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CHAPTER 1

THE DESIGN

BACKGROUND

During the course of our work at evolving an alternative curricular frame for social science at
middle school level, we experimented with a number of geography chapters. One way of
establishing meaningful links for children was to discuss geography concepts in a regional
context. However, the other problem was to grapple with the compreliensibility of some of
the geography chapters such as those dealing with earth’s movement, latitude and longitude,
air pressure belts, ocean currents, distribution of temperature etc. |

In our own experience of trial and error, we modified the traditional chapters by elaborating
on concéptual areas and tried this with both students and teachers. The torch and globe
method could not be done very appropriately because of practical problems of a darkroom.
Even then, the simultaneous movements of both rotation and revolution and the concept of
“ilt’ posed as problems. The experience with teachers was not any better either. Visualisation
of the process appeared to be rather weak. When senior geographers faced serious issues of
communication and incomprehension, we could empathise with the teacher’s situation.

We encountered similar problems with some daft chapters made on pressure belts. Physical
geography concepts kept posing problems and challenges. The Science group had faced
similar problems with ‘atom’ and ‘molecule’, solar system and chemical formulae. Issues of
complexities, appropriate age of introduction of teachers’ competence, were some of the
issues which had been raised earlier. With this background, we decided to explore through a
survey the impact of teaching some of these concept areas across a section of students.

PILOT SURVEY

We began our enquiry with a large set of geography concepts covered in middle school such
as movement of earth, latitude and longitude, air pressure belts, ocean currents and tides, etc.
We soon realised that the list was t00 long a fruit enterprise for investigation. Moreover,
children were not seen to respond much to questions on pressure: belts and ocean currents_
Therefore in the second round we tried to focus on moveinents of earth and latitude ang
longitude as representative chapters of middle school where we could expect some response
from children. We also decided to introduce two kinds of questions. The direct question wag
meant largely to test the recall of definitions and the other was an application kind where one
could get an idea of children’s understanding. To test out the questionnaire we conducteq
three tests -one in a rural government school, one in an urban public school and another at the
college level. Many popular misconcepts were spotted during these rounds. In order to probe
such situations, discussion with children was also introduced.

*

The major modification brought about in the questionnaire through pilot rounds were a)
sensitivity of communication through language; b) diagrams and maps made more suitable )
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CHAPTER 1

THE DESIGN

BACKGROUND

During the course of our work at evolving an alternative curricular frame for social science at
middle school level, we experimented with a number of geography chapters. Ope way of
establishing meaningful links for children was to discuss geography concepts in a regional
context. However, the other problem was to grapple with the compreliensibility of some of
the geography chapters such as those dealing with earth’s movement, latitude and longituge

air pressure belts, ocean currents, distribution of temperature etc. '

In our own experience of trial and error, we modified the traditional chapters by elaborating
on concéptual areas and tried this with both students and teachers. The torch and globe
method could not be done very appropriately because of practical problems of a darkroom,
Even then, the simultaneous movements of both rotation and revolution and the concept of
‘tilt’ posed as problems. The experience with teachers was not any better either. Visualisation
of the process appeared to be rather weak. When senior geographers faced serious issues of
communication and incomprehension, we could empathise with the teacher’s situation.

We encountered similar problems with some d:aft chapters made on pressure belts. Physical
geography concepts kept posing problems and challenges. The Science group had faced
similar problems with ‘atom’ and ‘molecule’, solar system and chemical formulae. Issues of
complexities, appropriate age of introduction of teachers’ competence, were some of the
issues which had been raised earlier. With this background, we decided to explore through a
survey the impact of teaching some of these concept areas across a section of students.

PILOT SURVEY

We began our enquiry with a large set of geography concepts covered in niddle sch.ool such
as movement of earth, latitude and longitude, air pressure belts, ocean currents and tides, etc.
We soon realised that the list was too long a fruit eterprise for investigation. Moreover,
children were not seen to respond much to questions 'Qr'n‘\pressure- belts and ocean currents.
Therefore in the second round we tried to focus on moveinents of earth and latitude and
longitude as representative chapters of middle school where we gould expect Some résponse
from children. We also decided to introduce two kinds of questions. The f‘lfeCt_ question was
meant largely to test the recall of definitions and the other was an application kind where one
could get an idea of children’s understanding. To test out the questionnaire We conducted
three tests -one in a rural government school, one in an urban public school and another at the
college level. Many popular misconcepts were spotted during these rounds. In order to probe
such situations, discussion with children was also introduced.

.
*

The major modification brought about in the questionnaire through pilot rounds were a)
sensitivity of communication through language; b) diagrams and maps made more suitable c)
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multiple choice format of questionnaire. We also realised that the final survey should. cul
dCross a cross section of areas and schools. With such large coverage of sludent_s multlpff'
choice questionnaire was suitable for systematic mapping of the P?“e”:f- This m}lltlpe
choice paper, a descriptive Paper and discussion were decide as the final modes of enquiry.

SAMPLE DESIGN

There was a certain rationale by which the sample was chosen. There are many arguments
generally put forward as to why concepts like earth’s movements should l_:-e g ol Srant part
of the school curriculum, The main arguments circle around the follqwmg assumptxo{ls: a)
such concepts form the ‘basis’ of geography and hence they need to be 11'![r0dllced' carly in the
school curriculum so that the understanding matures over time; b) teachmg-learmng problem
has little to do with the nature of concepts but it is more a matter of lack of an atmosphere of
diligent teaching; c) nowadays many students (specially urban) hav‘_‘: 3'10[ of outside €Xposure
and hence they are able to grapple with these concepts. While designing the sample, we had
such arguments in mind. The sample was cut out in a way that could enable us to check out
such assumptions regarding status of teaching-learning. Hence it was necessary that our

sample contain children of different age groups of different types of schools and of different
dareas.

Choice of schools

Classification of schools as good, average and poor were done on the bgsgs of local
reputation. Examination results could not be taken as a criterion for cate_gorismg school.
Discussion with teachers revealed that reputation of schools at local levels is formed on the
basis of teacher attention and regularity of teachers and students at schools, rather than o the
basis of examination results. The latter, they feel can be a bad indicator because of prevalent
cheating in €Xxaminations. Hence, we are not attributing any other factor q_[her than diligence,
in the selection of these schools. Therefore, good schools in any situation would be those
with a local reputation of diligent functioning. In urban areas, some of the ‘public’ schools
Were part of the sample. Teacher’s seemed the most reliable and convenient way of
segregating a sample of schools in a local area.

Choice of area

The choice of areas was based on our field area.in M.P. But the criteria of urban, rural and
semi-urban were followed as per the definitions of Census of India. We chose two rural
clusters two semi-trbap centres and two urban centres.

Choice of class

Within each school, we chose three classes, namely 6, 8 & 10. We kept to a minimum size of -
30 students in each class and where that was not possible two classes had to be taken

considered a minimum size for analysis.




Selection process

The sample was designed in the following manner. We first chose two rural clusters, two
semi-urban centres and two large urban centres. Within each area, we chose three different
types of schools. Hence all together we had six areas and (6X3) 18 schools. In each school,
we chose three sections i.e. classes 6, 8 and 10. Therefore, the entire sample consisted of
(18X3) 54 sections. The entire structure could be visualised as follows:

Area RURAL (2) SEMI-URBAN (2) ' URBAN (2)

TN PN

School Good Average Poor _ Good Average Poor  Good Average Poor

N N AN AN AN AN PN
Class 6/81\1068106810681068106810681068]0 6 8 10

College sample: For the purpose of reference and as point of contrast with the school students
we had one sample each from the graduate and post-graduate levels. These two samples were

from Indore city.
Limitaions

Using the method described above obtained a stratified sample so that the contrast between
strata could be studied. However, the choice of schools in each cluster was purposive. That is
within a shortlist of suggested schools we chose those that were most convenient. Since this
is different from a random sampling procedure these results should be seen only as indicative
of what we would expect to find in the over all population. It is more of a judgement sample
than a strictly representative one.

QUESTIONNAIRE

Multiple choice )
In the multiple-choice questionnaire we gave four options for each question. Children were

asked to tick their choice. The options were formulated by picking up children’s responses
from the pilot rounds. The most popular responses were generally picked up and the apt
answer was also included among the four options. ;

Since children are not familiar with the multiple-choice method of questionnairé, we
provided a familiarisation sheet to start with. This contained pictures of some common
themes along with four options. They had to identify the object depicted in the picture and
tick the apt description. Entire class of children did this familiarisation exercise along with us.
Then they proceeded to do the questionnaire. To make the situation as tension free as possible
we always told the children that they were not to think of his exercise as an examination and
that our objective was not to evaluate them. We believe that such communications helped to
let children relax at least to a certain extent.

For each topic, we provided two o0r more questions. One was essentially a direct enquiry like




‘what are latitudes and longitudes?’ This demands only a response of definition. But others
questions were more of an exploratory nature, for example, the uses of latitudes and
longitudes.

Descriptive questionnaire

The enquiries of the descriptive paper were the same as that in the earlier paper. But instead
of giving options to choose from, children were given space to draw and write. This
questionnaire was given to only about one fifth of the children of each class. This exercise
had the advantage provision for children’s expression and at the same time, its evaluation in a
qualitative framework could provide us with further explanations to the findings from the
previous paper. :

This questionnaire also followed the pattern of direct questions and exploratory questions
(see appendix 2)

Discussions with Children

In all average schools we held a group discussion with children these children were
essentially those who had attempted both the questionnaire. The discussions were audio
recorded.

The multiple-choice questionnaire was answered by all students of each selected class - a
total of 2033 students. A sub sample from this (nearby 1/5) answered the descriptive paper
- i.e. 376 students. A smaller sub sample of students i.e. who had attempted both Paper 1 & 2,
were called for the group discussion. Due to the large number of sections by the survey, we
restricted this exercise to the average schools. In each discussion round, there were around 15
children. There were 9 groups in all.
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CHAPTER 2
POPULAR NOTIONS

MAPPING THE CONFUSION

Right from the beginning of our survey, the prevalence of wrong r?otions among students on
the movements of the earth (and associated processes) was seen. With a significant number of
children having responded to our queries, the popularity of wrong notions is getting firmly
established. What are the characteristics of the earth’s movements and how:do these cause

' processes like day and night and seasons on earth? What are the functions of graticules of

latitudes and longitudes? These define the conceptual arena of our survey. At every juncure
we find explanations of processes that stand quite apart from those that the school tries to
impart. In this chapter, we map out these popular notions.

There are two main areas of focus that we try to call attention to. One is of wrong arguments
that are extended in explanations of earth’s movements (and of their consequences). The
other is that crucial conceptual areas simply get lost and are not seen to be recorded in
children’s responses. These are actually two sides of the same coin. In this chapter we map
out this scenario and also the strategies the system perpetuates in coping with achievements,
Perhaps this is one of the most outstanding features brought out by the survey that requires an
open perusal and dialogue on curricular impacts .

Our questionnaire was structured to have both direct and application queries. The former
refers to simple questions sucl:n as what a concept means. Children had to select the most
appropriate of four given options. The options were chosen from responses of children.
received through pilot surveys. Thes‘? respon§es contained a number_ of co_mmon confusions.
The application questions probed a hlgl_zer ability to use the concept in a given situation. The
distinction between two types of enquiry was maintained in the descriptive question paper
too. While analysing the results, we would be using this distinction, wherever appropriage.

While looking at children’s responses, v&fe‘ search for existence of. patterns. If there is g
geheral pattern and is this widespread i.e. is the pattern obtained at dlsaggreg_ate levels also?
In other words, do the various subgroups of the sample ‘(‘:'_'(mfirm to or go against the generg] -
pattern? Further, we look into what the patterns imply in terms of conceptual understanding_

POPULAR ERRORS

We first chalk out the most outstanding wrong notions students hold. One such POpular
notion deals with the way seasons are caused. It is largely belie\{ed that hqt and colqg Seasons
are fallouts of the earth being sometimes near the sun and of being som; t;rr_xes aVay from it.
Hence it is clearly an association mgde with the physical phenomentino? fuemg Placeg fear g
hot body. Other two prominent notions are construed in the conte;‘in te netons of latitude
and longitude. These lines are believed to play the roles of represel:n isio Mperature of Places
and also of finding out distances between places. These poP ular RIS are €Xamined

here.




DISTANCE FROM THE SUN

We had a direct kind of question on why seasons are caused. Whereas in one paper (multiple
choice) children had to choose appropriately from given options, in another (descriptive) they
were asked to explain the reasons too.

03  In December and January it is winter season here, but in April and May it is the
summer season. This change of seasons takes place because:

Table 1: Responses to Q3

OPTIONS % STUDENTS
A The earth revolves around the sun 20
B The earth is tilted and it revolves around the sun. (Correct) | 14
C When the earth is near the sun, it is summer and when it is | 46
away from the sun, it is winter
D The earth rotates on its axis 10
Not attempted 10

It is seen that, 46% of students attribute the cause of seasons to varying distances of earth
from the sun i.e. “when the earth is near the sun, it is summer and when it is away from the
sum, it is winter’” (see table 1). :

Examining the situation at the subgroup levels, the pattern seems to get firmly established
(see table 2). The most favoured option of every subgroup is C, implying a common-sense
notion that when a body is close to a source of heat it will be warmer than when it is away .
from it.

Table 2 : Subgroup scenario of options B and C

SUBGROUP % CHOOSING B % CHOOSING C
Class 6 13 39
Class 8 11 54
Class 10 18 48
Good school 16+~ 43
Urban school 23 45
Urban good school 26 38

Even at graduate level', students depict a similar pattern where 44% opted for this
explanation and only 19% stated the correct reason. At postgraduation level we see a
dramatic improvement with 60% of students choosing the correct option (B). This implies
that the concept introduced at class 6 had to wait for a period of 10 years before bearing fruit! -

The poor performance of a direct question, such as the above, even in the best of school
situation is somewhat surprising. This suggests that even in the best of schools, the cause of
seasons is at best learnt by rote. The most popular option (C) resembles a text book formula
(though it is meaningless). This must have encouraged students to opt for it at first glance.

1 . - = . - < Tt 1
The comparisons with college students is made on the basis of a small sample only. This includes 36 graduate
and 30 postgraduate students. .
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" becomes cold.)

The written responses too confirm this state of affairs. In some cases (elaborated below) there
are references to the oval shape of the earth’s orbit (as given in the text) which seem to assist
a visualisation of varying distances of the earth from the sun. (We will come to this in the
next chapter.) '

Some responses of children are as follows:

“When the earth comes near the sun it is summer and when it goes away from the sun it is
winter.”
cy@mwwgﬁg}mqﬁmwm%laﬁmWﬁmm%;mgezﬁqm
et & o i R/ o & o °ve B R (The earth is tilted on its axis and goes around the
sun. It makes circles in an oval form. When the earth comes close then it is hot, when it goes
away then it is cold) "
During discussions, some children gave an explanation as follows:

e A ok g5t A D W@V TP 2 AR 39w B o R ke ¥ (see figure )

One child put it very explicitly as — ,

g Rt & wr dod & W T AR R oik ox oy & o o B9 & I@ 81" (When we sit near a
fire it feels hot and when we go further away from it then it feels less hot.) o

Some other explanations are as: :
"ﬁﬁﬂmﬁgﬂﬁﬂiﬂm.mﬂiﬁﬁ?ﬁﬁ,mﬁigﬁﬁﬁmwm#maﬁm
2 o ader ¢ F ¥ ae IRM ¥1” (It is cold here in December-January and hot in April-May
because in December and January it goes a little lower and in April-May it goes a little up.)
o gt i @ w A ol ® A T oedt 2 ok o e Y v O & 99 ovs ged &1 When the
earth comes to the centre of the sun it becomes ho* and when it goes away from the centre it

This probably indicates visualisation of the earth as travelling to hotter and cooler areas
marked out by the sun. ‘
In explanation of the two seasons in different hemispheres, explanation follows a similar

pattern i.e. o;gi:;a;% from s%m?:fr

“gEife TRa yrar ARG R Year B) W IR WO sy @ f
?W?lm‘!ﬂﬁ‘”ﬁmm?ﬂﬂvmm#@ﬂm@?ﬂ%lmmﬁmﬁqﬁm@m
o B e dvr @ A i AR & 99 AR il @ Frve dvar @ o o @ &)

REPRESENTATION OF TEMPERATURE

Latitudes and longitudes are grids and as a combined grid system it helps in location of
places on the globe. But individually too these sets of lines have some functions. Thus we
have an association of longitudes with time and of latitudes with heat zones of the earth. We
tried to explore children’s understanding of these associations. Their responses reveal that a
very prominent notion held is that these lines (both{latitufle and longitude) are used in

calculation of temperature.

The use of longitudes is explored in Q8. Children’s responses are ;')resented below: .
Table 3 : Responses to Q8 '

The north-south lines seen in the above map are used to Responses (%)
Calculate temperature 43
Calculate time 20

Show roads and railway lines , . |15

Calculate the amount of rainfall 12

Not attempted ' 10




As can be seen (from table 3) the most favoured option is that these lines are used to calculate
temperature.

Similarly for Q 9 which explores uses of latitudes, we find that temperature calculation is
again the most favoured choice (see table 4). It is also to be noticed that in both the questions
the percentage of correct answers does not exceed 30.

Table 4: Responses to Q9

Options | The east-west lines seen in the given map are used to Responses (%)
A Show roads and railway lines 14
B Calculate time 13
€ Calculate exact temperature of places 30
D To get an idea of the climate in various parts of the world | 29
Not attempted 14

Is the confusion with temperature widespread i.e. do various subgroups show the same trend?
By examining the various subgroups, we see the following patterns (see table 5):

1.All subgroups record the popular notion of association with temperature. Hence this
appears to be a deep area of wrong notions.

2. The status of correct answers (%) for most subgroups is similar to that of the overall
sample. Some improvement is found in urban-good school where 37% have answered
correctly. But even here a substantial proportion of children (65%) record the wrong notion.
Thus, even in best situations students are largely unable to understand this concept.

3. It is only at the postgraduate level that we find a positive move towards right
conceptualisation.

Table 5: Subgroup scenario of correct option and of popular confusion

subgroup Longitude Latitude
% Correct | % Conf. with | % Correct | %  Confusion
answer temperature | answer with

temperature

Class 6 students 24 36 29 25

Class 8 students 18 47 2 38

Class 10 school students | 17 47 29 27

Good school students 24 44 32 3]

| Urban school students 28 42 26 31
Urban good school 37 38 36 27




45 :
i E Longitude % Correct
o answer
30 | H Longitude Confusion
he with temperature
20 | B Latitude Correct
15 4 answer
e Latitude Confusion
5 | with temperature.
0 A [ = 4 = i Ly}’
Class 6 Class 8 Class 10 Good Urban  Urban good
students  students school school school school

students students students

Subgroup breakup of confused and correct answers

Even though postgraduation marks a positive departure, even here 23 to 40% students still
linger in the area of confusion (see table 6). This is intriguing because this concept is
relatively simple and the students we are referring to are of postgraduate levels.

Table 6 : Postgraduate scenario ( % responses ).

Concept Correct Answer | Confusion with Temperature
Longitude 57 40
Latitude 67 23

The descriptive answers and discussion with children further confirm that the most prominent
misunderstanding on use of latitude and longitude is of an association with temperature. It
also reveals to us some of the root causes of such a notion. For instance there seems t0 be a
fair amount of confusion with ‘“degrees” of latitude and longitude and “degrees” ?f
temperature measurement. Typical statements go as: "Y@IY 3ferT—efed A9 gl &
“imaginary lines used to calculate temperature in different regions”, “artificial line use_d‘by
scientist to indicate temperature and climate in certain area”. Many children have explicitly
stated this as“If Amritsar falls on 82° line, then it will have 82° temperature”.

There are statements like” 3P §79 &R ¥ 29 &1 AaE s a9 & @ AR SO T
A1, AR YRl ¥ qaen 2ad &1 T A€ N Gar T & iy R wia @ &Y P A0S FE [
, “Show temperature by location of sun”. Some guesswork goes as ~ ¥€ #i 71g9 axd € 5
AT ¥ Tedel A e 8 [

In discussions with children, we tried to probe into the perceived of association with
temperature. Some statement came out as Sl gq § T w I 3R e 5 GESER e o
Tedl & [



In one case, latitude and longitude were shown to children on the globe. A place was pointed
out to them as being 10° latitude. Children responded that it meant that the temperature
would be 10° Celsius. In some such cases we tried to probe deeper by giving them two places
on the globe and asking them to compare the temperature situation. The conversation went as

follows:

Children ” 74 Y& & UG o4 33 &

(As noted earlier children had a certain familiarity with the equator. There was an
understanding the it is the warmest place on earth.)

we e DT 0 & R 3 [

we "8 98" (showing a place on globe) 10 3% & R ® 3R Z€ ST (another place on the
globe) 80 f&Hl digr W 21 39 S A § B W TR W W S ENY

children : 10 f&ifi & |”

We then posed a comparison between 10° and 90° latitudes. This was done with the thought
that children had an idea of polar areas being cold. After some thought some children said,
“90° would be colder”. Then they started comparing 90° with 80°. Whereas some said that
80° is_colder. others insisted that 90° is colder. The reason for the former was a textbook
memorisation of * Fd @ fawo foreh €1 |

It is true that slanting rays of the sun is a phenomenon that is more applicable to the higher
latitudes. But in this case, the implication is different. Because children singled out 800
latitude as receiving slanting rays. The logic is not applied to 90° latitude. Therefore we tried
to focus on the coldness of polar areas.

we: g2dl &I SAIET TN IATHT Baf &7

children: Sc! ga 3z =ff gd

we: 3 Had T garer?

children: 7= ¥ar sk angury

we: % 10 o T Sarer g5 @rft ar g0 R srerier R?

Hé;re they were forced to make equator (as warm area) and poles (as cold area) as points of
reierence).

children: 80 T3t sy v
IF is to-be noted that discussions like the one mentioned above were not feasible amongst
sixth standard students. Such possibilities of dialogue were found at eighth and tenth standard
o levels. This was the nature of maturity that
Polt (') we could trace as we moved from smaller
By :"—?S‘f?;:b:“:-A to bigger classes. The concepts were not
‘szngﬂa 2 ciegr but possibilities of exploration were
el definitely lying untapped or rather lying

2317 L s
2 T dormant (without normally receiving any
° TORQID / s : : 5
0 74 R AT opening for exposure and learning).
Zo %
A | Vil i
BN e Longitude and latitude lines do not indicate

i esmiennis saas

€/
PoLE (06°s)

Fig I: Hear zones on the éarth zones.

(0]

temperature of different places as envisaged
by children. Latitudes can definitely give Us
Ey a broad ‘indicali(.)n of. warmth across the

garth. It is on this basis that we have heat



It is imeresting to note that this zonation has sometimes led children to give answers like
“latitudes give us torrid and temperate zones. So they tell us temperature of places.” This is a

 typical sixth standard response where these matters are found in the geography chapters and
memory is fresh, but interpretation is wrong. A better understanding is reflected in a rare
answer “lines which show partition of different temperature of the world”. This definitely can
be interpreted as some notion of heat zones, even though the association has been made
erroneously with the ‘lines’ indicative of both latitude and longitude. Another rare answer is
seen as ‘longitude tells us climate of all countries”. Here, it should have been latitude instead
of lengitude. Giving the benefit of doubt within the dim scenario of identification of lines and
the names etc, and sieving through the responses to find some reflections, these are the only
responses that show some interpretation in the right direction.

DISTANCE BETWEEN PLACES Jon v t ™
rApQ_th;c!_miiU_lﬁEmandin&amongst children-on_nsage of latitude and longitude lines is that
they are used in calcilating distance between two places. We had not given this as an option
in our multiple-choice question. But it has emerged as a popular notion through the
descriptive papers and discussion with children. In most cases, the reasons given for such an
association are quite vague and reach nowhere. E.g.: “Distance in degree can be found out”
Sometimes responses were a jumble of terms. “fra UPR @ # T 72 A 2| PP @ B
weraar & wai orn wea €17 This is a typical senior student’s response (10™ standard). Other
expressions followed patterns like “Sigf & Yy yrwr @t & o A o8 R I & srfa e
T e & 1 YE R e Ae) utar # 1 g o g @ v we 81

n
Within the notion of association with distance, there is a popular trend linking latitude and Cht b
longitude with map scale. Children have a general idea that map is a source of indication of  (lar.G

distances between places. Some children also have an idea that this function is performed by
scale of a map. Its typical reflection is found in answers like “latitude and longitude are a type
of scale”. In explaining how latitude and longitude it used to find distance between places
some responses are as : “from _the scale given below, e.g. 1 cm = 100 km” “fed of @
mﬂ@mwmmﬁmﬁmﬁmﬁm%mmm%r

Some persons held on to the fact that there is a distance of 111 km between any two latitudes.
This key information seems 0 induce visualisation of calculation of distances between any
two places. Of course the information on distance between latitude lines is factually correct.
But it does not apply in this context. It was a case of children’s search for some credible

~ answer to the query.

Children do not seem to be aware that latitude and- longitude lines have functions that are
quite distinct and different from that of indicating distances between places. At the same
time, responses to queries do not indicate any explanation on what exactly is the linkage
between these lines and the map scale. Though it is not our main focus here, this is also
indicative of lack of sufficient clarity amongst children on concepts like map-scale.
Discussions- with children have only drawn a blank. We do not find children going beyond
levels of trends mentioned above. Further attempts at discussion had resulted in silence.

LOST CONCEPTS

With wrong notions being so widespread and well established, the major indication is that
real and concepts of earth’s movements are not being analysed or understood by learners.

TN OM-LGVJMH da¥nc m/Lovq’ Mo
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Parallel paths are seen, i.e. one where the system (school) tries to impart knowledge on these
topics and the other where a visualisation is built in quite fertile ways using logic of
commonsense. Since the latter finds very few ways to hold hands with the former, the overlap
" between the two are very scarce. Moreover the overlaps seem to develop only in places where
the commonsense notions can possibly be strengthened. Thus we find that very crucial
conceptual areas like nature of earth’s movements, earth’s tilt and functions of latitude and
longitude lines constantly remain out of children’s range of visualisation. Here we examine
this statys. ’

MOVEMENTS OF THE EARTH

At any point of time, the earth is simultaneously performing a spinning and an orbital
movement. The former describes a west to east movement on its axis i.e, what is generally
called earth’s “rotation”. Its other movement is around the sun along an orbital plane and this
is generally called earth’s “revolution”. Whereas a single spin takes 24 hours, a single
movement around the sun takes a year. Broadly speaking, it is through the nature of the
movements that we experience day and night on a 24-hour basis and seasonal cycles on an

annual basis.

Our questionnaire enquired into causes of day and night and of seasons. A more exploratory
- query tried to look into direction of rotation. All these enquiries and discussion show that
children overwhelmingly confuse the two movements of the earth. They are not able to
differentiate between the two and the movement around the sun is the more prominent

visualisation.

In the direct question on why day and night are caused (Q 1), half the entire sample have
opted for the earth’s movement around the sun (see table 7 )

Table 7: Responses to Q1.
OPTIONS | OPTIONS % STUDENTS
A The earth circles the sun 50
B The moon circles the earth , 11
1C ‘The earth rotates round its axis (Correct) 30
D None of the above ' 4
Not attempted 4

Only 30% of students have opted for earth’s rotation on its axis, the correct option. This
suggests that half the students are unable to distinguish between these two movements. The

confusion appears to be quite pronounced.

When we check this trend with the data of the sub-groups, the patter is sustained in most
cases. It does not change as we move from class 6 to class 10. (Table 8) However the urban
good school group indicates a somewhat different picture as the best subgroup. ~
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Table 8 : Subgroup scenario

SUBGROUP % CHOOSING A % CHOOSING C

. The earth circles the sun | The earth rotates round its axis
Class 6 46 ) 25
Class 8 50 35
Class 10 56 30
Good school . 47 33
Urban school 39 47
Urban good school 29 65 .

The Postgraduate sample is also different, however even there 23% of students have opted for
‘revolution’ as the cause for day.and night. Hence we could say that at least 30 to 50 % of the
students are clearly confusing the two movements. ‘

The descriptive papers and the oral rounds gave us a chance to probe the visualisation of this
entire process. The confusion appears to be deeper, since the earth’s rotation nowhere
emerges as a common realisation. T .

Some explanations are given below: . .
“gefl TR el ¥ FWRT RA oR W@ &™ ¥ (Barth goes around. So day and night are

d.
S:l‘:ise%)qﬂmmﬁﬁﬁ?mms’raﬁ'lmmﬁ@ﬁmﬁm%aﬁmﬁﬁsﬂvm

Ry % < @ el T Te @ W e 21 (Day and night occur because of making a circuit
around the sun. Where the sun’s rays fall there is day and where they do not fall it is night.)
R @ P T T IR TN E T RA S ¥ o waww e am 98 W § a9 T Sl
21" (When the earth is making a round of the sun then it is day. When-it moves on after
making this round then night falls.)

This visualisation does not hold space for part of earth having day and part of it might.
Moreover it appears as though earth moves over areas of “light” and «darkness” E.ven more
intriguing is the visualisation the}t the earth has day when it is moving around the sin. _It is at
other times (when it is not moving around the sun) that night falls. Other responses like the
one given below also has similar implications: :

w3 B & o oAt g & WA 8 & RN R (It is night when the earth moves away from the

front of the sun.) . _
In another response, the role of 2 MOVing sun is also visualised which comes 1

rovide light and hence the occurrence of day, that is, . R
?gaz?lMW@WW%%%WWW?@%&WM%I@%?“ﬁgﬁ‘ﬁW
amar & wa fa @ar &1 Here the revolution of the earth around the sun seems to have no
existence. It is an earth-centric imagery.

ear the earth to

Just as was seen in the context of seasons (elaborated earlier), some children held a notion

that the distance between earth and sun causes day and night, .8-:

-'aagaawqaa%wm%aaﬁaamammw@?ﬁﬁﬂ%mmm%l--

(When the earth circles and comes in front of the sun then it is day and when it goes away
from the sun it is night.)



Here again parts of earth having of ;
explained. g of earth having day and parts having night cannot be

In extreme rare cases We came across answers like:

o oo s i g e B T 0
ates on 11s axis while circling the sun and wh
earth faces the sun then it is da indi ined ron part of the
: y there.) The above ind 5 i
U, movemonts oY there.) | Indicates the best obtained response where

.vg%ﬂ’lq:ﬁl?ﬁ?iﬂﬁtwﬁﬁwﬁ?ﬁm%wwmwwmﬁqgmaw% y 0 o

other n.zgh"t' ‘If"", %“d Z ™ ¥ & @ 1" (The earth tumns and that is why one part has day and the
1gat. It 1t did not turn then one part would onl

have nig?ht.) - P vd only have day and the other part would only

Where the rotation is mentioned more explicit responses go like:

"qa{namfﬁegawqmﬂ%laagea%wammﬁﬁasﬂwﬁmmﬁm' (Earth rotates
on its axis. Then the top part of the earth has day, the bottom part has night). Here instead of
an east- west demarcation of day and night, a north- south one is visualised. This wrong

notion gets examined in Q2:

Q2.  This is Sheela’s explanation of how day and night are caused - "When it is day in the
nor{h'em part of the earth, all places in the southern part have night. Then the earth'’s
position changes and all places in the northern part of the earth will then have night and all
places in the southern part will have day”. Sheela's statement is:

Table 9 : Responses to Q2

Options % Students
A | Correct 49
B | Incorrect (Correct Answer) 13
C | Partly correct 21
D | Correct for summerseason 7
Not attempted 10

The correct option (B) which rejects a north-south rotation of earth has been chosen by only
13% of all students (see table 9). Nearly half (49%) of the students agree with the wrong
statement made by Sheila. This status becomes even more prominent if we add to this the
responses to option A and C. All put together 70% of students wholly or partly support

Shiela’s statement.

Leaving apart the 13% who have correctly aﬁswered the large majority are unable to identify
the direction of rotation of the earth, i.e. 87% of students are not aware that the earth rotates

on a west to east direction.

Some of the descriptive answers reveal similar north south variations of day and night:
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‘Wq@q&aﬁmm%ﬁm%ﬁﬁﬁam%wM%ﬁﬁmummm
ﬂmmaﬁm-a@maﬁqﬂmmﬂﬁmaﬁmmmﬁm%r’ b

This is a classic case where both day and night and seasons are explained using earth’s
revolution. Here day and summer coincides like night and winter does ‘

Rotation and revolution is very much mixed u

: P- Some such responses explai
change as being due to: P plam seasonal
“Revolution of earth from east to west.”
“Revolution of earth’s axis round the sun”

Children possibly remember some stated link between Seasonal change and the revolution of
(=]

the earth. These answers are not really true to what the te i : .
Xt mentions but in try i
up the movements of the earth such responses have resulteq trying to conjure

A similar response goes as “YXS W& B SHUD ARY o Wy _
T ¥ R e 2 T T SR oRe med ) ARt ek

It is surprising that even at college levels, similar confusi .

It is noted in the descriptive papers that large numbersgn:tsgeif:tz ; ITEivcm(:n_ts are seen.
References are made to axis and revolution-with typica] e lanati l',‘o CXpiain rotation.
face the sun will have day and those parts. ..” Planations like “those parts that
L gy e ) uReW &R g

“ e g8 W IRE e 8 IR e a Wy o
qRepar 24 B& ¥ T R &l 21 :

e i g3 O0 el St &L

EARTH’S TILT

The tilted nature of earth is one of the key factors that contr; _
. . . ibute to sea . For a

tilted earth moving around t!le sun in the course of an year, any particul sor:al changes Sives

varying amount of heat at different times of the annug] ; particutar place on it rec

the northern part is tilted towards the sun and at other times
] ) , t ther
times, it is the middle portions that face the sun more he southem part. In yet 0

Hence the ived
i ceived at
those portions of the earth determines the season on g, quantum of heat rece1y

year. Thus those months of tl?e year when the northe
the northern summer (at that time it is the southern wj
received there). As the earth moves ahead and it i
hemisphere to receive greater quantum of heat, thq
(and the northern winter). :

Spring and autumn seasons are transition periods bef;

o . ore the Onset‘ of summer and winter
respectively. These coincide with that part of the earth’s jOumey S hon the middle portions
receive greatest quantum of heat. )

As the earth moves around the sun in a year, it keeps simult
axis) taking 24 hours for a single spin, i.e. we have day ch,
a 24 hour cycle. Suppose the earth was not tilted, we woy|g
of day and of night. But the tilt causes days to be longer at

aneously spinning around (on its
nging to night and night to day in
have had a standard 12-hour span -
some time of the year and nights



g T

to be lor}ger at others. The summer months have longer days and the winter months have
longer n1ght§. Such varying lengths of day and night are not marked in areas around the
equator, buf In areas away from it. The situatiori becomes dramatic as one moves towards the
pqles cqlmmatmg In six months of day (during summer) and six months of night (during
winter) in the arctic and antarctic circles (see figure 2 ). '

Si1x MONTHS of bAY

Fig. 2 Effect of rilt of i
earth on duration of days :’}:\‘\
and nights

We had three queries that tested the concept of tilt of the earth. One was a direct question on
hf)W Seasons are caused (Q 3) and the other two of the application variety (Q4 & 5). In the
dlf@“:‘ question (see table 1) only 14% of students think of a combination of revolution and
the tilt of the earth as the cause for seasons. Hence notion of tilt, even in the form of rote, is
rather low.

Looking at the subgroups (see table 2), tilt seems to identified by very few students, i.e. only’
11% to 26% in any subgroup. The notion of tilt and its consequence is the least understood
factor in the explanation of seasons. As explained earlier, only postgraduate sample shows
some positive growth. But even here 23% still mention only revolution and tilt is not taken
into count.

Secondly we examine the results of Q4 where a diagram of the tilted earth was given and
students asked to demarcate that half of the earth which had night A person with an
awareness _Of the tilt would opt for the choice of shade as shown in options B. The vertical
]m? given indicates the line of jllumination which does not coincide with the line of the axis.
This recognition indicates an identification of the tilt factor.

04 Given below are four diagrams -of earth and the sun. The shaded area shows night
and the unshaded part show day. Which is the correct diagram that shows the occurrence of
day and night?) We could summarise thg results of the above as follows:

Table.10 : Demarcation of day and night areas

OPTION INTERPRETATION % STUDENTS
A, C & Not attempted | Clueless 38
B Correct Answer 33
D ' Confused as to which half { 29
is the correct representation
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It is seen that 38% of students were either clueless or had not attempted this question (see
table 10). The rest of students are equally divided between options B and D. Obviously, for
anyone with bare subject familidrity, the choice trickles down to option B and D. There
could be an element of guesswork involved because from these answers we cannot say that
those who chose B have confidently ruled out D. In any case at least 67% of the students are
unable to apply the concept of tilt. It is also to be noted that 20% of the students have not
attempted this question. This marks a high level of non-attendance, i.e. in no other query is
the percentage seen to move above 15.

Among the subgroups. almost one-third of the students are either clueless or have not
attempted the question. The remaining students are divided between option B and D. Even in
the better performing pockets such as class 10 or urban good school, not more than 40% have
answered correctly (see table 11).

Table 11: subgroup scenario of day and night demarcation

SUBGROUP % CHOOSING A & C& | % CHOOSING D | % CHOOSING
NOT ATTEMPTED (Confused as to B (Correct

(Clueless) _ which half) - answer)

Class 6 44 26 : . 30 -

Class 8 31 36 33

Class 10 37 25 38

Good school 36 28 36

Urban school 27 39 34 |

Urban good school 12 44 40 |

The general picture therefore emerges that at least 2/3 of the students do not seem to think
that tilt of the earth has a determining role in determining the day-night demarcation. Even at
postgraduation only 56% of students are able to shade correctly.

cndFBRBREES

Class6 Class8 Class10 Good
school




In the descriptive paper, children were commonly found to demarcate a patch of darkness in

areas away from the sun and daylight in areas facing the sun. These patches popularly
followed an east-west pattern (See figure 3)

2B
Fig. 3
) SPYcadlkg out thery {('ngers
oh the globe, Childven 'lde.htif[.ed.
@ byoad batch of avea as

veceiving gy Yays (day)

Thus concegt of a tilted earth do not seep, to be understood. While shading the night areas on
the diagram, the tilt was
rightly identified only by
few children from senior
levels (10™) as given to

e the left.
Y

Fig. 4

When children were
asked to express freely
* without the aid of four
given options, they were
commonly seen to shade
it as in the figure on the
right: )

Allz,
“M<

Fig. 5

This implies that all stut?ents who ch.osga option B in the multiple choice (30 to 40 % ).need
not necessarily be conscious of the tilt factor. They may not be clear as to why option D is
incorrect. ‘

During discussions, with globe in hand, children found the third dimension easier to perceive.
At the same time it became more realistically complex. What they did was to identify a broad
patch as the area of daylight. The polar areas, especially that which was tilted away from the
sun became constant areas of doubt. Those were not identified as areas of daylight. Thus we -
had patches on either side of the ‘day area’ on which children could not make up their minds
of the possibility of daylight falling at any time.




Here is a typical conversation:

Q TEi-wEl = 2?7 T BeAIR W W
e | :
A: Tl <faor aiiReT ¥ & -
Q =8 w® T 8 A @ w@? (See
figure 7) )

A: ||

Q: 3@ Teliq B g Y & WP T M
I 8| 3™ gl 3 @ ar wa? (See in fig 8)
A:

Fig.7

Thus even after rotating the globe

fully children could not visualise

any change in day/night situations.

Sﬁ Does the area always have night?

They could not say much more.,

When the globe is placed in front

Fig. 8 of them, the tilt factqr as well as

the earth’s curvature becomes very

self —evident. It was only their

simple observation from the globe that they were immediately expressing. The shaded polar

areas (figure7) were a point of confusion. In which position will these areas get light?

Question remained unanswered. They were totally unprepared for such concepts. No one

anywhere even at 10™ std showed any notion of six monthly day and night situations in polar

areas. In the entire question posed to them (written and diagrammatic) such a factor could
easily be kept on the background. But that could not be so here.

Another application question (Q 5) gave a statement on the different seasons in India and
Australia along with picture of a globe indicating location of the two places. The reasons for
both the places not having same season at any time of the year was probed into. The right
option (of the multiple choices) was that these are in different hemispheres (north and sout?l).
The conceptual identification sought was of the difference in seasons in southern and
northern hemispheres (the fallout of the tilt). '

Q5 : Look at India and Australia on the picture of the globe. When it is winter in India, it
is summer in Australia and when it is summer in India. it is winter in Australia. This

happens because:
Table 12 : Responses to Q5

Option Answer : % Students

A When the sun's rays fall on that part of the earth on 38%
which India is located, it will have summer. Sun's rays
do not fall on the other part of the earth on which
Australia is located and hence that part will have winter.

B Australia is in the southern-hemisphere and India in the 21%
northern hemisphere (Correct Answer). '

C Australia is surfounded by oceans on all sides, but that 12%
is not the condition with India.

D India is near the equator and Australia is away from the -15%
equator. - -
Not attempted, 14%




Even one fourth of the students do not identify the correct reason. Examining the scenario in
the subgroups, marginal progress is seen in the 10™ std. (see table 13). At postgraduation, the
situation is much improved (56% have opted for the correct answer). But the prominence of
an irrelevant option (D) accounting for 23% of responses of these students makes the overall

situation unclear. !

Tablel3 : Subgroup scenario of responses to Q5

Options To A %0 B 0D
Subgroup Formula | Correct [ One irrelevant option
Class 6 45 17 12
Class 8 39 21 14
Class 10 27 27 24,
Good school 37 24 19
.| Urban good schools 40 25 19
Urban schools 37 26 27

The written responses further confirm the unfamiliarity of the concept among children. Even
those who may have got it correct in the multiple- choice paper are probably unable to reason

out their choices.

-El %A Formula
H %B Correct
| O%D One irrelevant option

Class 6 Class 8 Class 10 Good Urban  Urban
school schools  good
schools

A number of children have mentioned some terms or phrases (tilt, earth’s revolution,
different hemisphere etc) without elaborating. Where the responses are a little elaborate we
iried to make out the pattern of their visualisation. This is seen more at class 10 than in class

6.

Some inkling of reasons for seasonal change is brought out only by two students:

""Wﬁ"i?{éaﬁﬁﬁﬁﬁ?ﬁ?ﬁmﬁﬂmmﬁﬁmmmwwaﬁﬁ?ﬁé?%mm?aﬁ?

TS A g A faor el gedt &1 _
— AR Sl g W EN B HRY Gd P @R afdes ued) & zafen aa wE § w1 Hg S

SRR S ga gz @ @ oo 9ol g @ el e ved E1



But we get no explanations as to why this sort of a change occurs in these two time periods of
the year. The impact of tilt isn’t explained.

Some other responses are given below :

ooy ol g W 21 ol A Pl o B P vEd @ R o ot w i o
%lmaﬂ?mﬁqﬁ-ﬁmﬁw%ﬁm%maﬁﬁm%r “When the
earth rotates on its axis. then when the northern part is in front of the sun it is summer and
then it is winter in the southem part”.

In these responses half of the statement actually corresponds to the right situation of the tilted
earth going around the sun. This is important to note because it is only in rare cases that
children have used northern and southern hemispheres to explain differences of seasons.

One child gave the explanation of seasons with the help of a globe during discussion: “ged}
S o 8 & o a7 @ AT G0 R o) N g &1 Fored o A ok R et € o
T S & o & dR-oR A I Rty o o o & o wd B &0

The tilted position of the eartp was seen (o be the cause of summer. The child tried to
straighten up the globe to explain that at certain times the earth was not tilted and that was the
winter position. Here ‘aes 3@l fRerfd @ referred to an earth which was not tilted.

Other responses mix revolution and tilt in odd ways such as-

‘quﬁmgmmﬂ?ﬁlﬁ?ﬁ%mﬁﬂgﬁﬁ%l’mﬁwm%m%ﬁw
i g &1 4 ‘
‘ﬁwﬁ%ﬁ%@qm‘mﬂﬁﬁwgf’

gl o g8 W fiar Sl W | §T 9H P RO ST g A iR
mwmg&aﬁﬁﬂﬁmqﬁwﬂﬁqﬁﬁwmqﬁﬁqwm?ﬁ@wﬁﬂ
& fore gd @ R Tl R TSR B 1 I IRT e F S ol B ok ot A iy

This indicates a notion of earth sometimes bei.ng on it’s axis and sometimes not. Moreover it
also points to a notion of the whole ‘.Norld having similar season at different times of the year.
Hence even those who have reyolunon and tilt in mind have a visual concept which is quite
different from the text explanations.

One of the very few answers that come close to explaining the concept is as follows:
"qziﬁmmgeﬁm@F@@*Waﬁ?%@ﬁlﬁéﬁﬁwﬁmwwquﬁ%m
mﬁmﬁmaummﬁwmgmmmgr. | .

This is the response that has come nearest to the causes of seasonal change. But this too is a
partial explanation. For instance why dq we get direct rays sometimes and inclined rays at
other times — Such linkages associated with tilt are not explained. '

Apart from the questionnaire given t0 school students, some conceptual questions of a higher
level were posed to college students. Two of these were concerned with the tilt of the earth.
In one case four positions of the earth in relation to the sun were given and students asked to
identify the position of our (northern) summer. This demanded an identification of the tilt. No
clarity is seen to emerge from the students. Responses seem to be divided amongst winter,
summer and spring positions. ‘
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Fig.9 Question paper figure with percentage of responses

Another question sought to find out the implications of angular measurements of 23 and half

degree indicating earth’s tilt.

AX15

90
EQUATOR

T OorBIT
1¢ earth was not tilted
Fig. 10(a)

Only 13% of students have opted for the
correct answer. Strangely almost half of the
responses are registered “angle between the
axis and the equator”. This is an angle which
always remains constant (90 degree).
Whether the earth is tilted or not, this angle
would be 90%see fig 10). Since a large
number of students of postgraduate level
failed to note this fact, it throws light on the

serious of spherical geometry which is taken
for granted at 6™ std. The condition seems to

undergo- only marginal changes. Another

point to be noted is that in the midst of emphasis on

spherical geometry (though inadequately done) certain desirable elementary concepts fail to

get built.

For instance, it is conceptually important that
students understand that earth is tilted. If the
earth was not tilted (as in fig 10 a), the equator -
would have been parallel to the orbit and the
axis would have made 90° to the orbit. Since the
earth is tilted (as in fig 10 b) the axis and the : —_—
equator makes different angles with the orbit, - ORBI1
simply by virtue of its tilt. This is the conceptual
requirement to remember that the medasurement
of these angles is 23 ¥2© or 66 %° is a matter of
detail (see table 11) even after so many years of

N\

Tilted earth .

Fig. 10(b)




geography leaming,
FUNCTIONS OF LATITUDES AND LONGITUDES

Children’s understanding of latitude and longitude lines are confined to the premises of
recognition of these lines on maps and to their imaginary nature. It is seen that even though
recognition of these lines on maps is very much done by children often their names are
confused; their identities as separate sets of lines are simply lost. Moreover the co-ordinate
functions and the association of longitudes with time figure nowhere in children’s
understanding,. '

SEPARATE IDENTITIES

Though latitudes and longitudes are generally identified by children, clarity on their separate
identities is very much lacking (see table 14). :

Table 14:Identification of latitudes and longitudes (% students)

Lines Identification as | Identification as | Not Attempted
Latitude Longitude
East to West 31 29 - 38
North to South 27 35 40
/» PERPENDICULAR e
To PLANe OF <
ORRAT aoi
. . ¢
231 2 ORBITAL-
> PLane
— - oReIT - — — ORBIT
Fig. 11 (a) Fig. 11(b)

Definitely the correct identification exceeds the wrong one, but only by 2 to 8%.ie.. almost an
equal proportion of students opted for the wrong option. This implies that the confusion is
quite prevalent. Added to this is the fact that 38 to 40% students have opted not to answer the
question. The subgroup scenario confirms the widespread nature of this situation (see table
15) :

Table 15 :Correct identification of latitudes and longitudes in subgroups

23

Subgroups Longitudes(%) | Latitude(%)

Class 6 students : 36 32 .

Class 8 students 39 31

Class 10 students 30 30

Good school students 48 41

Urban school students 44 - 43

Urban good school students 6f4 64 .
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They also generally mark right recognition of latitudes and longitudes only within a range o
30% to 40% recognition. Moreover there is no marked growth in ability and can be traceq
from class 6 to 8 to 10.

Perceptible difference is seen amongst the better-off subgroups. The good school and urb;m
school attain 10% points above the general average. The urban good school group is twice the
general average. This indicates that exposure appears to make a difference in this contex;
HoweveT, nearly 35% of the students are still unable to recognise correctly even in the best o%
situations.

The postgraduate student subgroup shows a distinct improvement over the rest with 80 ¢q
83% identifying the lines correctly.

The written responses also indicate that identification of latitude and longitude as a set of
lines do not necessarily mean that names of the lines are correctly noted. Some times they are
identified as those running from north to south and from east to west and otherwise as g
and ¥t or @& lines. Often lots of confusion emerge like “aizrie f@or # 3R T & 3R T
Ik # AR| At times children have simply made wild guesses like “3iefier 3i® 1 91 &)
2| wafs AR T T or W AN B A Waw 2, JEw AR AR

As we go towards the higher classes, answers seem to have more chunks of memorised termg
used almost like some defense mechanism against condition of conceptual non-familiarity'
Monsoon, climate, direction, distance and earth’s movements etc are some such terms used to
explain latitude and longitude. Some such responses go as
W@%ﬁﬁéﬁmwﬁmﬁ@ﬁmﬁgﬂ@mwﬁ%mﬁwﬁ%aﬁmm
AT ST FEART &1 3R TR AT AR FEer €1 q@ ey iR IR Y guien € S
w%lguﬁgﬁwqﬁ%@?ﬂﬂﬂmmmmaﬂ?mwmél :

LACK OF DIFFERENTIATION IN FUNCTIONS

Children have expressed latitude and longitude lines as having similar functions. We do not
see them visualise these lines separately. Combined function of these lines is actually seen in
location of places through intersectipn of the lines. Otherwise they have specific and different
functions. E.g.: Time demarcations across the globe are linked with longitudes, whereas heat
. zone$ and seasonal demarcations are linked with latitudes. But our children do not seem to
even hint at such differences. Wherever they have, it only seems like guess work and even
then it holds no water. An example where difference is mentioned is given below “360
Jatitudes and 180 longitudes”(it has obviously got reversed).
By and large the two sets of lines have been treated together like “smrr 3R qW=R @
artrqﬁaﬂ’\’{ﬂaﬁ%l”or“aﬁmﬁiéwmméﬁgaﬁgﬂﬁﬁﬂﬁﬁaﬁ?
qeR, A<, UETS .. Ram & foR &

More explicit expressions like “J&i¥ 3R dwr<R @ & ¥ard & F| ST IERT QA BT g
# @ ford # 17 are also seen. :

CO-ORDINATES OF LOCATION

ver the globe. Since latitudes run in

Latitudes and longitudes together define a grid system o _ _
uth, their points of intersection are

an east- west direction and longitudes from north to so
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used to pinpoint the location of places on the €arth’s surface. Thus they function on the globe
" a fashion somewhat like graph co-ordinates on flat paper. Since maps are the flat

' representations of earth’s surface, they have networks of latitude and longitude lines. We

perceived that the location of places could easily be handled by children at least in the context
of usage of maps and atlases (given sufficient exposure).

Q11 of our questionnaire explored this aspect. ;\ polnt was marked out on a map and children
were asked to state its right location in terms of latitude and longjtyde. - '

R

2y
g

;
3 S' "\
¢ ) s;
12°], 80
Table 16: Responses to Q11
Questioh Look at place A given on the map. The | % Students
Options location of this place can be indicated as
A 80 degree E 19
B 80 degree E16 degree N 14
C 24 degree N (Correct Answer) 25
D None of the above answers are right .27
Not attempted o . 15

The results show that 73% of students are unable to use these lines for location (see table 16)
Those students who are able to use these lines for locating a place form only 27% of t-o_tal.
Earlier we found that some subgroups of students are were distinctly better off in recognising
the lines. Let us see if those subgroups perform better in location of places as well. .
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- Table 17: Bare recognition and co-ordinate usage :subgroup scenario

Subgroup % recognise | % location
Urban school students 44 34
Good school students 41 32
Urban good school students 64 40

The better off subgroups record only 10% points above the overall situation (see table 17). It
is seen that location of places is not caught on well even by the better off pockets.

In fact the best school subgroup i.e. urban good school shows the largest gap between the
ability to recognise and to locate. At postgraduation, whereas 80% of students recognise these
lines correctly, only 43% identify their usage in location of places. This implies that in the
best ‘of situations the knowledge about latitudes and longitudes is quite marginal. They are
able to recognise but not identify of use the co-ordinate functions. This could probably meap
that the practice of usage of these lines is minimal, even in situations where exposure of
resources should not be a constraint (like the better off subgroups). Does the curricutum
encourage this ability? We did not find that much encouragement is provided (see previous

chapter).

Even a liberal assessment of the descriptive answers S.]'IOW that very few students are actuall
aware that these lines function as co-ordinates. The nearest response to this that we haye

obtained goes as “ Y@r Rufdy garht &1 “@ w1 29 $af & g gar gl B

These responses definitely cast a doubt on whether they are actually referring to functions of
maps per se on which they have noted these lines going criss-cross. Some extremely rare
responses at the 10" standard throw light on function of latitude and longitude as ¢o-
ordinates. Here the use of lines for location of places has been elaborated as "in!ersection of
latitude and longitude lines” or “first we have to know the degree measures given be’hind the
map in the atlas, then with the help of these lines we can find the place.” This is a rare

reflection of familiarity with usage of index of atlases.

LONGITUDE AND TIME o

- The association of longitude with time (and time calculation of different places on earth) js

conceptually a deeper understanding of earth’s rotation and of the process of day and night.
Since the earth rotates from west to east. the advance of morning to noon and to evening ang
night follows an east — west pagtern (i,é, the east followed continuously by the west). wig,
this logic and with the factor of rate of rotation, time calculation of any place is pogsipje,
Since the earth takes 24 hours for a full rotation which is 360 degrees, it implies a shifying of
15degrees every hour. On this mathematical basis, it is‘possible' to calculate the time op any
part of the globe if we know its longitude.

Children’s responses show that the longitude-time association is a clear case where the

concept has been totally skipped.
Y @ bleak area on

The discussion with children reveal that usage of these lines is general]
longitude figured

which children did not have much to say. The associatiorl of time and
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nowhere in the discussion. In fact discussions were reaching nowhere in the vicinity of this
concept.

STRATEGIES OF PERFORMANCE

The status of conceptual understanding is quite dismal. This is demonstrated by the finding
that on one hand major and crucial issues are not being reflected by children and on the other
hand many misunderstandings have filled up the vacuum. In such a backdrop, there seems to
be certain specific strategies that the system perpetuates. These strategies sometimes help
children to perform at sufficient levels for the examination. It then passes off superficially as
achievements. These will have to be understood to analyse the problem at root level; they
should be seen as symptoms of systemic problems. Major strategies are seen in the form of

formula learning and a certain groping for concrete explanations etc. We wil] examine them
in detail. -

FORMULA LEARNING

Given the fact that conceptual understanding is not happening much, one prominent method
is-of rote-learning. Within rote, ‘formula’ takes up a special position since ir is perhaps
easier to memorise. We have been able to trace its popularity in children’s responses.

There are some instances where the formula pattern is explicitly brought out. One of them is
Q2. The question mentions that Sheila’s statement is wrong, it is then surprising that 40%
students still said that the statement is correct. The number of such students vary from 40 to
58%. In the descriptive answers a large number of children supported the wrong statement
most tried to explain why Shiela was correct. This is true even at senior classes. The fact is
that the wrong statement made by Sheila has all appearances of a formula i.e “When the

northern part has day, the southern part has night”. Children cease to examine what the
linkage really signifies. '

The prominence of formula being embedded in the student's mind can be judged from the fact

that even among graduate and postgraduate students, the preference is shown for the option
that Sheila is right.

Generally we find that the state of children traversing from definition levels to those of
- Teasoning is very poor explanations given by children often revolve aroynd attempts to build

around formulas. How one part of the earth gets light and not the other is explained by some
- children through revolution or through some other manner by which the earth is placed in a
Position where it alternatively falls in light and shadow areas of the sun. The written
responses therefore appear to be a play of words around the formula in their mind.

Where rote is not successful, i.e. memory fails or where drilling has not been sufficient,
explanations are put forward with lot of terminologies that are often meaningleSs. Some
examiples are given below:

‘Due to the rotation of the earth, different temperature masses be in different parts of that

glace. This phenomenon causes changing of seasons’.

‘I&ﬂm%mwamm%mmmtﬁﬁ%l”
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This tendency is quite prominent, more so amongst senior students than among junior ones.
“The volume of such terms accumulated because quite large as students reach senior classes
these are possibly being extended to portray sophisticated explanations. These are actually
effects of rote learning. Some terms remain in the mind. Since their implications have never
been understood, they are fitted into all the wrong places. They are then used to build in a
shield of defence when we go around and question them. )

Another prominent pattern is that of tautologies. This is seen in the entire range of children’s
responses. Children seem to function in a two- point system where one point is the cause and
the other is the effect. Sometimes this corresponds to correct rote, say, ‘rotation causes day
and night’. At other times, the pattern is utilised to express some cCOmmOon-sense notion, say,

‘earth is near the sun and we have summer’.

2

" GROPING FOR CONCRETENESS

Using concrete situations, children often tried to explain various processes. Their plank of
understanding and their expression is rooted in that arena which they can feel and relate to.
The processes of day and night and seasons in terms of movements of earth occur in a
different plank which they find difficult to relate to. But when affronted with a query, they try
to reason it out in their minds. Here is a typical example where many children tried to explain

seasons (this came out largely through the descriptive paper) :

"8 aRad §iar & Fifd agg B wN aed a4 21 R arey aree e § o IR o 2
“Seasons change because rainfall on earth and rain water make river and river goes to ocean,
Rainy season changes with the help of the sun. Sun produces more heat to make water into

vapour and rain is falling.” _ :
"aaa@mnﬁm%a?muﬁﬁ?mﬁmﬁwaﬂaélwﬁa%mmmméﬁ%a}a@
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These descriptions reflect that part of seasons whose occurrence is most easily perceived
Evaporation of water, cloud formation and rainfall are easily perceived while process of
earth’s movement and the consequences of its tilt are not. At times children have tried to link
their perceptions with the plank of earth’s” movement. But the effect is disjointed like the
example given below:

“Seasons change due to the tilt of the earth. The seawater evaporates and forms cloyds by
which rainfall occurs. This rainfall causes winter.”
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The dichotomy between the stated reason. of the text and the logical concreteness desired by
children is only too evident. These responses also indicate that explanations had been
constructed largely from their own experiences of seasonal change. In the former case, it is
built on a logical and observation based framework the sequence of which is true, i.e. summer
- rains — winter. The reasons stated are based on temperature i.e. high temperature leads to
evaporation and to rains, rains cause a fall in temperature, which leads to winter. It apparently
has nothing to do with the tilt of the earth or the revolution of the earth around the sun.
Another attempt at concrete ways is seen is explanation of why Australia and India had
different seasons.

“mﬁﬁmﬁﬁ@w%ﬁqu@%ﬁmﬁﬁw%lﬁmﬁq&mmwmmq@mr'

This could be the child’s interpretation of Australia on the globe. It is seen to beson the edge
of a sphere and therefore away from the core areas of the globe where more sunlight would
reach.

“<if TSR ¥ TETE T g 2T € B B 78 < A P v T e -
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Especially among junior students (6™ std. etc.) concrete explanatioqs dominated wherever
they opened up and talked. The delinking of the concrete from the abstract was only too
evident. Children often stated correctly which months had summer, winter, rains etc. They
also went to lengths describing the sort of cultivation that took place in various seasons. But
as for the explanations in terms of earth’s movements, they were not very forthcoming.

In the context of latitude and longitude, we were hardly able to derive any discussion from
children. Within a limited frame of using these lines on maps. This concept couid have
provided an interesting task for children. But ironically we find that children discussed much
more on complex concepts like day / night and seasons. The implication is that these topics
have an actual life experience on which basis children become articulate. That is not the case
of latitude and longitude. '

Thus groping for concreteness is an activity that children illustra-te quite promil?ently. This is
larger amongst junior children and situations change towards senior f:lassed. This co!.lld_beéan
implication of movements from concrete to abstracft or towards ‘dismembered’ thinking as
analysed in the proceeding chapter. The main question is of how much we enable and equip
children to synchronise learning process with and elBementaxjy need to associate with the
‘concrete’ and get help in a movement towards larger/abstract/disembodied areas

CONCLUSIONS

A number of popular wrong notions on-processes like the earth’s movements can be traced
out. This means that crucial conceptual areas are not being understood by children. This state
of affairs is generally true from junior to senior levels of school. This focuses the question as
to how children cope up with the situation. Responses of children reveal that there are certain
patterns in the strategy adopted by them. These revolve around formula learning, whereby
conceptualisation can be skipped. Another tendency seen is of children’s leaning towards
concrete explanations. Thus the plane of discussion drawn out by children and that designed
by the text seem to function separately, each on its own track.
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CHAPTER 3
LEARNING MATERIALS

INTRODUCTION

space like a grargfi symphony !

The status of conceptualization of such processes by children was examined in the previous
chapter. It indicated that concepts were not understood as desired and that wrong
visualisation was very popular. What are the probable circumstances that lead to such flaws
in conceptualization? In our school system, the learning and teaching material boils down to
the text. Its crucial role gets manifested in examinations, which act as test of success of
students. What is the nature of and limitations of teacher’s contribution through classroom
transaction? These factors are analysed here to understand their role in contribution to
popular responses of children.

A REVIEW OF CHAPTERS AND CLASSROOM TRANSACTION!

The movements of the earth and associated processes are topics of geography in early middle
school. A.shortened version of the same forms part of social studies in the primary school.
These topics get treated as elementary geographic concepts. Here we review two chapters of

sixth standard (‘mqgions of the earth’ and ‘fTatiude and longitude’) and class room
transactions of the same,

(1) MOVEMENTS OF THE EARTH

The earth’s movements are explained sepa'rately and associated with their impacts like day &
night and seasons. The text addresses vertical and slanting rays of the sun in the explanation
of rotation as well as of resolutions. The maximum 'elab.oration. of this is obtained a5 *The
rays of the sun are almost vertical at noon anq §Ian.tmg in the moming and in the evening,
Vertical rays of the sun fall over a‘small area, giving it a greater amount of heat, Slanting rays
on the other hand, spread over a wide area and give less heat”,

! Classroom observation was done in nine classes in varipus schgols. T'his‘involved different types of schools, of
various managements (govt: & private) and mediums of instruction (Hindi & English).




It is doubtful whether children at sixth standard can really take in and understand this
phenomenon of heat distribution per unit area of the earth and how this variation is caused by
the angle of incidence of the sun’s rays on the earth. Similarly in the explanation of seasons,
direct’ and ‘slanting’ rays are used to explain. how summer and winter are caused. But we
have not seen any such understanding being reflected in the children’s. Teésponses on seasons,
Instead the reason for greater and lesser heat over earth at different Seasons is attributed
largely to the increased and decreased distances of the earth from the sun. As seen in previous
chapters, this is a very predominant misunderstanding.

The inability te cope with the complexities of the process coupled with some factors of the
text seem to have induced a certain pattern of misunderstanding. For instance, et us look at
the diagram given to explain seasons. Four of the positions of earth around the sun jp, the four
major seasons are illustrated (see fig.1)

we:
HERE SUMME,
“,\—\f—%"{"*:sﬂﬁﬁ ww‘iéﬁ%"iy. fe
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Fig.1 Revolution of the earth and the seasons

The autumn and spring positions (23 sept. and 21 march) gi‘ve_a notiop of the earth being
nearer to the sun. This imagery seems to have been partly taken in bY children and then uged
to strengthen a common sense notion of “nearer to the sun, greater is the heat received and-
farther away from it, lesser the heat”.

In the context of earth’s movement on its axis, we have seen that children hardly 'recognised
this movement rightly. In the text, the major part of the section on earth’s rotation is taken up
by an experiment. A candle and a ball are used to visualise sun and earth respectively. The
experiment is as follows:

“Let us now perform an experiment to see how the sun rises and sets at any place. Take a ball
to represent the earth and a lighted candle to represent the sun. Mark a point on the ball to
represent a town X. Place the ball in such a way that the town, X, is in darkness. Now rotate
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the ball from left to right. The town, X, would gradually turn towards the sun (which is
represented by your candle) and reach a position when it will receive come diffused hight. It
means that the town is having its DAWN or the time Just before the rays of the morning sun
appear. As you move the ball slightly, the town will have jts SUNRISE or the first rays of the
rising sun. At sunrise the sun appears on the horizon and its rays are slanting. As the ball
continues to move, the sun seems to be climbing up in the sky until its rays are more or less
vertical. This is NOON time in the town X. after that, the point, X, gradually moves away
from the, sun until it appears as if the sun has descended to the horizon. This is SUNSET. This
is followed by a short period of diffused light, again, which is known as DUSK. When the
town, X, has moved farthest from the sun, it would pe MIDNIGHT. Therefore when it is
dawn at one place it may be noon, dusk or night in other places”.

We tried to do this experiment. It \fvas seen that many factors like the size and texture of the
ball, intensity of light of candl'e, d!S[al']CC between candle ang ball etc. play bortant o1
that could shape the result of this experiment:

Nature of ball — A smooth and light coloured ball (like a tennis ball) seems to produce more
clarity in observation of light and dark areas. Rough textured balls make observation of light
and darkness on it less clear. Large plastic ‘ball_s produ.ce many confusing results mainly
because of its translucent nature, the fallout being of the night side getting illuminated.

Intensity of light source — This becomes important in terms of in relation to the ball used.
Larger balls need larger and brighter candles to produce any significant effect.

Distance between candle and ball — When the ball is held quite close to the candle, we get a
clearly demarcated patch of darkness and light.

In such a position, as the ball is rotated, the
point marked as town X travels from night to
day in a quick transition. On further Iotation, a
similar sudden change from day to night is
observed. Thus it leaves no scope for
observation of dusk and down as elaborated in
the text. This is so because we do not get a
: zone of scattered light that acts as transition
—— between day and night.

il1sy,
XS

We tried to get such a position where the scattered light was also marked out op the ball. If
the ball is moved sufficiently
away from the candle, the [ine
of demarcatjop between the
day and night areas as 3 clear-
Cut one ceases tg exist.

\
Irh
;|\n\‘

This js actually the situation
Lhat_fal!s more in line with the
realistic earth-sun model. But
it is still quite difficult to convey the dUS‘k andiddwn area be.cause the general scattered light
effect is too much for such fine demarcations. Such an experiment €an convey results ‘only if
the role of the scattered light is worked out appropriately. Moreover it will be necessary to




work out the factors that can be controlled in such an ‘experiment. In the present form
demarcation of dusk and dawn area is really difficult.

It is surprising that the experiment recommends a ball and not-a globe. The stark difference
between the two is that in the latter the tilt factor is implicit and in the former it ceased to be
an important factor. Loss of simultaneous occurrences of phenomena through
oversimplification is a running theme in the story of the text. The text seems to be avoiding
the really exiting complexities.

(2) EARTH’S TILT

Children’s responses had shown us that the tilt of the earth is hardly registered anywhere.
Even at the college level, students do not express any clarity. The text deg!s with earth’s tilt
very. “The earth’s axis is tilted at an angle of 23 Y2 degrees from a perpend}cular to the orbital
plane. In other words, the earth’s’ axis makes an angle of 66 %2 degrees with the plane of the
earth’s orbit.” The accompanying diagram is given below: -

5 > PERPENDICULAR
AR . To PLANG OF
(oo e&\""\& oReAT
6L
2 ORBITAL 3
PLANE :
/. ORBIT - orRell

Fig. 2 .

' ion using terms likv ‘plane of orbit’, ‘axis’ etc. and the various ?.mgles are
i:;?\itt:;ed?g:’in;;g the 1e§mer. The problems arise. b'oth in terms of communicatl?n and in
terms of other requirements of learning. The latter .mqmly pertains to the fact that ‘plane of
orbit’, ‘axis’, etc. are not areas of children’s famﬂl:cmty. so h_ow can we use these terms as
buildi’ng blocks. to create larger structures? In such 51tuat1f>n§, if a teacher searches for clarity
(for her students) by using models like globes, all the building blocks seem to tumble down.

is i ‘globe throws light on all the complexitit’:s that we qied_ to underplay or
::1135 l%;z li?lialiiz t?l?cigr dimension...::tc. suddenly become visible. The child tengl; to get

flabbergasted, the extent of which depends on her of his age.

(3) ANGULAR DISTANCE"

Angular distance is an important
term used in the text. This 1
because the approach adopted 10
‘teach earth’s movements and
latitude, longitude lines has heavy
“borrowing”  from  spherical
" geometry. Children of sixth
standard are not groomed to suC_l:
levels of that discipline. Hence 1 _ :
is quite predictal?)le that the ‘ - Fig.3 Latitude and longitude -
parameters of 'explanation will be_difficult for :

children to handle.




Let us examine the sections on latitude and longitude. The main parameter of definition is the

angular distance (also see diagrams fig 3). The reference points used are poles, equator and
the prime meridian. .

Latitude is defined as “a measure of the angular distance of a given point from the equator. It
is measured in degrees from the equator toward either pole™. It is doubtful whether children
(at sixth standard) are sufficiently familjar with angles and their measurement. Children can
possibly be at the most familiar Wwith measurement of aneles with a protractor and someé
prominent angles of mathematical usage like 90°, 45° a:d 60 ° etc. They can possibly
construct angles_on 4 paper in two dimensions. But in actual terms, on a sphere or globe, what
do these angles Imply? Between which points are these angles drawn? If we search thé text,
the only clue obt.amed is that it is to be measured from any given point (whose latitude W€
are concemed Wlﬂ}) and the equator. From this explanation, we can at the most understand
situations by drawing 4 diagram (see fig 4). But which is the plane from which the angle is
constructed? : T

This question becomes very important since

we are handling a three-dimensional

’ medium and children are provided with no

o"j Q.W"-V\g clue as to the sphere’s center being an
point important reference point.

) (equator)

The only other information we receive
about degrees is of.its sub divisions. "One
degree (°) is divided into sixty equal parts
and each unit is called a minute (). A
- minute is further divided into sixty equal
] : . each unit is called a second ().
Fig. 4 Angles Between Points: No Clarity r'rl)‘ir;:eani(si no attempt made to address
obvious confusions on_these units with
that of temperature anq ¢, Moreover, we find no explanation to clear obvious confusions
of angular distance wip the more common and familiar linear distance (measured in
kilometers €1¢.). This is yery oy cial in the context of the text using the term with an ease that
presupposes a Cerain jye) of familirity and understanding amongst children on these
matters, €-£.: SINCE the digtance from the equator to either of the poles is one-fourth of a
circle round the carth, it will measure % of 360 degrees. i.e. 90°. Here ‘distance’ actually
means angular distance, y; requires a good amount of maturity t0 actually understand such
statements. It 1S 0Ot as though the sentence is followed by some elaborations or explanations.
The space p rowd'ed in the text for elaboration is very minimal, Compressed presentation of
this sort is @ consistent character. Thug prerequisites required to understand these concepts are
simply taken for granted. Such frameworks could be giving childr.en the wrong message, E.g.
the popular response of latitude and longitude being used to find distances betweep places.

In classrooms, we found that the teacher was inevitably finding difficulty to come o terms
with the third dimension. Some teachers simply asked children to imagine a rubber pajl with
latitude and longitude marked on it. The most commonly used method was o dray circles on
the blackboard to visualize a sphere. For example: ) :

!n most cases, difficulties arising out of such visualizathn were o be seen. Some such-
instances are given below- S

-
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RIS I
Fig.5
Circles to “ﬂ%ﬁi -{X’ ‘Cﬁ%’i ‘IE
represent
spherical '
earth ) '{QWT
Teacher: What is the measurement of a circle?
Children: 180°
Teacher: No
The teacher then drew a circle on the blackboard. 80
She explained 360° as the angular measurement from ~ e 360
the center of a circle. This explanation was given in N\ ¢
the context of teaching ¢

latitude and longitude.
From here she took off to
360° of longitudes. The _ . .
earth oas ansphere was Fig.6 360° of a circle
demonstrated by another

circle.

Figure 6 was meant to be any circle a}nd figure 7 was meant to be
Fig7 a sphere to represent the carth. The linkage between the two was
: not mentioned at all. There was no attempt to look into how the
angular properties of the circle apply to the sphere.

There were instances when the teacher herself seemed to

lose sight of the visualization of the third dimension. E.g. -

a diagram was drawn on the blackboard to explain the

rotation of the earth (figure 8). It was explained that the

earth moves 360° in 24 hours. Nothing more was said. The ( )
impression one gets is of a two dimensgonal. movement

(circle) of 360°. If the circle was used to visualize a sphere

it should have been drawn out differently (see figure 9).

24 hours

In the explanation of local time, the teacher drew a circle (see Fig
10).

Longitudes are not made to
converge at the poles. Hence it
is difficult to visualize this circle

as representing a sphere.
Fig. 9 East to west
movement of the earth  There are other situations that
shown by a circle clearly  demonstraté  the
| difficulty experienced by the '
teacher. Some diagrams used by teachers in different  Fig. 10 Local time
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schools are given (see fig 11).

These show attempts to |

N G ‘ mark the longitudes that

{8e'W 180°E are seen east and west of
The fact that 180° west and
\gf W east become one and the
same meridian on the other
side of the globe becomes
. . .y . miscommunicated this
Fig. 11 Grappling with the third dimension way.

(4) HEAT ZONES

The earth is divided into various heat zones, the lower latitudes being Warmer and the higher

latitudes cooler. The reasons for such demarcation is made on the basis of different angular
. incidence of sun’s rays ar gifferen latitudes.

NORTR (o ooy This gets explained, as “The mq day -sun

never shines overhead on any latitude beyond

the tropic of cancer and (he tropic of

Capricorn. The angle of the sun’s rays goes on

decreasing towards the poles. Beyond the

€quAToR  arctic and antarctic circles, the sun does not
rise much above the horizon. As such the areas

bound by the tropic of cancer and the arctic

circle in the northem hemisphere and the

: » tropic of Capricorn and the antarctic circle on
SouTH the southern hemisphere, have moderate
foLe (0's) temperature. “Nowhere is the chilg helped to

. . understand what is meant by the angle of the
Fig. 12 Important paraljels of latitude and sun’s rays. Moreover, how does var; ations in

heat zones @ angle of the sun affect the heat received on
different parts of the earth? Searching for this we find a sentence that tries to explain the
coldness of the polar region. “It is because the sun does not rise much above the horizon.
Therefore its rays are always very slanting”. We do not get any explanation of what slanting
rays are. No reasons are Provided for the situation of varied angles of sun’s rays in different
parts of the earth, Some explanation of this is prOVided in another Chaptef dealing with
movements of earth (we haqg elaborated this earlier). -

Only an understanding of reasons behind processes will help children to reach some Jevel of
conceptual clarity. When sych provisions are not made: It Is possible for them only to
" reproduce textual terms and attempt to rationalize situations through sheer application of
commonsense. This is exactly what seems to be happening as we have foypg through the
“survey. We have illustrated the elsewhere how ‘slanting rays of the Sun’ is used by childréf;
to explain the coolness of places ar 80° [atitude but the same logic is not applied to 90
latitude. Similarly the heat zones and latitude linkage has very, popularly been interpreted by
children as “latitude and longitude lines showing femperature in degrees?”. In short many
factors that have contributed to construct popular conceptual misunderstanding amongst
children can be traced to the text. :

the Greenwich meridian. |




(5) TIME AND LONGITUDE -

The association between longitude and time has the direction of rotation of the earth as one of
the key thrusts. Hence time demarcation on earth is found in an east —~west basis and not on a
north-south basis. But such reasons are stated so scantily that they are all suppressed in a
single sentence as “As the earth rotates from west to east, those places east of Greenwich will
be ahead of Greenwich time and those to the west will be behind it”.

Though space devoted to this section is brief, actual mathematical calculation of time is given
priority. “The earth rotates 360° in about 24 hours which means 15° an hour or 1° in 4
minutes. Thus when it is noon at Greenwich, the time at 15° east of Greenwich will be 15 x 4
=60 min i.e. one hour ahead of Greenwich time which means 1 pm but at 15 ° west of
Greenwich, the time will be behind Greenwich time by one hour i.e. it will be 11 am”. As
seen earlier, the perquisites of understanding this e.g.: concepts of sphere and angular
measurements etc. are assumed to be understood by children. Apart from the mathematical
details, no significant attempt is made to help children understand time differences across the
world and its association with longitude. Therefore, it should not be surprising that this
association has hardly been expressed by children.

(6) APPLICATION OF ‘BASIC’

A review of the geography texts of post sixth standard (up to tenth) shows that the concepts
related to the movements of the earth hardl_y find a mention or application. The only instances
of their appearance are found in the following ways:

Latitudinal and longitudinal extend of different countries — studies of various countries start
with such an introduction. Latitude and.longlmde are used to identify the location of place
and regions. Hence, there is an assumption that chllfiren are sufficiently accustomed to it is
co-ordinate function of these. There were no exercises to specifically strengthen this area.
The only, references obtained are of the: nature of “‘look at the map of Argentina and find out
the latitude and longitude between which Argentina is situated” or “look at globe. Find out
the location of North America in latitudes and longitudes.” '

Even studies of different countries/regim_ls °f_ the world do not recall or make use of concepts
like heat zones, earth’s tilt etc.. to ?xplam Cl{ﬂ}atfi and other characters. There are references
which assume an understanding of ‘heat zones’ discussed at clags 6,

Thus the overall situation is that eve'ryth'ing that had to be conveyed on earth’s movements
and latitude, longitude was d9“° is sixth standard. This is a ope shot-situation. The
implication need to be lookfﬁd into befau§e (1) Concepts are 100 complex to be imbibed
without provision of continuity of application (2) If these concepts represent ‘basics’ of the
discipline, there should be scope t0 analyse and apply them at higher classes.

STRATEGIES REVISITED

In the process of simplification and compression of information the teaching - learning
system seems to perpetuate certain clear strategies. Its reflections were seen in children’s
responses. Here we examine the text and classroom transactions for systemic characters that
contribute to such fallouts.

31




(1) FORMULA LEARNING

Texts try to teach students tautologies e.g. the part which faces the sun wil] have day and the
other part night. The sun could move around to face a part of the earth or the earth could

which they answer questions. There appears to be a logical pattern by which the subject is

In a number of concepts the cause and effect relationship can be presented as two binary sets
such as

O ¢

| . Effect
Cause

, Fig. 13 .
Hence the possibilities become “if a causes x, then b causes y” or the other way round ie..if 5
>y, then b -> x. this is the kind of logic that operates. For instance in the context of day ang
night, the following presentation is popular.

The pevt  which faces
the Sun . )

The Othey pavt ..

Cause Effect
. Fig. 14

This appears' to be the reason why in Q2 of section 2° which is a play on this logic mo

students have demonstrated the patiern. » Most

Novihexn pavt

Soubhern pavt

Cause Effect

Fig. 15

? This tried to test the direction of rotation. Does the earth rotate in an east-west or Rorth-south direcfion?

.
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Sheela’s statement (in the q}lestiqn ‘)“thl“ls. becom.es logical in such a mapping. The fact that
the set of causal statements itself is meaningless is not noticed and this holds true across age

groups.

A very popular association givqn be]ow also :cldhereg partly to this sort of logic (though there
are some other common sense situations also involved in this case).

Neav Ke Sun

Effect
Cause Fig. 16

de such logic. A meaningless set of statements are used such as:

In Q5 all the options provi Effect

Cause

When e Suns ~voys f“‘l

S‘Amr_ncr in Inda
Winler 15 Austvalin,

When IRy Sung vays do hob
‘ Fol am-.

Winlsr wm Inda
Summer ‘(i Aushyalia

Fig. 17
In most cases, the logic appears to be perpetuated by pattern of the textbook like:

IS oR W & wwa

m-q“‘\- ‘;,1 l-ftf' & ThRA

Cause Effect
Fig. 18
In a situation where maximum information is attempted to be provided through minimum
space, it is inevitable that formula become prominent. On the other hand if time and space are
allowed for exploration of concepts, formula might not become important as a success (or
escape) strategy. The strategy therefore is to take in and reproduce.,a process akin to that
Photocopy machine. Most children succeed partially, some exceptionally and others group
around, - » '

(2) MODELS AND METAPHORS
In discussion with teachers, we found many of them voicing the difficulty 1o convey the

sphericity of the earth and the various associated processes that can be understood only with
the basic concept first cleared. gt el & ~ 7€ 981 & T #9R Ty ¢ iy & e Ry
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~ jts orbit.

Methods used by teachers are defined by actions and through.usage of blackboard (ie: to
show.the circle) and sometimes with the help of a globe.

In one class we found the teacher using a globe-to demonstrate the inclined gxis of the earth.
She also told them that the blue portion indicated water and the other portion was land on
which we live. In the other case we noted that though the teacher had a globe on the table, al]
commupication of sphericity were made through a circle drawn on the blackboard.

It will be useful to recall here that our own efforts at communication through globes (during -
the discussion rounds) had shown us that the usage of models have their limitations. However
sincerely such usage can be tried, children at early middle school, have problem to grapple
with and visualize these processes. With the globe in hand and the tilt and the sphericity
much more evident and real than on a two-dimensional representation, the complexities of the
concepts also become more real. It is then not easy to brush off conceptual prerequisites say
like those of space, angles, properties of light etc. to understand earth’s movements. The
necessity to have conceptual requisites in such situations become even more demanding.
When and how can children handle these prerequisites? Such questions become very real if
we are to handle the text along with models like a globe. Many of these aspects have been R

elaborated in the previous chapter.

It is not surprising therefore that teachers often find the use of metaphors more
communicative than other methods. Here is an example:

The teacher had organized the children outside the school beneath a tree. Linking thejr hands
the children were made to stand in a circle. They were moving in the circle. The shadow 0%
the tree fel' on some of them and the others were in sunlight. The teacher explaineq day and
night with the use of such metaphors. He used the moving circle of children to demonstrate
the rotating earth ( circle represented the earth’s circumference). While half the circle was in
darkness (night), the other half was in light (day). The situation kept changing; as the circle
kept moving; the day portions transited into darkness and the night portions received light
Such a metaphor does not take into account any of the factors that actually play key roles ir{
causing day and night. But it is pitched at a leve] where children can realistically take j; in
They can come into terms with such 4n illustration just as they can with a story, play or ;
game. It is also a sufficient plot to remember the formula that the text sticks on to. i.e.. When
the earth rotates, that half of it which faces the sun recejves daylight and the other 'h;{lf of it

remains in darkness.

Another demonstration seen was of making a child spin and move ahead at the same time
This was meant to signify the simultaneous movements of.the earth on its axis as well as dr;

Such typical efforts are made whe.n the teacher is'aw‘are of the Communication problem such -
topics can cause amongst smgll children. Alopg \ylth 1t she/he is alsg aware of the compulsibn
to somehow handle these topics for the examination. Otherwise children wil] not fare well. In ~
such circumstances, metaphors act as a memor).c»aid rather than g 4 conceptual-aid 'f‘he
visual impact of such an exercise would easr.ly stay in their mjpds to enable .some'
reproduction sufficiently satisfactory for the examination. The crucja] question here seems of
how teachers and students cope with an impossibility. This refers to the requirement of ffi
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conceptualization in learning processes. This seems remote within the given framework of
" topics and the class (sixth standard) chosen.

All through our observat.ion,. we had found committed teac':her.s take to similar paths and each
of them had one objective ie.. to somehow help memorization. Some did it by explaining
meanings of difficult WOde a"‘_j askmg children to repeat sente_ncgs.Others focussed on
diagrams which helped children in recalling the answers All these indicate the fact that rote
becomes an inescapable route to cross th_e exammanoq in such given conditions. If
concep}ualization and understanding are l‘eqm'red, then ‘cumc.:ulum and texts will have to be
suited for that. Teachers alone cannot do this job especially in cases of such abstract topics.
Good teacher themselves are at the receiving end in such difficult circumstances.

(3) IGNORING THE COMPLEXITY

i ort, we have attempted to focus on the abstract and complex nature of th
g,fg:fg (::‘t/ ;111‘1/56 ;ess well as need for sensitivity towards chilc}ren’s age. The latter signiﬁez
status of receptivity that children naturally ‘shoyv t'owards learmpg of complex processes. But
in the argument put forward by many that ‘basics’ need to be given at an early age, the logic

ds seem to follow quite a different path. Everyone agrees that small childreni at.-
anﬁ' metho ly middle school levels do not grasp complex situations as high school and -
primary agnd eafd)e' nts can do. Yet the argument for early introduction of ‘fundamentals’ of
mor.e senior stu ly adhered to. The way seeked out is to express complex processes in
spb_]ec?.ts is stroﬂgr;'us we have a very ‘simplified’ version in the primary school and a less
sgmplfﬁed form. ” middle school. Simplification actually is streamlined to mean
Simp hﬁ?d one lcompression of information and deleting of some information. It is a very
summarization t(l::) d followed by textbook writers in the hope that it would cater to a required
::f;:gﬁ:,dt;n\sards children of smaller age groups. There is much that is 'wro:ng with such
implification. They usually represent only the end resu!ts and all the derivative processes
:lnnc;pirln;)cl?:ﬁi c;ns of the results are ignored. Hence the kind of understanding achieved this

way remains superficial and lacks depth.

term, disembedded thinking, which is useful in understanding the
M-lz;)nalds?r‘l -lrl:;;ffll:]’ explanations. She describes disembedded thought as follows: _
problems of ‘si 4

: i ople and things in the context of fairly immediate oals

It is when we are deah?gm‘:l(;if] QI::‘,nlt)S that we feeg] most at home. And when we are askedgt and
intentions and familiar pat eball)’ and at some remove from them, we can often do it well. §
about .these tl}ingsv e‘_'e“ v;r this kind of human sense, and so long as the conclusion to
our thinking is sustained o)l,’lﬂict with something, which we know or believe or want to b
reasoning leads is not ;n cThus even pre-school children can frequently reason well about the events
:gntcliméc;t}::::; I:l(:eg'lﬁ(;:.tljfl.owever. when we move be)g)nd :ihe ;}: ltll?dts'(t)f hulman e there s dragic
difference. Thinking which does move beyqncflt these“e(:]uEf ;;mal” gr l“ait];ot ONEET Operates with;p the
supportive context of meaningful events, 15 0 e?h:ariék of confusion [hs fact™. But these worgs are
hewe S0 many differemfwzys :rll‘g:dg)e;idt;:'::king hoping that the x{am:yw?lrfc[;?\r\?:)? ihbeSt e
her of “dise PR N - € notion th
?lfi;e.isl ftl::::gzptetalfa:artnas been prised out of the old primitive matrix within which, originally aj) onfrt
thinking is contained.

0 reason
o) long as
which the
elieve, we

Nevertheless, it is easy to see why the word * formal” is often employeq to refer to

disembedded thought, for one way to move beyond the bounds of human sense is to express
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Donaldson further argues that though disembedded thought is one of the

. . . ht in astro
'sun-this is not easy to internalize. The history of thoug

. or logical structure of the reasoning in a way that leaves out content or meaning
e 1orm
::l;tirely”. (Donaldson, 1985, 76)

y ith new

i d also adults) who when faced wj
: any examples of children (an. ; .

Shec :lzzlsqul:sti gns tend to give meaning to this ina human sense manner, thereby at times
ngngli)ng the intention or the premises of the question.

goals of formal
education, one must recognize the difficulties in acquiring such a mode of thought:

At this point it may be well to emphasize that Igﬁl}:m:gitnzzz:‘;t:;i;“;d
is not an all-or-none affair. It is not a matu.ar of t . ugmstances. Thus a child
efficient disembedded thinking thereafter in all circ rised out™ from the sup
learn to tackle certain problems which have been g instantly competent |
the rest of his experience is not thereby re{lderz d after in life it roma;
formal systems of thought such as mathematics. nm but not with others.
normal-to come to be at ease with some formal syste

s of human sense
akes us capable of
who has begun to
portive context of
n the handling of
ns possible-indeed

- usually ver ti. t and t .
Simplified texts are neat presentations in a form*}l manr;;rvsould b);' nan):ralgil:lcl??)ati:r:s;)

b a student tries to construct ‘meaning out of this, hg/s in since their qu stion | ;y
‘:g’l::; human sense to this, i.e. to embed it. Problems begin question largely

; he formal logic and ignore ¢
remains unanswered. The easy way sought out is to cram t g gnore the
curiosity as to how it is arrived at,

ions, which would arise like:
There is no scope here for the numerous human sense questions,

If the earth is spinning how come we don’t feel this?

; ing li n see a top spinning op
On what does the earth rotate? Cap we see it rotating like we ca p sp g2 ona
floor?

Which way to rotate the

9
globe, east to west to east, north to south, south to north?
Why don’t we fall off th,

e sphere (earth)? ‘
Stement of compes ey A5 Ioi i ght and ese and rads Ik e
statement of & complex model, The premises of the modte ’?‘rhe complexitieg
simply assumed that children wj)| understand the argumen :sier But the fallgey ¢
hidden and we assume that we have thereby made.thmgs e . w-ith the situa; Y of the whple
situation is precisely that. As elaborated earlier children cos?the complest Ion by searching
for some logic with examples from life around them. ThuIn this way Y We conveniently
pushed away gets thrown up a5 puzzles, confusions etc. e

oncluding
Ywhere. It is
are avoided or

° y .~ Create a situation
~ which does not help children move from embedded to dlsﬁnl‘d‘:gdeg think;

wdl enabling route to disembedded thinking is largely neglec < by our
. an

ng. The necessary
teaching- learning

process. . '

What makes disembedded thinking even more difficult as mtod:;) ;:1:; 0

in this study, is the fact that the formal model oftetl._apl)eaf.st appears bl

fact that day and night are caused by rotation and ot as it ap

f concepts considered
Ct common sense. The
Y the movement of the

h,“om)' shows that sun’s
movement around the earth was so prominent a notion that the earth’s Movement was not an

. o earth- centric 1, ;
easy question to setile, leave aside the prejudices. An eart del was easier to
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visualise since the sun gpparently moves around the earth. Every day observations.have to be
thought of differently, if we have to grapple with this model.

Simplification does not aid the process of understanding when done at the expense of
ignoring really occurring complexities. In fact it unnecessarily muddles up the situation by
blocking off questions, and the natural urge to understand in an embedded manner. Hence it
does not synchronise with the natural paths of learning.

' CONCLUSION

The text shows all symptoms of doing an exclus.sive. service of information provision. It does
not seem to show concemn on what children require in terms of conceptual understandine. The
topics we dealt in the survey are abstract in nature and they are realistically complex. Ac large
number of processes occur simultaneously. Hepce a large number of subconcepts are
involved. But it is only the final scene that is given to children using a method of
simplification of complex processes. Pre.requisites are simply taken for granted. All put
together, children cannot come to terms with them, except at very mgrgmal levels. With such
margin al ‘understanding, they construct commonsense notions, which have paved way to
construction of lots of misunderstandmgs..'l.'hls gontmues tp higher classes as well because _ -
there does not seem to be more opportunities given to chxldrep after _the sixth standard to
really look into these topics. The system encourages escape methods like fonpula learning,
tautologies and metaphors. Classroom observation l?ave_shown us that teachers independently
can do very little to help children out of such situations because they are bound by the

framework of the transaction which necessarily has to be the text.
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CHAPTER 4

THE THRESHOLD

INTRODUCTION

We have had an elaborate look into the popular misunderstandings held by children. This
represents the most striking scenario that the survey has revealed. At the same time, there
remains a crucial question of what children ha'-.fe managed to understand conceptually. Here
we try to map out the threshold. This mapping 1s not concerned with the popular error
patterns or the exceptional remarkable responses. The mapping is of achievements that
schooling has made in a trué sense. It therefore pfO_VIdf:S a picture of what children have
grasped and retained in the context of right conceptualisation.

The main framework followed is of assessing scores attained by children and interpreting this
with the trends seen in the written and oral rounds: The threshold of understanding within
cach of the three concepts and the specific situations of thg subgroups are looked into.
Moreover, we search for patterns of change in scores from junior to senior levels in the
background of popular hypothesis that conceptualisation matures with age.

THRESHOLDS OF EACH CONCEPT

The three concepts examined in our survey i.e. day & night, scasons, latitude & longitude are
closely associated with each other. Here we take each of the concepts separately to view the
thresholds drawn by children. They do mark different levels and the implications at more
disaggregate levels of the concepts are also examined.

DAY AND NIGHT

There were three questions on ‘day and night’ accounting for a maximum mark of three. It is
striking that only 57% of the students have a positive score (see table). The rest of the
students have not got any mark at all. Amongst those who have got some marks, the majority
(40 % of total) have only a score of 1.

Table 1-Scores for ‘Day and Night’

Marks | Students (%)
0 43
| 41
2 14
3 2

Amongst the three questions one is direct and the other two are application kinds. Hence only
a score of greater than or equal to 2 can be considered to indicate some conceptual grip. Such




















































































