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CHAPTER 5

REVIEW OF THE DATA PROCESSING PROCEDURES AND
THE DESCRIPTION OF STATISTICAL TECHNIQUES APPLIED

5.1 INTRODUCTION

The purpese of this chapter is to review the data processing procedures and the description
of the statistical techniques applied in this study. The data caliection technigues, the sample,

and the research design are described, followed by a section on the data analysis procedure.

§.2 DATA COLLECTION TECHNIQUES

This section examines the technigues used 1o collect data in this study. Data were obtained
through questionnaires and interviews according to quantitative and qualitative research
methods. Questionnaires were used as research instruments (cf. 1.5.2.1 & 5.3) because of
the large population (¢f. 5.2.3.3). The questionnaires were mailed to the respondents.
Qualitative research was used to supplement the open-ended guestions in the questicnnaires
cf. 1.5.2.2). Response to open-ended questions was poor, hence the researcher aisoc
interviewed a number of geography teachers and learners {cf. 5.5} to improve the validity of

the study.

interviews are vocal questionnaires although they differ from questionnaires because they
invoive directinteraction between individuals (McMillan and Schumacher 1987 263}, Fraenkel

and Wallen (1886: 372) argue that a face to face interview s the most effective way of
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enlisting the cooperation of the participants in a survey because rapport can be established.
Furthermore, the researcher is also able to clarify the meaning of some of the questions to the
respondents and to follow up on unciear or incomplete answers to the questions { Fraenkel
and Wallen 1896 372; and McMillan and Schumacher 1987: 283). The interview aliows

greater depth of response which 1s not possible through other means (Koul 1986: 178).

Borg and Gall (1989; 380) and McMillan and Schumacher {(1997: 263} maintain that the
primary disadvantage of an interview is subjectivity. Furthermore, to conduct interviews is
expensive and time consuming {McMillan and Schumacher 1997: 264}, Htis expensive as it
may involve travelling tong distances 1o reach the interviews. As a result, a researcher is
compelied to sample fewer respondents than could be cbtained with a questionnaire. Koul

(1986: 178) notes that the interview has the following limitations:
7 it is a time consuming technigue;

] its effectiveness depends on the skill of the interviewer not ordinarily possessed

by inexperienced researchers;
i there is a constant danger of subjectivity on the part of the interviewer; and

il itis most difficult to empioy successfully as some interviewees may notrespond

freely, frankly and accurately.

The purpose of an interview is to find out what is on the mind of the interviewees, i.e. what do
they think or how do they feel about something (Fraenkel and Wallen 1888 447). Koul {199&:

176) further maintains that the interview enables an interviewer to get information concerning
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feelings, attitudes or emotions in refation to other questions.

In this study, interviews were conducted because 53 teachers (75%) and 315 learners (89%)
did not respond to the open-ended questions of the questionnaires. McBurney (1894 201)
has also noted that the response rate is the main problem with written guestionnaires. It is
argued that the low response rate may invalidate data because of differences between those
who responded and those whe did not. Therefore, interviews were conducted {o supplement

the information gathered by the questionnaires,

Interviews coliected data qualitatively from selected geography teachers and learners. They
were carried outto explore problems geography teachers and learrers experienced when they
were engaged in inquiry teaching and inquiry learning respectively. Respondents were also

requasted to suggest solutions to the problems they had identified.

Furthermore, interviews were also conducted to establish problems geography teachers and
learners experienced when science process skills were applied to the teaching of geography.
Teachers and learners were aiso requesied {0 suggest sclutions to the problems they have

identified. The following sections describe data collection procedure.
53 DATA COLLECTION PROCEDURE
This section reviews data collection procedures which include the pilot study, how the sample

was seiected, how the guestionnaires were compiled and administered to the population and

how interviews were conducted,
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5.3.1 Permission to Conduct Research in the Free State Department of Education

Permission to administer the questionnaires and conduct interviews was soughtfrom the Head
of Education: Free State Education Department (Appendix 8). It was granted {Appendix 9

subject to the foilowing conditions:

| the names of leamers/educators must be provided by the principals:
7 learning facilitators/Educators/Learners participate voluntarily in the project;
t the names of the schools and educators/learners involved remain confidential

in all respects;

] completion of questionnaires by educators/learners must take place outside

normal tuition time of the schootk;

O a copy of the letter granting permission must be shown to all participating
persons,

[ a topy of the thesis must be donated to the Free State Education Department;
and

0] the researcher had to accept the above-mentioned conditions (n writing.

The researcher also wrote a letter to the principals of participating schools to ask for their
permission and cooperation (Appendix 10). The researcher opted for mailed questionnaires

due to time and financial constraints. The questionnaires together with stamped self-
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addressed envelopes were sent to the schooi principals who were requested to hand them to

the relevant respondents.

5.3.2 Pilot Study

Before preparing the final format of the questionnaires, the items were tested by fifteen
secondary scheol geography teachers and fifteen secondary school geogréphy learmners in a
pilot study in Welkom Education District. Respondents were requested to cornment in writing

on the items centained in the questionnaires,

Some deficiencies were detected and additional items were suggested. For instances, twelve
teachers requested that a question requiring their qualifications should be rephrased. They
did not prefer tcz‘!ist their qualifications and they suggested that the item should ask if they
have specialised in geography at tertiary level. Fourteen teachers also suggested that item
33 which requested them if they allowed learners to move freely while the lesson was in
progress to be rephrased. ltwas changed to ! alfow learners to move freely in the classroom
while they are engaged in group work activities.” These changes were also applied to item 29

of the learners’ questionnaire.

The questionnaires were also handed to six lecturers at Vista University - Welkom Campus
{(Sub-faculty of Education}, for comments and improvement. Furthermaore, the questionnaires
were also handed to the Department of Statistics af the University of Pretoria, where the
researcher was advised on suitable iaycuts of the gquestionnaires to make them compatible
with the SAS statistical program that was used to analyse data. As a result of all these
processes, the questionnaires were revised and modified, and the final drafts were prepared

(Appendices 3 & 4) and mailed to the participants.
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54  POPULATION AND RESEARCH SAMPLE

In 2000, the year in which the data for this study was gathered, there were 302 secondary
schools in the Free State province offering the subject geography (Appendix &) comprising the
population of this study. It was not possible to post the questionnaires and interview all
geography teachers and learners in these schools. This would have beaen an expensive
exercise in terms of money and time. A number of schools were selected from which teachers
and learners who participated in this research project were drawn. Borg (1981: 73} maintains
that the size of the samples and the procedures used in selecting samples determine the
degree of confidence with which the researcher can apply the research findings to the
pepulation. Charles (1995: 96-87) supports this idea by asserting that samples are a
necessity, in research where findings are intended to be generalized to the population.
Furthermore, selected samples should accurately reflect the distribution of trait variabies within

the population at large.

A sampie is the portion of a population that provides the subjects of a research study
{Langenbach, Vaughn and Aagaard 1994 375; and McMillan and Schumacher 1993. 588},
This implies that a sample is a group from which information for the study is acquired.
Sampling is the process of selecting a number of individuals for a study in such a way that the
individuals represent the larger group from which they were selected {(Fraenkel and Wallen

1896: 91; Gay and Airasian 2000: 140; McMillan and Schumacher 1997: 165).

For the completion of the questionnaires, the researcher applied a simple random sample and
a systematic random sample to select the sample for geography teachers and learmers
respectively. Forinterviews, the researcher applied purposive sampling which is a nonrandom

sample selected, because prior knowledge suggests it is representative, or because those
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selected have the needed information {Gay and Airasian 2000: 138, Fraenkel and Walien

18986: 101; and McMiilan and Schumacher 1997 387). The following sections describe how

the samples for the respondents were selected,

5.4.1 Geography Teacher Sample

The Free State Department of Education could not provide the accurate number of sscondary
school geography teachers because they were uncertain how many secondary school
geography teachers were teaching in the province. It was subsequently assumed that there
couid be one geography teacher per schoo! which totalled to 202 practising secondary
geography teachers in the province. Questionnaires were sent to only 150 practising
secondary school geography teachers, which represented 50 percent of the assumed total
number of practising teachers. The researcher also decided on this figure because of time and
financial constraints. Therefore, a description of the respondents from this population should
be given in sufficient detail, so that interested researchers can determine the applicability of

this research fo their own situation (Fraenkel and Wallen 1996: 93).

As already mentioned, simple random sampling was conducted to select the sample for
geography teachers. In a random sampie, each individual has an equal chance of being
included (Borg 1981: 73; Borg and Gall 1989: 220; McBurney 1994: 204, McMilian and
Schumacher 1883: 166; Charies 1895: 97 and Howell 1999 21}, Furthermore, in a random
sample the characteristics of each of the sample may reflect the characteristics of the total
population (Leedy 1993: 201). This process ensured that each and every school that offered
geography had an equal and independent chance of being selected. This was done by using
a table of uniform random numbers (Appendix 8) to select 150 secondary schools that were

included in the sample out of 302 schools that offered geography in 2060, The first school
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was identified as school 0001, the second as school 0002 and school 299 as 0292 and so on.
Using the Tabie of Uniform Random Numbers {Appendig 7) (Howell 1999. 450 - 451), the first
two numbers did not form part of the sample because there were no 882 and 610 in the
population. However, the third number in the column, 046 formed part of the sampile as it was
also in the population. Thus, school 0046 duly formed part of the sample. The fourth and fifth
numbers were 320 and 281 respectively and schoeol 0320 did not form part of the sample as
it was not in the list of the schools provided by the Free State Department of Education but
school 0281 formed part of the sample. This selection process went on until a total of 150
numbers each representing a school in the population were included in the sample. Of 150
teacher questionnaires mailed, 71 were returned which represented a return of 47 percent.
This low rate of return might have led to research bias as it was not representative of the

research population.

Purposive sampling was used to select geography teachers interviewed. As interviews were
conducted in 2001, matriculation results of the year 2000 were used as a criterion for

identifying schools from which the respondents to be interviewed where drawn.

McMillan and Schumacher (1997 401) suggest that a purposeful sample size should range
from one to forty or more participants. Twenty schools with between 70 -100 percent pass
rates were identified and included in the sample. Twenty geography teachers in these schools
were individually interviewad and their teaching experiences ranged from two to twenty-four

years. A nurmber of thirteen male teachers and seven female teachers were interviewed.

It was assumed that these teachers could be knowledgeable and informative about the
application of science process skills to the teaching of geography. ltis mportant to note that

Gay and Airasian {2000; 138) argue that the shortcoming of purposive sampling is inaccuracy
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in the researcher's criteria and resulting sample selections. The interview schedule for
geography teachers can be found in Appendix 11. The following section highlights how

geography learners were selected for the sample.

5.4.2 Geography Learner Sample

The targeted geography learner population was all Grade 8 to Grade 12 geography learners
in ali education districts in the Free State. However, due to time and financial constraints, the
accessed geography learners’ population was only conducted at fourteen secondary schools,
It was assumed that all the characteristics of the 302 schools could be found in the selected

fourteen schools. A systematic sample was used to select this sample.

In a systematic sample, every nth individual in the population list is selected for inclusion in the
sample (McMillan and Schumacher 1993. 167, and Fraenkel and Wallen 1996. 98).
Systematic sampiing implies the selection of certain items in a series according to a
predetermined sequence (Leedy 1993: 211). The fourteen schools that were sent learner

questionnaires were selected in the following manner.

The researcher started by determining the sampling interval, i.e. the distance in the list
between each school selected for the sample. The following formula (Fraenkel and Wallen

1996 99) was used to determine the selection of the schoals:
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Sampling interval =

Population Size
Desired Sample Size

302
14

21,57
22
School 0022, school 0044, scheol 0086, school 0088 and so on were selected from Appendix
7 until a sample of fourteen schools was reached. This process indicated that the origin of the
sampling sequence was controlled by chance. Fifty questionnaires were sent to each selected
school with an instruction to the scheol principal {Appendix 10} that ten questionnaires should
be given to the learmers of each Grade. Of 700 questionnaires mailed, 355 were returned
which represented a return of 51 percent. It should be noted that this return rate resulted to

the problem of bias as it was not sufficiently representative of the population.

Geography learmners who were interviewed were from ten of the twenty secondary schools with
pass rates of between 70 and 100 percent which could have resulted in an extremely biassed
sampie. Only five Grade 12 learners per selected school were interviewed as a group, hence
ten groups of Grade 12 geography learners were interviewed. The researcherinterviewed only
Grade 12 learners because it was assumed that thay would be able to give adequate and
accurate information on the problems they experienced in inquiring learning and science
process skills. It was also assumed that Grade 12 learners would also be able to suggest

quality solutions to the problems identified. The interview schedule for geography learners can

be found in Appendix 12.
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5.5 ARRANGEMENT FOR CONDUCTING INTERVIEWS

Approximately five months after receiving the fast questionnaire, the researcher telephoned
the school principals of the identified schools to arrange forinterviews. Mastprincipals referred
the researcher to their geography teachers. The researcher requesied the teachers for
interviews not lasting more than fifteen minutes. The purpose of the interview was explained
and the information sought was made clear. Teachers of the ten schools were requested to

identify and prepare five Grade 12 geography learnars who could be interviewed.

After the telephonic conversation, the researcher sentthe interview schedule to the geography
teachers and requested the teachers to suggest times at which the schools could be visited.
Where there was a time conflict, the teachers concerned were phoned and alternative times

that were available were suggested. Interviews in all schools were cenducted during their

forty-five minutes break time.

Two days before each interview, the researcher phoned the geography teacher concerned and
reminded him/her of the interview. On the day of the interviews, the researcher tried to arrive
in the schoois twenty minutes before break. The researcher introduced himseif to the scheol
principals who took him to the geography teachers. The researcher introduced himself and
stated briefly that he had come in accordance with previcusly made arrangements. Some
small talk foliowed to make the interviewees as comfortabie as possible. The interviews were
conducted in a professional manner and the researcher kept to the questions sent to the
teachers earlier. As the interview schedule consisted of anly six questions, the researcher
wrote down the answer to each question. After the interview, the teachers were thanked for

their courtesy of giving their time and a word of appreciation was also expressed.



f;‘;
207
Then, the teachers selected the five learners t0 be interviewed. Learners were mostly seated
in the school library or laboratory when the interviews took place. The researcher introduced
himself to the learners and explainad the purpose of his visit to them. He further explained the
information he was seeking from them and why he was seeking it. He then started by
explaining the meaning of inguiring teaching and inquiry learning. Thereafter, he explained
what science process skills were by means of examples. The interviews were also conducted
in a professional manner and the researcher kept to the questions sent to the schools eartlier.
After the interview, learners were thanked for their countesy of giving their time. Each learner
was given a bar of chocolate as a token gesture. Twenty-nine female learners and twenty-one

male learners were interviewed. The interviewing process took twenty-five days te complete.
5.6 CONSTRUCTION OF QUESTIONNAIRES

A questionnaire is an instrument which attempts to obtain comparabie data from all members
of a population or sample because the same questions are asked of all research participants
(Gay and Airasian 2000: 280). itis an instrument for gathering data beyond the physical reach
of the researcher (Leedy 1993. 187). Aresearcher constructs a set of guestions and requests
the subjects to answer them, usually in a form that asks the respondents to check the
response (McMillan and Schumacher 1997: 48). A guestionnaire has some limitations. For

instances Koul {1986: 150-151) maintains that:
O it can not be used with children and illiterates;
C} the return rate is as low as 40 percent to 50 percent, hence the data obtained

are of limited validity. The respondents who return the questicnnaires may not

be representative of the entire population. it will make a sample a biassed one
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thus nuilify the findings;

O sometimes respondants do not like to respond in writing to the qusstions of

intimate nature and confidential nature or to the questions involving certain

controversial issues;

O sometimes it is difficult to formulate and phrase questions on certain complex,

delicate and intricate problems;

i there is no check on a respondent who may misinterprets a question or gives

incomplete or indefinite responses; and

W] sometimes the respondent may modify his earlier originai responses to the
questions when he finds that his responses o iatter questions are contracting

the previous ones.

Questionnaires were used to obtain data on the application of science process skilis to the
teaching of secondary school geography in the Free State Province. This section descrives
the constructions of the geography teachers’ guestionnaire (Appendix 3 ), and the geography

learners’ questionnaire {Appendix 4},

Gay and Airasian (2000: 282) maintain that a questionnaire should be attractive, brief and easy
to complete. A researcher should carefully plan, its content and format. A sloppy, crowded,
misspelled, and a lengthy questicnnaire could put respondents off causing the research to
yield too few responses. The researcher should include items and questions that have been

properly thought and that directly relate to the topic and cbjectives of the study (Gay and
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Airasian 2000: 282; McMillan and Schumacher 1997: 253).

The geography teachers’ questionnaire consisted of five saeclions whilst the fearners’
gquestionnaire consisted of four sections. The teachers’ questionnaire was constructed to look
intc the application of science process skills to the teaching of geography. The learners’
questionnaire was designed to determine if learners concur with their teachers’ perception of

their application of science process skills to the teaching of geography.

D Part one of tha teachers’ questionnaire was designed {c obtain personal information
of the surveyed population. Respondents were requested to state their gender. This
information was needed for statistical purposes and for the application of analysis of
variance (ANOVA) (cf 6.3). Teachers were alsg requested to indicate if they took
geography as a school subject up to matric standard, and if they had specialised in
geography at tertiary level. This information was used to determine if geography

teachers were qualified to teach the subject,

O Part two was designed to obtain data regarding geography teachers’ experience in the
teaching of geography. Teachers were requested to state their teaching experiences
in years. This information was requested to determine the experience of the teachers
teaching the subject. Teachers were also requested to indicate if on appointment o
their present school they were interested in teaching geography and whether they
found geography easy to teach. This information was used to find out if geography

teachers were enthusiastic about their subject.

[ Fart three was designed to obtain schoo! details of the respondenis. Teachers were

requested to indicate if their schools were inrural or urban area.  This information was
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needed for statistical purposes only. They were also asked to indicate if their schools

were public, independent, farm, missionary or mine schools for use in ANOVA.

Part one of the learners’ questionnaire was also designed to obtain personal
information of the surveyed population. Leamers were requested to indicate thair
gender and age in completed years as well as to indicate their present Grade at school.
They were also requested to indicate if they found geography easy &o learn. Gender

and Grade information was used in the application of ANOVA (cf. 6.3)

Part two was designed to gather data on the schools learners were attending.
Learners were requested to indicate if their schools were in rural or urban area. They
werg also requested to classify their schools as public, independent, farm, missionary

or mine schools. These items were included in the questionnaire for the application

ANOVA,

Parts four and five of the teachers’ questionnaire and Parts three and four of the learners’

quastionnaire, were drawn from the theory in the literature review chapters hence, the following

paragraphs highlight content validation of the questionnaires,

5.6.1 The Content Validation of the Questionnaires

Part four of the teachers’ questionnaire and Part three of the learners’ guestionnaire
were designed to establish if geography teachers were inquiry teachers {cf. 5.3 and
6.2.2). Initems 15 to 42, teachers were requested to indicate the frequency to which
they did as described in the statements. This was done with the aid of the numeric or

Likert-type scales. This is a self-reporting instrument in which the respondent replies
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to a series of statements by indicating the extent of agreement {Fraenkel and Wallen

1996: 584; and Gay and Airasian 2000; 825 ). Each choice was given a numerical

value and the following categories were used to categorise each item:

Never | 1| |Sometimes 2| : Often | 3 | Always| 4|

in items 11 to 38, [earners were requested {¢ indicate the degree to which they agreed
or disagreed as described in the statements. This was also done according to the

numeric or Likert-type scales and the following categories were used to categorise

each item;

|Strongly Disagree{ 1| | Disagree[2 | | Agree[3] | Strongly Agree[4 |

Items 43 to 46 in the teachers’ questionnaire and items 39 to 42 in the learners’
questionnaire were designed to establish the difficulties which teachers and leamers
experienced while they were engaged in inguiry teaching and inquiry leaming
respactively (cf. 6.4.2.1 and §.4.2.3). Respondents were also requested 1o suggest
how the identified difficuities could be alleviated (cf 8422 and 6424
Questionnaire iterns which measured inquiry teaching methods applied to the teaching
of geography were taken from sections 2.2, 2.3 and 2.4 of this study. Thirty-two items

in both teacher and learner guesticnnaires established the extent of inquiry teaching.

Part five of the teachers’ questionnaire and Part four of the learners’ guestionnaire
were designed to gather data on the application of science process skills to the
teaching of geography. This section was divided into two sections, namely, Section A

which dealt with the application of basic science process skills whilst Section B dealt
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with the application of advanced science process skills. Teachers were requested to
indicate the degree to which they did as described in the statements whilst learners
were requested te indicate the degree o which they agreed or disagreed as described
in the statements accerding to the numeric or Likert-type scales as explained in the

previous paragraph.

Section A in both questionnaires deait with basic science process skills applied to the
teaching of gecgraphy. ltems 47 tc 54 and items 58 to 63 in the teachers’
questionnaire, and items 43 to 55 in the learners’ questionnaire were designed to
establish basic science process skills that geography teachers applied to the teaching
of geography (cf. 6.2.3.2). These items were constructed to elicit information on
whether teachers devised exercises and activities that enabled learners to practice and

develop the following skills, which is to:

» identify and observe geographical problems and to observe geographic
phenorena (items 47, 52 and 80 of the teachers’ guestionnaire and items 43,

48 and 52 of the iearmers’ questionnaire).

These items were included in the questionnaires to find cut if learners
are engaged in activities that enable them to look for patterns through
their senses (observaticn}. The items measured the application of
observation skill to the teaching of geography. This is the skill on which

all other science process skills are based.

. classify geographical features and order them according to their structures.

(items 48 and 83 in teachers’ questionnaire and items 44 and 55 in learners’
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guestionnaire).

These items were constructed to find out if learners are able to look for
similarities and gifferences in phenomena. The items measured the application

of classifying skill to the teaching of geography.

communicate information through drawing maps, charts, symbaols, graphs and
diagrams, (items 49, 50, 59, 61 and 62 in teachers’ questionnaire and items 45,

46, 51, 53 and 54 in learners’ questionnaire).

Maps, charts, symbels, graphs and diagrams are communication tools which
are used in geography. These items were included in the questionnaires to find
out if learners are given activities that allow them to communicate orally or in
writing what they know or are able to do. The items measured the application

of the communicating skill to the teaching of geography.

observe and measure geographical phenomena and fo compare opjects using
standardized units of measure and suitable measuring instruments. (items 51
and 52 in teachers’ questionnaire and items 47 and 48 in learners

questionnaire}.,

These items were structured to find out if learners are engaged in exercises in
which they measure geographical objects and events through instruments and
equipment. For instance, the use of rulers to measure distances and the use
of climatological instruments to measure the elements of weather Ths use of

instruments enables learners to quantify descriptions of objects and events.
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These items of the guestionnaire assessed the application of the measunng

skill to the teaching of geography.

» use observations to predict future geographical events. (item 53 in teachers’

questionnaire and item 49 in learners’ questionnaire).

This item was included to find cut if learners are encouraged to predict possible
events before they are actually observed. The item evaluated the application

of the predicting skill to the teaching of geography

L] use varnous forms of dats to determine the correctness of geographical

theory. (item 54 in teachers’ questicnnaire and item 50 in learners’

questionnaire).

This item was structured to find out if learners are given opportunities to use
data to infer their explanations of theories and to change their explanations as
new information becomes available. The item assessed the appiication of the

infemng skill to the teaching of geography.

Questionnaire items which measured basic sclence process skilis applied to the
teaching of geography were taken from sections 2.5.1, 4.4 and 4.6 of this study.
Theoretical discussions of these sections revealed that geography teachers should
provide |learners with opportunities to be engaged in basic science process skills’

axercises and activities.

Section B in both questionnaires dealt with the application of advanced science
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praocess skills to the teaching of geography. ltems 64 to 72 in the teachers’
questionnaire, and items 56 to 58 and items 63 to 68 in the learners’ questionnaire
were designed to elicit information from the respondents on whether teachers devised
exercises and activities that enabled learners to practice and develop the following

integrated scierce process skills, which are to:

. identify variables that affect geographical phenomena, for exampie, how
variables such as air temperaiure, air pressure, humidity, and cloud cover
influence the occurrence of rainfall. {item 84 in teachers’ questionnaire and item

56 in learners questionnaire.

This item was structured to find out if learners are encouraged to identify
variables that affect a geography phenomenon such as rainfall. The item
assessed the application of the skill of identifying variables to the teaching of

geography.

. construct tabie of data (item 65 in teachers’ guestionnaire and item 57 in

learners’ questionnaire}.

This is a gkill that is needed to record the results of an investigation, hence the
construction of this item in the questionnaire. Organizing data into tables heips

fo see pattern of the results (Rezba et al. 1985: 133).

The item was used to measure the application of the skili of constructing tables

of data to the teaching of geography,
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use the tables of data to construct and interpret graphs (items 66 and 72 in

teachers’ questionnaire and items 58 and 68 in jearners’ questionnaire).

items' 58 and 66 were designed to find out if learners are given exarcises in
which they communicate information through graphs instead of using a spoken
or wriften message. These items assessed the application of the skill of

constructing a graph to the teaching of gecgraphy.

ltems’ 68 and 72 were formulated to find out iearners are given exercises in
which they interpretthe graphs by describing the relationship between variables

on the graphs.

These items evaluated the application of the skill of describing refationships

between variables to the teaching of geography.

design and conduct investigations. (items 87 and 71 in teachers’

questionnaire and items 63 and 87 in learners’ questionnaire)

These items were formulated to find cut if learners are given oppartunities to

design and conduct investigations to test hypotheses.

These items were used to measure the application of the skill of designing and

conducting investigations 1o the teaching of geography.

identify the variables under study (item 68 in teachers’ questionnatre and

item 684 i learners’ questiennaire),
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The item was included in the questionnaire to find out if [earners are given
exercises in which they identify the manipuilated and responding variables. This
may enable them o recognize the parts of a typical investigation (Rezba et al.
1995: 205). Identification of the varables under study is done when analysing
investigations hence this iterm measured the application of the skill of analysing

investigations t¢ the teaching of geography.

construct hypotheses (item 69 in teachers’ questionnaire and items 85 in

learners’ questicnnaire).

The item was included in the questionnaire to establish if learners are given
opportunities to state hypotheses when solving preblems as hypotheses provide

guidance on what data to collect.

The item evaluated the application of the skill of constructing hypothases to the

teaching of geography.

defining operationally (item 70 in teachers’ questionnaire and 66 in learners’

questionnaire).

The item was included in the questionnaire to establish if learners are
encouraged to define geographical phenomena by using the observable

characteristics of the phenomena.

The item assessed the application of the skill of defining operationaily to the

teaching of geography.
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ltems in this section of the questionnaires were formulated from sections 2.5.2
and 4.5 of this study. Theory inthese sections indicated that integrated science
process skills are applicable to the teaching of geography. This impiies that
geography learners should be provided with opportunities to acquire and rmaster

these skilis in order to participate in social life as critical and active citizens.

| Furthermore, in Part five of the teachers’ questionnaire, question 73 requested the
respondents to state problems which they experienced when applying science process
skills to the teaching of geography. item 74 requested teachers to suggest how the

problems they have identified could be alleviated.

In Part four of the learners’ questionnaire question 88 requested the respondents fo
state prablems which they experienced when science process skills were applied to the
teaching and learning of geography. Item 70 requested them to suggest how the

problems they have identified couid be alleviated.

These questions were included in the questionnaires because it was assumed that
teachars and learners weres bound to meet some problems when science process skills

were applied tc the teaching of geography.

In conclusion twenty- four items that deait with the application of science process skills to the
teaching of geography were formulated.  After the questionnaires were constructed and

finalised, they were administered to their respective respondents
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5.6.2 Instructions for the Completing of the Questionnaire

The purpose for the instructions was to clarify what was expected from to the respondents and
how they should complete the questionnaire. Instructions were clear and concise and the

information that was given in the questionnaires was as follows:

& respondents were teld that the study attempted to describe and explain the

application of science process skills to the teaching of gecgraphy;

{l respondents were alsoc informed that the study was likely to provide useful
informaticn which couid be of supportive nature to gsography teachers in

general and outcomes-based education in particular;

tl respondents were told that the study also attempted to gain information on
ingquiry teaching methods applied to geography teaching and learning. They
were also informed that the adoption of inquiry teaching and inguiry learning
was likely to lead to the application of science process skills to the teaching of
geography. itwas also assumed that acquisition of science process skills might

develop critical understanding of issues and the ability to solve problems;

d respondents were informed that the survey was approved by the Free State

Education Department;

O the researcher indicated that he was grateful for the responses and ensured
them that their responses would remain compietely confidential and

anonyrmous,
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O in closad-form staterments, the respondents were requested to answer by
making a cross (X) over the appropriate number in the shaded area whilst in
open-ended questions, the respondents were requested to write their answers

in the shaded biock provided;

] respondents were regquested to send the questionnaire by the due date after

completing it; and
1 respondents were thanked in advance for their co-operation.
57 PROCEDURES FOR ANALYSING QUESTIONNAIRE DATA

A research study usually produces g mass of coliected data that should be correctly scored
and efficiently organised to facilitate data analysis. Descriptive and inferential statistics were

used to analyse data.
5.7.1 Descriptive Statistics

Descriptive statistics enables the researcher to describe data with numerical indices or in
graphic form (Fraenkel and Wallen 1998: 623). It is aiso concerned with describing or
summarising data from the sample (Gay and Airasian 2000: 437 and Rowntree 1981: 21).
Analysis procedure in descriptive statistics involves calculating and interpreting statistic‘s The
major types of descriptive statistics are measures of central tendency, measures of variability,
measures of relative position, and measures of relationships (Fraenkel and Wallen 1896:437;
and Gay and Airasian 2000: 437} Measures of a central tendency are used to determine the

average score of a group of scores (Fraenkel and Wailen 1996: 437). These measures are
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the mode, the median and the arithmetic mean. Measures of variability show how spread out
a group of scores is {Frasnkel and Wallen 1896, 437). The range, standard deviation and
variance are the most commonly used in educational research. Measures of relative position
describe a respondent’s performance compared to the performance of all other respondents.
Measures of relationship indicate the degree to which two sets of scores are related

{correlation}{Fraenkel and Wallen 1896: 437).

The SAS statistical program was used to compute the coliected data. The statisticians who
assisted in the research applied the FACTOR procedure to the collected data. The FACTOR
procedure performs a variety of common factors and component analyses and rotations (SAS
User's Guide: Statistics, Version 5. 1885: 336). The FACTOR procedure alsc performs factor
analysis (cf. 6.4.1) where a number of factors are estabiished which have something in
common with some of the variables which are used in the research (Mulder 1986: 113}, In
this study, the items of the questionnaire were not grouped when response data were loaded

onte the computer. Hence the researchear conducted an investigative factor analysis.

5.7.1.1 Factor Analysis

Facler analysis involves a search for ‘clusters’ of variables, all of whom are correlated with
each other (Fraenkel and Wallen 1966: 314, and Gay and Airasian 2000; 336). Therefore,
each cluster represents a factor. This implies that factor analysis reduces a set of variables
to a small number of factors. It is used to determine whether certain items in the inventory
have something in common {(Motseke 1998. 183). The method of exiraction used was the
principal component analysis {Table 6.7}, The method for rotation applied was the vanmax
(Table 6.7). Its purpose was to obtain as many high positive and zero locadings as possible.

The varimax method of rotation’s ocutput included means, standard deviations | eigenvalues
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and a scree plot {6.2.3).

The first step in factor analysis was the construction of anintercorrelation matrix (¢f Table8.7).
The factors to be singled out were determined with the aid of the eigenvalues of the

mtercorrelation matrix (¢f. Figure 6.1 and Table 6.7,

After the initial factor analysis, the factors were subjected to a Scres-test {cf. Figurs 6.1) which
is an analytical technigue adopted from factor analysis (Race and Planek 1882. 173). Cattell
(1966) as cifed in Race and Planek (1982: 173) describes a scree {est as a graph of
eigenvalues plotted along the ordinated (y-axis) and factors plotted along the abscissa (x-axis).
its first roots show a ‘clifff of important factors and the other roots denote the ‘rubble’
{unimportant factors). All eigenvaiues of greater than one are considered pricrity items {cf.
6.4.1) whilst eiganvaiues which are less than cne are discarded {SAS User's Guide: Statistics,

Version 5: 1985; 338},

Principal component analysis is a muitivariate technigque for examining relationships among
several quantitative variables (SAS Uéer’s Guide: Statistics, Version 5. 1885: 621). Plots of
principal components are valuable tools in exploratory data analysis. Its output is all
gigenvalues of greater than 1 (SAS User's Guide: Stafistics, Version 5 1985 3393, Data were

also subjected to frequency distribution.

5.7.1.2 Frequency Tabulation

Frequency distribution which showed all the scores in each item of the guestionnaires was
used to tabulate data. Frequency data was converted to percentage indicating the number of

the respondents who marked a particular item in relation to the total number of respondents.
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Frequency tables were used to indicate biographical data (c¢f. Tables 6.1 and 6.2} of the
respondents and to tabulate data for inquiry teaching method {cf. Tables 6.3 and 6.5).
Fregquency tables were also used to indicate responses to basic and integrated science
process skills’ items respectively (cf. 6.2.3). Data were also subjected to the measure of a

central tendency of arithmetic mean.
5.7.1.3 Measures of Central Tendency

The means procedure, ocne of the indices of measures of a central tendency was used to
establish if geography teachers used inquiry methods (Tables 6.4 and 6.6). |t was also used
to establish if geography teachers applied basic science process skifls (Tables 8. 10 and 6.12)

and integrated science process skills to their feaching (Tables .13 and 6.15).

The arithmetic mean is the mast important and frequently used measure of central tendency
{Fraenkel and Wallen 1998: 689; Gay and Airasian 2000: 43; Mulder 1986: 17). itis calculated
by adding up all the scores and dividing the total by the number of scores. The arithmetic

mean is expressed by the following formula:

yX
N

E
[H

Wherex = the arithmetic mean;
¥ =the symbol for “the sum of”;
x = any raw score value

N = the total number of scores

This formula indicates that the mean is computed by dividing the sum of all the scores in the

distribution by the total number of scores in the distribution. Data were also subjected to index
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of variability of standard deviation,

The standard deviation is the most frequently used index of variability {Gay 1987: 349 and
Mulder 1986: 25) and it is a measure of the spread (variation) around the mean (Gay 1987:
349). The first step in calculating the standard deviation entails discovering how far each score
is from the mean. This process involves squaring each difference, adding ail the squares, and
dividing by the number of scores. This measure of variability is called variance. The higherthe
deviation (variance), the more variation is the data around the mean (Gay 1887: 349). This
implies that the scores are spread out. if the variance is small, it implies that the scores are
close together. The square root of the variance is cailed the standard deviation. If the standard
deviation is small, the scores are closer together whilst if the standard deviation is large, the

scores are spread out.

If the distribution of the scores is normal, then the mean plus 3 standard deviations and the
mean minus 3 standard deviations encompass about ali the scores, over 84 percent of them

(cf.6.3.1,63.2,64.1.1and6.4.1.2). The following is the formula for calculating the standard

deviation:

v

i) = o NEX? - (OXP
N .

where 5D = standard deviation

N = ‘number of scores

XE = each score squared

Xy = the sum of all the scores squares

After descriptive statistics, inferences were made to predict about the simitarity of the sample

to the geography teacher and learner population from which the sample was drawn. Hence,
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the foliowing discussion on inferential statistics.

5.7.2 Iinferantial Statistics

Inferential statistics are certain types of technigues that allow researchers tc make inferences
and generalize about a population based on findings from a sample {Borg and Gall 1889 350,

Gay and Airasian 2000; 489; Fraenkel and Wallen 1998: 205, Langebach gt al. 1994; 240},

Simple, or one-way analysis of variance (ANOVA) is used to determine whether there 1s a
significant difference between two or more means at a selected probability level {Gay and
Airasian 2000: 481), Therefore, the researcher used teachers’ responses to conduct a series
of one-way analysis of variance (ANOVASs) to determine if there were any statistically
significant differences among the independent variables (Gender, Teachiers with or without
matriculation geography, Grade and {ocation of the schoof) with respect to the dependent
variables {Inquiry teaching methods, Basic science process skilfs and Integrated science

process skills).

Learners’ responses were also used to conduct a series of one-way ANQVAS to determine if
there were any statistically significant differences among the independent variables (Gender.
Grade and Type of the schoofl) with respect to the dependent variables {Inquiry teaching

methods, Basic science process skills and Integrated science process skifls).

Selaledi (1996: 64) points out that findings of no difference support a decision to combine the
participants into one sample, regardless of membership in any education district. in this study
the districts were combined because some districts had very few respondents. The resuits of

one-way ANOVAS are presented in section 0.3.
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5.8 CONCLUSION

Chapter 5 has reviewed the data processing procedures followed in this study. 1t initially
supplied a rationale for a detailed description of the procedure employed in the develocpment
of the science process skilis’ questionnaire. Finaily, the chapter concluded with a description
of the statistical techniques applied to the data analysis. Chapter 6 presents the results of this

study.





