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Science textbooks have to provide scientific reasons for various themes, but in some cases this is not properly
emphasized. Using a document analysis method for classifying sentences and paragraphs, a sixth grade textbook
on electricity that is used in Toronto is analyzed. Student writing responses are also analyzed to explore stu-
dents’ reflections to indicate their ways of explaining the concepts of electricity. The document analysis indicates
lack of sentences to provide reasons. Although some everyday aspects of electricity are found in the textbook,
the links between electricity and electrons are not clearly demonstrated in the document analysis and student
responses. This finding can help to incorporate learning reasons in scientific processes through teaching and
textbook designing.

Keywords: explanatory sentences, explanatory understanding, document analysis, textbook analysis, lexical
conceptual profile, paragraph analysis, science concepts, science curriculum.

Livros-texto de ciéncia tém que fornecer as razdes cientificas para todos os temas, mas em alguns casos isso
nao é devidamente enfatizado. Usando um método de andlise de documentos para a classificagdo de frases e
pardgrafos, um livro da sexta série sobre eletricidade, utilizado em Toronto, é analisado. Respostas escritas de
estudantes também sdo analisadas para explorar as suas reagdes e indicar as suas formas de explicar os conceitos
de eletricidade. A anélise do documento revela falta de frases para fornecer as razoes dos fenémenos fisicos.
Embora alguns aspectos cotidianos da eletricidade sejam encontrados nesse livro, as conexdes entre eletricidade
e elétrons nao sao claramente evidentes na andlise de documentos e nas respostas dos alunos. Esta conclusao
pode ajudar a incorporar as causas dos processos cientificos no ensino e na preparacao de livros didaticos.
Palavras-chave: sentengas explicativas, compreensdo explicativa, andlise de documentos, anélise de livros-
texto, andlise de pardgrafos, conceitos cientificos, curriculo e ciéncias.

1. Introduction p. 280],

It seems to us that placing a phenomenon
in some larger conceptual framework is the
conceptual core of people’s everyday use of
explanation. For example, suppose some-
one asks, ‘why did this balloon expand when
placed in the sun?’ Statements that do not
place the phenomenon in a larger concep-
tual framework, such as ‘I saw it get bigger’
or ‘I like balloons’, simply do not constitute
explanations, whereas statements such as ‘it
contains a gas, and gases expand when they
are heated’ or ‘the gas in the balloon is com-
posed of molecules, and they strike harder

Science education requires understanding reasons for
various processes and phenomenon. This means, not
just knowing the facts and learning about the everyday
use of electrical appliances but what is electricity and
how things work using electricity is an important goal
in science education. Science learning has a close link
with learning concepts, which are considered of high im-
portance to gain insight in science [1]. Science concepts
are commonly very abstract and some ideas overlap in
a variety of themes, as a result it becomes essential to
provide explanatory understanding to facilitate concept
formation [1].

Keil and Wilson have explained the notion of rea- against the sides of the balloon when they
son and everyday observation to distinguish between are heated’ are canonical examples of expla-
the two processes. According to Keil and Wilson [2, nations.

IE-mail: altafqadeer@yahoo.com.

Copyright by the Sociedade Brasileira de Fisica. Printed in Brazil.



1501-2

In order to bring science understanding closer to
the children level, the use of explanatory sentences is
an important tool [3]. One of the reasons for lack of
communication of science related ideas to non-scientist
community is due to the use of complex language with
sophisticated vocabulary [4]. Gould has questioned as
to why scientific text has to be so unreadable [4]. If
the language is simplified in the science books/articles,
this may facilitate one dimension of communicating the
concepts. While comparing the nature of explanation
in science, Keil and Wilson [2, p. 281] have found
many commonalities between the explanation of scien-
tists and non-scientists. In order to enhance this pro-
cess, the need to link theory, research and practice is
growing (Fig. 1).

Explanatory understanding is considered an impor-
tant aspect in learning science, however, in many cases
it is not necessarily a major focus on our concept attain-
ing processes [3,4]. In general, understanding has three
important functions: connecting information pieces,
connecting unknown with known information, and con-
structing knowledge with integration [5]. In some text-
books, we can notice many sentences that contribute to
the general observation of the phenomenon or scientific
process. However, the actual scientific reason is missing
in the text. This type of text may not be very useful
to facilitate explanatory understanding.

The extensive use of explanatory sentences gives
some indication of showing concern for explanatory un-
derstanding in a textbook [2,3]. Children need training
to construct a reason oriented culture of understanding-
instead of just collecting facts-in order to facilitate their
understanding of science. The question is how we can
observe the presence of explanatory sentences in a text-
book. Newton and others have established a schedule
to find the presence of various types of clauses used in
the textbook [3].
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Textbooks have been studied from various dimen-
sions in the previous studies. In the context of ex-
planatory understanding, Newton and others [3] have
analyzed textbooks by classifying clauses into the fol-
lowing groups: condition, consequence, causal explana-
tion, purpose, prediction, aim, directed attention, irrel-
evant, and not differentiated. A schedule is designed to
classify the clauses along with the order of priority to
avoid overlap of clauses. The logical deduction is that,
if the writer is more concerned with the “explanatory
understanding” there will be more clauses in the cate-
gory of ‘consequence, purpose or explanation’, because
they are commonly used to ask for reason or explor-
ing in science. Out of many books analyzed on clause
types, many books show a pattern of clauses that leads
to hypothesize a lack of concern for the explanatory un-
derstanding. Newton and others [3] indicate the need
to incorporate explanatory understanding in the science
textbooks. The authors put emphasis on the occur-
rence of clauses, but also assert that “there is no direct
or simple relationship between concern for explanatory
understanding and the frequency of occurrence of such
clauses” [3, p. 230]. Those authors have [3] discovered
larger numbers of clauses come under ‘not classifiable’,
and a very small number of clauses fall under other
categories (e.g. prediction, explanation, consequence,
condition). Fraenkel and Wallen [6] suggest for docu-
ment analysis procedures, there has to be consistency in
the classification patterns so that other researchers also
find same pattern of classification (presence of hard evi-
dence). In view of this rationale, this textbook analysis
avoids many categories of clauses. The other alterna-
tive is to classify full sentences in fewer but more dis-
tinguishable categories. For this reason, it classifies the
textbook only in two main classes: sentence that pro-
vide no reason and the sentences that provide a reason
or reasons.
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Figure 1 - Communication between the three domains of science in science education.
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Textbook analysis provides critical data for various
parameters of learning. Educators use textbooks for
preparing lessons and delivering the curriculum. The
problem of textbook analysis is relatively complex in
the Canadian education environment; where provin-
cial curriculum designs vary and there are few studies
conducted on Canadian science textbooks (this can be
confirmed by reliable internet search engines such as
ERIC). Since there are very few studies conducted on
textbook analysis of Canada, therefore, conducting a
study on this theme becomes a need to fill in the re-
search gap. This discussion highlights the importance
and need for conducting research studies on Canadian
science textbooks from micro-level, document analysis
and other dimensions of pedagogy. A textbook study
can provide some insight in investigating the challenges
of the learning environment.

The purpose of this study highlights the indicators
of explanatory aspects in the science textbook (FElectric-
ity - Science € Technology published by Addison and
Wesley 1999), compares the feedback of students on the
use of this textbook, and relates the discussions on data.
This is also a distinction of the current study. Overall,
many studies conducted on the textbooks normally ap-
ply one type of analysis method. The current study
is based on the responses of students and document
analysis of the textbook. Another aspect of the origi-
nality of this study is analyzing the textbook contents
Electricity-Science & Technology published by Addison
and Wesley 1999 for comparing sentences, paragraphs,
and key-words. There is no study conducted on this
textbook to explore those factors in a single research.
There is no other study conducted in the past which
incorporates these content analysis frames together for
any textbook. This discussion shows the significance,
justification and originality of this current study.

2. Methodology

Reasoning plays an important role to promote explana-
tory understanding in science. Science textbooks have
to provide reasons of various science concepts [1]. Con-
cepts related to electricity may include where we use
electricity in our daily lives or how we can be responsi-
ble to use electricity for environmental purposes. One
of the more scientific reasoning related ideas revolves
around what is electricity, what are atoms, protons and
electrons? And obviously, there could be many details
which can be provided according to the learning level
of the students. In order to explore the reasoning given
in the textbooks; one way is to explore the scientific
reasoning reflected in the sentences of the textbooks.
This study has collected data to show such aspects of
the textbook analyzed. As the ERIC data confirms
that no such study was conducted in the past which
comprises document analysis on this textbook along
with students’ written responses in their usual class-
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room learning. Within the significant parameters of
this study, it provides pathways which can be extended
for further studies.

Data analysis for such tasks requires comparing var-
ious aspects of information given and the way students
have attained the concepts. Unidimensional tests can
not provide highly useful information, therefore multi-
dimensional data is needed to compare certain infor-
mation related to learning factors [7]. Although there
is no specific research method for textbook analysis,
a combination of methods has been used by various
researchers [8]. This study has used document anal-
ysis (sentence analysis, paragraph comparisons, and
some qualitative feedback) and student responses as
they wrote about their understanding of various con-
cepts from this textbook in a usual ongoing learning
process. An advantage of document analysis is that
it non-obtrusive [6]. One of the basic focuses of doc-
ument analysis requires researcher to define categories
and formulate certain classification in such a way that
if other researchers compare the same characteristic of
the document, they reach the same conclusions [6]. Al-
though textbook study does not have a specific method
of analysis, however, the research parameters, category
classification and content comparison requires a consis-
tent formulation for the study.

143

Berelson [9, p. 18] defines content analysis as “a
research technique for the objective, systematic, and
quantitative description of the manifest content com-
munication.” Content analysis is also considered as a
method of observation, where instead of observing peo-
ple’s behaviour in a direct mode, such as interviews and
responses to questions, the researcher takes the commu-
nication made by the people and asks questions of the
communication modes, and traces the varying similar-
ities and differences [10, 11]. The multipurpose nature
of content analysis is also discussed by some scholars.
Holsti [11, p. 2] describes this process as a way “for
investigating any problem in which the content of com-
munication serves as the basis of inference.” According
to Fraenkel and Wallen [6, p. 548] document or con-
tent analysis is “the process of inductively establishing
a categorical system for organizing open-ended infor-
mation.” Weber [12, p. 9] discussed content analysis
procedure as “a research method that uses a set of pro-
cedures to make valid inferences from text.” Another
advantage of content analysis is that the researcher can
observe various content aspects without being observed
[6]. Information or conceptual resources that may not
be easy to extract by direct observation or other similar
methods can be obtained by the researcher without in-
volving or interacting with the authors of the textbook
[6]. The above discussion shows a variety of ways in
which researchers have identified the content analysis
procedures. Lee [10, p. 20] concludes that “despite the
diversity in content analysis, researchers agreed that
content analysis is a scientific research technique per
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the descriptions of features of content analysis.”

This rationale provides supporting grounds for con-
ducting textbook analysis to find the frequency of cer-
tain indicators which can identify the presence of cer-
tain elements in the text design. The same lexemes can
also be compared with the students’ writing samples to
make further comparisons within the parameters of the
framework of this study.

Paragraph analysis can be used in many ways in
content analysis procedures, however one of the com-
mon uses in this field is observed in the comparison of
the “balance of the themes of the nature of science”
[13]. In order to compare the balance of the themes
of the nature of science in the textbooks four concep-
tual components are compared. According to Phillips
[13, p. 50] “The themes of the nature of science in-
clude: (a) science as a body of knowledge; (b) science
as a way of investigation; (c) science as a way of think-
ing; and (d) the interaction among science, technology,
and society”. The first theme is about the transmission
of science facts and science subject matter. The second
theme compares the methods used in the science topics.
The third type relates to the general way of thinking
used by scientists to discover various ideas. The fourth
theme illustrates the interrelationship between science
and society. From a critical perspective, the word “bal-
ance” itself needs specific parameters defined for those
themes; how much of each theme can comprise a bal-
ance remains an arguable question. What will consti-
tute that balance among the four factors being analyzed
for grade six level students? Some extended versions of
content analysis are also used according to the nature
of text [6].

In the current study, one type of content analysis
is applied on the sentences of the textbook (sentences
which provide a reason and the sentences which provide
no reason). From a semantic point of view, some types
of extended meanings are not reflected only in one sen-
tence, but the meaning also needs a paragraph analysis
to enhance the validity of the data. In order to conduct
paragraph analysis, each selected paragraph is also ana-
lyzed from four dimensions: (1) discusses daily life use
of electricity, electricity resources; (2) asks readers to
“think about” or “ imagine,” asks questions, asks to
identify, asks to compare; (3) explains something using
reason(s); (4) includes numeric values (2 km, 1000 kWh,
1888 AD). The four categories attempt to compare the
use of word electricity in daily life, divert attention of
the reader to extend links with other broader fields,
reasons provided, and the inclusion of numeric values
in the text. This analysis provides some categories for
the comparison of the paragraphs given in the textbook.
The analysis of paragraphs along with the analysis of
sentences provides multiple data to support the validity
of the ideas communicated. The process of categoriza-
tion of sentences and paragraphs is explained in the
examples given in Table 2 and 5.
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The current study applies a combination of selected
strategies according to the scope of this study (Fig. 2).
As discussed above, those methods are used in some
form by many researchers. The researcher has applied a
variety of tools for textbook analysis to reduce possible
chances for bias. The analysis includes sentence classi-
fication, paragraph analysis, lexical-conceptual profile,
as well as the study of 60 students’ responses and com-
paring the learning of these students using a multiple
choice test and other written work. The rationale is
to explore data from various dimensions. The learning
process involved a multiple choice test as well as a writ-
ing task. This process reduces the chances of picking a
correct answer just by a chance in the case of a multiple
choice test. The results of this study can only be seen
in the context of this particular study for the given text
and the learners.

Every teacher in the classroom brings their own
learning style to some extent. The variety of all stu-
dents’ cognitive styles cannot be reached by any one
way of testing. The sentence classification of textbook
shows precise comparison of each sentence and shows
clear need for improvements. However, the comparison
of all patterns of student comprehension patterns goes
beyond the scope of this study.

The study is concerned with two basic questions.

(1) A science textbook (Electricity, grade six) shows
lack of concern for explanatory understanding (based
on the count of keywords, classification of sentences and
other comparisons.)

(2) Students (grade six) show lack of use of key-
words (25 keywords, lexical-conceptual profile) in their
writing related to electrons and atoms.

2.1. Sample

The data collected for the textbook analysis of “Elec-
tricity” [14] is comprised of the following frameworks:
picture count, sentence analysis of the textbook, para-
graph analysis, lexical-conceptual profile (textbook),
common multiple choice test, lexical-conceptual profile
(students’ writing), and student made pictures. The
comparison of the data with interrelated relationships
to other frameworks is given below. The rational for se-
lecting this textbook for study includes many aspects.
At the time of the study this textbook was referred
on the website of the Ministry of Education, Ontario
and therefore, it was in frequent use in the relevant
schools. Grade six is the last grade of junior level in
Ontario; therefore it was of scholarly interest to see how
well students understand about the concept of electric-
ity. The Curriculum of Ontario (in this case referred
to 1998 curriculum) provides certain expectations for
each strand of science. The topic of electricity is al-
though very commonly discussed; how well students
understand remains a topic for research studies, com-
parison and constant improvements. Students written
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work samples were used to explore the responses. Stu-
dents were from various cultural backgrounds. A typ-
ical class is commonly comprised of a cross section of
students with various learning levels and a balance of
male and female students. The total pupils were sixty,
out of them 29 were male and 31 were female.

3. Results

3.1. Picture count in the textbook

According to Alesandrini [15] instructional pictures can
be divided into the following categories; arbitrary pic-
tures, analogical pictures and representational pictures.
Representational pictures are camera pictures; analogi-
cal pictures show the actual idea with the help of an
example of something else (e.g. cartoons); and, ar-
bitrary pictures include web charts, flow charts, and
tree diagrams. Alesandrini [15] categorizes camera pic-
tures as ‘representational pictures’, however the ques-
tion arises: if a picture represents something why do
we have to name only camera pictures as ‘represen-
tational?’” Therefore, naming only camera pictures as
‘representational’ may lead to some ambiguity. Analog-
ical pictures can also be designed in the form of web or
tree diagrams; therefore, some overlap may also appear
about the names of ‘analogical pictures’ and ‘arbitrary
pictures.
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Document Analysis
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Student Responses Sentence Lexical Paragraph
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Figure 2 - Textbook analysis.

For the current analysis (Table 1), pictures were
only classified as circuit diagrams (black and white),
camera/computer pictures, and charts. The cam-
era/computer pictures represent the largest group (62).
The purpose of those pictures might be to elaborate the
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concepts given in the text (or vice versa), encourage stu-
dents to make connections with the previous knowledge
and learn through interesting icons. Circuit diagrams
(black and white) and charts both total nine. The num-
bers of those pictures are significantly low as compared
to the camera/computer group (including handmade
pictures).

Table 1 - Picture Count in the textbook.

Circuit diagrams Camera/computer Charts
(Black and White)  pictures
9 62 9

Analogical pictures also facilitate to convey some
abstract ideas of science, for example an analogical pic-
ture with people swimming in a circle can also be re-
lated to the concept of revolving electrons. The text-
book analyzed on electricity shows a clear deficiency of
such pictures that can facilitate the understanding of
electricity as flow of electrons.

3.2. Sentence classification of the textbook

The following Table 2 will show the sentences of the
textbook and categorize them in the following two main
categories:

(1) Sentence without providing a reason

(2) Sentence providing a reason

Exercises for children and assignment pages not in-
cluded in the sentence classification. Table 3 shows ex-
amples of sentence classifications.

Table 2 - Example of sentence classification of the textbook.

Sentences from the textbook

Note: A sentence that provides no reason is classified
as WR (without reason)

A sentence that provides a reason is classified as R
(reason) (based on Newton et al. 2002: 228)

Electricity. WR
It’s all around you. WR
It’s invisible. WR

It can be used for many purposes such as listening to ~ WR
music, finding your way down a dark path, or talking

to a relative in another part of Canada.

As the temperature goes down, the bi-metal strip R
bends and moves the switch to the right.

The above analysis (Table 3) shows that a large
percentage of sentences in the textbook are “without
reason-bases” (WR). Those sentences describe certain
pieces of information or make simple statements, but
do not give substantial reasoning as to why some-
thing happens or what the scientific explanation is.
As Bloom’s Taxonomy, Anderson [16] shows, a higher
level of thinking is associated with reasoning and anal-
ysis. Therefore, perhaps sentences that do not explain
reason(s) cannot facilitate explanatory understanding.
Some standardized tests in the elementary schools also
emphasize on higher level thinking and analysis skills.
The higher number of “without reason-based” sentences
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also indicate an opportunity missed to inculcate reason-
ing and make further comparisons. Some evidence of
student responses will be shown in the following frame-
works of the study. In view of this standpoint, there is
no simple relationship between the “reason-based” sen-
tences and explanatory understanding [3], because hu-
man understanding has many cognitive and social fac-
tors involved in the learning process. However, a higher
number of (balanced composition) sentences with ‘rea-
son base’ style may enhance explanation of reasons in a
science textbook. Overall, there are smaller numbers of
sentences that come under the ‘reason based’ category,
which is a possible reason to find a lack of concern for
reasoning given in the textbook to elaborate scientific
phenomenon (electricity and related ideas).

Table 3 - Classification of textbook sentences in two categories.

No. Type of sentences Count  Percentage

1 Sentences provide no reason 357 87.93%
(WR)

2 Sentences provide a reason (R) 49 12.06%

3.3. Lexical-conceptual profile

By searching some common definitions of the word
‘electricity’ and the focus of this research, 25 words
were selected. Those 25 lexemes or keywords can show
some reflection of certain conceptual variations in the
textbook. The textbook is analyzed to find the number
of occurrence of those 25 keywords. A textbook on the
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topic of electricity would more likely use the word ‘elec-
tricity’ or its derivatives in a larger number. This text-
book has the same case (Table 4). The highest num-
ber of word occurrence among the 25 keywords is ‘elec-
tricity, electric, electrical’ (2.16 % absolute frequency
and 41.02% relative frequency). The second largest
word occurrence is ‘light’ (73% absolute frequency) and
the third largest word occurrence is the word ‘energy’
(72% absolute frequency). Following this group, the
next lower percentage category appears for the word
‘wire(s)’ (68% absolute frequency) and the words ‘bat-
tery/batteries’ (53% absolute frequency). The use of
some words in the textbook associate with the use of
electricity (such as ‘wire’ or ‘battery’), but do not nec-
essarily explain the reasoning of what processes hap-
pen behind our common observations. It is notable
that rest of the word groups are very low in num-
bers, such as ‘heat/heating’ (13% absolute frequency),
‘work’ (11% absolute frequency), ‘power’ (9% absolute
frequency), ‘conduct/conductor’ and ‘matter’ (7% ab-
solute frequency) each. Among the smaller groups are
the words ‘flow/flowing’ and ‘current’, which appear
only 0.0290% (absolute frequency). Words that were
counted for only 0.0097% absolute frequency are ‘move-
ment’, ‘form’, and ‘machine’. A very striking observa-
tion is the complete omission of the following words:
electron(s), atom(s), radiation, electromagnetic, physi-
cal, protons, attraction, particles, charge(s), and repul-
sion.

Table 4 - Lexical conceptual profile from the textbook (From the textbook), 10,350 total words.

Keywords Word count  Absolute frequency  Relative frequency (out of 546 words used)
1.Electricity, electric, electrical 224 2.1643% 41.0256%
2. Form 1 0.0097% 0.1832%
3. Energy 72 0.6957% 13.1868%
4. Flow/flowing 3 0.0290% 0.5495%
5. Conductor/conduct 7 0.0676% 1.2821%
6. Movement 1 0.0097% 0.1832%
7. Electron(s) 0 0.0000% 0.0000%
8. Atom(s) 0 0.0000% 0.0000%
9. Matter 7 0.0676% 1.2821%
10. Radiation 0 0.0000% 0.0000%
11. Electromagnetic 0 0.0000% 0.0000%
12. Power 9 0.0870% 1.6484%
13. Physical 0 0.0000% 0.0000%
14. Protons 0 0.0000% 0.0000%
15. Attraction 0 0.0000% 0.0000%
16. Particles 0 0.0000% 0.0000%
17. Charge(s) 0 0.0000% 0.0000%
18. Repulsion 0 0.0000% 0.0000%
19. Light 73 0.7053% 13.3700%
20. Heat/heating 13 0.1256% 2.3810%
21. Work 11 0.1063% 2.0147%
22. Machine 1 0.0097% 0.1832%
23. Battery/Batteries 53 0.5121% 9.7070%
24. Current 3 0.0290% 0.5495%
25. Wire(s) 68 0.6570% 12.4542%
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Table 5 - Paragraph coding examples. (1) discusses daily life use of electricity, electricity resources (2) asks readers to ‘think about’, ¢
imagine’, ‘don’t you think’, asks questions, asks to identify, asks to compare (3) explains something using reason(s) (4) Includes numeric

values (2 km, 1000 kWh, 1888 AD).

Paragraph (examples)

1 Electricity. It’s all around you. It’s invisible. It can be used for many purposes  x
such as listening to music, finding your way down a dark path, or talking to a
relative in another part of Canada. You will participate in an electric adventure

as you learn about electricity.

4 Review the drawing of your fridge with others in your class. Aren’t you glad X
that we have access to electrical devices like fridges, ovens, and computers?
How did humans discover and harness electricity? Believe it or not, it all
started with a frog’s leg, a brass hook, an iron railing, and a lightning storm.

The lexical conceptual profile of the textbook (Ta-
ble 4) indicates that some key-words, such as atom(s),
electrons, protons, have zero frequency. An example
of paragraph analysis is shown in Table 5. The para-
graph analysis indicates only 8.43% of the paragraphs
included some reasons (Table 6). This is also observed
in the sentence analysis (Table 3). The number of para-
graphs related to daily life use of electricity has a per-
centage of 44.57%. A large portion is devoted to this
category of paragraphs. This indicates need to increase
contents in the textbook which provide reasons for cer-
tain scientific processes. There were some paragraphs
which can be considered paragraph overlap categories
which are indicated in Table 7. The category 3, which
includes reasons, has a very small percentage of overlap
with other paragraphs.

Table 6 - Paragraph analysis (83 paragraphs in total).

Table 7 - Paragraph overlap of categories.

No Overlap Count Percentage
1 1,2 6 7.2%
2 2,3 1 1.2%
3 2,4 3 3.6%
4 3,4 1 1.2%
5 1,3 2 2.4%
6 14 6 7.2%
7 1,24 2 2.4%

Common multiple choice test

A common multiple choice test was given to the stu-
dents, (n = 60, male = 29, female = 31) to show what
they understand about the term electricity. A learning
unit was comprised of almost six weeks. This quiz was
given at the end of learning unit on electricity.

The Table 8 shows the summarized data.

No Content category Count Percentage
1 1 37 1457 % Table 8 - Mean of multiple choice test.
2 2 33 39.75%
3 3 7 8.43% Mean Size
4 4 19 22.89% Correct responses  11.98333 n = 60
Table 9 - Multiple choice test, student responses n = 60.
Questions 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19
Correct responses 56 33 52 35 43 42 32 24 54 39 43 45 16 30 33 41 37 32 29

The use of multiple choice tests also provides data
to compare the contrasting patterns with correct and
distracting answers. The overall mean (11.98) is very
low compared to the number of students (n = 60). The
lowest score is for the question number 13, in which stu-
dents were asked to pick between the “true” and “false”
for a statement: protons in the outside orbit of the atom
flow to produce electricity (Table 9). The highest score
is for the first question response; in which 56 students
have said “electricity is a form of energy”. The state-
ment “electricity is flow of electrons” has obtained 33
correct responses (Table 9). Almost half of the student
population did not agree to it. In terms of understand-
ing the use of electricity, 30 students have said “static
electricity is more useful for our home appliances than
current electricity”. Also 33 students have agreed to

“electricity is the only form of energy that is useful in
our homes”. When students had to answer “true or
false” for the statement “electricity has close relation
with the concept of atoms and electrons”, 43 students
picked the correct answer. For the multiple-choice test
question: “the flow of electrons has close relation with
the concept of electricity”, 42 students picked this as a
correct answer. In the question number 2, when stu-
dents had to select an answer for “electricity is flow
of...” 33 of them picked electrons, 10 of them picked
batteries, 12 of them picked circuits (Table 9). Over-
all, around half of them were incorrect in their selec-
tion of answers. In the question number 4, students
had to pick an answer for “current electricity is made
up of....” 4 of them “picked cars without gas”, 35 of
them picked moving electrons, and 16 of them picked
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insulation. Student concepts on electricity are in need
of better learning opportunities. In order to see results
from a multiple perspective those multiple-choice an-
swers can also be seen in the light of other frameworks
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of data collection. Student writing samples also provide
a reflection of what they understand about the concept
of electricity (Table 10).

Table 10 - Lexical conceptual profile based on students’ writing (n = 60, male = 29, female = 31).

Lexical conceptual profile (From students’ writing)
n = 60 , male 29, female 31

Keywords Word frequency Absolute frequency Relative frequency
(out of 1295) (out of 227 words used)
1.Electricity, electric, electrical 93 7.1815% 40.9692%
2. Form 12 0.9266% 5.2863%
3. Energy 44 3.3977% 19.3833%
4. Flow/flowing 3 0.2317% 1.3216%
5. Conductor/conduct 5 0.3861% 2.2026%
6. Movement 1 0.0772% 0.4405%
7. Electron(s) 10 0.7722% 4.4053%
8. Atom(s) 5 0.3861% 2.2026%
9. Matter 0 0.0000% 0.0000%
10. Radiation 0 0.0000% 0.0000%
11. Electromagnetic 0 0.0000% 0.0000%
12. Power 4 0.3089% 1.7621%
13. Physical 0 0.0000% 0.0000%
14. Protons 2 0.1544% 0.8811%
15. Attraction 0 0.0000% 0.0000%
16. Particles 0 0.0000% 0.0000%
17. Charge(s) 3 0.2317% 1.3216%
18. Repulsion 0 0.0000% 0.0000%
19. Light 25 1.9305% 11.0132%
20. Heat/heating 5 0.3861% 2.2026%
21. Work 0 0.0000% 0.0000%
22. Machine 0 0.0000% 0.0000%
23. Battery/Batteries 6 0.4633% 2.6432%
24. Current 0 0.0000% 0.0000%
25. Wire(s) 9 0.6950% 3.9648%

3.4. Lexical-conceptual profile (student res-
ponses)

Students’ writing work shows highest number of word
frequency is ‘electricity’, ‘electric’, ‘electrical’ (relative
frequency 93 or 40.9692%). The next highest group of
frequencies is ‘energy’ (19.3833%), ‘light’ (11.0132%),
and ‘form’ (5.2863%). It is notable that there is zero
word frequency found in the students’ writing work for
the keywords: ‘current’; ‘machine’; ‘work’; ‘repulsion’,
‘particles’, ‘attraction’, ‘physical’, ‘electromagnetic’,
‘radiation’, and ‘matter’. The absolute frequency for
electrons is 0.7722% and for atom is 0.3861%. In the
multiple choice test (Table 10), only 33 students picked
the answer ‘electricity is flow of electrons. In the writ-
ten task that number is very low when compared for
key-word frequency. The lower frequency of use for
those key-words shows a large number of students tried
to provide their understanding of the word electricity
without linking to the flow of electrons and other sci-
ence related terms. Students written work analysis indi-
cates need for improving the way the concept of electric-
ity is presented in the textbook and other ways of com-
munication. Including reasoning in science education

and promoting explanatory understanding in our text-
books is a growing need in our curriculum designs and
curriculum resources preparation. A complete chart of
frequencies can be seen in Table 10.

3.5. Student made pictures

Students were also encouraged to draw pictures to re-
flect their understanding of the word electricity. Out
of all students only three students made pictures to
support their text. Two pictures were made about the
functions of a simple circuit (battery, bulb, wires). One
student made picture about the generation of electric-
ity.

The analysis in the previous discussion based on
the study of Justi and Gilbert [17] and Harrison and
Treagust [18] shows some distinct examples of atomic
models used as curricular models in the textbooks and
student drawings. For example, the diagrams contained
a nucleus in the centre and orbits outside to show the
electrons, as well as more modern models with electron
clouds in which the whole atom looks like a ball made of
tiny dots. Justi and Gilbert [17, p.1006] also point out
the pedagogical need: “If students were mixing such
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different representations and reducing a very abstract
model to a more simple and concrete one, this may be a
result of the use of hybrid models in teaching”. Relating
this finding with the current study conducted on grade
six students in Toronto, certain patterns are revealed.
The textbook on Electricity [14] does not provide any
model of atoms to explain the concept of electron flow.
Another question remains to compare is about the ele-
mentary level science curriculum of Ontario. How well
the concept of atoms is emphasized in the elementary
level science? As many concepts of science discuss rea-
soning related to the concept of atoms. In the 215t cen-
tury it is of crucial importance to understand this fun-
damental concept behind many science related ideas.

4. Comparison of various framework re-
sults with research question

The research question on lack of concern for explana-
tory understanding can be closely compared with data
collected for sentence classification. Nonetheless, the
deductions are possible from other responses of stu-
dents and textbook contents. The data collected on
sentence analysis shows that sentences that provided
no reason is 87.93%, while the sentences that provide a
reason are 12.06%. The analysis also finds that no sen-
tences are used to explain the concept of electricity in
relation to the “flow of electrons”. Although the num-
ber of sentences without reason is about 75.87% higher
than the cause sentences with reasons, it is not nec-
essary that all “reason-based” sentences are designed
to explain the concepts related to the phenomenon of
electricity. For example, a sentence in the textbook
analyzed is “if you want to operate a radio or walk-
man, you need batteries” [14, p. 4]. Despite containing
the linguistic attribute of cause-and-effect, the reason-
ing for the scientific phenomenon is not intended in this
context. Student writing work also shows lack of use of
keywords to provide explanatory understanding.

In the following passages some short quotes are
given from the ‘Electricity’ textbook with some dis-
cussion for future implications to test students’ under-
standing on these conceptual frameworks and pedagog-
ical concerns. The discussion also raises some questions
to explore further on learning from the text and pictures
at elementary level.

Electricity. It’s all around you. It’s invisi-
ble. [14, p. 1]

This sentence may not give grade six students a clear
idea about how it is all around us. What is the source
of electricity in this context? Another concept oriented
issue for students is to distinguish between static and
current electricity. According to Schlessinger [19] “Elec-
tricity: Electromagnetic radiation that is visible to the
human eye”. (Video: brochure).
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It is notable to observe the use of words ‘visible’ and
invisible’ by different authors. Perhaps it will be chal-
lenging for grade six students to distinguish different
perspectives of the authors in this context.

you will participate in an electric adventure
as you learn about electricity. [14, p. 1]

What is the meaning of ‘electric adventure’ here?
Perhaps this sentence needs more clarity.

now you will find out: how electricity is
transformed into sound, light and motion
14, p. 1]

This question is not really answered in the book.
This statement also needs some review and more ex-
planatory sentences to provide reasoning.

Electricity is everywhere [14, p. 2]

This statement is repeated here and yet not ex-
plained. Perhaps students may need a more specific
statement to direct their attention.

If you want to operate a portable radio or
walkman, you need batteries [14, p. 4]

This statement is true in a general setting, but in
more specific terms, other sources may also be workable
for this purpose.

In 1786, while examining a dead frog, he
noticed that a spark could make the frog’s
leg move, when two different metals were
touching the frog’s leg. [14, p. 4]

Which metals are we talking about? Is it referring
to any metal? More explanation on how would this
happen could be useful.

As the next lightning storm approached,
Galvani used a brass hook to hold the frog’s
muscle and attached this hook to an iron
railing. [14, p. 4]

This statement needs more explanation to establish
a link between the storm and the hook catching elec-
tricity. There is a picture (perhaps hand-drawn) also
given in the textbook to show Galvani doing this ex-
periment with a frog. The question for children is if we
leave any such metal in the storm, will the electricity
reach there or not? If not, then why can it happen only
in some cases?

he could produce a spark [14, p. 5]

There is no explanation of how this process took
place. How the flow of an electron works in a battery is
also not explained in this context. The interpretation
of grade six students could be based on highly different
experiences of individuals.
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in 1967, then 17-year-old Richard Keefer of
Ontario invented a battery that could run
on garbage! [14, p. 5]

How could garbage generate electricity? This ques-
tion needs more explanation.

Where Does Electricity Come From? [14, p.
10]

The information provided covers some renewable en-
ergy resources. However, the underlying reasoning on
the flow of electricity needs more explanation. If stu-
dents understand the basic process involved in the flow
of electricity, perhaps they can make more logical con-
nections to the rotation of a certain wheel to the gen-
eration of electricity.

A renewable energy resource can be used
over and over. It is never used up. [14,
p. 10]

In consideration to the awareness of environmental
issues, the statement ‘it is never used up’ needs more
explanation. Perhaps it is an opportunity to integrate
learning on science and society.

it ensures that there will always be water
available to run the generators and make
electricity. [14, p. 11]

On one hand, this book is talking about ‘always’ and
‘renewable’, yet this book also talks about environmen-
tal concerns and how we are losing our resources. How-
ever, maybe a more balanced approach to explaining or
more careful selection of words would be useful.

A wire is drawn in either a straight line or at
a right angle if the wire changes direction.
[14, p. 17]

In the text it says ‘right angle’, but the picture of
the wire (not the circuit diagram) does not show a right
angle. It is more like a semicircle. A more specific con-
nection between text and picture(s) might facilitate to
avoid confusion for younger children.

the symbol for a light bulb is: [14, p. 17]

After this statement, two pictures are given. While
the picture of a real bulb is given, it may not be clear
for a grade six student which picture shows the sym-
bol. Students’ understanding can be tested to facilitate
graphic comprehension for further publications. While
showing the picture of a switch (on page 18 of the text-
book), it is not clear whether students can distinguish
between conductor and insulator parts of a switch. Ex-
planatory sentences can support the pictorial presenta-
tion of such aspects of invisible processes.
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The photoelectric cell detects light and pro-
duces electricity. This type of cell is also
used in solar energy. [14, p. 18]

The statement ‘used in solar energy’ may lead to
misconception. Is it used in the Sun too? Perhaps
more specific application of language can facilitate to
explain this concept.

‘open switch’, ‘closed switch’ [14, p. 19]

The circuit diagram is also given on that page and
according to this diagram, the open switch refers to
OFF, while the close switch refers to switch ON. Per-
haps children may think of ‘closed” and ‘open’ as the
analogy of a door. In the ‘closed’ door, one cannot en-
ter, while the ‘open’ door allows entrance. This logic is
reversed in the context of an electrical switch and cir-
cuit diagram. The open switch (words and diagram)
means the bulb will be OFF, and the closed switch
means the bulb will be ON. This concept needs some
clarification to make a connection with the circuit dia-
gram and the previous knowledge of grade six students.

all circuits can be classified as one of these
types [14, p. 20]

if you can place your finger on any part of
the circuit and trace a path back to the
start, you have a series circuit [14, p. 21]

The possibility of tracing back to the start is not a
clear distinction as this may also happen in the parallel
circuit. Comparing both types side by side with more
clarity can be helpful.

in some situations, electricity does not
move. This is called static electricity [14,
p. 26]

If this statement or situation is compared with an
OFF circuit, students might suppose that electricity is
not moving in the OFF circuit. How would the notion
of ‘not moving’ relate to the notion of ‘static electric-
ity?’ Explanatory sentences about the role of electrons
and charges can specify more dimensions.

Magnets can exert a force on an object and
make it move without touching it. [14,
p. 28]

The statement talks about ‘an object’ and that may
lead a student to think of any object, regardless of what
it is made of. Can magnets attract anything or just spe-
cific metals? Despite using simple language, the need
for more specific language is obvious to reduce the pos-
sibility for misconceptions.

Electrical circuits require a battery, wires,
and an electrical device to operate. [14,
p. 43]
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Is it always just those three things? More specific
circuit parts have to be mentioned and explained, or
a very general statement should be made with some
specific parameters (such as inserting words like ‘com-
monly’ or ‘in general’).

This study promotes explanatory models which can
also be highly useful for the developing world science
textbooks where science is primarily taught by this
main source of learning. According to Venezky [20,
p-442] “in Third World countries, textbooks are signif-
icantly more important and are often the only books
that students encounter in their studies. In addition,
they often show national policy and national will”. If
the explanatory understanding factor is included in the
textbooks, as discussed by the findings and examples
presented in this study, textbook designing can be im-
proved in the developing world to some extent.

5. Summary and suggestions for further
research

Explanatory understanding can be enriched with ex-
planatory sentences and other mediums of communi-
cation. In view of the above discussion and analysis,
research studies on textbooks can also collaborate with
the process of textbook designing and exploring ways
to promote explanatory understanding.

As discussed previously, curriculum expectations
make an outline for the textbook designers and the ed-
ucators to work within a certain framework, and within
a given time limit. According to local and international
demands the ongoing update in the curriculum is im-
portant in the computer-age world. The economic con-
straints and policy factors can hamper the process of
ongoing updates in many parts of the world. Wallis and
Steptoe [21, p. 36] remarks:

The U.S. curriculum needs to become more
like that of Singapore, Belgium and Swe-
den, whose students outperform American
students on math and science tests. Classes
in those countries dwell on key concepts
that are taught in depth and in careful se-
quence, as opposed to a succession of forget-
table details so often served in U.S. class-
rooms. Textbooks and tests support this
approach. “Countries from Germany to
Singapore have extremely small textbooks
that focus on the most powerful and gen-
erative ideas,” says Roy Pea, co-director
of the Stanford Center for Innovations in
Learning. These might be the key theo-
rems in math, the laws of thermodynamics
in science or the relationship between sup-
ply and demand in economics. America’s
bloated textbooks, by contrast, tend to gal-
lop through a mind-numbing stream of top-
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ics and subtopics in an attempt to address
a vast range of state standards.

There is a growing need to analyze Canadian text-
books and curriculum outlines in light of the above con-
clusions. Explanatory understanding is not an isolated
entity in the learning environment. It is embedded in
the combination of a range of teaching and learning
strategies. For future research studies focus and learn-
ing resource preparation, there is a need to explore the
effects of use of such processes in the wide range of edu-
cational media. There is need to increase the use of ex-
planatory sentences, explanatory pictures, explanatory
words, explanatory analogies, explanatory glossary, and
explanatory refutation text. In doing this, textbooks
can more effectively facilitate explanatory understand-
ing.

A comprehensive study on textbook development,
student learning from the textbook, cognitive struc-
tures of concept formation, the nature of science repre-
sentations, and curriculum designing requires tremen-
dous resources that are not possible to obtain from this
small-scale study. This study is primarily a partial con-
tribution with some limitations for its scope and rele-
vance. In order to continue research from the essence
of this study or adding any parallel findings, further
research is suggested that can lead to other related as-
pects of the elementary level science textbook.

Current reforms in elementary level science educa-
tion have potential emphasis on the informed views of
the nature of science. Future studies on textbooks can
analyze on explanatory understanding of the nature
of science representations from a conceptual and the-
matic view. Science education has gone through many
changes in the past fifty years. The current study only
highlighted some important examples of the conceptual
barriers explored in the textbook and described some
observations of the frontline educator. Many teachers
do not have formal training in science education and
its history of development. In future research studies,
data can be collected to compare how teacher training
with learning about the history of science education can
affect the professional growth of teachers, classroom in-
teractions and textbook use and its designs. This study
was conducted based on the Ministry of Education, On-
tario science curriculum published in 1998 and the Elec-
tricity textbook [14] published to support it. Future
studies can also reflect data on the new curriculum and
the textbooks published to support it. The concept of
atoms given across the Ontario elementary level science
curriculum is of special importance for many science
related concepts and their explanatory understanding.
This research question can be studied further in the
future studies from multiple frameworks.

As compared and argued in the findings of this
study, the textbook development process heavily de-
pends on the curriculum outlines provided by the edu-
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cation policy makers [22]. Future research studies can
apply qualitative and quantitative research methods to
explore the effect of education policies, curriculum ex-
pectations in Ontario, and how their interactions take
place in the learning environment, particularly with re-
gards to textbook designing. Also this type of research
can be applied in other geographical locations to collect
more data for extended comparisons.

The future studies can also focus on how internet
and textbook learning is shaping the technologically-
based learning for elementary level science. From the
point of view of educational linguistics and computa-
tional linguistics, a corpus of elementary level science
textbooks and science websites for children can be de-
veloped to provide research data for analysis and appli-
cation models for the international research community.

The current study collected data from textbook con-
tent analysis and student response to enhance the com-
parison of various textual and learning factors, yet it
is not comprehensive for all educational environments,
curricular models, and textbooks. The field of textbook
designing is a multidisciplinary field for which critical
comparisons have to be made from multiple perspec-
tives. For this reason, a single study on textbooks is
a partial contribution in the research-based develop-
ment of educational resources in Ontario. Perhaps fu-
ture studies, similar or extended critical comparisons
will enrich the research continuum for elementary level
students.
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