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A Short-term and Long-term Study of
a Science Investigation Project in

Geology, Used by Non-science High
School Students

NIR ORION, Weizmann Institute of Science, Isvael

ABSTRACT A geological investigation project named Geotop’ was introduced into the high school geography
curriculum of Israel as a vehicle fo enhance geolopy and science education within this non-science population. The
evaluation research whick folloved the project from 1987 included assessment of the students’ achisvements and
attitudes towards the praject. In 1992 an attitude questionnatre was posted lo the home addresses of students who
participated in the programme dwring its 5 years of implementation. The findings indicate that the students hold high
positive atlifudes in the affective and cognitive domains of the programme. They view the programme as a very
meaningful and enjoyable learning experience. Most of the students use the geological knowledge and the thinking tools
they acquired in their daily fife, thus enhancing theiy understanding of their natural environment. For some of them
this experience influenced their current and fitture choices of academic subjects.

Introduction

Science projects involving individual investigation tasks are quite well-known learning
activities for high school students, mainly for gifted students but also for regular science
classes (Tytler, 1992). A science project for biology high schoal Israeli students named
‘Biotope’ (regarding an ecological niche} has been run since 1977 {Bakshi & Lazarowitz,
1982). Following the biology project experience, a geology science project was developed
as a compulsory part of the new Israeli high scheool earth science curriculum {Orion,
1989). The students conduct the projects as their fifth and last matriculation unit.
‘Geotop’ is defined as a mini-research project, which takes place in the field or laboratory
or hath, The educational objectives of the programme are:

1. The application of knowledge and skills learned in the classroom, laboratory and field,

2. Learning and exercising scientific investigation processes, for example, identifying a
research question, observation and data collection, data analysis and writing a
scientific report.

3. The development of individual learning skills,

4, Enhancing students’ intellectual curiosity.
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5. The development of a positive attitude to geology as a scientific discipline.

In order to achieve these ohjectives the ‘Geotop’ project is based on the following
learning strategies:

* mdividual learning: the project reflects students’ individual interests and ability to work
independently;

* fhands on experience: the project includes investigation of real geological phenomena in
their namral environment;

* expert supervision: each project is supervised by a postgraduate geological researcher who
1s characterised by scientific curiosity and enthusiasm and willingness to contribute to
the education of young students; and

¢ co-aperative learning: stadents conduct their investigations in pairs. They are encouraged
to discuss their results but they have to analyse the data and write their reports
individually,

In parallel to the development of the geological project for earth science majors, a
similar version was modified for high school geography students. It is this latter version
which is described hereafter. The geography curriculum in Israel includes a small portion
of geology, but both the students and the teachers have nen-science backgrounds. The
‘Geotop’ project was introduced into the geography curriculum as a vehicle to enhance
and strengthen the geology teaching within the geography curriculum, as well as to give
those students, many of whom had suffered failure and frustration in their former science
studies, another {and maybe last) opportunity to experience science in a more positive
light.

Conducting science projects among the student population as defined above might
sound a rather ambitious task. Nevertheless, it can be done and it has been tried cut in
Israel since 1988. This article outlines the scheme of this project and its short-term and
long-term effects on students and teachers,

The Purposes of the Study

The purposes of the study presented here were:

(a) 1 carry cut formative and summative evaluation of the implementation of the
programme;

{b) to develop assessment teols and criteria to evaluate students’ performance and
achievements;

(c) to discover the short-term effects of the programme on students and teachers;

to assess the long-term effects of the programme on students and teachers; and

to compare gender achievements and attitudes to the individial field investigation

project.

—
==

A Description of the Geology Science Project (Geotop) for Non-science
Geography Majors

Characleristics

The ‘Geotop’ system for the non-science students consists of four components: the
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programime organisers’ team, the geography students, geography teachers and the field
investigation project leaders.

The programme organisers’ team, which consists of a few geological educators, has
four main functions;

¢ the development of the ‘Geotop’ programme, i.e. its philosophy, operational system
and assessment methods;

¢ the training of the field leaders in development and the implementation of their field
investigation projects;

® the training of the geography teachers to analyse field data, how to write a scientific
report and how to assess students’ reports; and

» the conducting of the formative and summative evaluation of the whole project.

The field investigation leaders are mainly postgraduate geology students. They supervise
the students during all stages of the project: field investigation, data analysis and the
writing of the scientific report. Their assessment of students” performance is included in
the student’s final score.

The geography teachers are involved in the students’ selection, assisting in the writing
stage and assessing their reports. The students are eleventh or twelfth grade (age 16-17)
geography majors who choose to participate in the project as the fifth unit of their
geography matriculation programme. This programme is not compulsory and they can
leave it whenever they hke and take another course instead.

Since the geography students enter the ‘Geotop’ project with limited geological
knowledge and investigative skills, it is unreasonable to expect them to follow the whole
programme and process of the scientific research. The characteristics of this science
praject for non-science students are as follows:

1. An individual student investigation project of a geological phenomenen, closely
supervised by a geologist (generally a postgraduate student).

2. 'The student chooses his/her topic of investigation from a detailed guide bock which
he/she receives before entering the project.

3. The student assignments include field observations, data collection, data presentation,
data analysis and drawing conclusions based on the field observations.

4. ‘The students have no prior information about expected findings and conclusions.

3. The project is mainly based on field-work and a modest degree of reading of the
geological hiterature.

6. The time span of the field investigation is about five 1 day meetings. The student
should submit his/her final report about 6 weeks after finishing the field investigation.

7. The student’s final report should include the research descripdon, data presentation,
discussion and conclusions,

8. The student’s final score is based on the assessment of three components: the student’s
performance during the individual investigation, the quality of the final report, and
his/her understanding as expressed through an oral examination.

How Gestop® is Organised and Administered

The cycle of operational activities of the programme organisers’ team covers the whole
year. At the beginning of each scheol year, a detailed guide book entitled “The Geotap
Guide’ is published and sent to all geography teachers who teach geclopy as a part of
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their curriculum. “The Geotop Guide’ details the philosophical and practical issues
concerning the programme and the investigation projects offered. About 20 different
projects guided by abont 10 postgraduate geology researchers are offered each year. Four
examples of these investigation projects are presented in Table I

During the first month of the vear the teachers present the programme to their
students and encourage them to read ‘The Geotop’ Guide. The students who decide to
participate have to rank three favourite projects. The teachers collect their students’
selections and send ther to the programme organisers. The teachers are encouraged not
te be too critical in rejecting students who, according to their judgement, might not be
able to cope with such independent learning. Instead, they are asked to rank their
students on the registration form according to their capahility. The ranking procedure
enables the programme organisers te reject the lower-ranked students in cases of
over-registration., This procedure also motivates students to prove that their lower
ranking was wrong. The programme organisers sort out the students’ lists and send each
field leader a lists of their students’ names, addresses, telephone numbers and their
teachers’ details.

The field leaders have to complete the field investigation meetings not later than 2
months after receiving their list of students, and the students have to submit their final
report within 6 weeks after completing the field-work. In this stage of the programme the
programme organisers send to each teacher a list of potential external examiners whom
he/she could contact to co-ordinate the date of the examination. Since most of the
examiners are actually the field leaders of investigation projects, teachers can contact
cnly those examiners who had not guided any of their students. The examiner receives
the students’ final reports at least a week before the oral examination. The examiners are
trained to spot misconceptions which can be related to the students’ limited geological
background or due to inadequate explanation by the field leader. The oral examination
is conducted as an open discussion about their work. The examiners are asked to create
a pleasant, snpportive atmosphere and to test students’ understanding and to correct
their misconceptions through friendly conversation rather than inquiry.

This system functions on a minimal budget. The Ministry of Education subsidises a
half-time post on an annual basis and the examiners’ payment and that of the field
leaders is paid directly by the students or their schools.

Design and ‘General Procedure

The assessment and evaluation of the project was based on four main approaches:

{a} The collecion of qualitative data about the attitudes towards the project and
suggestions for its improvement from all the programme participants, i.e. students,
geography teachers and field investigation leaders.

(b} The assessment of the students’ achievements—process and knowledge.

(¢} An attitnde questionnaire which was mailed with a stamped addressed envelope to
the home addresses of students who participated in the programme over 3 vears
(1988-1992). A similar questionnaire was also sent to the geography teachers and
the investigation leaders who were asked to assess their students’ attitudes.

(d} The recording of the percentage of students whe failed to accomplish their project
each year and the investigation of the reasons for their failure.
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Method
Sample

The study included 335 eleventh and twelfth grade (age 16-17) geography major

students who completed their investigation project from 1988 to 1992 (Table II). The

study population came from 15 different high schools, taught by 18 different geography

teachers and guided by 13 different investigation field leaders. Half of the geography
teachers have participated in the programme since it started and the others joined it

later. Five of the field leaders dropped out of the programme after 1 year and the others

had participated in it for more than 3 years.

In 1992 an attiude questionnaire was posted to the home addresses of 183 students
who participated in the programme during 1888-91 (75% of this population). While
conducting this research, the 1988-90 students had already graduated from their high
school {1-4 years) and most of the 1991 students were in their last year of high schoeol,
A total of 81 questionnaires (44% of the posted populadon and 33% of the whale
population) were returned. This return percentage is reascnable, especially in relation to
the Israeli sitvation where adolescents serve for several years in the army. The same
questionnaire was also administered to the 1992 class by their geography teachers after
they finished their oral examinations: as a result 70 student (78%) of this population
answered the questionnaire. The gender distribution of the study population as a whole
is symmetric although there are asymmetric distributions in seme of the years (Table IT}.

Farmatiwe Fvaluation

The implementation of the programme was followed each year by a naturalistic
evaluation study which collected data about many aspects of the programme, such as
student selection criteria, registration procedures, the quality of each of the investigaton
projects and its field leader, the geography teachers’ contribution and the assessment
systemn. The evaluation follows the programme over the whole vear as follows:

1. During the field investigation stage, the programme organisers are regularly informed
through formal and informal interviews and conversations with the field leaders,
teachers and students. At the end of the examination stage, individuals and groups of
students are interviewed through a random selection procedure.

2. Following the oral examinations and the final reports, each examiner indicates
misconceptons related to a specific project scheme or style of guidance. At the end
of the school year, the programme organisers conduct a one-day meeting with all the
field leaders and geography teachers whe pardcipated in the programme. Each
participant summarises the programme from his/her angle and indicates the
difficulties and problems as well as positive features which emerged during the vear,
All these issues are discussed and ways for improvement are suggested.

3. During the summer holiday the evaluation findings of the past year are summarised
and the modifications deemed appropriate are published in the next ‘Geotop Guide’.
... and another cycle begins,

The Assessment Tools

The students’ achievemnent scores are determined (as for every matriculation score in
Israel) equally by external ‘and internal scores. The ‘Geotop’ external score consists
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equally of the students’ assessed final report and oral examination. The internal score is
equally determined by the field leaders’ assessment of students’ performance and the
geography teachers’ assessment of the students’ final reports.

To minimise subjective assessment, the following criteria were developed (a detailed
description of the criteria is presented in Table II):

(a) The criteria for assessing students’ final reports ave as follows: structure; quality; extent and
complexity; form and style; independence.

(by The critenia for assessing the oral examination ave as jfoliows: proficiency; presentation;
understanding; logical thinking; general knowledge and understanding; involvement.
(c) The criteria for the assessment of the field investigation are as follows: level of independency;
problem-solving ability; interest shown by the student; motivation and persistence; the
quality of the field investigation; the quahtv of the student’s data presentation and
analvsis.

The validity of the assessment criteria was tested by two methods: (a) expert judgement
by five scientists, five science educators, eight geography teachers and seven field
investigation leaders; and (b) tesing the same student by tweo different examiners and
comparing their scores. The test was conducted in 15 different cases and an average
difference of scores of 7% over the three sets of criteria was found between the different
eXaIminers.

Attitude Instrument

The long-term study is based on a questionnaire which was developed for this study and
has two parts: a ‘closed’ questionnaire including 18 Likert-type and two yes/no questions
and an ‘open’ part where the students were asked to write down their summary of the
programme and their suggestions for improvements. The first part asked the students for
their views on various domains related to the programme such as, affective, cognitive,
general contribution to learning, teaching, values, usefulness (yes/no questions) and a
recommendation to 2 friend who might like to participate in the ‘Geotop’ praject. For
17 items on the questionnaire, respondents used a 3-point scale: very high, high,
moderate, low and very low. One item (Recommendation) used only a 3-point scale. In
the introduction to the instrument the students were told that the purpose of this study
is to improve the programme and they were asked to be constructively critical and to
propose suggestions for improvement,

The instrument was validated through the expert judgement of 10 science educators
and teachers. Since it was not developed as a scaled questionnaire, each question was
analysed separately. Data analysis includes frequency distribution, means and standard
deviations, &test and analysis of variance (ANOVA) statistics. A similar attitude question-
naire was developed for the teachers and the field leaders, who were asked to estimate
their students’ views about the programme. The questions in that questionnaire were
modified as: “The enjoyment your students gained from their project was ... etc. The
teachers’ and the field leaders’ questionnaires included 14 and 11 items respectively,

Results
FPercentage of Projects Completed

The percentage of smdents who failed to hand in their projects may serve as an



211

Study of a Science Investigation Project

"ELIILIZ
X182y
uodn Aenbas
poyHLm st
SI008 [P Iy ],

Sy puv wormnesad vnp S 10apns mp Jo Ak ay g,

wogpTysaat e s uapms o Jo Lenb sy,

IPNIS Y Ag] UMOUS 2uapstsad pun uoyparow [o [IAY]

Foaload o Suunp yuapms 2y AY MMOUS B2 [0 [P9AY ]

Apae fusfos-wajqoid 10 Suryung prpapn SJUopnIs 0T,
‘unnednssam pEy s Suunp apns A AG umoys wogs-fis o [Peax]

SHISTYILD POR TUIUIIAT0AU]

Suapes PRL ()

ol reuosrad 13y 1o ST YIOM I2Y IO ST 0] UOONMLOUOD [ENDPATDUT S JUSPIUS 31 §J53) OIS ST T, 2TURAOAI]
Furpuwisiapun
“qIOm JO pire 28papmonny|
0l omd siy1 o1 parepa axe ymys sopdound pesdorosd reaoudd moge yes 01 Aupqe sJuspms ay ], [edoudn)
"EODBUTHIEXD ) Suump 101 Io wmy 0] pRudsiid st ysms Sumns iome
07 wody wajgosd Te[rIs B aAos 01 SPUIPUY T2 40 ST 26N TED JUIPIOE Y1 YOTYM 01 JUXD Y ] supjunp [eado
SIDORD)
10 J3PE] PIRY Y1 W0L] PIESL 91 /$ TBYM UmMOp s snd 9y /s pig .:c_wz_u.:cu~ pue
07, SRUTPI] Io1] 10 ST} PUOgRG BTN 7] SPURISIPUN AFELI JUIPNS DI DM 01 THIIXD oI T, Smpumsiapupn
0% "AEM IEID PUE PaSIONJ B UL YI0M 19y M0 s1y qussaad 01 Appge s quspras oy UOMEIIIS]
- *SPOGINL
stsA(eUE BIED puE sfuipun ‘spowtaw uonesnssaut prey sy Fa o o uondussop
07, POTRIp 9ALR 01 AIGR 101 10 ST PUY ¥I0M IN] 10 50 (it ALIRILR] §)PnE a1, ANDDY0L]  WODRUUIEXD [ {g)
"POIIPBIOD 3q PMOYs UoneSnsasut 21 SUnInpuUod T AIUET[a-J[a8
ol 10 WNXD Ay sedeue wrep g ganoap soys proys Aeuiue pue Jurquigp [enplapu] LIRS
) “spau0d jo 357 1adoid e 2q pmoys asoty ‘paraqunu
an) ) e saandy pue syger seded ag ‘panwawdes Apeap aq o are sadeys ap F2
[n| ‘smof[o} 01 453 o pur “oAls Susoyy pur 1eap v Futaery ‘pmuasaid (s aq prroys wodas oy, 2415 pue wog
“apew SUopD [EsAyd JO JUIAI AR PWNR JO QINKI MIAM MDY YL BIEp JO sisdreur 2l
“paford mogrinsaan s jo AopdmIon o) s¥ YOS SPRID UG AR OTM SHOfD Vs B Ayocapdwaos
07 J0 arxe 3 Anpurngord Jo UsIXs 3J1 IMOLIETL G0l JOU PROIY 001 JOYTOU 3¢ prioys 1slgns oy ], pue juxy
"ATRIDUE D1 PAIE TROLIISSD D))
UIDMIIG UOODUNSIP € 3¢ 01 SPI2u 339¢) (SUCISNou0d 241 pue sSupuy syl uzamiaq uone|a
MeaEo] puR 101 ¥ 90 01 SPANT JINY SPOINIIT U0 RENSIANL H]) PUR $24023[0 (1R8I
] TRaMIS] NOOE]M JEI B ST 2391 ‘porussard Apespy pue pasifeue ‘pagsapoa Apsdoad aq
05 o e eep AU ‘panmsaad AIRap oq 01 218 Apmis o) o ampoyss pie spopan “asodmd oy, Aympenyy
-AqdesBoyyig petassead Apedoad pue sasusiap lAreununs
JouIq SSURSMICD pre uomssnostp Ssoantd pue sdmeap ‘syderd ‘sogem ‘suonoas-ssorn
‘gdewr se yans sanbunpy veneyasard ajeudordde ySnonp vonelnasaad eyep [dpms o o
.y ampays pue spoyaw ‘sasodand o jo vonduzsap Yeasge fann v apmpuy pmoys wodaz oy DIMIDNE yodor euy (&)
{0g) Tupunduices PUNLD 911 o uondinsagg ELIZIN) 008 [eury
yoeq 10 siwuodwony

susuodwos jo »deruaoaad pue LD g ‘31008 fpuy AR Jo suatoduion aargy T, PI[ THEVL,



212 N Onion

TARLE IV. The ‘Geotop’ failure percentage over the years 1988 92

Year Number of beginners ~ Number of finishers  Failure (%)
1988 83 40 52
1989 103 33 48
1990 75 60 18
1991 96 85 12
1992 95 80 5
Total 454 330 27

indication of the suitability of the programme for the non-science population. Table IV
shows a very high failure percentage (50%) during the two first years and then a sharp
decrease down to 18% in the third year moving gradually to 5% in the fifth year of the
implementation of the programme,

It was found that reasons for the students’ decisions to drop the programme were
related neither to their school achievements nor to the teachers’ view of their abilites.
Students with a reputation for moderate or low achievement successfully accomplished
their projects (Table V) and in other cases high achievers decided to leave. Interviews
with students and teachers over the vears revealed three main reasons for students
leaving the programme:

o The insufficient information, or even wrong information, students received from their
teachers about the programme. °. .. We were told that it was going to be fun and
students usually received high scores, ... I did not realise how much werk and time
we would have to give . . . so, after the first meeting I decided to quit . . ..

o Moatters related to particular field leaders’ quality of guidance. Students made two different kinds
of complaints about some field leaders’ behaviour: (a) relating to their carrying out of
responsibilities: “. . . he used to change the dates of the meeting . . . and sometimes he
forgot to inform me, ...and so the next time I decided not to come...’; and (h)
relating to the suggestion that the field leader was too demanding; *. . . He asked us to
do everything ourselves and he was not helpful at all. . . . what did he think, that we
are his university students? .. . I heard from my classmates that their field leaders are
so helpful and dedicated »..so I decided to quit..."

¢ Self-reliance problems. Some students had difficulties in managing such independent
experience. Since some of the students were highly regarded by their teachers for their
abilities to summarise and memorise what was taught in the classroom, it may be
suggested that these abilities do not guarantee self-reliance,

The significant decrease in failure over the years is probably a result of the improvements
which took place following the evaluation study and the experience acquired by the field
leaders and the teachers.

Students’ Achievements

Table V presents the mean scores of the ‘Geotop’ of 1992 geography students together
with their general geography grades which were given, at the end of the year, by their
geography teachers, The results are very similar to results of previous years since 1988:
an average score of 90 on a 100-point scale. Since the scores are compiled from different
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Tantk V. The distribution of the mean scores of the ‘Geotop” and geography final scores of the 1992
non-science students

Geography students’ Students’ internal
‘Geotop’ scores geography scores

School 7  Mean 8D Minimum  Maximum Mean SD Minimum Maximum

1 11 835 35 88 98 736 71 65 85
2 10 513 58 a2 100 71-3 98 51 85
3 7801 32 86 94 786 38 75 85
4 5 508 59 83 98 B0 116 64 90
3 5 856 36 92 100 764 46 71 82
& 2§25 07 92 93 o 14 69 71
7 9 831 6l 80 99 745 133 35 89
8 18§07 53 84 © 100 761 96 60 85
g 19 8§32 43 82 100 8%5 53 80 100
10 4 932 57 85 28 70-2 4-1 65 75
Total 90 923 49 80 100 779 103 31 100

510 = standard deviation,

evaluators and different sources, it might be concluded that these scores really do reflect
the students’ performances,

The significant difference between the students’ ‘Geotop” and geography internal
scores Is also replicated constantly over the years. One might suggest that this difference
is mainly a matter of different test procedure. It is suggested, however, that while a
student who has a reputation as a low achiever produces high quality work and a modest
student achieves excellent results, it is more than just a different way of testing, This may
also imply that the individual investigation programme succeeds in revealing the real
potential of those students whose ability did not show up during the regular, traditional
classroom smudies.

There was no difference between male and female abilities to conduct independent
field-based investigation.

Student Interviews .

The interviews, which were conducted at the end of each year, included about half of
the students, representing all the investigation projects and schools included in that year.
The general picture which is drawn from the interviews indicated that the students
enjeyed the field investigation very much, but they had difficulties in writing the scientific
reports. It seems that the writing dificulties had no negative influence on their atdtude
and, in perspective, they even felt satisfaction with their triumphing over their handicaps.

The reviewers’ reports often mentioned the enthusiasm shown by students while
talking about their experience. The students” positive observations generally included the
following aspects:

¢ the enjoyment and fun of a field-study camp;

» the enjoyment of independent learning, particularly in contrast to experiences in the
school learning environment;

# the thought that concrete learning is a very efficient learning method,;

¢ the social virtues of getting to know students from other schools;
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e the contribution of the field investigation leaders. Some of the students mentioned that
they were carried away by their guide’s enthusiasm and personality.

As already mentioned, some field leaders were criticised for being too demanding or
irresponsible with respect to the meetings’ schedule. The data collected by the organisers’
team revealed that most of these field leaders decided to leave the project after 1 or 2
yeas because, as they explained to the orgamsers’ team, they had found the use of such
teaching methods unsuited for them.

Teachers’ and Field Leaders’ Reporis

The fleld leaders’ reports gave a very positive picture. The high motivation and
enthusiasm of the students during their projects appeared in most of their reports and
interviews; as one of them said: ‘. .. Although we work from early in the morning ull
dark, I had to force them to go to sleep at midnight, since they were so occupied with
the work and analysis of the data they collected throughout the day’.

‘The geography teachers’ reports indicated that the students brought their motivation
and enthusiasm to the geography classes and in some cases they even influenced the
attitudes and behaviour of their classmates whoe bad not participated in the programme,
Some students’ parents also reported to teachers the positive changes in their children's
behavicur following their investigation projects. Geography teachers emphasised
difficulties students had in writing scientific reports since it was the first time they had
attempted this. During this stage stndents used to complain about the difficulty of this
assignment, yet after they had accomplished it they were very proud of themselves.

During the early years geography teachers reported their great difficulty in assisting
their students in writing the final report and its assessment. They also found themselves
in the position that, in some areas, their students were more up-to-date than they
themselves. However, this situation forced them to update their knowledge and to
improve their skills:

... T have ten ‘Geotop’ geography students in my class who participate in five
different projects. The knowledge they bring to the classroom is enormous.
Sometimes I find myself in a situation when they correct me or talk about ideas
which are new for me. So, I contact their investigation field leader and ask him
what it is all about. Thus, in the next class I am better prepared.

After a few years of experience, all of the geography teachers agreed about gaining
significant geology knowledge and understanding; they felt much more confident in
assisting their students and in evaluating their reports. Some of them claimed that as a
result their self<image as a professional teacher was improved.

The Long-term Attitude Study

The results presented in Table VI indicate that the students hold high positive attitudes
in the affective and cognitive domains of the programme, They strongly agreed that their
learning performance had improved and were very interested and enjoyed it, especially
in relation to their other studies in high school. This enjoyable learning experience was
implanted in their minds and they stll carry it with them. Most of the students use the
geological knowledge and the thinking tools they acquired in their daily life, thus
enhancing their understanding of their natural environment. For some of them this
experience influence their current and future choices of academic subjects.
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Although the interviews with teachers and students indicated difficulties at the writing
stage, with the perspective of time, most of the students perceived the programme to be
of moderate difficulty. The results support the geography teachers’ reports about the
significant contribution of the programme to classroom learning. It seems that since
‘Geotop’ became part of the geography curriculum the students transferred some of their
positive attitude to geography as well, even though there is little similarity in Israel
berween these two disciplines at school or at the academic level. The key role of the field
leaders, both in the cognitive and affective aspects of the programme, 15 also supported
by students’ attitudes. The contribution of the geography teachers was found to be less
significant, as expected, but even so it seems that many teachers had supported their
students well. In relation to attitudes in the values domain, which is actually a side effect
of the programme, the findings are also encouraging. Following the programme, about
80% of the students are better acquainted with their country and about 60% felt more
involved with their environment, Some 60% of the students used the knowledge they
gained in the programme in their daily life. Most of them wrote that while walking
around the country, they were able to identify and understand geological phenomena
and liked to explain them to others. About a third claimed that they would like to study
geology or physical geography in the university and a few of them had already registered
(most of the students have been serving in the army in 1992). Their high satisfaction
with the programme is clearly expressed by the frequency distribution of their
recommendations.

Table VII shows that the programme has long-term effects on the students and the
development of positive attitudes, mentioned above, remains constantly high over the
years. An analysis of variance (one-way ANOVA) was conducted for three groups:
1988-89 students, 1990 students and 1991 students. A significant statistical difference
among the groups was found only for one statement, ‘the field leaders’ contribution to
understanding” (No. 13, Table VI). It was found that for the more recent groups, the field
leader had influenced them more positively. This finding might reflect improvements in
the procedures followed in setting up the field investigation project, replacing of
unsuitable field leaders and the quality of guidance offered over the years.

The respondents of 1988-91 represent only about one-third of the whole population
of these years and this might raise a question about possible sampling bias. In order to
test this a ftest analysis was conducted between two groups: the 1988-91 student group
and the 1992 student group, which represents about 80% of the whole 1992 ‘Geotop’
student population. Among the 20 items analysed, only in three cases were significant
differences found (T'able VIII): in students’ memory of the work they had carried out, the
usefulness of the project in their daily life, and the degree of contribution of the
geography teachers, The differences in the two first items could be expected. The higher
positive attitudes to the geography teachers’ contribution probably reflects the teachers’
improvement over the years.

The data analysis of the geography teachers’/field leaders’ views about their students’
views of the programme, which is presented in Table IX, is another source of validation
of the students’ attitudes. It is impossible to look for statistical differences between these
iwo unequal groups but the overall picture which is revealed in Table VIII, Table IX
and the teachers” and the field leaders’ reports can given solid support to the validity of
the long-term findings concerning the study population.

A t-test analysis indicated that there were almost no gender differences concerning the
attitude outcomes of the programme. Only two significant statistical differences were
found: (a) female attitudes wete significantly positive concerning the geography teachers’
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TABLE VIII. Statistically significant differences between 1988-91 group (» = 81) and 1992 group
{n= 170}

1989-91 group 1992 group
Statements X 8D X SDr ¢ P

6. My present recollection of the details

of my work is: 40 07 45 0-6 47 0-0001
15. The geography teacher’s contribution

to the success in my investigation

project was: 36 1-3 4-0 0-9 2-6 0-01
18. Have you been using the knowledge

you gained from your *Geolop’

project since? {Yes/No

question—2-point scale) 0-6 0-5 02 G4 4-6 0-0001

5D = standard deviation,

contribution (f = 2-2, p = (-03); and (b) male attitudes were significantly positive concern-
ing the knowledge and understanding they gained reladve to the rest of their studies
(=23, p=0-02).

All the different sources of the evaluation (students, teachers, field leaders), the
different methods of evaluation (quantitative and qualitative), the different outcomes
fatritudes and achievements) and the time perspective (short-term and long-term) consist-
ently support each other, combining together to give a very encouraging picture of the
‘Geotop’ pragramme. These findings indicate that the programme achieved its objectives
In many aspects of the Isracli educational system with respect to: students, classes,
teachers, physical geography, geology and science.

Discussion

The findings suggest that ‘Geotop’ is a powerful educational programme and evidently
the ‘Geotop’ participants had experienced meaningful learning. This supports Ausubel’s
theory {Ausubel, 1968) which has already identified individual learning as a powerful
strategy for achieving meaningfid learning (Novak, 1977). In this study, the road to
‘meaningful learning’ undoubtedly crossed the interest-motivation junction. This might
explain why moderate to low achievers from a non-science background suddenly found
the power, abilities and commitment needed to produce such a quality performance
resulting in high achievement in conducting an individual science investigation project,
This explanation is based on Dewey’s (1938), Kilpatrick’s (1951) and Wilson’s (1971)
ideas about autonomous learning, which could be achieved through educational practices
which are both student-centred and interest-based.

The findings support Tytler’s (1992} conclusicn that students’ research projects should
not be limited only to talented or gifted students: *. . . interest and motivation rather than
intellect are the key ingredients in pursuing a piece of research and a model to a
successful conclusion . ..* {Tytler, 1992, p. 409), Although the ‘Geotop’ findings might
indicate that almost every high school student is capable of conducting an individual
investigation project, it is not suggested that everyone should do so. Since the ‘Geotop’
programme was not compulsory, the first and maybe most important commitment
students display is in their choosing to participate in the programme. Autonomous
learning or individual learning which leads to meaningful learning should start within the
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individual and can be derived only from his/her interest. The educational system should
create a greenhouse environment for the flowering and growth of the initial interest and
motivation of all students and later help to support individuals to nurse their interest and
motivadon.

Although there is growing awareness of the potendal of individual investigation
projects, e.g. in the secondary education (General Certificate of Secondary Education) of
England and Wales, they are still not very common in schoels. It is unreasonable to
expect that teachers, even the best of them, will find the time, energy and knowledge to
supervise individual projects of a whole class, Tt is suggested that in order to extend the
use of individual investigation programmes as an integral part of the curriculum, they
should be developed just as any other curriculum development task would be but with
even more care given te the implementation process.

The ‘Geotop’ example might serve as a model for the development and implemen-
tation mechanism for such programmes. It is suggested that the adjustment of the
‘Geotop” model for large student populations would mainly require an extension of the
role of the central organisation and the teams of field leaders or, more likely, the
establishment of a few regional teams, This suggestion gives rise to a legitimate question
about the cost of such programmes which might be a challenge to their continued
existence. To answer this question one should calculate cost in relation to its effect.
Accepting the impressive outcomes of ‘Geotop’ as an indication of the potential
educational effect of such programmes should make the cests appear quite trivial.
Schoois all over the world contain many bared and unmotivated students, identified by
their teachers as ‘wasting their potential or talent’. Most of them appear to have lost their
interest and motivation somewhere during their earlier years in school. It is the
responsibility of the education system to find the ways and resources needed to awaken
those students so that they fulfil their potendal. Our growing awareness of the needs of
the less able as well as the gifted students should not lead us to leave this silent majority
behind,

Summary

Individual science investigation projects can be successfully run with non-science students
and teachers. It is suggested: that a successful model for such a programme should be
based on development-implementaton—evaluation interrelationships which require ex-
ternal support by qualified field leaders and a central co-ordination team. The study
supports the idea that by giving students autonomy together with the necessary teaching
support and encouragement, meaningful cognitive, affective and values outcomes can be
expected.

This study also emphasises the potential of earth sciences to act as an educaticnal
bridge between the science and non-science oriented student population. Similar projects
might also be developed in reladon to other disciplines such as, history, archaeology,
economics, and even disciplines of the fine arts such as sculpture, photography and
painting,

It is suggested that the novelty and interdisciplinary characteristics of the earth sciences
and the ‘Geotop’ model could be used to develop investigation projects in relation to
other science student populations concerned with chemistry and physics. Such ventures
would enable those students to apply some of their theoretical background knowledge to
solving real earth science problems.
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