develop such skills by
”
How can you be certain of the answer from an experiment? specifically targetted teaching.

Generally, pupils vaguely related Eloosis to experimenting in scientifi@ DO lower secondary level pupils have the ability to conceptualise or
investigations. Through the use of some probing questions and clues o€ experiments as ways of asking critical questions in scientific investiga-
vided by the experienced teacher, some answers were obtained. It bechffts?
clear from the responses given by the pupils that some of their views werePupil see experiments as illustrative, as fun, as ways of making the taught
based on common knowledge which is not necessarily scientific. Tlaeurse ‘real’. There is no evidence to suggest that their perceptions of experi-
majority of the pupils in all the year groups strongly felt that the process wfents are similar to those often specified in curriculum guidelines.
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